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ABSTRACT 
 
In 2009, the Cornell University Cooperative Extension Marine Program (CCE) received 
an RSA grant to determine the discard mortality in the offshore summer flounder trawl 
fishery. This project expands upon data collected during a previous inshore fishery RSA 
project and is the second phase of the program to improve and enhance fishery 
information relative to discard mortality of summer flounder in the bottom trawl fishery.  
Fieldwork was carried out successfully from March 2009 through November 2010 off 
Long Island, New York.  Seven scientific trips were made on commercial draggers 
working the traditional offshore trawl fishery.  The goal of the project was to determine 
discard mortality relative to tow time, fish size, and the amount of time fish were on the 
deck of the vessel.  Tows of 1, 2 and 3 hours in duration were conducted.  Fish were 
culled both immediately (from 0-10 minutes on deck) and after being held on deck for a 
delayed period of time (25-35 minutes on deck).  Approximately 30 live fish were 
removed from the immediate and delayed culls of each tow for extended mortality 
monitoring.  Twenty of the fish were randomly selected. An additional ten “large” fish 
(>55cm or 4 lbs; equivalent to jumbo market category) were collected from each tow and 
cull to determine the discard mortality specifically for larger fish and compare it to the 
mortality rates of smaller fish. These live fish were weighed, tagged, and graded by 
condition then held in a specially designed on-deck seawater holding system for the 
duration of the trip.  The total catch of summer flounder was weighed and sorted between 
live and dead at consistent intervals of time to determine the effect of culling time, for as 
long as it took to clear the deck.  Other variables were examined including total catch 
weight, species composition of total catch, fish condition factors, and air temperature.  
Upon arrival at the dock, live fish were transferred to a shoreside holding system and 
monitored for mortality over a 21-day period.   Discard mortality rates were calculated 
based on the live/dead fraction of fish sorted on deck as well as the mortality rate of the 
live fish held in the holding system over the 21-day monitoring period.  
 
For fraction live on deck, tow time was not significant.  However, tow time was involved 
in a significant interaction with catch weight in two models. Total catch weight 
significantly impacted fraction live on deck immediately (0-10 minutes) and again later 
(35-50 minutes), but in opposite ways.  Higher total catch was associated with lower 
fraction live immediately (0-10 minutes), but higher fraction live later (35-50 minutes). 
Most importantly, the main driving factor in all analyses of live-dead fraction on deck 
was cull time.  The fraction live is clearly impacted by the time it takes to cull the fish. At 
and beyond the 35-50 minute interval fish begin to die off rapidly, no matter the tow time 
or catch weight.  
 
In the analysis of extended mortality monitoring in the holding system over 21 days, cull 
time had a significant effect. Fish from the delayed cull experienced greater mortality 
than fish from the immediate cull. The effect of cull time was significant regardless of 
fish size. Tow time was not significant for extended mortality. However, there was a 
difference in the mortality from the three different tow times. Group as a function of tow 
time and cull time was significant for mortality during the monitoring period. All groups 
of the same cull time were not significantly different from each other regardless of tow 
time. Fish from the immediate culls had higher survival than the fish from the delayed 
culls. Market size of fish was significant for mortality over 21 days. Jumbo sized fish 
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survived the best during the extended monitoring period, while small fish survived the 
worst. Group as a function of cull time and market size was significant for mortality 
during the extended monitoring period because cull time was highly significant. The 
group with the lowest survival (zero survival) was small fish from the delayed cull. 
Jumbo sized fish from the immediate cull had the highest survival. The on-deck original 
condition of fish was significant for mortality over 21 days. Fish in excellent condition 
survived significantly better than fish in good or poor condition. Fish in good condition 
survived significantly better than fish in poor condition. Fish in poor condition nearly all 
died. Ambient on-deck air temperature at time of capture significantly impacted mortality 
during the extended monitoring period. Warmer on-deck air temperatures were associated 
with better survival.  
 
Overall median discard mortality was calculated to be 97.65%. This is much higher than 
the current assumed rate of 80% used in the stock assessment. Overall mean discard 
mortality was 80.4% and was nearly identical to the value assumed in recent summer 
flounder assessments. These results may provide a conservative measure of discard 
mortality in the offshore fishery due to the additional “jumbo” sized fish that were 
collected for mortality monitoring. Since fish size significantly affects survivability in the 
holding system (the larger the fish, the better the survival) the overall discard mortality 
calculation is affected. Thus the discard mortality determined by this study should be 
considered a minimum mortality rate. The discard mortality rate was highest for small 
sized fish and was significantly different than fish in the jumbo and large market 
categories.  For overall discard mortality, tow time, catch weight and % sub-legal were 
not significant. Cull time is the overall factor affecting discard mortality.  
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EXECUTIVE SUMMARY 
 

Fisheries managers, scientists and industry members share a concern over the use of the 
present estimation of discard mortality within the summer flounder stock assessment.   
The purpose of this study was to gain perspective to improve and enhance fishery 
information about discard mortality for summer flounder in the offshore trawl fishery.  
To this end the objective was to evaluate actual trawl discard mortality within a research 
design for comparison to the assumed discard mortality rate currently used in the stock 
assessment.  The study goal was to determine discard mortality relative to tow time, total 
catch, fish size and the amount of time that fish were on deck.  Seven scientific fishing 
trips consisting of tows of 1, 2 and 3 hours in duration were conducted.  Fish were culled 
at consistent time intervals into live and dead on deck.  A sub-sample of live fish from the 
immediate cull and the delayed cull were held in an on board live system then transferred 
to a shoreside extended mortality monitoring holding system. Additional large fish 
(jumbo market category) were collected from each tow and cull for mortality evaluation.  
 
For fraction live on deck, tow time was not significant at any single cull time or overall.  
However, tow time was involved in a significant interaction with catch weight in two 
models.  This could indicate that tow time indirectly impacts the fraction live on deck by 
affecting the total catch weight.  Total catch weight significantly impacted fraction live 
on deck immediately (0-10 minutes) and again later (35-50 minutes), but in opposite 
ways.  Higher total catch was associated with lower fraction live immediately (0-10 
minutes), but higher fraction live later (35-50 minutes).  This could indicate that large 
catches negatively impact the fraction alive on deck immediately, but that they may serve 
as insulation, shielding the fish from lower on deck temperatures, positively impacting 
the fraction live later.  Most importantly, the main driving factor in all analyses of live-
dead on deck was cull time.  The fraction live is clearly impacted by the time it takes to 
cull the fish. At and beyond the 35-50 minute interval fish begin to die off rapidly, no 
matter the tow time or catch weight.  
 
In the analysis of extended mortality monitoring in the holding system over 21 days, cull 
time had a significant effect. Fish from the delayed cull experienced greater mortality 
than fish from the immediate cull. The effect of cull time was significant regardless of 
fish size. Tow time was not significant for extended mortality. However, there was a 
difference in the mortality from the three different tow times. Fish from the one hour 
tows had the highest survival over 21 days while fish from the three hour tows had the 
lowest survival. Group as a function of tow time and cull time was significant for 
mortality during the monitoring period. All groups of the same cull time were not 
significantly different from each other regardless of tow time. Fish from the immediate 
culls had higher survival than the fish from the delayed culls. The one hour immediate 
cull was significantly different from all delayed cull fish and had the greatest survival of 
all tow/cull combinations. Market size of fish was significant for mortality over 21 days. 
Jumbo sized fish survived the best during the extended monitoring period, while small 
fish survived the worst. Survival of jumbo sized fish was significantly different than 
survival of medium and small sized fish. Group as a function of cull time and market size 
was significant for mortality during the extended monitoring period. Group was 
significant because cull time was highly significant. The group with the lowest survival 
(zero survival) was small fish from the delayed cull. Jumbo sized fish from the immediate 
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cull had the highest survival and survival of these fish was significantly different from all 
size fish in the delayed cull as well as small fish, immediate cull. The on-deck original 
condition of fish was significant for mortality over 21 days. Fish in excellent condition 
survived significantly better than fish in good or poor condition. Fish in good condition 
survived significantly better than fish in poor condition. Fish in poor condition nearly all 
died. Ambient on-deck air temperature at time of capture significantly impacted mortality 
during the extended monitoring period. Warmer on-deck air temperatures were associated 
with better survival. Original condition, air temperature at capture, and cull time were all 
significant for fish condition at 21 days. Total catch weight, catch weight and tow time 
interaction, cull time and all but one of the bycatch factors were significant for original 
fish condition. 
 
Overall median discard mortality was calculated to be 97.65%. Nearly all fish died 
regardless of tow duration and cull time. This is much higher than the current assumed 
rate of 80% used in the stock assessment. Overall mean discard mortality was 80.4% and 
was nearly identical to the value assumed in recent summer flounder assessments. 
However, the mean discard mortality was heavily influenced by one tow with a very low 
mortality rate. The calculated mortality results from this study may be a conservative 
measure of discard mortality in the offshore fishery because additional “jumbo” sized fish 
were collected from each tow and cull for the mortality monitoring portion of the study. 
Fish size significantly affects survivability in the holding system and therefore affects the 
overall discard mortality calculation. The larger the fish, the better the survival. With a 
greater portion of fish being jumbo market category than in a random sample, the discard 
mortality rate calculated for this study should be considered a minimum mortality rate for 
the offshore fishery. The discard mortality rate was highest for small sized fish and was 
significantly different than fish in the jumbo and large market categories.  For overall 
discard mortality, tow time, catch weight and % sub-legal were not significant. Bycatch 
Factor 3 (butterfish and longfin squid) was significant for its effect on overall discard 
mortality. High catches of butterfish and longfin squid were associated with low discard 
mortality.  Even though bycatch species such as dogfish, skates and others are significant 
for causing some injury factors, they did not have an overall effect on discard mortality. 
Cull time is the overall factor affecting discard mortality.  
 
A secondary goal of the project was to provide information on summer flounder discard 
and bycatch within the described research design.  During the overall study New York 
trip limits in the areas fished ranged from 70 to 1000 pounds per trip.  Gear-induced 
discards per trip ranged from 0% to 3.2% and represent those fish discarded because of 
size or quality (high grading).  Regulatory discards are those fish caught over the trip 
limit excluding sub-legal sized fish, and ranged from 57% to 98% for all trips. These 
discards are based on the New York trip limits in place during this project.  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 thus such fishing 
activity may not be economically feasible or at least have to be evaluated.   
 
Determining a representative summer flounder discard mortality factor to be used in the 
stock assessment can be refined by comparing the actual quantified average tow time 
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across the fishery as recorded on vessel trip reports (VTR) on a prorated basis to the 
discard mortality rate by tow time as determined by this study.   
 
Fisheries managers may want to evaluate the level of summer flounder discard as it 
relates to fishing effort in light of present regulations and escalating operating expenses.  
It is hoped that the dissemination of this information to industry members will influence 
voluntary adoption of practices that can reduce summer flounder discard mortality. 

 
PURPOSE 

 
Description of Problem Addressed 
 
Until CCE conducted a RSA study in 2007-2009 to evaluate the discard mortality of 
summer flounder in the inshore trawl fishery, no data was available for the estimation of 
discard mortality of trawl-caught, sub-legal and legal size summer flounder. Prior to that 
study, there had not been any other scientific studies conducted to assess summer 
flounder discard mortality in the bottom trawl fishery in the Mid-Atlantic and Southern 
New England areas (Terceiro, pers. com.). Despite management measures, no data has 
been available for the estimation of discard mortality of trawl-caught, sub-legal and legal 
size summer flounder.  In order to develop the final estimate of discard mortality for the 
Stock Assessment for Summer Flounder, a commercial fishery discard mortality rate of 
80% was assumed as recommended by SAW 16 (NEFSC, 1993; Terceiro, 2003). 
However, this rate is not based on any specific studies of discard mortality in the summer 
flounder trawl fishery.  The 80% mortality rate of commercially discarded summer 
flounder currently used in the stock assessment is based on the opinion of industry 
advisors (Terceiro, pers. com.). However, fishermen have questioned this mortality rate. 
Based on their knowledge and experience they believe that rate may be too high and may 
be resulting in unnecessary closures of the fishery.  They have asked that further studies 
be done in order to provide a better estimate of discard mortality in the trawl fishery.  
 
Major data and analytic needs for future stock assessments were identified in the SARC 
35 review of the 2002 assessment (NEFSC, 2002) and in the Southern Demersal Working 
Group (SDWG) assessment updates for 2003 and 2004 (Terceiro, 2003). One of the 
major recommendations was to conduct further research to more accurately determine the 
discard mortality rate of recreational and commercial fishery summer flounder discards 
(Terceiro, 2003).  According to the 2003 summer flounder stock assessment (Terceiro, 
2003), trawls are the largest contributor of discards and discard mortality in the summer 
flounder fishery. In the 41st SAW, the SDWG continued to highly recommend conducting 
further research to better determine the discard mortality rate of the commercial fishery 
summer flounder discards (NEFSC, 2005).  
 
The MAFMC Research Set-Aside Program research needs and priorities for 2009 
addressed a need for defining distinctions between regulatory discards and bycatch 
attributed to gear…in the summer flounder fishery; And evaluating the mortality of large 
fish released in the summer flounder offshore trawl fishery. The main purpose of this 
project was to provide fishery managers, fishery scientists and commercial fishermen 
with an accurate evaluation of summer flounder discard mortality, with special emphasis 
on large fish, for fish released in the winter offshore bottom trawl fishery in the Mid-
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Atlantic, Southern New England area. Through this project distinctions between 
regulatory discards and bycatch attributed to gear in the summer flounder fishery were 
identified to fulfill the research need stated above. In addition to these research priorities 
this project increased sampling of summer flounder, contributed more representative sea 
sampling of the various fisheries in which summer flounder are caught to adequately 
characterize the length composition of the discards, and expanding age sampling of 
summer flounder from commercial catches, including large specimens. 
 
Currently the commercial and recreational harvest of summer flounder coastwide is 
managed through quotas, with specific regulations designed to prevent landings from 
exceeding the quotas. Among the regulations imposed upon commercial fishermen are 
trip limits, closures when the quota is reached, minimum sizes, minimum mesh 
requirements for trawls, and a moratorium on entry into the fishery. The New York state 
quota for summer flounder is relatively low and has resulted in periods of time when the 
fishery is closed for management purposes.  
 
Goals and Objectives of the Project 
 
Goal: Evaluate summer flounder discard mortality relative to gear type, tow duration, cull 
time, fish size and total catch in the offshore summer flounder trawl fishery.  
 
Objective 1: To evaluate discard mortality specifically of large fish in the offshore 
summer flounder trawl fishery. 
 
Goal: To provide accurate information on summer flounder discard and bycatch 
attributed to gear type in the offshore summer flounder trawl fishery. 
 
Objective 1: To record all discards and bycatch by gear type during normal fishing 
activity in the offshore summer flounder trawl fishery. 
 
Objective 2: To identify any differences in discards and bycatch by gear type in the 
offshore summer flounder trawl fishery.  
 
Objective 3: To determine the difference between regulatory discards and bycatch 
attributed to small mesh (non-directed) and large mesh (directed) gear typically used in 
the offshore summer flounder trawl fishery.  
 
Goal: To provide fishery managers, fishery scientists and commercial fishermen with an 
accurate evaluation of summer flounder discard mortality in the offshore bottom trawl 
fishery in the Mid-Atlantic, Southern New England area. 
 
Objective 1: Evaluate mortality of summer flounder discard in the winter offshore fishery 
with emphasis on large fish. 
 
Objective 2: Provide a scientifically based composite (inshore/offshore) of summer 
flounder trawl discard mortality.  
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Evaluation of Discard Mortality  
 
The main goal of this project was to provide fishery managers, fishery scientists and 
commercial fishermen with a much-needed accurate estimate of summer flounder discard 
mortality in the offshore summer bottom trawl fishery in the Mid-Atlantic, Southern New 
England area. Through this project, we have implemented a program to improve and 
enhance fishery information relative to discard mortality of summer flounder in the 
bottom trawl fishery. Actual data on summer flounder discard mortality is lacking in the 
current summer flounder assessment. With the cooperation of commercial bottom 
trawlers in NY, summer flounder discard was collected under various fishing conditions 
and held live.  A random sample of summer flounder discards including both legal and 
sub-legal sized fish was collected while aboard bottom trawling vessels engaged in the 
winter offshore trawl fishery. The vessel's standard fishing methods and gear were used 
for the study. Differences in discard mortality were assessed relative to tow time, fish size 
and the length of time the fish were on deck. For each trip approximately 30 fish from 
each of 6 categories (180 fish) were measured and tagged, then held in a specially 
designed on deck seawater holding and later held in a shoreside holding system for 
extended mortality monitoring. Twenty of the 30 fish were randomly selected and an 
additional 10 “large” fish were selected to analyze discard mortality for this specific size 
category. The 6 categories were a combination of parameters including tow times of 1 
hour, 2 hours and 3 hours and 2 different deck times including immediate culling, and a 
normal fishing practice cull (approximately 30 minutes). Fish condition was determined 
based on a health index.  Additional information including location, boat and gear 
specifics, towing speed, total volume of the catch and discard, species composition of the 
catch, depth, surface and bottom water temperature, and air temperatures were recorded. 
Extended mortality was monitored over a 21-day period in the shoreside holding system 
and fish still alive were assessed after 21 days. Haul-back (on-deck) mortality (by tow 
and cull), post-release mortality, control fish mortality, and total discard mortality were 
all calculated. The data generated by this cooperative research project will provide data 
on discard mortality, which is critically needed for the assessment of summer flounder.  
Specific work plan details are provided below. 
 
Discards and Bycatch 
 
The RSA research priorities identified the need for determining distinctions between 
regulatory discards and bycatch attributed to gear, including mesh selectivity and/or 
overall gear design in the summer flounder fishery. This study has provided accurate 
information on summer flounder discard and bycatch in the offshore summer flounder 
bottom trawl fishery. During all 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 (based on trip limits) and which would 
be classified as bycatch attributed to gear (minimum size). The second RSA research 
priority that this study addressed is to evaluate the mortality of large fish released in the 
summer flounder offshore trawl fishery. During each scientific tow and cull, 10 large fish 
were collected in addition to the 20 fish randomly collected for mortality monitoring and 
evaluation.  
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Sampling 
 
This study has generated additional data on the length and age structure of summer 
flounder discards in the winter offshore bottom trawl fishery and has provided additional 
sea sampling of the bottom trawl fishery off the coast of NY. On the scientific tows, a 
portion of the discards were sampled as if it were an observed sea sampling trip. A 
portion of the discard fish not saved for the live-holding portion of the study had length 
frequency recorded.  Dead fish had scales collected.  For those fish that died while in 
captivity, scale and otolith samples were collected.  Additionally, we selected large 
specimens for age sampling.  
 
The research conducted has more accurately determined the discard mortality rate of 
commercial summer flounder discards in the offshore bottom trawl fishery. The results of 
this project will be useful to the commercial fishing industry, fishery managers and 
fishery scientists relative to the successful management of the summer flounder stock.  
Based on the results of this study, we have developed recommendations for handling and 
discard procedures that will minimize discard mortality in this important fishery. These 
recommendations will be distributed and promoted to the fishing industry.  
 
Vessel Participation 
 
The F/V Perception based out of Montauk, NY was used for the scientific research trips 
which took place during this reporting period. This vessel completed and met the 
selection criteria for the offshore project.  This vessel’s experience in the offshore fishery 
and its ability to accommodate fishing and scientific crew were among the qualifications 
for its selection. 
 
APPROACH 
 
Detailed Work Plan 
 
The basis of the project was to improve and enhance fishery information relative to 
discard issues, especially discard mortality in the offshore summer flounder commercial 
bottom trawl fishery. A random sample of summer flounder discards including both legal 
and sub-legal sized fish were collected while aboard bottom trawling vessels.  Summer 
flounder mortality was evaluated relative to tow time, fish size, length of time fish were 
kept on the deck of the vessel, and other factors for each trip. Approximately 30 fish from 
each of 6 categories (120 fish) were measured, tagged, and held in a live holding system 
for extended mortality monitoring for each trip. The 6 categories were a combination of 
parameters which include tow times of 1 hour, 2 hours, and 3 hours and 2 different deck 
times including an immediate cull, and a normal fishing practice cull (approximately 30 
minutes). Twenty of the fish were randomly selected and were of various sizes. Ten large 
fish were collected in order to evaluate mortality of large fish specifically. Fish over 55 
cm were considered large fish.  
 
Each research segment was divided into a three week interval beginning with the 
placement of 25 control fish in the live holding system followed by the actual fishing trip 
on the same or following day concluding with the 180 live fish (sixty from each tow) 
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being released into the live holding system.  Subsequently the live holding system was 
monitored daily to determine mortality until mortality has ceased. Five out of the 25 
control fish were brought on board the vessel and held in the on-board holding tanks 
during the at sea experiments to serve as a control monitor of on-board holding 
conditions. Our first trip occurred on March 19, 2009. The last trip was on November 28, 
2010 and the final assessment of live holding system fish was on December 21, 2010.   
 
Each trip sequence was initiated by loading all related project equipment and supplies on 
the participating fishing vessel on the day preceding the trip by scientific staff.  On this 
same day the research team selected 25 control fish at Multi Aquaculture which were 
caught by pound nets in the summer of 2009/2010.  These fish were then tagged, 
measured, weighed, their condition evaluated and listed on the control fish data sheet, and 
released into the two separate mortality monitoring tanks set up at Multi Aquaculture 
specifically for this project.  The control fish provided a control monitor for live holding 
system induced mortality (if any) as described above.  Five (5) additional control fish 
were placed in the on-board holding tanks during the at sea experiments to serve as a 
control monitor of holding tank conditions.    
 
As per the project scientific design, each trip consisted of six hours of actual towing time:  
1 – one hour tow; 1 – two hour tow; 1 – three hour tow.  Because the area fished is 
typical of the offshore winter fishery, an 8-12 hour steaming time each way was typically 
required.  This schedule required a departure time that allowed for dock return time 
between 8AM – 3PM while allowing daytime fishing to the maximum degree possible.  
A checklist of project trip equipment and supplies was used to outfit the participating 
fishing vessel.   
 
The fishing vessel crew and scientific staff of 4 or 5 individuals departed Inlet Seafood’s 
dock in Montauk at a designated time.  The participating fishing vessel returned to Inlet 
Seafood's dock on the conclusion of research activities and the color coded tagged 180 
trawl caught live summer flounder "discards" were transferred to the live holding system 
for the extended mortality monitoring. On arrival at the dock, at the end of the trip, the 
study fish were transported from the on-board holding system to the Multi Aquaculture 
facility via a specifically designed mobile live transport system.  The transport system 
includes holding tanks that are temperature controlled and aerated and calibrated to match 
the on-board holding tank environment.  The study fish were then transferred to 2 indoor 
rectangular holding tanks for extended mortality observation. The holding tanks were 
monitored for summer flounder mortality on days one, two, three and then every other 
day for 21 days.  This procedure was repeated for each of the seven trips conducted for 
this project.  
 
The procedures described have proven to be workable, efficient and effective in 
conducting this project.   All project materials and supplies are retrieved from the fishing 
vessel and stored at Inlet Seafood.     
 
Overall the key project components of research design, on board work plan, and holding 
system design and function were effective in delivering results useful in meeting project 
goals.  In the process we were also able to develop and perfect our field procedures for at-
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sea sampling and field/lab operation that were extremely beneficial in meeting the project 
design criteria. 
 
On Board Procedures 
 
This study was designed to research and provide data that would enhance the 
understanding of fisheries science relative to summer flounder discard mortality.  This 
study, in particular, looked at the discard mortality of summer flounder in the winter, 
offshore, commercial trawl fishery with an emphasis on large fish.  The project was 
designed to address the issue of mortality relative to regulatory discards and bycatch 
discards attributed to gear type and target species.  The selection of gear, fishing location, 
and target species was determined prior to each research trip by the participating 
commercial fishermen in consultation with CCE.  This was done to more accurately 
reflect the existing offshore, ground fishery during the winter months (November through 
April). The research trips occurred on the traditional winter offshore grounds south and 
east of Long Island, NY between Veatch Canyon and Hudson Canyon at depths between 
40 fathoms and 70 fathoms.  This area included the over-wintering area of summer 
flounder and included the grounds fished during winter by the New York, Southern New 
England and New Jersey trawl fleet.  Summer flounder vessels from Virginia and North 
Carolina have also been known to work these grounds. Areas sampled included NMFS 
statistical areas 616, 613, and 537. These grounds also encompass the areas identified by 
commercial fishermen as areas where large summer flounder congregate during winter.  
Trips were made aboard boats of opportunity engaged in the offshore mixed trawl fishery 
as well as those directing on summer flounder.   During the time frame covered by this 
final report, seven (7) research trips were successfully completed by meeting the design 
criteria outlined in the proposal. Vessels made 3 specific tows for summer flounder 
during each trip. The duration of the tows were 1, 2, and 3 hours.  For each tow 2 culls 
were performed: an immediate cull and a delayed (30 minute average) cull. Twenty live 
fish were randomly collected from each cull for extended mortality monitoring. In all 
instances a specific culling procedure was utilized to maintain a consistent random 
sampling protocol.  All live samples were unbiased by health and condition. Additionally, 
ten “large” fish were collected during each tow/cull time if availability permitted.  These 
fish were jumbo market category (fish greater than 4 lbs or 55 cm). These fish were 
collected in addition to the random sample and were collected regardless of the number 
of large fish selected in the random sample. This selection process assured a 
preponderance of large size fish in the experimental group. A total of sixty live fish were 
selected from each of the three tows (30 from the immediate cull and 30 from the delayed 
cull) for the extended mortality monitoring component of this project. After haul-back the 
catch was dumped on deck and the following time line was used to sort the catch for each 
tow.   

• 0-10 minutes (immediate cull) – collection of 30 live fish (20 collected 
randomly plus 10 additional “large” fish if available) for live holding system 
plus sorting of live and dead fish from one half of the pile. 

• 10-25 minutes – sorting of live and dead fish only from first half of the pile. 
• 25-35 minutes (delayed cull) – collection of 30 live fish (20 collected 

randomly plus 10 additional “large” fish if available) for live holding system 
plus sorting of live and dead fish from one half of the pile. 
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• 35-50 minutes – sorting of live and dead fish only from second half of the 
pile. 

 
Processing the catch continued in 15 minute increments until all the summer flounder had 
been separated between live and dead.  Live/dead sorting allowed us to quantify the 
impact of the length of the cull time on the discard mortality of summer flounder. In 
addition, the total weight of all the other individual species from each tow was recorded. 
Fish held for mortality monitoring were tagged, weighed, measured, and rated based on 
condition utilizing a scale of excellent, good, and poor with specific trawl damage noted. 
The description of condition classification was as follows: 

A: EXCELLENT: minor scratches, no visible sign of mucus damage, minor scale 
loss 

B:  GOOD: moderate damage, moderate scratches, visible mucus layer damage, 
moderate bruising, strong fish 

C:  POOR: significant scratching, significant scale loss and bruising, mucus layer 
severely affected, lethargic, fish still arches 

D:  DEAD: fish doesn’t arch 
 
Additional condition factors were recorded including scale loss, abrasions, fin damage, 
fin tearing, anal explosion, anal tearing, net marks, nose rub, and scratches. The severities 
of these conditions were documented as significant, minor, or none.   
 
The tags used for this study were Floy-FD-94 Super Heavy Duty T-Bar Anchor Tags.  
The tag was injected using a Floy tagging gun into the muscle in the dorsal area of the 
eyed side, anterior of the caudal peduncle.  Tag color as well as a tag number identified 
each individual fish and the tow and cull in which it was captured.  
 
On Board Holding System Design and Plan 
 
The 30 live fish from each of six tow and cull combinations, collected as described 
above, were held in an on board live holding system prior to transport to the dockside 
holding system for extended mortality monitoring.  The on board holding system and 
plan adopted was similar to that used in the commercial fishery for holding and transport 
of live fish. Three commercially available 1500 lb. capacity large plastic, insulated Bonar 
brand holding containers were used as the basis of the on board holding system.  Each 35 
cubic foot, polyethylene container (tote) was double-walled, and insulated. Each tote 
measured 48 ¾” x 43 ¾” x 37 ¾” and held approximately 270 gallons of water.  The totes 
were slightly modified by drilling two 31/4” holes in each tote and then the hole was 
sleeved with a short length of 3” PVC pipe.  These holes were designed to facilitate the 
input of air supply lines and electric for heaters.  The totes also had lockable lids to help 
prevent the loss of water.  The lids were modified by creating a 12” square hole in the 
center of each.  The section removed from each lid was retained and served as a plug to 
close the hole if necessary.  This hole was created for several reasons.  The hole allowed 
for easy access to the water for necessary monitoring.  It also allowed for the input of 
fresh seawater and for the release of gases if super-saturation became an issue. A fourth 
such insulated container was used for dockside transfer of the fish to the holding pen.   
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Live fish were placed in holding cages constructed of vinyl covered wire mesh. The 
number of cages and dimensions of the cages were (2)  36" x 36" x 4 ½",  (4)   31" x 18" 
x 4 ½" , (16) 33" x 18" x 4 ½".  The cages were stacked in the holding tanks two wide by 
four high making the capacity of each tank equal to eight cages with each cage typically 
holding up to ten fish.  This system allows for the optimum holding and transport of the 
fish.  The benefit of using these cages was to prevent the fish from sloshing in the tanks, 
keep the weight of the fish off each other and allow for maximum water flow around each 
individual fish. 
 
Air was constantly supplied to the holding tanks via a contractor style 4.9 SCFM, 110-
volt air compressor.  Each tote received the air through an airline that terminated with a 
9-inch air diffuser stone.  The rate of release could be regulated directly from the 
compressor. Each tank also received two heavy duty, thermostatically controlled 800 
watt, titanium, submersible heaters normally used in aquaculture operations.  Each of 
these heaters was then controlled by a single stage temperature controller.  This system 
allowed for precise regulation of water temperature in order to ensure that the water 
temperature in the tanks matched the water temperature at the bottom of the ocean as 
determined by an Expendable Bathythermograph (XBT). The on board holding systems 
were continually monitored for water temperature and dissolved oxygen levels.  Surface 
and bottom temperatures, dissolved oxygen, and salinity were also monitored in the 
targeted fishing areas and correlated with the same parameters in the on board holding 
system.  Also available on board was a medical grade oxygen supply system to aid in the 
event that dissolved oxygen levels became too low in the holding tanks. This system 
consisted of an O2 bottle that had a minimum of 99.5% oxygen content, a regulator and a 
supply line that terminated with a 6-inch diffusing stone. Oxygen was added to the 
holding tanks when dissolved oxygen levels in the water were measured to be lower than 
70%.  
 
On Board Materials 
 
Each trip sequence (23 days total) was initiated by loading all related project equipment 
and supplies on the participating fishing vessel on the day preceding the actual trip. A 
checklist of project trip materials was used to outfit the participating fishing vessel.  The 
following is a list of this equipment: 
 

1. Safety equipment including life raft, survival suits, EPIRBS, medical kit 
2. Live fish holding system (Bonar totes) 
3. Heaters 
4. Oxygen tank, regulators, hoses  
5. 28 fish cages 
6. Two motion compensated scales 
7. Tag guns and colored numbered tags 
8. Measuring boards 
9. Compressors, aerators and four air stones 
10. Food and personal weather gear 
11. Hach multi-parameter water meter with probes for the temperature, 

salinity and dissolved oxygen 
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12. Expendable bathythermograph (XBT) with probes to measure bottom 
temperature 

13. Laptop computer 
14. Data (temperature and depth) loggers  
15. Data sheets 
16. Totes, baskets 
17. Miscellaneous supplies 

 
Control Fish  
 
A control group of summer flounder was established in the holding system. Control fish 
consist of legal and sub-legal sized pound net caught fish which have not experienced 
trawl capture stresses and provide a comparative group to monitor holding tank 
conditions.  Pound nets provided a good control group of fish because the fish were 
captured with very little damage.  To meet this requirement control fish were collected at 
the end of the pound net season (October 2008, 2009, 2010) and held at Multi 
Aquaculture Inc. for experimental project holding cycles (Feb. – April ‘09, Nov ‘09-April 
‘10, November ’10).  Control fish were transported to the holding system in an aerated 
(and cooled if needed) enclosed seawater live holding system.  The project holding tanks 
are supplied by a mix of salt-water wells and bay water with a resultant average salinity 
of approximately 28 ppt compared to seawater salinity of approximately 32 ppt. This 
salinity differential may have posed a mortality impact that needed to be further 
evaluated by transferring the control fish from seawater to the salt water well holding 
tanks ahead of project activity. We were able to determine that these fish adjusted to 
salinity change without any noticeable effect on their condition.  Further research 
reported by Sulikowski, et al. 2003 in a project involving the transfer of hatchery stock 
from low salinity to sea water ocean pens showed that this salinity difference was not 
detrimental to fish health.  A review of research on the effects of salinity changes on 
summer flounder survival further indicated that salinity in itself is not a mortality factor.  
Based on this information the holding system design and operation developed was 
adopted. 
 
A new set of 25 control fish was procured and placed in the holding system for each new 
set of experimental fish (e.g. every time we conducted a new harvest trip). Control fish 
were measured, weighed, color-coded and numerically tagged, and added to the holding 
system. Control fish were also rated based on our fish condition index.  Five of the 25 
control fish were brought on board the vessel for the duration of the research trip to 
ensure that the on-board live holding system was functioning properly and that the water 
conditions were suitable for keeping the fish alive. Analysis of the mortality of the 
control fish in the dockside holding system and control fish which were brought on board 
the vessel determined that the effect of both holding systems were trivial and 
inconsequential. This indicates that the systems were properly set up and maintained to 
successfully hold live fish for the duration of the mortality monitoring period.   
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Live Fish Holding Tank Monitoring System 
 
The ability to safely hold and monitor all study fish was necessary to fully measure 
summer flounder trawl discard mortality. It is known that not all fish that are alive 
immediately upon discard will survive the trauma of catch and discard.  Therefore a 
representative holding and monitoring period was needed to assess this extended 
mortality.  At the end of each of the scheduled discard mortality harvest trips all fish held 
live in the on board live holding system from each tow and cull were transferred to the 
holding tank monitoring system at Multi-Aquaculture to be monitored for discard 
mortality over an extended period of time. The fish were transported from the live 
holding system on the vessel to the Multi Aquaculture facility via a specially designed 
live transport system they have developed.  This system incorporates holding tanks in an 
enclosed truck body.  The holding tanks are temperature controlled and aerated.  The fish 
remained in the same holding-rack system used in the live holding system on board the 
vessel while they were transported in the truck tanks to the Multi Aquaculture facility.  
This facility is only about 10 miles from the unloading dock at Montauk. 

 
Once at the Multi Aquaculture facility, the fish were transferred to indoor tanks for 
mortality monitoring. The Multi Aquaculture facility holding system was comprised of 
multiple rectangular fiberglass tanks which were 10’ in length, 4’ wide and 3’ deep and 
hold 900 gallons of water each.  The partially recirculating system was supplied with a 
combination of salt-water well water and Napeague Bay surface water that has a salinity 
of 28 ppt.  The holding tank water temperature was typically maintained at a range of 49 
degrees Fahrenheit to 52 degrees Fahrenheit but could be regulated slightly by mixing of 
the well and bay water supply along with immersion heaters. This water temperature was 
consistent with onboard holding tank and seawater temperatures at depth of capture. Each 
aerated tank received air through an airline that terminated with a 9-inch air diffuser 
stone. The system is housed in a heated building.   Prior to releasing live fish into the 
holding system, the water temperature was adjusted more precisely to be the same as the 
bottom temperature where the fish were harvested. On the day of harvest the bottom 
temperature was measured using an expendable bathythermograph and the temperature 
was reported to Multi-Aquaculture staff so that the temperature in the holding system 
could be adjusted accordingly. 
 
Pre-project discussions with NMFS scientists initially established a 14-day extended 
holding period as an appropriate time frame for extended mortality monitoring since this 
time frame was adequate for determining the discard mortality in the inshore study. 
However we found that the extended time period mortality pattern was completely 
different for the offshore winter fishery compared to the inshore fishery. For the inshore 
fish, there was a high level of mortality over the first several days. The mortality rate then 
slowed considerably and generally approached zero by 10 to 12 days. For the offshore 
fishery the initial mortality rate was less but fish continued to die up to and beyond 14 
days. Fish continued to die up to 16-18 days before the rate approached zero. Because of 
this observed delayed mortality, the extended holding period beginning with trip 2 was 
adjusted to 21 days to account for extended mortality occurrence. All holding tank related 
data was recorded on the holding tank monitoring log.  Data collected included dead fish 
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information, fish tag numbers, and air and water temperature.  Scales and otoliths were 
also collected from dead fish. 
 
At Day 21 all remaining fish including live fish, dead fish and control fish, were removed 
from the holding tank and processed by CCE staff. Tag information, fish condition, and 
sex were recorded for all fish. Scales and otoliths were removed for age determination. 
All information was recorded on the fish survival log.  
 
Data Collection 
 
Critical to the successful completion of the project was the collection of data and 
information associated with this research project.  Prior to embarking on our first trip a 
significant amount of staff time was utilized to develop the various data collection 
procedures and reports.  The focus was the collection of information to meet the goals of 
the project.  The following data sheets were developed and utilized throughout the 
project.  This information was entered into a database and has undergone a statistical 
analysis as outlined in the project proposal by Dr. Eric Powell and Dr. Eleanor Bochenek 
at Rutgers University.   
 

1. Summer flounder discard mortality control fish data sheet 
2. Summer flounder discard mortality study trip log 
3. Summer flounder discard mortality study tow log 
4. Summer flounder discard mortality study condition and tagging data sheet  
5. Summer flounder discard mortality study length frequency data sheet 
6. Summer flounder discard mortality study holding tank monitoring log 
7. Summer flounder discard mortality study fish survival log 

 
Licenses, Permits and Administrative Requirements  
 
Funding for this study was through the NMFS/MAFMC Research Set-Aside Program.  
Authorization included federal Exempted Fishing Permits (EFP), (research EFP and 
harvest EFP), NYS License to Collect and Possess, NYS fluke permit, Coast Guard 
safety inspection sticker and certification of P&I insurance. The original Federal 
Exempted Fishing Permit (EFP) was issued on February 20, 2009.  A new EFP needed to 
be issued to accommodate the small mesh exemption needed to conduct fishing as 
outlined in the proposal. The original New York State required Marine Resources Special 
Exempted Fishing License (NYS EFL), which was dependent on the Federal EFP, was 
issued on March 11, 2009 and expired on March 11, 2010. Further extensions on permits 
were necessary in order to conduct the final research trip in the winter of 2010/2011. An 
extension was requested and issued on the NYS EFL. The EFL was issued on November 
10, 2010 and expired as of December 31, 2010. A revised EFP was issued on September 
16, 2010 and expired as of December 31, 2010.  
 
Because of RSA requirements, call in and out for the federal participation and fax in and 
out for state participation for the fishing vessel was required and was the same for 
Cornell within the RSA program.  This function was completed by program staff for both 
the participating vessel and for Cornell involvement.  Obtaining permits and completing 
related necessary reporting was conducted on a fluid and timely basis.   A Vessel Trip 
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Report (VTR) for the study fishing trip day was also required and submitted to NYSDEC 
and NMFS by the fishing vessel operator.   
 
Research set-aside compensation harvest was primarily coordinated through the National 
Fisheries Institute Scientific Monitoring Committee’s RSA auction.  NFI conducted the 
auction, allocated the RSA quota based on the auction, collected compensation funds 
from participating vessels and forwarded the collected funds to CCE to cover the research 
costs.  CCE and NFI coordinated federal EFPs and state LCPs for compensation harvest 
vessels.  Additionally, CCE utilized some of the RSA quota to allocate to participating 
vessels during the research cruises.  The proceeds from the RSA harvest on the scientific 
cruises were split between the participating vessel and CCE as RSA program income. 
 
The RSA harvest proceeds for the vessel during the research cruises helped to offset the 
vessel charter cost and were thus used to lower the actual vessel charter cost. 
 
Insurance certificates including an insurance rider specifically covering the scientific staff 
on board were also required. For administrative purposes, all parties signed a 
memorandum of understanding, an independent contractor agreement, and a W-9 Internal 
Revenue Form detailing compensation.  These various permits, licenses and contracts 
spell out in specific detail the responsibility of the participating parties and provided a 
clear understanding concerning the details of the project, goals and expected outcomes. 
 
Project Coordination  
 
Considering the complicated logistics of: scheduling the commercial trawl vessel (and 
their availability to commit on a specific date); developing and maintaining an on-board 
live holding system; scheduling pound net fishermen to supply fresh-caught control fish 
when needed; holding system monitoring; weather complications; equipment or vessel 
breakdowns; handling and holding live fish with minimal impact; personnel scheduling 
on weekends and holidays; overall field and vessel logistics – the project went very 
smoothly and according to schedule.  All trips and shore-side holding system components 
went according to plan and we were able to accomplish seven successful trips.  This 
resulted from significant project planning both before and during field components, a 
dedicated staff and interested and committed commercial fisheries partners. 
 
Project Management 
 
Management and staffing for all scientific components of the project for both the at-sea 
sampling and shore-side holding system were conducted by the Cornell Marine Program 
(CCE). Collection of experimental and control fish was conducted under Federal 
Exempted Fishing Permit #8303, and New York State License To Collect and Possess 
(NYSLCP) issued to CCE. 
 
Dr. Eric Powell, Dr. Eleanor Bochenek and Jason Morson of the Rutgers University 
Haskin Shellfish Research Laboratory performed data analysis. Dr. Robert Valenti and 
staff of Multi-Aquaculture Systems maintained the live holding system. The Cornell 
Marine Program was responsible for the selection criteria, selection, scheduling and 
coordination of commercial vessel fishing support associated with this project. 
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The following individuals and affiliated agencies and organizations were project 
participants. 
 
Cornell Marine Program (CCE): 
 

Principal Investigator:   Emerson Hasbrouck 
CCE Staff Researchers:  Tara Froehlich, Kristin Gerbino, John Scotti 
Project Fishery Technicians: Joe Costano, Eric Braun,  

Josh Clauss, Corey Humphrey, Will 
Shuman, David Dimig, Jason Grosskurth, 
Scott Curatolo-Wagermann  

CCE Aquaculture Specialist:  Gregg Rivara 
CCE Secretarial Support:  Elizabeth Chopin 

 
Rutgers University Haskin Shellfish Research Laboratory: 
 
      Dr. Eric Powell 
      Dr. Eleanor Bochenek 
      Jason Morson 
 
Multi Aquaculture Systems, Inc., Amagansett, NY: Dr. Robert Valenti 
 
Montauk Inlet Seafood, Montauk, NY: Julia Bartlett 
 
LI Commercial Fishing Association:  Bonnie Brady 
 
Participating Commercial Fishermen: 
F/V Perception, Montauk, NY 
Owner Bill Grimm 
Captains Tom Herrera, David White, Roman Wloch       
Brent Bennett   Pound Trap Fisherman, East Hampton, NY 
Wayne Fenelon  Pound Trap Fisherman, East Hampton, NY 
 
 

FINDINGS 
 

Accomplishments 
 
This project was successfully and fully executed and completed as per the modified work 
plan. The original work plan needed to be modified because of reduced RSA income. For 
this reason, one less trip was conducted than was originally proposed. All goals and 
objectives of the project were successfully met.  The project was rigorous and logistically 
complicated.  Conducting experiments at sea on working fishing vessels can be 
complicated and the care and handling of live animals can pose additional challenges to a 
project.  However our experimental design was sound and after being fine-tuned during 
the first trip proved to be fully successful.  The project had full support of New York’s 
commercial fishing industry.  The project fostered and expanded the concept of 
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cooperative research with the industry.  The fact that local trawl fishermen (as well as 
pound net fishermen) fully participated in the project is a testament to the cooperative 
research approach of this project.  Research set-aside compensation harvest went well for 
this project and allowed many additional fishermen to participate in this project by 
helping to turn the allocation of fish into dollars to pay for this successful project. 
 
We would like to thank the Mid-Atlantic Fishery Management Council and the National 
Marine Fisheries Service for creating and implementing the RSA program, and for the 
opportunity for us to participate in the RSA program.  We hope that this project was also 
beneficial to the overall RSA program. We further urge the MAFMC and NMFS to 
continue to provide opportunities for cooperative research thru the RSA program.  We 
would also like to thank all the participants in this project as identified above.  We want 
to offer special thanks to the owner/captains and crew of the trawler that participated in 
the research trips.  We also want to thank the National Fisheries Institute – Scientific 
Monitoring Committee for their assistance in coordinating RSA compensation harvest 
and all fishermen who participated in compensation harvest. 
 
Results 
 
Total discard mortality is a function of the amount of fish that die on deck while the catch 
is being culled, as well as a function of the mortality over time of those fish that remain 
alive on deck (and are thus discarded “alive” only to die after discarding). Thus our 
mortality analysis has two main components: mortality on deck and the factors that 
influence the on deck mortality; the mortality in the extended holding system and the 
factors that influence this mortality during the 21 day extended mortality monitoring 
period.  
 
Analysis of Onboard Mortality 
 
The fraction of summer flounder alive was calculated during three cull times, 0-10 
minutes (immediate cull), 25-35 minutes (delayed cull), and 35-50 minutes based on the 
on-deck sorting procedure described above. The difference between the fraction live at 
the 0-10 minute and 25-35 minute cull times was also calculated.  These fractions were 
arcsin square-root transformed prior to ANOVA analysis (Sokel and Oden 1988).  
Differences between main effects were identified using a posteriori least squares means 
tests.  Trends with covariates were evaluated by a posteriori spearman rank correlation 
tests.  
 
The first set of ANOVAs included fraction live on deck as the dependent variable, tow 
time as the independent variable, catch weight and gear as covariates, and the interaction 
term between catch weight and tow time (Table 1).  Models were run separately on the 
fraction live at each of the three time intervals, as well as on the difference between the 0-
10 minute interval and the 25-35 minute interval.   
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Table 1. Results of ANOVAs evaluating the influence of tow time, total catch weight, 
and gear on the fraction of fish alive during cull times 0-10 minutes, 25-35 minutes, 35-
50 minutes, and the change in the fraction live between the immediate (0-10 minutes) and 
delayed (25-35 minute) cull times.  
* = interaction term   NS = not significant at α = 0.05 
 
                0-10minutes       25-35minutes   35-50minutes    (0-10)-(25-35) 
Tow time NS NS NS NS 
Catch weight .0436 NS 0.0013 NS 
Tow time*catch weight NS NS 0.0368 NS 
Gear (small/large mesh) NS NS NS NS 

 
 
Catch weight had a small effect on the fraction live at the 0-10 minute interval 
(p=0.0436), but tow time did not.  A weak correlation showed that a higher fraction live 
was associated with lower total catch weights (Spearman’s  ρ= 0.40).  Even though tow 
time was not significant at the immediate cull, least squares means test was performed 
and showed a difference in fraction live between the 1 and 3 hour tows. The 1 and 2 hour 
tows were equivalent. During the 3 hour tows the fraction live decreased slightly.  At the 
25-35 minute interval tow time was not significant but least squares means test was 
performed and showed a significant difference between the 2 and 3 hour tows and no 
difference between and 1 and 2 hour tows or 1 and 3 hour tows. At the 25-35 minute 
interval, and when considering the difference between the 0-10 minute and the 25-35 
minute intervals, neither total catch weight or tow time nor the interaction term affect the 
fraction live on deck.  However, the fraction live at the 35-50 minute interval was again 
affected by total catch weight (p=0.0013), as well as the interaction between total catch 
weight and tow time (p=0.0368).  In this case however, higher catch weight was 
associated with higher fraction live on deck (Spearman’s  ρ= 0.64).  In some instances 
the fraction live at the 23-35 minute interval was greater than at the 0-10 minute interval 
which yielded a negative number for the difference. Therefore, the variable was ranked 
prior to analysis.  Overall, the fraction dead on deck was consistently low for most tows 
until the 35-50 minute time interval was passed, and then mortality significantly 
increased.  See Figures 1, 2, 3. 
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Figure 1. Fraction of Live Summer Flounder as Time on Deck Increases for 
All Tow Times Combined  

 

 
 

Figure 2. Fraction of Live Summer Flounder as Time on Deck Increases by 
Tow Time 
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Figure 3. Percent Mortality On Deck by Tow Time 
 

 
 
 
An ANOVA was performed to test if tow time effects catch weight.  The result was that 
tow time is not significant on catch weight.  Thus even though catch weight differs by 
tow time, catch weight is not significantly different among the three tow times. See 
Figure 4. 
 
 

Figure 4. Average Catch Weight of All Species By Tow Time and Overall 
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An ANOVA was run on gear (small mesh and large mesh) for fraction live on deck at 
each time interval (Table 1). There were three small mesh trips and four large mesh trips 
conducted. Gear was not significant for fraction live on deck at each cull time. Since it 
was not significant it was not included in further analysis.  Also, as shown below in Table 
4, depth also is not significant. Therefore it is assumed that all tows are replicates for both 
gear and depth.  
 
To further analyze the relationship between when fish were culled and the fraction alive 
on deck, an additional model was run that included cull time as an independent variable 
(Table 2).   
 
Table 2.  Results of an ANOVA evaluating the influence of tow time, total catch weight, 
cull time and their interaction terms on the fraction of fish alive on deck.  
* = interaction term. NS = not significant at α = 0.05 
            
Tow time NS 
Catch weight NS 
Cull time <.0001 
Tow time*catch weight .0156 
Tow time*cull time NS 
Catch weight*cull time .0002 

 
Cull time was highly significant (p<0.0001), as was the interaction between cull time and 
total catch weight (p=0.0002), and catch weight and tow time (p=0.0156).  A posteriori 
analysis of the least squares means test (Table 3) revealed that the first two cull times (0-
10 minutes and 25-35 minutes) did not differ, but that both the 0-10 minute (p=0.0230) 
and the 25-35 minute (p=0.0487) cull times were significantly different from the 35-50 
minute cull time.   
 
Table 3. Least squares means test results for cull time. 
 
                0-10minutes       25-35minutes   35-50minutes     
0-10 minutes NA NS .0230 
25-35 minutes NS NA .0487 
35-50 minutes .0230 .0487 NA 

 
 
We also fit the best multivariate regression model to the fraction live data to determine 
how well additional abiotic information, particularly the temperature on bottom, wave 
height, and depth could predict how many fish were alive on deck (Table 4).   
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Table 4.  Results of a regression analysis evaluating the influence of tow time, cull time, 
bottom temperature, wave height, and depth on the fraction of fish alive on deck.  
NS = not significant at α = 0.05 
 
Tow time NS 
Cull time <.0001 
Bottom temperature NS 
Wave height NS 
Depth NS 

 
Neither wave height, bottom temperature, tow time nor depth were significant 
contributors to the regression.  Only cull time (p<0.0001) was significant and the R-
squared value for the model was 0.5183. 
 
Principle components analysis (PCA) was used to standardize all common bycatch 
species data to a mean of 0 and a standard deviation of 1.  The variables included catch 
weight for black sea bass, bluefish, butterfish, fourspot flounder, herring, ling, monkfish, 
scup, sea robin, all skates, all dogfish, whiting, longfin squid, and Jonah crab.  The PCA 
identified 4 axes with eigenvalues greater than 1, encompassing 83% of the variation.  
Factor loads indicated that axis 1 was determined by the catch weight of black sea bass, 
fourspot flounder, herring, ling, searobin, and whiting.  Each of these had factor loading 
scores exceeding 0.85.  Factor 2 was determined by the catch weight of all skates, all 
dogfish, and scup, with loading scores exceeding 0.69.  Factor 3 was determined by the 
catch weight of butterfish and longfin squid, with loading scores exceeding 0.77, and 
Factor 4 was determined by the catch weight of bluefish and Jonah crab, with a loading 
scores higher than 0.68.  Not represented in the first 4 factors was monkfish.  
 
A set of ANOVAs was used to analyze the effects of other species caught in the net and 
included bycatch PCA factors as independent variables and catch weight as a covariate 
(Table 5).   
 
Table 5. Results of an ANOVA evaluating the influence of bycatch factors and total 
catch weight on the fraction of fish alive during cull times 0-10 minutes, 25-35 minutes, 
and 35-50 minutes.   NS = not significant at α = 0.05 
 
           0-10minutes 25-35minutes       35-50minutes        
Bycatch Factor 1 NS NS NS 
Bycatch Factor 2 NS NS 0.0181 
Bycatch Factor 3 NS NS NS 
Bycatch Factor 4 NS NS NS 
Catch weight NS NS 0.0120 

 
None of the Bycatch Factors are significant at 0-10 minutes or 25-35 minutes. Only 
Bycatch Factor 2 (all skates, all dogfish, and scup) and catch weight affected the fraction 
alive, and then only at the 35-50 minute interval.  Higher fractions of living summer 
flounder were associated with lower catches of skates, dogfish, and scup (Spearman’s  ρ
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= 0.34; P = 0.0181) and with higher total catch weights (Spearman’s  ρ= 0.64; P < 
0.0001) at the 35-50 minute interval.  
 
Summary of Onboard Fraction Live Analysis 
 
Several things are clear from the on-board analysis of fraction live.  First, tow time does 
not alone impact the fraction live on deck at any single cull time or overall.  However, 
tow time was involved in a significant interaction with catch weight in two models.  This 
could indicate that tow time indirectly impacts the fraction live on deck by affecting the 
total catch weight.  Secondly, total catch weight significantly impacted fraction live on 
deck immediately (0-10 minutes) and again later (35-50 minutes), but in opposite ways.  
Spearman’s results showed that higher total catch was associated with lower fraction live 
immediately (0-10 minutes), but higher fraction live later (35-50 minutes).  This could 
indicate that big catches negatively impact the fraction alive on deck immediately, but 
that they may serve as insulation, maintaining the temperature of the catch closer to 
bottom water temperature and shielding the fish from lower on deck temperatures, 
positively impacting the fraction live later.  Finally, and most importantly, the main 
driving factor in all analyses of live-dead on deck was cull time.  The fraction live is 
clearly impacted by the time it takes to cull the fish and it seems that at and beyond the 
35-50 minute interval fish begin to die off rapidly, no matter the tow time or catch 
weight.  After 35 minutes the fish may reach or pass a threshold and the percent live 
declines steeply except when the total catch is high and possibly the pile of fish insulates 
the catch.  
 
Analysis of Live Holding System Mortality 
 
As mentioned in earlier sections, fish mortality was monitored for 21 days by retaining 
live fish in a shore-side holding system. Control fish were used to ensure that the holding 
system was suitable for keeping fish alive. Also, a portion of the control fish (5 fish) were 
brought on board the vessel to confirm that the on board holding system was functioning 
properly to keep fish alive on the vessel. Analysis determined that the effect of the shore-
side and on-deck holding systems were trivial. There was also no tag-induced mortality. 
The boat trip for 5 control fish did not cause those fish to die. All fish mortality was due 
to trawl capture.    
 
It was originally determined that mortality would be monitored over a 14-day time 
period. This is the same period of time used in the inshore discard mortality study. 
However, fish continued to die steadily after the 14 day period. As described above, in 
order to accurately document extended discard mortality, it was decided that the 
monitoring period would be extended to 21 days. As 21 days approached, mortality in the 
holding system had tapered off to be at or close to zero. The extended holding system 
mortality at 21 days is the number used to calculate total discard mortality.  We also 
include in the analysis results for mortality at 14 days as a comparison of that time period 
to the previously conducted inshore discard mortality study.  
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ANOVAs were used to analyze the effects of tow time and cull time on the fraction of 
live fish in the holding system at 14 and 21 days. Analysis was done based both on 
number of fish (Table 6) and weight of fish (Table 8). 
 
Table 6.  Results of ANOVAs evaluating the influence of tow time and cull time and the 
interaction term on the fraction of live fish (by number of fish) in the holding system at 
14 and 21 days. 
* = interaction term   NS = not significant at α = 0.05 
 

14 Days     21 Days 
Tow time NS NS 
Cull time .0019 .0026 
Tow time*cull time NS NS 

 
Table 7. The least squares mean fraction live (% alive) for each cull time (by number of 
fish).  
   14 Days    21 Days 
Immediate .35 .27 
Delayed .09 .06 

 
Table 8.  Results of ANOVAs evaluating the influence of tow time and cull time on the 
fraction of live fish (by weight of fish) in the holding system at 14 and 21 days.  
* = interaction term  NS = not significant at α = 0.05 
 

14 Days    21 Days 
Tow time NS NS 
Cull time .0011 .0013 
Tow time*cull time NS NS 

 
Table 9.  The least squares mean fraction live (% alive) for each cull time (by weight of 
fish).  
   14 Days    21 Days 
Immediate .40 .32 
Delayed .10 .06 

 
The results are similar when analyzed by either number of fish or weight of fish. Only 
cull time is significant for the fraction of live fish in the holding system at both 14 and 21 
days. There was a greater fraction live in the holding system from the immediate cull 
compared to the delayed cull. At 21 days in the holding system, 32% of the fish from the 
immediate culls remained alive while only 6% from the delayed culls remained alive by 
weight. Results by number of fish were similar.  This correlates extremely well with the 
on-deck mortality analysis above where cull time was the main factor influencing 
mortality.  
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ANOVAs were used to analyze the effect of group (tow time and cull time combinations 
as well as control fish) on the fraction of live fish in the holding system at 14 and 21 
days. Analysis was performed based on both number of fish (Table 10) and weight of fish 
(Table 11). 
 
Table 10.  Results of ANOVA evaluating the influence of group (cull time and tow time 
combinations, and control fish) on the fraction of live fish (by number of fish) in the 
holding system at 14 and 21 days.  
 

   14 Days        21 Days 
Group   <0.0001 <0.0001 

 
 
Table 11.  Results of an ANOVA evaluating the influence of group (cull time and tow 
time combinations, and control fish) on the fraction of live fish (by weight of fish) in the 
holding system at 14 and 21 days. 
 

  14 Days       21 Days 
Group <0.0001 <0.0001 

 
The results are the same for the analysis based on either the number of fish and the 
weight of fish. Group was highly significant for fraction live in the holding system at 
both 14 and 21 days.  
 
Next, the mean fraction live was calculated for each group (tow and cull) by number of 
fish (Table 12A) and weight of fish (Table 13A). Least squares means tests were run to 
compare the groups at 14 and 21 days based on number of fish  (Table 12B) and weight 
of fish (Table 13B) live at 14 and 21 days 
 
Table 12.   (A) Least squares mean fraction live (by number of fish) for each group (tow 
and cull) (B) Results of least squares means tests on mean fraction live for each group 
(CO = Control; D1 = Delayed Cull, 1-hour tow; D2 = Delayed Cull, 2-hour tow; D3 = 
Delayed Cull, 3-hour tow; I1 = Immediate Cull, 1-hour tow; I2 = Immediate Cull, 2-hour 
tow; I3 = Immediate Cull, 3-hour tow). 
   
(A)       14 Days        21 Days 
Control .99 .96 

Delayed Cull, 1-hour tow .05 .03 

Delayed Cull, 2-hour tow .15 .10 

Delayed Cull, 3-hour tow .08 .06 

Immediate Cull, 1- hour tow .44 .38 

Immediate Cull, 2-hour tow .34 .27 

Immediate Cull, 3-hour tow .26 .18 
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(B) LS Means test for 14 days 
 CO D1 D2 D3 I1 I2 I3 
CO  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
D1 <0.0001  NS NS .0043 .0205 NS 
D2 <0.0001 NS  NS .0475 NS NS 
D3 <0.0001 NS NS  .0079 .0372 NS 
I1 <0.0001 .0043 .0475 .0079  NS NS 
I2 <0.0001 .0205 NS .0372 NS  NS 
I3 <0.0001 NS NS NS NS NS  

 
LS Means test for 21 days 
 CO D1 D2 D3 I1 I2 I3 
CO  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
D1 <0.0001  NS NS .0032 .0193 NS 
D2 <0.0001 NS  NS .0332 NS NS 
D3 <0.0001 NS NS  .0102 NS NS 
I1 <0.0001 .0032 .0332 .0102  NS NS 
I2 <0.0001 .0193 NS NS NS  NS 
I3 <0.0001 NS NS NS NS NS  

 
 
Table 13.  (A) Least squares mean fraction live (by weight of fish) for each group. (B) 
Results of Least Squares Means tests on mean fraction live for each group. (CO = 
Control; D1 = Delayed Cull, 1-hour tow; D2 = Delayed Cull, 2-hour tow; D3 = Delayed 
Cull, 3-hour tow; I1 = Immediate Cull, 1-hour tow; I2 = Immediate Cull, 2-hour tow; I3 = 
Immediate Cull, 3-hour tow). 
 
(A)         14 Days          21 Days 
Control .99 .95 
Delayed Cull, 1-hour tow .05 .02 
Delayed Cull, 2-hour tow .17 .11 
Delayed Cull, 3-hour tow .08 .07 
Immediate Cull, 1- hour tow .51 .45 
Immediate Cull, 2-hour tow .38 .31 
Immediate Cull, 3-hour tow .30 .20 
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(B) LS Means test for 14 days 
 CO D1 D2 D3 I1 I2 I3 
CO  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
D1 <0.0001  NS NS .0017 .0154 .0497 
D2 <0.0001 NS  NS .0283 NS NS 
D3 <0.0001 NS NS  .0035 .0299 NS 
I1 .0002 .0017 .0283 .0035  NS NS 
I2 <0.0001 .0154 NS .0299 NS  NS 
I3 <0.0001 .0497 NS NS NS NS  
 
LS Means test for 21 days 
 CO D1 D2 D3 I1 I2 I3 
CO  <0.0001 <0.0001 <0.0001 .0004 <0.0001 <0.0001 
D1 <0.0001  NS NS .0011 .0114 NS 
D2 <0.0001 NS  NS 0.0185 NS NS 
D3 <0.0001 NS NS  .0043 .0401 NS 
I1 .0004 .0011 .0185 .0043  NS NS 
I2 <0.0001 .0114 NS .0401 NS  NS 
I3 <0.0001 NS NS NS NS NS  
 
 
The analysis shows that an extremely high percentage of control fish survived very well 
as anticipated. The results were similar when analyzed by number and by weight of fish. 
Ninety-nine percent of the control fish (by weight and number) were still alive at 14 days 
and 95% by weight (96% by number) were still alive on the last day of mortality 
monitoring (21 days). This indicates that the holding system was functioning properly 
and that the effect of the holding system on fish mortality was inconsequential. The 
lowest amount of fish still alive at 14 and 21 days were from the delayed cull, one hour 
tow. Fish from the immediate cull, one hour tow had the greatest survival at both 14 and 
21 days.  For the least squares means tests, the control group was significantly different 
from all experimental groups as expected.  This further verifies that the holding system 
did not contribute to mortality of the fish.  All groups of the same cull time were not 
significantly different from each other regardless of the tow time. The one hour tow 
immediate cull was significantly different from all tow times for the delayed culls. The 
two hour tow immediate cull was significantly different from the one hour tow delayed 
cull and had a marginally significant difference with the three hour delayed cull. The fish 
from all tows for the immediate culls have much higher survival than fish from the 
delayed culls. Cull time has a significant effect on mortality during the extended 
monitoring period. Tow time does not.  
 
Statistical models were run to determine the influence of market size and cull time on the 
fraction of live fish in the holding system at 14 and 21 days (Table 14). Market category 
was further analyzed to determine the mean fraction live for each market category at each 
monitoring interval and to assess the differences in fraction live among market categories 
at both the 14 and 21 day intervals. Analysis was performed both by number (Table 15) 
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and by weight of fish (Table 16). Market size is defined as follows based on industry-
standard marketing classifications: 
 

Jumbo – 4 lbs. and greater 
Large – 2 lbs. to less than 4 lbs. 
Medium – 1 lb. to less than 2 lbs. 
Small – less than 1 lb. 

 
Further, nearly all fish classified as “small” are sub-legal size based on length. 
 
Table 14.  Results of ANOVAs evaluating the influence of market size, cull time and the 
interaction term on the fraction of live fish (by number of fish) in the holding system at 
14 and 21 days. Results were similar when the ANOVA was performed using weight of 
fish. * = interaction term NS = not significant at α = 0.05  
 

   14 Days  21 Days 
Market size .0005 .0093 
Cull time .0002 .0005 
Market size*cull time NS NS 

 
 
Table 15.  (A) Least squares mean fraction live (by number of fish) for each market 
category. (B) Results of Least Squares Means tests on mean fraction live (by number of 
fish) for each market category. NS = not significant at α = 0.05 
  
(A)       14 Days             21 Days 
Jumbo .32 .25 
Large .23 .17 
Medium .14 .11 
Small .008 .008 
 
(B) 
14 days  
  Jumbo Large  Medium Small 
Jumbo N/A NS .0284 <.0001 
Large NS N/A NS .0009 
Medium .0284 NS N/A .0132 
Small <.0001 .0009 .0132 N/A 
 
21 days  
  Jumbo Large  Medium Small 
Jumbo N/A NS NS .0011 
Large NS N/A NS .0100 
Medium NS NS N/A NS 
Small .0011 .0100 NS N/A 
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Table 16. (A) Least squares mean fraction live for market size (by weight of fish) at 14 
and 21 days (B) Result of least squares means tests on mean fraction live for market size 
(by weight of fish) at 14 and 21 days. NS = not significant at α = 0.05 
 
(A)   14 days 21 days 
Jumbo 0.35 0.23 
Large 0.24 0.17 
Medium 0.14 0.11 
Small 0.09 0.07 
 
(B)  
14 days  
 Jumbo Large Medium Small 
Jumbo N/A 0.0961 0.0006 0.0167 
Large 0.0961 N/A 0.0479 NS 
Medium 0.0006 0.0479 N/A NS 
Small 0.0167 NS NS N/A 
 
21 days 
 Jumbo Large Medium Small 
Jumbo N/A NS 0.0158 0.0921 
Large NS N/A NS NS 
Medium 0.0158 NS N/A NS 
Small 0.0921 NS NS N/A 
 
 
Market size and cull time both significantly affect the fraction of live fish in the holding 
system at both 14 and 21 days. However the interaction term is not significant.  The 
effect of market size is significant no matter what the cull time is and the effect of cull 
time is significant no matter what the market size is relative to fraction live in the holding 
system. Jumbo sized fish survived the best in the holding system and small fish survived 
the worst. The larger the fish, the better the survivability. The results were similar by 
weight and by number of fish. By weight 23% of jumbo fish were alive in the holding 
system at 21 days while only 7% of the small fish remained alive.  By number, 25% of 
jumbo fish were alive in the holding system at 21 days while only 8% of the small fish 
remained alive. In the analysis by weight of fish and by number of fish at 21 days, 
survival of jumbo sized fish was significantly different than survival of the medium and 
small sized fish.  
 
Twelve individual groups (combinations of cull time and market category and control 
fish) were analyzed for their effect on the fraction of live fish in the holding system at 14 
and 21 days (Table 17). The mean fraction live by group (Table 18A) and least squares 
means test on mean fraction live (Table 18B) are shown below.   
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Table 17. Results of an ANOVA evaluating the influence of group (cull time and market 
category as well as control fish) on the fraction of live fish (by numbers of fish) in the 
holding system at 14 and 21 days.  NS = not significant at α = 0.05 
 

14 Days  21 Days 
Group <0.0001 <0.0001 
 
Table 18.  (A) Least squares mean fraction live (by number of fish) for each group (B) 
Results of Least Squares Means tests on mean fraction live for each treatment.  
NS = not significant at α = 0.05 
 
(A)        14 Days            21 Days 
Control Jumbo .99 .99 
Control Large .99 .93 
Control Medium .98 .98 
Control Small .99 .99 
Delayed Jumbo .16 .10 
Delayed Large .11 .07 
Delayed Medium .04 .04 
Delayed Small 0 0 
Immediate Jumbo .51 .43 
Immediate Large .37 .29 
Immediate Medium .28 .19 
Immediate Small .03 .03 
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(B)  
14 day 

            

 CJ CL CM CS DJ DL DM DS IJ IL IM IS 
CJ  NS NS NS <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
CL NS  NS NS <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
CM NS NS  NS <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
CS NS NS NS  <.0001 <.0001 <.0001 <.0001 .0061 <.0013 .0004 <.0001 
DJ <.0001 <.0001 <.0001 <.0001  NS NS 0.0121 .0052 NS NS NS 
DL <.0001 <.0001 <.0001 <.0001 NS  NS .0337 .0013 .0251 NS NS 
DM <.0001 <.0001 <.0001 <.0001 NS NS  NS <.0001 .0018 .0127 NS 
DS <.0001 <.0001 <.0001 <.0001 .0121 .0337 NS  <.0001 .0001 .0008 NS 
IJ <.0001 <.0001 <.0001 .0061 .0052 .0013 <.0001 <.0001  NS NS .0002 
IL <.0001 <.0001 <.0001 .0013 NS .0251 .0018 .0001 NS  NS .0041 
IM <.0001 <.0001 <.0001 .0004 NS NS .0127 .0008 NS NS  .0202 
IS <.0001 <.0001 <.0001 <.0001 NS NS NS NS .0002 .0041 .0202  
 
21 day             
 CJ CL CM CS DJ DL DM DS IJ IL IM IS 
CJ  NS NS NS <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
CL NS  NS NS <.0001 <.0001 <.0001 <.0001 .0001 <.0001 <.0001 <.0001 
CM NS NS  NS <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
CS NS NS NS  <.0001 <.0001 <.0001 <.0001 .0046 .0010 .0003 <.0001 
DJ <.0001 <.0001 <.0001 <.0001  NS NS NS .0089 NS NS NS 
DL <.0001 <.0001 <.0001 <.0001 NS  NS NS .0037 .0512 NS NS 
DM <.0001 <.0001 <.0001 <.0001 NS NS  NS .0007 .0127 NS NS 
DS <.0001 <.0001 <.0001 <.0001 NS NS NS  <.0001 .0015 .0089 NS 
IJ <.0001 <.0001 <.0001 .0046 .0089 .0037 .0007 <.0001  NS NS .0026 
IL <.0001 <.0001 <.0001 .0010 NS .0512 .0127 .0015 NS  NS .0274 
IM <.0001 <.0001 <.0001 .0003 NS NS NS .0089 NS NS  NS 
IS <.0001 <.0001 <.0001 <.0001 NS NS NS NS .0026 .0274 NS  
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The two models above were also analyzed by weight of fish and yielded similar results. 
Group (cull time and market category) was highly significant on the fraction live at both 
14 and 21 days. The group is significant because cull time is highly significant as are the 
control fish. At 14 and 21 days control fish exhibit high survival in the holding system as 
expected. The group with the lowest survival (zero survival) was small fish from the 
delayed cull. Fish from the immediate cull, jumbo market category had the highest 
survival. The control groups are significantly different from the other groups which was 
expected. Again, this is a good indication that the holding system functioned properly for 
holding live fish. At 21 days none of the market categories in the delayed cull are 
significantly different from each other. The immediate cull jumbo market category is 
significantly different from all the market categories in the delayed cull as well as the 
immediate cull small market category group. The immediate cull, large market category 
group is significantly different from the delayed cull, medium and small market category 
groups. The immediate cull medium market category group is significantly different from 
the delayed small group. All market categories of immediate cull fish, except for small, 
are in some way significantly different from delayed cull fish in all market categories. 
 
These results reinforce the impact that time on deck has on mortality, with the survival of 
the delayed cull fish significantly worse than the immediate cull fish. Fish size is also 
important with small size (sub-legal) fish suffering very high mortality regardless of cull 
time, while jumbo size fish survive much better. It should also be noted that the 
regulation size mesh for summer flounder does an exceptionally good job of allowing 
escapement of sub-legal fish, as very few were caught with the large mesh trawl.  
 
Original condition (health index) of the fish was analyzed with market size and cull time 
on the fraction of live fish in the holding system by number of fish (Table 19). The health 
of summer flounder was evaluated on deck at time of capture using condition categories 
that assigned a value of poor, good, or excellent.  Condition categories were converted 
into discrete variables by assigning a 1 to fish in excellent condition, a 2 to fish in good 
condition, and a 3 to fish in poor condition. The mean fraction live was calculated for 
each original condition by number of fish (Table 20A) and by weight of fish (Table 21A). 
The least squares means test results are shown for 14 and 21 days by number of fish 
(Table 20B) and by weight of fish (Table 21B).  
 
Table 19. Results of an ANOVA evaluating the influence of market size, cull time, and 
original condition on the fraction of live fish (by number of fish) in the holding system at 
14 and 21 days. Results of the ANOVA run on weight of fish are similar.  
NS = not significant at α = 0.05 
 

14 Days 21 Days 
Market size <.0001 .0024 
Cull time .0010 .0131 
 Original condition .0001 <.0001 
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Table 20. (A) Least squares mean fraction live (by number of fish) for original condition. 
(B) Results of least squares means tests on mean fraction live (by number of fish) for 
each condition.  NS = not significant at α = 0.05 
 
(A) 

14 Days 21 Days 
Excellent .51 .42 
Good .18 .13 
Poor .04 .03 

 
(B) 
 
14 days 
 Excellent Good Poor 
Excellent NA <.0001 <.0001 
Good <.0001 NA .0016 
Poor <.0001 .0016 NA 

 
21 days 
 Excellent Good Poor 
Excellent NA .0004 <.0001 
Good .0004 NA .0150 
Poor <.0001 .0150 NA 

 
 
Table 21. (A) Least squares mean fraction live (by weight of fish) for original condition 
at 14 and 21 days (B) Results of least squares means tests for original condition (by 
weight of fish) at 14 and 21 days.  NS = not significant at α = 0.05 
 
(A)   14 days 21 days 
Excellent 0.42 0.32 
Good 0.19 0.13 
Poor 0.05 0.03 

 
(B)   
14 days  
 Excellent Good Poor 
Excellent N/A 0.0004 <0.0001 
Good 0.0004 N/A 0.0002 
Poor <0.0001 0.0002 N/A 

 
21 days  
 Excellent Good Poor 
Excellent N/A 0.0014 <0.0001 
Good 0.0014 N/A 0.0025 
Poor <0.0001 0.0025 N/A 
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Market size, cull time and original condition all significantly affect the fraction live in the 
holding system. As anticipated, those fish in excellent condition upon capture 
experienced greater survival at 14 and 21 days in the holding system. Fish in poor 
original condition survived poorly compared to the other two groups and nearly all died 
by 21 days. Better original condition results in improved survival. There is a significant 
difference in the fraction live between fish in each original condition.  
 
The effect of market size, cull time, original condition, tow time, and on-deck air 
temperature on the fraction of live fish in the holding system by weight of fish was 
analyzed (Table 22).   
 
Table 22. Results of ANOVAs evaluating the influence of market size, cull time, original 
fish condition, tow time, and air temperature on the fraction of fish live (by weight) at 14 
and 21 days. NS = not significant at α = 0.05 
    
    14 Days  21 Days   
Market Size 0.0024 0.0639 

Cull Time <0.0001 <0.0001 

Original Condition <0.0001 <0.0001 

Tow Time NS NS 

Air Temperature <0.0001 <0.0001 

 
As was also shown above, market size, cull time and original condition all significantly 
affect the fraction live in the holding system. Ambient on-deck air temperature also 
significantly affects fraction live in the holding system as well. Tow time does not affect 
the fraction live in the holding system. Results of a Spearman’s analysis reveal that air 
temperature is positively correlated with fraction of live fish. Warmer on-deck air 
temperatures in the winter fishery are associated with better survival.  
 
We also analyzed how market size, cull time, original fish condition, tow time, and 
ambient on-deck air temperature affect survival condition at 21 days (Table 23). Survival 
condition was assessed for each fish after 21 days in the holding system according to the 
same fish health index used to assess original condition.  
 
Table 23. Results of an ANOVA to determine how market size, cull time, original fish 
condition, tow time, and air temperature affect the survival condition at 21 days.  
NS = not significant at α = 0.05 
 

Survival Condition   
Market Size NS 
Cull Time 0.0568 
Original Condition 0.0045 
Tow Time NS 
Air Temperature 0.0011 



 

 37 

 
Market size and tow time do not significantly affect survival condition. Original 
condition and on-deck air temperature do significantly affect survival condition at 21 
days.  Cull time is marginally significant. Fish from the delayed cull were in poorer 
condition. Air temperature was positively correlated with survival condition. Warmer air 
temperatures resulted in better survival condition.  
 
Table 24. Least squares means for original condition.  
 
Excellent 1.56 
Good 1.70 
Poor 2.02 

 
The “means” used in the table above are for interpreting the direction of relationships.  
The actual “mean” for survival condition cannot be calculated because it is a categorical 
variable, but the higher the value, the worse the survival condition. Fish that were in 
better condition to begin with were in better condition at 21 days and vice versa. 
 
Table 25. Results of the least squares means tests for original condition.  
NS = not significant at α = 0.05 
 
 Excellent Good Poor 
Excellent N/A NS 0.0011 
Good NS N/A 0.0134 
Poor 0.0011 0.0134 N/A 

 
There is no significant difference between fish in excellent or good condition. However, 
fish in poor condition are significantly different from those fish in excellent or good 
condition. Those fish that were in poor condition to begin with either died (as shown 
above) or were in poor condition when survival condition was assessed after 21 days.  
 
As mention above, principle components analysis (PCA) was used to standardize all 
common injury category data to a mean of 0 and a standard deviation of 1.  The variables 
included abrasions, loss of scales, fin damage, fin tearing, anal expulsion, anal tearing, 
net marks, fin damage, scratching, and nose damage. The PCA identified 5 axes with 
eigenvalues greater than 0.95, encompassing 70% of the variation.  Factor loads indicated 
that axis 1 (Factor 1) was determined by abrasion and loss of scales with factor loading 
scores exceeding 0.68. Factor 2 was determined by fin damage with a loading score of 
0.80.  Factor 3 was determined by net marks and nose damage with loading scores 
exceeding 0.60.  Factor 4 was determined by anal expulsion with a loading score of 0.89 
and Factor 5 was determined by scratching with a loading score of 0.82.  The effect of 
tow time, catch weigh, fish length, cull time and four bycatch factors on these injury 
factors and original condition was analyzed. Results are in Tables 26 and 27 below.  
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Table 26. Results of an ANOVA to determine the effect of tow time, catch weight, catch 
weight*tow time, fish length, and cull time on injury factors and original condition.   
* = interaction term.  NS = not significant at α = 0.05 
 
 Injury 

Factor 1 
Injury 
Factor 2 

Injury 
Factor 3 

Injury 
Factor 4 

Injury 
Factor 5 

Original 
Condition 

Tow Time NS 0.0008 0.0053 NS <0.0001 NS 
Catch Weight <0.0001 NS NS NS NS <0.0001 
Catch Weight*Tow 
Time 

0.0014 0.0012 0.0245 NS 0.0177 <0.0001 

Length 0.0356 NS NS NS 0.0712 NS 
Cull Time <0.0001 NS <0.0001 NS NS <0.0001 

 
Tow time was significant for Injury Factors 2, 3 and 5. According to the Spearman’s 
analysis, increased tow time was associated with decreased Injury Factors 2 (fin damage) 
and 3 (net marks, nose damage) and increased Injury Factor 5 (scratching). Catch weight 
was significant for Injury Factor 1 and original condition. Increased catch weight was 
associated with decreased Injury Factor 1 (abrasion, scale loss) and improved original 
condition of the fish. The interaction term between catch weight and tow time was 
significant for all factors except Injury Factor 4. Fish length was significant for Injury 
Factor 1 only. Increased length was associated with increased Injury Factor 1 (abrasion, 
scale loss). Cull time was significant for Injury Factors 1 and 3, and original condition.  
 
As detailed previously, principle components analysis was used to standardize all 
common bycatch species data to a mean of 0 and a standard deviation of 1. The PCA 
identified 4 axes with eigenvalues greater than 1, encompassing 83% of the variation.  
Factor 1 was determined by the catch weight of black sea bass, fourspot flounder, 
herring, ling, searobin, and whiting. Factor 2 was determined by the catch weight of all 
skates, all dogfish, and scup.  Factor 3 was determined by the catch weight of butterfish 
and longfin squid. Factor 4 was determined by the catch weight of bluefish and Jonah 
crab.  
 
Table 27. Results of an ANOVA to determine the effect of each bycatch factor and fish 
length on injury factors and original condition.  
NS = not significant at α = 0.05 
 
 Injury 

Factor 1 
Injury 
Factor 2 

Injury 
Factor 3 

Injury 
Factor 4 

Injury 
Factor 5 

Original 
Condition 

Bycatch Factor 1 <0.0001 NS NS NS NS <0.0001 
Bycatch Factor 2 0.0002 <0.0001 NS NS NS <0.0001 
Bycatch Factor 3 0.0094 NS 0.0304 NS <0.0001 NS 
Bycatch Factor 4 <0.0001 NS NS NS NS <0.0001 
Length NS NS NS NS 0.0539 NS 

 
Bycatch Factor 1 was significant for Injury Factor 1 and original condition. According to 
the Spearman’s analysis, increased Bycatch Factor 1 (black sea bass, fourspot flounder, 
herring, ling, sea robin, whiting) was associated with increased Injury Factor 1 (abrasion, 
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scale loss) and decreased original fish condition. Bycatch Factor 2 was significant for 
Injury Factors 1, 2 and original condition. Increased Bycatch Factor 2 (skates, dogfish, 
scup) was associated with increased Injury Factors 1 (abrasion, scale loss) and 2 (fin 
damage) and decreased fish condition. Bycatch Factor 3 was significant for Injury 
Factors 1, 3 and 5. Increased Bycatch Factor 3 (butterfish, longfin squid) was associated 
with increased Injury Factors 1 (abrasion, scale loss) and 5 (scratching) and decreased 
Injury Factor 3 (net marks, nose damage). Bycatch Factor 4 was significant for Injury 
Factor 1 and original condition. Increased Bycatch Factor 4 (bluefish, Jonah crab) was 
associated with increased Bycatch Factor 1 and decreased original fish condition. Length 
was only marginally significant for Injury Factor 5.  
 
Based on actual holding system mortality for 21 days, the fraction live (Table 28) as well 
as percent mortality (Figure 5) were calculated by tow time and overall.  Percent holding 
system mortality by cull time (Figure 6), by group (Figure 7) and by market size (Figure 
8) were all also calculated. 
 
Table 28. Mean, standard deviation in parenthesis, median, 25th to 75th percentiles for the 
fraction of live fish (by weight) in the holding system after 21 days by tow time and 
overall. 
 
Fraction Live in  
Holding System  Mean (SD) Median 

25th-75th 
Percentile 

1 hour tows 32.1 (23.2) 25.2 9.5-45.8 
2 hour tows 27.2 (19.6) 17.5 10.5-51.5 
3 hour tows 18.6 (18.4) 17 2.5-27.3 
All tows combined 26 (21.2) 18.8 8.7-44.3 

 
In the holding system, fish from the one hour tow had the highest mean fraction live 
(32.1% remained alive) while fish from the three hour tows had the lowest fraction live 
after 21 days (18.6% remained alive). The overall mean for fraction live in the holding 
system at 21 days was 26%. The median fraction live for each tow duration and overall 
was slightly lower.  
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Figure 5. Percent Mortality in the Holding System by Tow Time and Overall 
 

 
 
 

Figure 6. Percent Mortality in the Holding System by Cull Time 
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Figure 7. Percent Mortality in the Holding System by Group (Tow Time, 
Cull) 

 

 
 

Figure 8. Percent Mortality in the Holding System by Fish Market Size 
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Summary of Holding System Fraction Live Analysis 
 
Our holding system analysis included effects and survivorship at both 14 and 21 days. 
However as described above, the 21 day results are the important results and are used to 
determine the mortality over time in the holding system. The 21 day results are also used 
in the overall discard mortality calculations. The 14 day results are included only as a 
comparison to the inshore study 14 day extended mortality period. Therefore the 
following discussion pertains to the 21 day mortality monitoring results.  
 
Cull time has a significant effect on mortality during the extended mortality monitoring 
period. The fish from the delayed cull experienced significantly greater mortality than 
fish from the immediate cull. The effect of cull time is significant regardless of fish size. 
Tow time is not significant for extended mortality.  
 
Group as a function of tow time and cull time was also significant for mortality during 
the monitoring period. All groups of the same cull time are not significantly different 
from each other regardless of tow time. Fish from the immediate culls have higher 
survival than the fish from the delayed culls. The one hour immediate cull is significantly 
different from all delayed cull fish and has the greatest survival of all tow/cull 
combinations. Even though tow time is not significant for mortality, fish from the short 
one hour tow that were culled on deck immediately, have the best survival over 21 days.  
 
Market size of fish is also significant for mortality over 21 days. The effect of market size 
is significant regardless of cull time. Jumbo sized fish survived the best during the 
extended monitoring period, while small fish survived the worst. The larger the fish the 
better the survivability. Survival of jumbo sized fish were significantly different than 
survival of medium and small sized fish.  
 
Group as a function of cull time and market size was also significant for mortality during 
the extended monitoring period. Group is significant because cull time is highly 
significant. The group with the lowest survival (zero survival) is small fish from the 
delayed cull. Jumbo sized fish from the immediate cull had the highest survival and 
survival of these fish is significantly different from all size fish in the delayed cull as well 
as small fish, immediate cull. None of the market categories in the delayed cull are 
significantly different from each other. All market categories of immediate cull fish 
(except for small) are in some way significantly different from delayed cull fish of all 
market categories. 
 
The on-deck original condition of fish is significant for mortality over 21 days. Fish in 
excellent condition survived significantly better than fish in good or poor condition. Fish 
in good condition survived significantly better than fish in poor condition. Fish in poor 
condition nearly all died. 
 
Ambient on-deck air temperature at time of capture also significantly impacts mortality 
during the extended monitoring period. Warmer on-deck air temperatures are associated 
with better survival. 
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Several factors are significant for the condition of the surviving fish at the end of the 21 
day period. Original condition, air temperature at capture, and cull time were all 
significant for fish condition at 21 days. Total catch weight, catch weight and tow time 
interaction, cull time and all but one of the bycatch factors were all significant for 
original fish condition. Since these factors were significant for original condition and 
original condition is significant for survival at 21 days, these factors have an influence on 
overall mortality.  
 
Although tow time is not significant for mortality during the extended mortality 
monitoring period, there is a difference in the mortality from the three different tow 
times. Fish from the one hour tows had the highest survival over 21 days while fish from 
the three hour tows had the lowest survival. 
 
Mortality over the 21 day monitoring period is significantly impacted by cull time and 
fish size. These parameters were significant in several of the ANOVAs. Original 
condition of the fish and air temperature at time of capture were also significant. As with 
on-deck mortality, mortality over 21 days is heavily influenced by cull time but not tow 
time.  
 
Analysis of Overall Discard Mortality 
 
Cumulative Experimental Mortality  
 
The cumulative mortality for each tow was calculated using the mortality on board (dead 
fraction) and estimating the number of live fish culled that would have died using the 21 
day survivorship observed in the holding system.  First, for each trip, tow, and cull time 
we calculated a weight for dead fish in the holding system that was corrected for the 
mortality rate of control fish in the holding system,  

! 

w
^
td : 

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

 
where 

! 

wd  is the weight of dead fish in the holding system, 

! 

survc  is the fraction of 
control fish living after 21 days in the holding system, and 

! 

wl  is the weight of live fish 
surviving after 21 days.  
 
 The survivorship of live fish in the holding system, 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 holding system at the delayed cull time and 

! 

SP"= I  is the survivorship of fish in the holding system at immediate cull time. 
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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: 
 

! 

EL = (Lup + Lp )e
" fm# t

i=1

n

$     (6) 

 
where 

! 

Lup  is the weight of live fish that were not placed into the holding system and 

! 

Lp  
is the weight of the live fish that were placed into the holding system. 
 
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) 
 
After the overall % mortality calculation was completed, overall discard mortality was 
analyzed with tow time, total catch weight and the fraction of fish that were sub-legal 
sized (Table 31).  
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Table 31. Results of an ANOVA evaluating the effect of tow time, total catch weight, 
and the fraction of fish that were sub-legal on the % mortality. 
* = interaction term.    NS = not significant at α = 0.05 
 
      
Tow Time NS 
Catch Weight NS 
% Sub-legal NS 
Tow Time* Catch Weight NS 

 
Neither tow time, catch weight nor the proportion of sub-legal sized fish significantly 
affected overall mortality. These results are not surprising since tow time was not 
significant for the live fraction on deck or in the extended holding system.  Catch weight 
had some influence on live fraction on deck but is not significant for overall mortality.  
Market size is significant for survival during the extended monitoring period, but the % 
sub-legal is not significant for overall mortality even though the sub-legal size fish 
experience the highest mortality.  
 
Table 32.  The least squares mean % mortality for each tow time.  
 
Tow Time     % Mortality    
1 Hour 0.96 
2 Hour 0.79 
3 Hour 0.82 

 
The mean overall percent mortality was highest for the  one hour tow. Ninety-six percent 
of the fish died at this tow duration. Mean overall percent mortality was lowest for the  
two hour tow. However, it is important to keep in mind that there was no significant 
difference between these means. Nearly all fish die regardless of tow time.  
 
As mentioned earlier, principle components analysis (PCA) was used to standardize all 
common bycatch species data to a mean of 0 and a standard deviation of 1. The following 
four “bycatch factors” were identified.  Factor 1 was the catch weight of black sea bass, 
fourspot flounder, herring, ling, sea robin, and whiting. Factor 2 was the catch weight of 
all skates, all dogfish, and scup.  Factor 3 was the catch weight of butterfish and longfin 
squid. Factor 4 was the catch weight of bluefish and Jonah crab. These Bycatch Factors 
were analyzed for their effect on the overall discard mortality.  
 
Table 33. Results of an ANOVA evaluating the effect of the four bycatch factors on % 
overall mortality. NS = not significant at α = 0.05 
 
        % Mortality 
Bycatch Factor 1 NS 
Bycatch Factor 2 NS 
Bycatch Factor 3 0.0271 
Bycatch Factor 4 NS 
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A Spearman’s correlation test showed that Factor 3, the only bycatch factor that was 
significant, was negatively correlated with percent mortality.  This means that high 
catches of butterfish and longfin squid were correlated with low discard mortality for 
summer flounder. All of the other bycatch species do not have any effect on discard 
mortality of summer flounder. Also, as shown earlier, bycatch species are not significant 
for the on-deck live fraction at the immediate and delayed cull times. Even though 
bycatch species such as dogfish, skates and others are significant for causing some injury 
factors, they do not have an overall effect on mortality.  More information on catch by 
individual species can be found in Figures 11 and 12a-n at the end of the document.  
 
Table 34. Mean, standard deviation in parenthesis, median, 25th to 75th percentiles for the 
percent mortality by tow time and overall. 
 
% Mortality Mean Median 25th-75th Percentile 
Tow 1 88.57 (21.04) 98.05 82.46-98.77 
Tow 2 70.93 (34.33) 86.96 38.38-98.21 
Tow 3 81.76 (19.84) 90.59 56.47-99.55 
All 80.42 (26.91) 97.65 56.48-98.92 

 
 

Figure 9. Mean Cumulative Summer Flounder Discard Mortality by Tow 
Time and for All Tows Combined 
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Summary of Overall Discard Mortality Analysis 
 
Overall median discard mortality was calculated to be 97.65%. Nearly all fish die 
regardless of tow duration and cull time. This is much higher than the current assumed 
rate of 80% used in the stock assessment. Overall mean discard mortality was 80.4% and 
was nearly identical to the value assumed in recent summer flounder assessments. 
However, the mean discard mortality was heavily influenced by one tow with a very low 
mortality rate.  
 
It is important to note that the calculated mortality results from this study may be a 
conservative measure of discard mortality in the offshore fishery. Because determining 
discard mortality specifically for large fish was a major RSA Program Priority and 
project goal, additional “jumbo” sized fish were collected from each tow and cull for the 
mortality monitoring portion of the study. Some non-random sampling was necessary to 
focus in on the jumbo market category. These larger sized fish were not separated from 
the random sample of fish during our on-deck procedure. Since these additional large 
sized fish could not be accounted for separately they are included in the mortality 
calculation. It was determined through data analysis that fish size significantly affects 
survivability in the holding system and therefore affects the overall discard mortality 
calculation. The larger the fish, the better the survival. With a greater portion of fish 
being jumbo market category than in a random sample, the discard mortality rate 
calculated for this study may be lower than it would actually be without these extra fish 
and is the minimum calculation. Thus, although very high, the mortality rate calculated 
for this project is a conservative estimate. The discard mortality rate was highest for 
small sized fish and was significantly different than fish in the jumbo and large market 
categories. Vessels using regulation size mesh in this fishery would not retain fish of the 
small size category since most escape thru the mesh during the tow. Vessels fishing with 
a smaller mesh size have the potential to catch these small fish. However, the percent of 
sub-legal fish in the catch is not significant to overall mortality.  
 
For overall discard mortality, tow time, catch weight and % sub-legal were not 
significant.  This correlates well with the results above where tow time was not 
significant for the live fraction on deck nor for survival in the holding system.  
 
Although catch weight is not significant for overall discard mortality, nor for overall live 
fraction on deck, catch weight does have an interesting effect. At the immediate cull it is 
significant and causes higher mortality. At the delayed cull it is again significant but 
causes lower mortality (higher survival) likely due to insulating the fish from cold 
ambient on-deck temperature since air temperature is also significant.  Bottom 
temperature, wave height and depth of fishing are all not significant. Gear is also not 
significant even though small mesh gear are likely to catch more sub-legal fish. 
 
These various factors are not significant because as shown above, cull time is the main 
factor influencing mortality.  This was shown by various models for on-deck and 
extended monitoring mortality.  The longer that fish are on deck the more likely they are 
to die regardless of tow time, catch weight or other factors especially after 35 minutes on 
deck. Also, the overall discard mortality rate is so high that most fish are going to die 
regardless of factors other than cull time.  
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Bycatch Factor 3 (butterfish and longfin squid) was significant for its effect on overall 
discard mortality. High catches of butterfish and longfin squid were associated with low 
discard mortality.  Even though bycatch species such as dogfish, skates and others are 
significant for causing some injury factors, they do not have an overall effect on discard 
mortality. 
 
Discard Mortality Results in the Inshore Vs. Offshore Studies 
 
It was hypothesized that the results of the inshore and offshore discard mortality projects 
were likely to be significantly different.  Therefore in order to assess discard mortality 
across the entire fishery, it was extremely important to conduct this study in both the 
inshore and offshore fisheries and compare the results.  
 
For the inshore discard mortality study, mortality rates were calculated by tow time, cull 
time and overall. The overall median mortality was 78.7% and was similar to the value 
assumed in recent summer flounder assessments.  However overall mean mortality was 
64.6% and is 15% less than the value used in recent assessments.  For the offshore study 
the overall median mortality was 97.65% and was much greater than the value used in 
recent assessments. This is a conservative estimate since a greater portion of fish included 
in the calculation were selected for their larger size and it was determined that larger fish 
survive better than smaller sized fish. Overall mean discard mortality was 80.4% and was 
nearly identical to the value assumed in recent summer flounder assessments. However, 
the mean discard mortality was heavily influenced by one two with a very low mortality 
rate. Overall discard mortality was much greater in the offshore fishery than in the 
inshore fishery. We can speculate that this is caused by capturing fish at greater depths in 
the offshore fishery and greater stress associated with that capture. The increased 
“compaction” effect on the entire catch during haul back from greater distances and 
increased time the fish are compacted during haul-back may have a damaging influence 
on survival. The change in pressure experienced by summer flounder in raising them 
from 50-55 fathoms may also have some indirect effect. However, summer flounder do 
not have swim bladders, so the mortality associated with swim bladder distention is not 
an issue like it is in species with swim bladders. Also, a search of the literature did not 
produce any information on mortality or injury on summer flounder caused by pressure 
effects.  
 
The offshore mortality during the extended mortality monitoring also followed a different 
pattern and took place over a longer extended period. The most plausible rationale for 
this difference in mortality rate may be attributed to the difference in water temperature. 
Bottom water temperature at the time and place of capture was around 15 to 20 degrees 
Fahrenheit colder in the offshore project compared to the inshore project. Prevailing 
research supports the theory that colder water temperatures are likely to minimize or 
delay the onset of infection related to trawl capture injuries such as scale loss, abrasion, 
etc., thus delaying mortality (Davis 2002, Davis el al 2003, Olla et al 1998, Ross and 
Hokenson 1997, Suuronen 2005) 
 
Total catch weight, mesh size (as a proxy for several variables), catch weight/mesh size 
interaction and catch weight/tow duration interaction significantly affected total discard 
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mortality in the inshore study. Tow duration had an affect on discard mortality in that 
tows of one hour duration and three hour duration were significantly different from each 
other. Mortality rates for the one and  two hour tows were less than for the three hour 
tows.  Mortality at the time of the immediate cull and delayed cull were similar and 
increased with increasing tow time. In the offshore study tow duration and total catch 
weight did not significantly affect overall discard mortality.  Cull time was consistently 
the significant factor offshore. 
 
In the inshore study, for the fraction of fish that died in the net or on deck, catch weight 
was significant, bottom temperature influenced the immediate cull but not the delayed 
cull, and air temperature had no effect. Tow time was only significant for the immediate 
cull between the one and three hour tows. Death rate after the immediate cull was not 
being controlled by what was happening on the deck. Significant factors were those 
occurring when fish were being caught. Net pen mortality representing those fish 
discarded alive that would end up dying was significantly affected by tow/cull group, 
starting condition of the fish and fish length by group interaction. The immediate culls of 
one and two hour tow durations had the lowest mortality rate. The three hour tow with 
immediate cull had the next lowest mortality rate. The delayed culls for all 3 tow times 
had the highest mortality rates and were all about the same.  Survival condition of the fish 
was significantly influenced by starting condition, temperature and dissolved oxygen.  
In the offshore study, cull time was significant in affecting fraction live on deck and in 
the live holding system. Fraction live was higher for the immediate cull.   
 
In the inshore study, for the on-deck fraction of live fish and for fish in the net pen, tow, 
cull, catch weight, mesh size, and catch weight by tow interaction and catch weight by 
mesh size interaction were all significant. Jumbo sized fish died at a higher rate than the 
other three size groups (large, medium, sub-legal). In the offshore study market size 
significantly affected the fraction live in the holding system, however the market 
category had the opposite effect.  In the offshore study, the larger the fish, the better the 
survival.  
 
 
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 hard parts were offered to the NMFS Northeast Fisheries Science Center in 
the form of 972 scale samples and 936 otolith samples.  We also provided trip level 
information for all age structures, including VTR number and area fished. Sex was 
determined for 1086 fish. Out of 1086 fish, 448 were female (41.25%) and 638 were male 
(58.75%).   
 
Length Frequencies 
 
A total of 128 length frequencies were collected for this project from “discarded” and 
“kept” fish caught on research trips. An additional 1231 lengths were collected from fish 
retained for the live holding system. A length frequency distribution chart was created 
from this information (Figure 13). The greatest number of individuals were measured at 
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43 centimeters. The largest fish measured 84.5 cm and the smallest fish measured 32.4 
cm.   
 
Discards and Bycatch 
 
This study has provided accurate information on summer flounder discard and bycatch in 
the offshore summer flounder bottom trawl fishery. During all seven 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 sub-legal sized fish). The amount of regulatory discard equals the 
total weight of all summer flounder caught per tow/trip - (trip limit + total weight of all 
sub-legal sized fish). Regulatory discard (lbs) is then divided by total weight of all 
summer flounder caught per tow/trip to get percent regulatory discards. Normal discard is 
bycatch attributed to gear which includes sub-legal 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 sub-legal sized fish. Normal discard (lbs) is then 
divided by total weight of all summer flounder caught per tow/trip to get percent normal 
discards. 
 
Normal (gear induced) discards by trip ranged from 0% to 3.2% and regulatory discards 
ranged from 57% to 98% for the 7 trips (Table 35). See Table 36 for “normal” and 
“regulatory” discards and bycatch by trip and tow. These discards are based on the New 
York trip limits in place during this project. During the time period of the study (March 
2009 through November 2010) New York trip limits in the areas fished ranged from 70 to 
1000 pounds per trip. 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.   
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Table 35. "Normal" and "Regulatory" Discards in the Summer Flounder Discard 
Mortality Study – Summer Flounder Discards by Trip. 
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1 Large 28.5 4542.7 140 28.5 0.63% 4374.2 96.29% 
2 Large 26.1 7534.1 140 26.1 0.35% 7368 97.80% 
3 Small 4.7 744.2 100 4.7 0.63% 639.5 85.93% 
4 Large 0 3157.4 70 0 0.00% 3087.4 97.78% 
5 Small 78.4 2450.6 70 78.4 3.20% 2302.2 93.94% 
6 Small 31.7 3401.3 210 31.7 0.93% 3159.6 92.89% 
7 Large 3.9 2325.8 1000 3.9 0.17% 1321.9 56.84% 
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Table 36. "Normal" and "Regulatory" Discards in the Summer Flounder Discard 
Mortality Study – Summer Flounder Discards by Tow. 
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1 1 Large 11 1746.3 140 11 0.63% 1595.3 91.35% 
1 2 Large 17.5 2524.4 140 17.5 0.69% 2366.9 93.76% 
1 3 Large 0 272 140 0 0.00% 132 48.53% 
2 1 Large 5.6 1493.3 140 5.6 0.38% 1347.7 90.25% 
2 2 Large 5.1 1829.1 140 5.1 0.28% 1684 92.07% 
2 3 Large 15.4 4211.7 140 15.4 0.37% 4056.3 96.31% 
3 1 Small 0.7 89.7 100 0.7 0.78% 0 0.00% 
3 2 Small 4 355.9 100 4 1.12% 251.9 70.78% 
3 3 Small 0 298.6 100 0 0.00% 198.6 66.51% 
4 1 Large 0 678.1 70 0 0.00% 608.1 89.68% 
4 2 Large 0 694.6 70 0 0.00% 624.6 89.92% 
4 3 Large 0 1784.7 70 0 0.00% 1714.7 96.08% 
5 1 Small 38.9 475.8 70 38.9 8.18% 366.9 77.11% 
5 2 Small 22.4 694 70 22.4 3.23% 601.6 86.69% 
5 3 Small 17.1 1280.8 70 17.1 1.34% 1193.7 93.20% 
6 1 Small 7.3 712.4 210 7.3 1.02% 495.1 69.50% 
6 2 Small 6.1 772.5 210 6.1 0.79% 556.4 72.03% 
6 3 Small 18.3 1916.4 210 18.3 0.95% 1688.1 88.09% 
7 1 Large 0 297.6 1000 0 0.00% 0 0.00% 
7 2   Large 3 903.6 1000 3 0.33% 0 0.00% 
7 3 Large 0.9 1124.6 1000 0.9 0.08% 123.7 11.00% 
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Problems Encountered 
 
A few problems were encountered during this project.  However they did not impact the  
success of the project. 
 
Since determining discard mortality specifically for large fish was a major project goal, 
additional “jumbo” sized fish were collected from each tow and cull for the mortality 
monitoring portion of the study. Non-random sampling was necessary to focus on the 
jumbo market category. These larger sized fish were not separated from the random 
sample of fish during our on-deck procedures. In retrospect, this portion of the study 
could have been improved by specifically identifying these extra “jumbo” fish, since fish 
size was determined to significantly affect survivability in the holding system and 
therefore affects the overall discard mortality calculation. It was determined through data 
analysis that the larger the fish the better the survival. With a greater portion of fish being 
jumbo market category than in a random sample, the discard mortality rate calculated for 
this study may be lower than it would actually be without these extra fish and is the 
minimum calculation. Thus, although very high, the mortality rate calculated for this 
project is a conservative estimate. 
 
During the RSA compensation harvest component of this project there were issues 
relative to the price returned to this project from the sale of compensation harvest. The 
price for summer flounder did not reach expected levels in 2009 and fishermen 
complained of losing money by harvesting research set-aside summer flounder. A 
discount was given on the price paid for the fish at auction to encourage fishermen to 
harvest their research set-aside allocation. Still, a portion of the research set-aside 
allocation of summer flounder used to fund this project was not fully harvested. This 
discount as well as unharvested fish reduced project funds by 20%. There were also 
issues regarding the failure of some vessels to pay the NFI Auction for the compensation 
harvest they conducted. As a result, the project suffered a reduction of $79,000.00 from 
the original budget. The net result was a reduction in the total number of scientific fishing 
trips conducted for this project. Funds were available for seven out of eight originally 
proposed trips.  
 
 

EVALUATION 
 
Attainment of Goals and Objectives 
 
The key study components of research design, on board sampling work plan and holding 
system extended mortality monitoring function were highly effective in delivering 
research results that were successful in realizing all project goals and objectives. 
 
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 and the approved 
project work-plan was carried out as planned. The following research generated 
information is presented as it relates to specific project goals.  The primary goal of this 
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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 
97.65%, which is much greater than the assumed 80% value in the present summer 
flounder assessment. The overall project mean discard mortality was 80.4% and is nearly 
the same as 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 0% to 3.2% 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 sub-legal sized fish, and ranged from 57% to 98% for 7 trips.  
Related to this goal we recorded total catch by weight and by species including summer 
flounder.   
 
An additional 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.   
 
Discard mortality rates were calculated based on the live/dead fraction of fish sorted on 
deck as well as the mortality rate of the live fish held in the holding system over the 21-
day monitoring period. Tow duration and total catch did not significantly affect overall 
discard mortality. Cull time was significant in affecting fraction live on deck and in the 
live holding system. Fraction live was higher for the immediate cull. Fish market size 
significantly affected the fraction live in the holding system. The larger the fish, the better 
the survival.  
 
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 June 2011, 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. 
Project participants, fishermen and other industry members were in attendance. Attendees 
reported that the project and the results generated are interesting and highly important to 
fishermen involved in the offshore summer flounder 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://ccesuffolk.org/evaluation-of-
summer-flounder-discard-mortality-part-ii/ 
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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. 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://ccesuffolk.org/evaluation-of-summer-
flounder-discard-mortality-part-ii/ under “Evaluation of Summer Flounder 
Discard Mortality Part II”. 

 
• 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 relevant meetings. (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.  

 
• Scientific Paper 

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 a 
future meeting of the American Fisheries Society.  

 
Miscellaneous Related Activities 
 
Research Findings Impacts 
 
The NYSDEC, a permitting partner to the summer flounder discard mortality study in the 
form of a New York State Marine Resources Exempted Fishing License (NYS EFL), 
requested and was provided data from the inshore and offshore summer flounder research 
trips relative to regulatory discard rates. 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 
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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 
2011.   
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ADDITIONAL FIGURES 
 
Figure 10. Total Catch Weight of All Species by Trip Number and Tow Time 

 

 
 

Figure 11. Weight of Summer Flounder Catch by Trip Number & Tow Time 
 

 



 

 58 

Figures 12a-n. Weight of Each Species Catch by Trip Number and Tow Time 
 

Figure 12a. Skate Catch 

 
 

Figure 12b. Squid Catch 
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Figure 12c. Black Sea Bass Catch 

 

 
 
 

Figure 12d. Butterfish Catch 
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Figure 12e. Crab Catch 
 

 
 

 
 

 
Figure 12f. Dogfish Catch 
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Figure 12g. Whiting Catch 

 

 
 
 

 
Figure 12h. Four Spot Flounder Catch 
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Figure 12i. Scup Catch 
 

 
 

Figure 12j. Sea Robin Catch 
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Figure 12k. Herring Catch 
 

 
 

Figure 12l. Ling Catch 
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Figure 12m. Monkfish Catch 
 

 
 
 

 
Figure 12n. Bluefish Catch 
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Figure 13. Summer Flounder Length Frequency Distribution 
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ATTACHMENT 1 
 

FACT SHEET 
 

SUMMER FLOUNDER DISCARD MORTALITY 
PERSPECTIVE 

 
Summer flounder or fluke (Paralichthys dentatus) is found from Nova Scotia to 

Florida in shallow estuarine waters and along the outer continental shelf. Summer 
flounder migrate seasonally inshore and offshore. Spawning occurs between the fall and 
late winter. 

 
Summer flounder support important commercial and recreational fisheries. They 

are managed cooperatively by the Atlantic States Marine Fisheries Commission 
(ASMFC) and the Mid-Atlantic Fishery Management Council (MAFMC). Management 
goals are achieved through the use of commercial quotas (allocated by state and season), 
recreational harvest limits, minimum mesh requirements, minimum fish size, possession 
limits and other gear restrictions. 
 

Fishery managers, scientists and commercial fishermen share a common concern 
over the present use of 80% for discard mortality within the summer flounder 
management plan. In 2007 the Cornell Marine Program received a Research Set-Aside 
grant to determine the actual summer flounder trawl discard mortality in the inshore 
fishery. In 2009 a second grant was received to continue the study in the offshore summer 
flounder fishery. The fieldwork has been successfully completed and the project 
information is available on our website at http://ccesuffolk.org/evaluation-of-summer-
flounder/. 
 

This fact sheet is a brief guide to the general findings of this research. The 
information attempts to provide insight and common understanding related to the 
practical application of the research findings for those involved in this important fishery. 
Our approach will be to answer some important obvious and common questions 
concerning summer flounder discard mortality. 
 



 

 70 

 
Q: Why is summer flounder discard mortality important? 
 
A: To begin, the unintended consequence of the summer flounder management plan is the creation of 
discards and the resulting mortality. A summer flounder discard mortality factor is used in the stock 
assessment calculation and impacts the annual available quota. An important challenge of management 
measures is to minimize bycatch to the extent possible. Since all bycatch can not be avoided 
management measures need to minimize the mortality of such bycatch. From a practical view discard 
mortality affects the available quota, and from a broader perspective the composite stock population. 
 
Q: What do the terms bycatch, economic discards and regulatory discards mean? 
 
A: 1 Bycatch – the term bycatch means fish which are harvested in a fishery which was not sold or kept 
and include economic discards and regulatory discards. 
 
2 Economic discards – The term economic discards means fish which are a targeted species, but which 
are not retained because of size, quality or other economic factor. 
 
3 Regulatory discards – The term regulatory discard means fish harvested in a fishery which are 
required by regulation to discard when caught. An example would be fish caught over the daily trip 
limit. 
 
Q: What was the purpose of the summer flounder discard mortality study? 
 
A: The purpose of this study was to gain perspective to improve and enhance fishery information about 
discard mortality for summer flounder in the trawl fishery. Presently the summer flounder fishery 
management plan uses an estimation or assumed discard mortality factor. 
 
Q: How was the study conducted and what were the study goals? 
 
A: The study goal was to determine discard mortality relative to tow time, total catch, fish size and the 
amount of time that fish were on deck. To respond to this goal actual trawl discard mortality was 
monitored and compared to the present assumed estimation. Fourteen scientific fishing trips consisting of 
tows of 1, 2 and 3 hours were conducted inshore and seven trips were conducted offshore. 
 
Q: What were the study results and how do they compare to 80% estimated discard mortality rate? 
 
A: In the inshore study, the summed discard mortality had a median of 78.7%. However, the overall project 
mean, a more useful parameter rather than median was 64.6% and is considerably less than the value in the 
current assessment. Mortality rates for 1 and 2-hour tows were less than for the 3-hour tows, with both the 
mean and median mortality rates for the 1- hour and 2-hour tows considerably less than the current 
estimated 80% mortality.  In the offshore study, the overall summed discard mortality had a median 
97.65%. This is a conservative estimate and is much higher than the assumed 80% discard mortality rate. 
 
Q: Do trip limits affect discard mortality? 
 
A: There is a direct and significant relationship between trip limits and discard mortality. For example, 
during a six month (May- Oct 2007) study period New York State summer flounder trip limits ranged 
between 30-90 lbs. Due to these relatively low trip limits regulatory discards (those fish caught over 
the daily trip limit excluding sub-legal sized fish) ranged from 53% to 95% for the ten trips. Higher 
discards equal higher overall mortality. State management quota distribution plans should consider 
methods of avoiding particularly low daily trip limits when possible. Alternatives include optional 
weekly trip limits or sectoring harvesting capabilities. 
 
Q: What are the critical discard mortality factors? 
 
A: Tow time is far and away the greatest contributor to discard mortality. To a lesser degree, cull time 
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and total catch impact discard mortality but are arguably inter-related to tow time. Fish size, gear type, 
co-harvested species, water temperature, etc. were not statistically important discard mortality factors. 
 
Q: What can I do to effectively reduce discard mortality? 
 
A: First, reduce tow times to the shortest (and most fuel efficient) levels possible relative to existing trip 
limits. Deck pen and hydrate fish during culling using deck hoses when possible. Cull regulatory and 
economic discard as efficiently as is feasible. The take-home message from the project is to make 
short tows and quickly cull the catch in order to maximize fluke discard survival. 
Exclude use of any culling equipment; (i.e. shovels, fish picks/forks etc.) Use special designed super 
grip rubber gloves. Raise crew awareness to the importance of adopting handling practices that don’t 
further compromise discarded fish condition. Today’s discard maybe tomorrow’s keeper! 
 
Q: What and how do various discard factors affect survival? 
 
A: Let’s begin by describing our research approach. Summer Flounder mortality was evaluated relative to 
tow time, fish size, and length of time fish were kept on the deck of the vessel for each of the ten trips. 
A random sample of summer flounder discards including both legal and sub-legal sized fish were 
collected while aboard bottom trawling vessels. 
 
For the inshore study, approximately 20 fish from each of 6 categories (120 fish) were measured, tagged 
and held in a dockside net-pen for mortality monitoring for 14 days. The 6 categories were a combination 
of parameters which include tow times of 1 hour, 2 hour and 3 hours and 2 different deck times involving 
an immediate cull (0-10 minutes) and a normal fishing practice cull (approximately 30 minutes). The 
research approach for the offshore study was similar except live fish were held in tanks at the Multi-
Aquaculture facility in Amagansett, NY. Approximately 30 fish from each category were collected at sea 
and there was more focus on determining the mortality of larger fish.  
 
In the inshore fishery tow time and to a lesser extent total catch and cull time were the key mortality 
variables. Conversely fish condition as recorded across all measured variables resulted in higher survival 
for fish held that were rated in excellent condition. In the offshore fishery cull time significantly affected 
mortality on deck and in the holding system. The lower the fish are on deck, the fewer that remain alive.  In 
the offshore fishery, fish size was significant. The larger the fish, the better the survival. This result was 
opposite of the inshore study.  
 
Q: Does the species composition of the fish caught with Summer Flounder affect discard mortality? 
 
A: Interestingly, there does not appear to be a significant effect or impact on summer flounder mortality 
related directly to individual co-harvested species. However larger catches did correlate to increased 
mortality in the inshore fishery and these larger catches included large quantities of skates. 
 
Q: How does the type of gear affect fluke discard mortality? 
 
A: While there is some evidence that gear (larger mesh vs. small mesh) can in combination with other 
factors impact discard mortality it was not clearly evident in our study findings. Mainly, because not 
enough trips involving small mesh were conducted, since this gear is not typically used in the inshore 
fishery. Further efforts isolating large and small mesh gear as a specific study focus could help 
determine their relative discard mortality impacts. 
 
Q: What additional work needs to be completed to determine a valuable discard mortality factor for 
fluke? 
 
A: A comparable evaluation of summer flounder discard mortality in the offshore trawl fishery will 
compliment these findings. No formal data analysis has been conducted on the offshore data at this time. 
The composite results will define differences and at the same time provide a scientific base for the discard 
mortality rate used across the inshore and offshore components of the fishery. The significant relationship 
of tow time to discard mortality reported suggests that correlating average tow time as reported in vessel 



 

 72 

trip reports (VTR) involving summer flounder may help identify a quantifiable discard mortality rate. Also 
since total catch proved to be an important mortality variable, determining the difference between tow time 
and total catch may help explain/reduce discard mortality. 
 
Q: How was discard mortality calculated? 
 
A: Discard mortality was calculated for all tow times and deck times. ANOVA analysis and a posteriori 
analysis (commonly used statistical analysis) were performed on all data elements to determine which 
factors were significant to fish condition and survival. These included total catch weight, catch 
composition, net size and dimensions, mesh size, water temperature, fish condition, fish size and cull 
time among others. 
 
Q: Was extended discard mortality evaluated? 
 
A: As an adjunct to the project objective to evaluate mortality of summer flounder in the inshore fishery a 
tagging program was employed for all released study fish. Information collected upon recapture of 
tagged and released fish therefore will provide qualitative data on additional survival for the time the 
fish is at liberty. 
 
Q: How will the study results be used? 
 
A: The final project report will be viewed by Southern Demersal Working Group (SDWG). The SDWG 
has recommended additional work be conducted to understand the factors affecting discard mortality 
rates and the difference between the inshore and offshore components of the multispecies trawl fishery 
to facilitate future application of this information into the stock assessment. 
 
The questions raised and answered in this fact sheet were offered to provide better understanding on 
how we can use this valuable resource for all those involved in this important fishery. As mentioned 
for more information please visit our website at http://ccesuffolk.org 
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ATTACHMENT 2  
 
Press Release Package 
 
The East Hampton Star – December 10, 2009  – “Fathoming Flukes’ Offshore Survival” 
 
Dockside flyers all summer 2009 and 2010 
 
Newsday – June 15, 2009 – Page A2 – “Their Catch of the Day is for Research” 
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Fathoming Flukes’ Offshore Survival 

By Russell Drumm 

 
The crew at the Inlet Seafood dock in Montauk 
off-loaded a fluke catch from the dragger 
Perception on Saturday.  
 
(12/10/2009)    The Perception, a Montauk-based dragger, returned to 
Montauk Harbor in the rain on Saturday morning with a trip’s worth of 
market-bound fluke in the hold, and also with an additional catch in 
specially designed tanks on deck. 

    The tanks held seawater kept at the same temperature, and with the 
same levels of oxygen and nitrogen, that the fish had enjoyed before being 
lifted 60 fathoms from the sea bottom the day before. 

    Not all the living fluke were the same, however. When crew members of 
the Perception hauled back their net, the live ones were allowed to lie on 
the deck for a time as they would have during a normal fishing operation 
before being boxed and stored below. 
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    The point was to determine the survival rate of fluke caught and thrown 
back into the sea. Simply put, a “discard mortality” figure is used by 
fisheries managers to determining the annual coastwide fluke quota. 

    The more fish that are estimated to die after being discarded, the lower 
the quota. Conducted by the Cornell Cooperative Extension, last week’s 
experiments were intended to better predict discard mortality. If mortality 
rates can be empirically shown to be less than current government 
estimates, the data might be used to justify higher fluke quotas, or might 
lead to using better onboard methods to increase survival. 

    Regulators now assume that 80 percent of fluke that are thrown back 
will die. 

    In order to simulate the normal routine, scientists from the extension 
who boarded the Perception on Friday for the trip left some fluke 

Russell Drumm 
Photos 
Emerson Hasbrouck of the Cornell Cooperative 
Extension displayed one of the subjects in a fluke-
survival study at the Multi-Aquaculture facility on 
Napeague Saturday.      
 
on the deck for 10 minutes, then placed them in trays in seawater kept at 
the same temperature as the sea they would have been returned to if they 
were discards.     

    On a routine fishing trip, they would have been discarded if the 
Perception’s captain, David White, had determined that the trip’s quota of 
fluke had been met, requiring him to discard any more of them caught 
while targeting other species. 

    A second batch of fluke was allowed to linger on the deck from 10 to 25 
minutes, and a third group from 25 to 35 minutes, to simulate longer 
culling and packing times. Last summer, the same experiment was 
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conducted, again on fluke, in inshore waters 8 to 12 fathoms deep.  

    Emerson Hasbrouck, a Cornell Cooperative Extension agent for many 
years, said that great care had been taken to recreate conditions in the 
fluke’s natural habitat. An expendable torpedo was sent 50 fathoms down 
to record water temperatures so that they could be matched with the help 
of coolers or heaters if necessary. 

    Natural oxygen and nitrogen levels were also recorded and maintained. 
Different colored tags were applied to the fish to identify which tow of the 
net they had been caught in, as well as how long the tow had taken. The 
tags also told scientists how long the fish were kept on deck before being 
placed in the tank. 

    Mr. Hasbrouck said the discard study would be important even if 
management policy changed in a way fishermen would prefer — that is, 
eliminating fluke trip limits, and thus discards, and leaving them free to 
catch their annual quota at will before tying up their boats or going on to 
fish for other species. 

    Even if that were the case, Mr. Hasbrouck said, there will always be 
discards, because fluke are also caught as a bycatch in other fisheries. 

    The study is being undertaken in cooperation with Inlet Seafood 
company of Montauk, the Long Island Commercial Fishing Association, 
and the National Fisheries Institute’s scientific monitoring committee. 

    It is funded through the National Marine Fisheries Service and the Mid-
Atlantic Fishery Management Council as part of their “research set-aside” 
program. Because the federal government does not have a lot of money for 
fisheries research, the fisheries service allocates a certain amount of the 
annual quota to be sold, with the proceeds being used to pay for the 
studies. 

    On Saturday afternoon, after the live fish were transported to tanks at 
the Multi-Aquaculture Systems complex on Napeague, the fish were 
studied to determine age and sex. Their survival will be monitored for three 
weeks.
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