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ABSTRACT 
 

In 2007, Cornell University Cooperative Extension (CCE) received an RSA grant to 
determine the discard mortality in the inshore summer flounder trawl fishery.  Fieldwork 
was carried out successfully from May through October 2007 off Long Island, New 
York.  Ten scientific trips were made on commercial draggers working the traditional 
inshore mixed trawl fishery.  A 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 20 live fish were removed from the immediate 
and delayed culls of each tow.  These live fish were weighed, tagged, and graded by 
condition before being transferred to a flow through seawater holding system where they 
were held on deck for the duration of the trip.  The total catch of fluke 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, 
gear size, water temperature and air temperature.  Upon arrival at the dock, live fish were 
transferred to a dockside net-pen holding system and monitored for mortality over a 14- 
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 monitoring net-
pen system over the 14-day monitoring period.  Mortality rates were calculated by tow 
time, cull time and overall.  Mortality rates for the 1 and 2-hour tows were less than for 
the 3-hour tows.  Mortality at the time of the immediate cull and delayed cull were 
similar and increased with increasing tow time.  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.  Blood was extracted from sample fish and analyzed for cortisol level as an 
indicator of stress. ANOVAs on the cortisol level were unable to find any significant 
results thus indicating that blood cortisol is not a predictor of condition or survival.  
Those fish released after 14 days in the net-pen served as a tagging study component of 
the project.  We continue to receive tag returns and to date have had a 10.4% return of 
released fish. 
 
In 2009, CCE requested and received authorization to conduct additional fluke discard 
mortality research on this project with available residual funding. The remaining funds 
were used to conduct 4 additional modified research trips. During these trips, on deck 
procedures for sorting the summer flounder catch into live and dead categories for each 
time interval were conducted. Live summer flounder were not kept for the extended (14 
day) mortality monitoring during these supplemental trips. Fieldwork conducted under 
this project extension was completed as of September 2009. The additional data was 
incorporated into the statistical analysis as a separate component.  
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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 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.  Initially, ten 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.  Additionally, 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 an extended mortality monitoring net-pen system.  The overall 
summed discard mortality as determined by this project had a mean of 64.6% and a 
median of 78.7%.  A linear relationship of discard mortality to tow time and cull time 
existed.  For example, the mean discard mortality in the 1-hour tows was 58%, in the 2-
hour tows it was 61% and in the 3-hour tows it was 77%.  Similarly related was the 
inverse correlation of mortality to cull time. Also, total catch was an important discard 
mortality factor but fish size was not. When comparing the parameter values of tow time, 
cull time and total catch as determined by this study it is apparent that shorter tows, faster 
culling and improving handling practices, while reducing per-tow total catch can 
definitively reduce summer flounder discard mortality. A modified Phase II component 
was also conducted where we only separated the fish into live/dead fraction on deck and 
did not save any live fish for extended mortality monitoring.  The Phase II component 
produced similar results.   
 
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 were low and ranged from 30 to 140 pounds per trip.  Gear-
induced discards ranged from .019% to 5.38% and represent those fish discarded because 
of size or quality (high grading).  Regulatory discards are those fish caught over the trip 
limit excluding sublegal sized fish, and ranged from 53% to 95% for all trips. These 
discards are based on the very low 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 and 
as such efforts 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 
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.   
 
CCE is in the process of finalizing results from a separate but similar RSA-funded 
discard mortality project in the offshore fishery.  Those results will be available soon and 



 4 

can be used in conjunction with the inshore results to quantify fishery-wide trawl induced 
discard mortality.   
 
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 this study, there have not been any 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, sublegal 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 second highest recommendation for the 
SDWG for 2006 was to continue ongoing age structure exchanges between NEFSC and 
interested state agencies and academic institutions. This project has addressed these 
recommendations. 
 
The MAFMC Research Set-Aside Program research needs and priorities for 2007 
addressed a need for better estimates of discard mortality…for commercial fisheries (by 
gear type) for Council-managed fish. 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 in the summer bottom trawl fishery in 
the Mid-Atlantic, Southern New England area. This project also addressed additional 
RSA research priorities including: identifying distinctions between regulatory discards 
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and bycatch attributed to gear…in the summer flounder fishery; conducting cooperative 
stock assessment surveys focusing on the summer flounder fishery; conducting tagging 
studies to determine seasonal movements and/or mortality estimates by age of various 
species; increasing sampling and conducting 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, with special emphasis on collection of large 
specimens. 
 
The commercial and recreational harvest of summer flounder coastwide is currently 
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: to provide fishery managers, fishery scientists and commercial fishermen with an 
accurate evaluation of summer flounder discard mortality in the inshore bottom trawl 
fishery in the Mid-Atlantic, Southern New England area. 
 
Objectives: evaluate mortality of summer flounder discard in the summer fishery. Also 
evaluate extended mortality by tagging and releasing fish. 
 
Goal: to provide accurate information on summer flounder discard and bycatch. 
 
Objective: to thoroughly record all discards during normal fishing activity in the summer 
flounder fishery. 
 
Goal: evaluate summer flounder discard mortality relative to tow time, fish size, and 
amount of time fish are on the deck of the vessel. 
 
Objectives:  analyze the stress associated with trawl capture and subsequent mortality or 
recovery, and suggest handling and discard procedures that will minimize mortality in 
this important fishery. 
 
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 inshore 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 
sublegal sized fish was collected while aboard bottom trawling vessels engaged in the 
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summer inshore mixed 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. Approximately 20 fish from each 
of 6 categories (120 fish) were measured, tagged, kept on board in flow-through seawater 
holding tanks and later held in a dockside net-pen for extended mortality monitoring for 
each trip. 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, fishing speed, total volume of the catch and discard, depth, and surface water 
and air temperatures were recorded. Extended mortality was monitored over a 14-day 
period in the net-pen and tagged fish still alive were released after 14 days. Haul-back 
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. 

Long Term Mortality 
 
Information collected upon recapture of tagged and released fish has addressed the RSA 
research priority need for tagging studies to determine seasonal movements and/or 
mortality estimates by age of various species. CCE continued to collect tag returns and 
pay tag rewards for released fish over a four-year period.  By tracking the location of 
recaptured fish, this study provided seasonal movement and migrational information 
representative of this population of fish. This information can supplement other 
information on distribution and migration of summer flounder.  The additional discard 
mortality information from the tagged fish is more qualitative than quantitative.  This 
study was set up to directly observe mortality over a two-week period in a net-pen and 
not as a large-scale tagging study to determine mortality from large numbers of tagged 
fish and subsequent tag returns.  Tag returns for released fish therefore provide 
qualitative data on additional survival for the time the fish is at liberty.  
 
Discards and Bycatch 
 
The RSA research priorities identified the need for determining distinctions between 
regulatory discards and bycatch attributed to gear…in the summer founder fishery. This 
study has provided accurate information on summer flounder discard and bycatch in the 
inshore 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).  
 
Analysis of Stress  
 
An additional goal of this project was to analyze the stress associated with trawl capture 
and subsequent mortality or recovery. As an additional indicator of fish health and 
condition, we have analyzed blood cortisol levels in summer flounder caught during the 
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project. Blood cortisol levels have been used by researchers in previous studies as an 
indicator of fish condition (e.g. Barton, 2002; Barton, et. al., 2005). The stress associated 
with trawl capture and subsequent recovery or mortality for each of the 6 categories (3 
tow times and 2 cull times) has been assessed and documented. A representative number 
of fish also had blood drawn for analysis just prior to their release after 14 days in 
captivity.   
 
Sampling 
 
The RSA research priority needs addressed by the sampling activities conducted in this 
project included: increased and more representative sea sampling of the various fisheries 
in which summer flounder…are caught to adequately characterize the length composition 
of the discards; and expansion of age sampling of summer flounder…from commercial 
catches, with special emphasis on collection of large specimens. This study has generated 
additional data on the length and age structure of summer flounder discards in the 
summer inshore bottom trawl fishery and has provided additional sea sampling of the 
bottom trawl fishery off the coast of NY. On the scientific tows, discards were sampled 
as if it were an observed sea sampling trip. 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 from both the kept and 
discarded portions of the catch.  
 
The research conducted has more accurately determined the discard mortality rate of 
commercial summer flounder discards in the inshore 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.  

 
 

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 summer flounder commercial bottom 
trawl fishery. A random sample of summer flounder discards including both legal and 
sublegal sized fish were collected while aboard bottom trawling vessels.  Summer 
flounder mortality was evaluated relative to tow time, fish size, and length of time fish 
were kept on the deck of the vessel and other factors for each trip. Approximately 20 fish 
from each of 6 categories (120 fish) were measured, tagged, and held in a dockside net-
pen 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). Our first trip occurred on May 29, 2007, the last trip was on 
October 9, 2007 and the final release of net-pen fish was on October 23, 2007.  Four 
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additional trips using a modified work plan, as described under Phase II below, were 
conducted in September 2009. 
 
Overall the key project components of research design, on board work plan, and net-pen 
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-sea 
sampling and field/lab operation that were extremely beneficial in meeting the project 
design criteria. 
 
On Board Procedures 
 
The research design of this study was dictated by the specific proposal requirements, i.e. 
to conduct ten one-day fishing trips incorporating different trawl types, and areas fished, 
reflective of the inshore mixed trawl fishery.  The selection of gear, fishing area, and 
target species was left to the participating commercial fisherman to determine in 
consultation with CCE.  This was done to reflect a more realistic picture of the existing 
inshore trawl fishery for summer flounder.  Through the period covered by this final 
report ten (10) research trips have been completed and have met the design criteria 
outlined in the proposal.  Each trip consisted of a 1, 2 and 3-hour tow, with an immediate 
and delayed cull for each specific tow.  Planning centered on these activities and 
attempted to identify possible issues such as a large quantity of fish being harvested or 
very few fish being harvested.  In all instances a specific culling procedure was adopted, 
so as to maintain random sampling protocol. After haul-back the catch was dumped on 
deck and was then split in two and the following time line was used to sort the catch for 
each tow.  A random sampling protocol was used for the selection of all fish for the live 
holding system and for sorting live/dead. 

• 0-10 minutes (immediate cull) – collection of 20 live fish 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 20 live fish for live holding 

system plus sorting of live and dead fish from second half of the pile. 
• 35-50 minutes – sorting of live and dead fish only from second half of the 

pile. 
  

Processing the catch continued until all summer flounder were sorted by live or dead in 
15 minute increments of time.  Live/Dead sorting allowed us to quantify the relative 
impact of cull time for summer flounder trawl discard mortality.  In addition, all other 
species in each tow were recorded.  For each of the three tows conducted, forty live fish 
randomly selected (immediate cull and delayed cull as described above) for the extended 
mortality monitoring component were tagged, weighed, measured and rated as to 
condition utilizing a scale of excellent, good, poor with specific trawl damage noted. The 
classification of the condition of fish according to damage 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 
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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 number identified each 
individual fish as to tow/cull. 
 
On Board Holding System Design and Plan 
 
The 20 live fish, collected as described above, were held in an on board live holding 
system for transport to the dockside net-pen for extended mortality monitoring.  The on 
board holding system and plan adopted is similar to that used in the commercial fishery 
for holding and transport of live fish. Two commercially available 1500 lb. capacity large 
plastic, insulated holding containers were used as the basis of the on board holding 
system.  The insulated containers (totes) measure 48 ¾”x43 ¾”x37 ¾” and can hold 268 
gallons of water each.  Live fish were placed in cages made of plastic coated wire, and 
the cages stacked in the large containers completely filled with sea water.  A third such 
insulated container was used for dockside transfer of the fish to the holding pen.   
The cage dimensions used were: 
 
 (2)   36" x 36" x 4 ½"  
 (4)   31" x 18" x 4 ½"  
 (16) 33" x 18" x 4 ½" 
 
Each large container held up to eight cages, with each cage typically holding up to ten 
fish.  This system allowed for optimum holding and transport of the fish.  The cages kept 
the fish from sloshing in the containers, kept the weight of fish off of each other and 
allowed for maximum water flow around each individual fish. 
 
Two (2) twelve volt battery operated aerator compressor systems utilizing four air stones 
were constructed to provide oxygen to the fish in the large containers.  One compressor 
was used per trip and one was kept as back up. These holding tank aeration systems were 
able to provide aeration to 400 lbs of fish at 48” of water depth each. Each container 
utilized 2 air stones pumping approximately 1.25 cubic feet/minute. Frequent water 
exchanges were also made to the containers using the vessel’s deck hose which pumps 
fresh surface water. More importantly this method has proven to be very effective in 
terms of maintaining fish condition and was very practical for fish handling purposes.  
The on board holding systems were continually monitored for water temperature and 
dissolved oxygen levels during each trip.  Surface and bottom temperatures and dissolved 
oxygen were also monitored in the fishing areas during each tow and correlated with the 
temperatures and oxygen levels in the on board holding systems.  In communications and 
discussions with the project participants Dr. Valenti and Dr. Sulikowski, it was 
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determined that any difference of greater then ten degrees between bottom temperature at 
harvest and temperature in the holding system could negatively affect the condition of 
held fish.  On only one occasion this variation occurred.  In this event we used ice to 
slowly reduce the on board holding temperature to within that ten degree range while still 
monitoring salinity and dissolved oxygen.  We chose this method because it is an 
accepted practice among commercial fishermen and dealers in the area for holding and 
transporting live fish. 
 
On Board Materials 
 
Each trip sequence (14 days total) was initiated by loading all related project equipment 
and supplies on the participating fishing vessel on the day preceding the actual trip.  Each 
trip consisted of a minimum six hours of towing time, and depending on areas fished, 
returned to port between 3:00 PM and 8:00 PM on the same day.  The fishing vessel crew 
and project scientific staff (4-5 individuals) departed from Inlet Seafood's dock in 
Montauk at approximately 5:00 AM. The participating fishing vessel returned to Inlet 
Seafood's dock on that same day and the color coded tagged 120 trawl caught live 
summer flounder "discards" were transferred to the net-pen for the 14 day holding period. 
 
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 and EPIRBS 
2. Live fish holding system 
3. 14 fish cages 
4. Two scales 
5. Tag guns and colored numbered tags 
6. Measuring boards 
7. (2) 12 Volt battery packs, compressors, aerators and four air stones 
8.  Blood sampling supplies 
9. Food and personal weather gear 
10. YSI meter with 100 foot cable for the temperature, salinity and dissolved 

oxygen 
11. Data sheets, totes, baskets 
12. Miscellaneous supplies 

 
Control Fish  
 
We established a control group of summer flounder in the net-pen.  This control group 
was comprised of legal and sublegal pound net caught fish.  These fish were caught by 
local pound nets in close proximity to the holding net-pen.  Pound nets provided a good 
control group of fish because the fish were captured with very little damage to the fish.  
There was also very little transport time associated with these fish.  
 
A new set of control fish was procured and placed in the net-pen for each new set of 
experimental fish (e.g. every time we conducted a new harvest trip – every 14 days). 
Receipt of new control fish correlated with each new scientific trip.  Twenty pound net 
caught control fish were delivered on the same day.  Control fish were transported to the 
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net-pen in an aerated (and cooled if needed) enclosed sea water live holding system.  
Control fish were measured, weighed, color coded numerically tagged and released into 
the net. Control fish were also rated based on our fish condition index.   
 
Net-Pen Construction and Installation 
 
The ability to safely hold and monitor all study fish was necessary to fully measure 
summer flounder trawl discard mortality. The purpose of the net-pen system was to 
monitor for discard mortality over an extended period of time.  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.  Pre-project discussions with NMFS scientists established the 14-day 
period as appropriate.  Indeed, what we found was that high rates of mortality occurred 
during the first several days.  After that mortality rates declined with time and 
approached zero before the end of the 14-day monitoring period.  Thus 14 days was an 
appropriate time frame for the extended mortality.   
 
Through consultation with aquaculture specialists, commercial fishermen and a gear 
specialist we were able to design, construct and install a 15' diameter by 15' deep 
pentagon shaped net-pen attached to a stake system incorporating a pulley rope system 
which allowed the raising and lowering of the net-pen similar to a pound net installation.  
This design allowed easy access to stock and the ability to monitor and finally release 
study fish with minimum impact.  Additionally the net-pen system had a twine cover held 
in place with tamper-proof numbered seals.  This cover kept all waterfowl out of the net-
pen and provided a measure of security to prevent anyone from tampering with the fish in 
the net-pen.   
 
Net-Pen Monitoring and Fish Release 
 
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 shore-side 
net- pen holding system.  They were held in the net-pen system for 14 days to monitor 
mortality.  Scuba certified staff conducted net-pen monitoring on days 1, 2, and 3 and 
then every other day during the 14-day holding period.  All net-pen related data was 
recorded on the net-pen monitoring log.  Data collected included dead fish information, 
fish tag numbers, surface and bottom water temperature/dissolved oxygen levels and 
plastic net-pen tamper proof seal numbers which were removed and installed.  Scales and 
otoliths were also collected from dead fish. 
 
On day 14 the net-pen was lifted and all remaining fish including live fish, dead fish and 
control fish, were removed from the net-pen.  Tag information and fish condition index 
were recorded for all fish. Blood samples were drawn from all categories for plasma 
cortisol analysis.  Information was recorded on the fish release and survival log.  All live 
control and experimental fish were released in adjacent waters.  The net-pen was then re-
set and prepared to receive a new set of control fish as well as the new set of 
experimental fish being harvested on board the mortality harvest trip.  We utilized two 
CCE crews on each day that we had a scheduled harvest trip (every 14 days).  One crew 
went out on the trawler and performed all scientific components associated with the 
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collection and harvest of fish as described in this report.  The other crew was the net-pen 
shore side crew and took care of all scientific components related to: collecting and 
releasing fish from the net-pen after the 14-day study; accepting and processing new 
control fish; transferring the new set of experimental fish into the net-pen when the 
harvest vessel and crew returned to the dock at the end of the day.  This two crew 
procedure provided for efficiency of the overall process and allowed us to stick to a 
schedule of a new harvest trip every 14 days in order to accomplish the number of trips 
needed before the end of October.  Local baymen were hired to lift and re-set the net-pen 
on each release day.  Since the workings of the net-pen were constructed similar to a 
pound net, utilizing baymen who fish pound nets for a living guaranteed that the net-pen 
would be lifted and set properly each trip. 
 
Blood Collection Procedure  
 
For this study, fish were randomly selected at capture and release for blood sampling for 
plasma cortisol analysis.  Depending upon availability, fish were selected from each tow 
and cull upon capture for blood sampling.  These sampled fish were reported in the total 
live catch but were not tagged, caged and kept in the net-pen.   Blood samples were 
collected from the caudal vein into chilled heparinized syringes with a 26 gauge needle.  
Less than 1 milliliter of blood was removed from the individual fish for the purpose of 
this study.  Blood samples were then spun in a centrifuge to separate blood plasma, 
chilled and subsequently frozen.  The frozen samples were shipped to the University of 
New England for cortisol analysis. 
 
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 2007 control fish data sheet 
2. Summer flounder discard mortality study 2007 trip log 
3. Summer flounder discard mortality study 2007 tow log 
4. Summer flounder discard mortality study 2007 condition and tagging data 

sheet  
5. Summer flounder discard mortality study 2007 length frequency data sheet 
6. Summer flounder discard mortality study 2007 net-pen monitoring log 
7. Summer flounder discard mortality study 2007 fish release and 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 
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harvest EFP), NYS License to Collect and Possess, NYS fluke permit, Coast Guard 
safety inspection sticker and certification of P&I insurance.  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.  Complicated by the number of participants (10 
commercial vessels and pound trap fishermen), obtaining permits and completing related 
necessary reporting was conducted on a fluid and timely basis.   A Vessel Trip 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 was 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. 
 
A separate net-pen security procedure was developed using numbered color-coded 
tamper proof seals.  All net-pen monitoring activity involved the removal and 
replacement of tamper proof seals with their numbers reported to NYSDEC, to assure the 
net-pen was not compromised for non- project functions. A list of tag numbers for each 
fish placed in the net-pen for each trip was also reported to NYSDEC. 
 
Project Coordination  
 
Considering the complicated logistics of: scheduling commercial trawl vessels (and their 
availability to commit on a specific date); developing and maintaining an on board live 
holding system; scheduling pound net fishermen to have fresh caught control fish when 
needed; scheduling baymen to haul/set the net-pen; net-pen 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 net-pen components went according to plan and we were able to accomplish 
successful trips every 14 days.  This resulted from significant project planning both 
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before and during field components, a dedicated staff and interested and committed 
commercial fisheries partners. 
 
Tag Returns 
 
A tag return reward program was initiated for this project. Press releases were published 
in local newspapers, in regional and national trade publications and on the web. 
Information included tag description and return policy. Tag returns were recorded and 
rewarded at $20.00 per tag.  We continue to get tag returns. 
 
Project Extension - Phase II 
 
All of the funds generated by the RSA compensation harvest for this project were not 
fully expended during the above-described ten scientific trips.  However the ten trips and 
the associated long term monitoring satisfied all the project tasks described in the original 
proposal.  Therefore CCE requested and received authorization to conduct additional 
fluke discard mortality research with the available residual funding.  Discussions were 
held with NMFS about the use of these residual funds from RSA compensation harvest.  
Discussions centered on the best use of funds relative to the goals of this project and RSA 
policies and priorities.  It was resolved that additional work on this project would take 
place through an additional number of trips employing a slightly modified work plan. 
During this time CCE also applied for a Federal Exempted Fishing Permit and NY State 
License to Collect or Possess to carry out this additional research.  However the time line 
for approval was such that we would miss the summer/fall fishing and the fish would be 
heading offshore.  Accordingly, we requested and were awarded a one year no-cost 
extension so that this additional work could be accomplished during the summer of 2009.  
Due to delays in receiving our EFP, research trips commenced on September 14th, 2009. 
Due to funding constraints for this Phase II component, we were not able to conduct the 
extended mortality monitoring portion.  Costs associated with re-installing the net-pen, 
daily monitoring, and other activities of the extended mortality monitoring would have 
put the budget well beyond the residual funds available for this Phase.  Thus quantifying 
the on deck live-dead fraction over time was the focus of this Phase. 
 
A total of four additional research trips were conducted during the summer/fall (2009) on 
vessels engaged in the inshore fishery to continue to quantify summer flounder discard 
mortality. CCE performed vessel outreach in order to select vessels appropriate to 
conduct research. Vessels selected met the standards previously developed for the first 
portion of the summer flounder discard study. CCE coordinated with two vessels, one 
from Shinnecock and one from Montauk. This allowed for the greatest coverage of the 
NY inshore fishery during the allotted time period.  Each vessel committed to performing 
one day research trips that consisted of the three predetermined tow times (1 hour, 2 hour, 
3 hour). The research trips performed from Shinnecock used a small mesh (17/8”) in 
hopes that we could catch the end of the inshore Loligo fishery. After performing 2 days 
of research out of the port of Shinnecock using small mesh and catching minimal Loligo, 
we relocated to Montauk and used large mesh (5”) and focused our efforts on the inshore 
mixed trawl fishery.   
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During Phase II CCE staff conducted all components of the at-sea procedure except for 
holding live fish onboard and holding them in the dockside net-pen for the 14-day 
extended mortality monitoring.    Each trip consisted of the same 1-hour, 2-hour and 3-
hour tows as before.  The sorting of summer flounder on deck occurred within the 
predetermined time intervals that were established in the earlier project (0-10 minutes, 
10-25 minutes, 25-35 minutes, 35-50 minutes and 15 minute intervals after that) until the 
deck was cleared of fish.  Fish were sorted as live or dead and legal or sublegal. Each 
group was weighed and classified to determine the live/dead fraction on deck. Since fish 
were not being held live for extended mortality monitoring, we did not separate the catch 
in half or delay sorting the catch until the delayed cull. Sorting of the entire catch began 
as soon as the catch was dumped on deck. This procedure was reflective of how fish 
would be handled and discarded during normal fishing practices.  
 
Data analysis of the initial ten trips showed that the overall greatest influencing factor in 
calculating the total discard mortality by tow is the live/dead fraction on deck as 
influenced by catch and volume of other species, tow time and gear.  By incorporating 
the average net-pen mortalities for tow time/cull time from the initial ten research trips to 
the live fraction on deck, valuable additional data on the inshore fishery summer flounder 
discard mortality can be combined with the 2007 data, without the large expense, time 
and logistics of the net-pen monitoring.  This plan for additional work also alleviated net-
pen permitting issues.   
 
 Fieldwork conducted under this project extension was completed in September 2009. 
The additional data was incorporated into all figures and the statistical analysis. (See 
Phase II component findings).  
 
Project Management 
 
Management and staffing for all scientific components of the project for both the at-sea 
sampling and shore-side holding net-pen site were conducted by the Cornell Marine 
Program (CCE). Collection of experimental and control fish was conducted under Federal 
Exempted Fishing Permit #7014, 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. James Sulikowski, 
Marine Science Center, University of New England, Biddford, Maine and Professor Paul 
C. Tsang, Dept. of Animal and Nutritional Sciences, University of New Hampshire 
completed Blood cortisol plasma assay analysis.  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: Jeanette Klopchin, Eric Braun,  

Joe Costanzo, Corey Humphrey  
CCE Aquaculture Specialist:  Gregg Rivara 
CCE Secretarial Support:  Elizabeth Chopin 

Rutgers University Haskin Shellfish Research Laboratory 
      Dr. Eric Powell 
      Dr. Eleanor Bochenek 
      Jason Morson 
University of New England:   Dr. James Sulikowski 
University of New Hampshire:  Dr. Paul C. Tsang 
East Hampton Town Department of Natural Resources 

Director:    Larry Penny 
Staff:     Mark Abramson 

Multi Aquaculture Systems, Inc., Amagansett, NY: Dr. Robert Valenti 
Montauk Inlet Seafood, Montauk, NY: Julia Bartlett 
LI Commercial Fishing Assoc:  Bonnie Brady 
 
 
 
Participating Commercial Fisherman: 
Charles Weimar  F/V Rianda S., Montauk, NY 
Chris Winkler   F/V New Age, Montauk, NY 
Michael Diem   F/V Susan & Caitlyn, Montauk, NY 
Sid Smith   F/V Merit, Greenport, NY 
Don Ball   F/V Jen-Lissa, Montauk, NY 
John Mason   F/V Vincenzo, Hampton Bays, NY 
Mike Fallon   F/V Blue Sea, Montauk, NY 
Dave Aripotch   F/V Caitlin & Mairead, Montauk, NY 
Scott Brzescinski  F/V Patriot, Hampton Bays, NY 
Brent Bennett   Pound Trap Fisherman, East Hampton, NY 
Wayne Fenelon  Pound Trap Fisherman, East Hampton, NY 
 

FINDINGS 
 

Accomplishments and Findings 
 
This project was successfully and fully executed and completed as per the original 
proposal and work plan.  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 two trips proved to be fully successful.  The project 
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had full support of New York’s commercial fishing industry.  The project fostered and 
expanded the concept of cooperative research with the industry.  The fact that nine 
different local trawlers (as well as two 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 very 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 owners/captains and crew of the nine trawlers 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. 
 
Our findings are presented immediately below for trips 1-10.  Findings for Phase II are 
presented further below.   
 
Data Reduction Techniques 
 
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 bluefish, butterfish, all crabs, all dogfish, American lobster, sand-dab flounder, 
scup, all sea robins, all skates, all squid, striped bass, weakfish, whelk, and winter 
flounder.  The PCA identified 5 axes with eigenvalues greater than 1, encompassing 75% 
of the variation.  Factor loads indicated that axis 1 was determined by the catch weight of 
butterfish, all crabs, American lobster, sandab flounder, scup, and whelks.  Each of these 
had factor loading scores exceeding 0.64.  Bycatch Factor 2 was determined by the catch 
weight of all skates and winter flounder, with loading scores exceeding 0.90.  Bycatch 
Factor 3 was determined by the catch weight of all squid and striped bass, with loading 
scores exceeding 0.73.  Bycatch Factor 4 was determined by the catch weight of all sea 
robins, with a loading score of 0.91, and Bycatch Factor 5 by the catch weight of all 
dogfish, with a loading score of 0.97.  Not represented in the first 5 factors were bluefish 
and weakfish as they were not significant factors.  
 
We employed correspondence analysis to evaluate the relationships between categorical, 
discrete, and continuous variables (Clausen 1988).  We converted continuous data into 
polytomous variables about the median.  These variables included catch weight, bottom 
temperature, depth, and Bycatch Factors 1 through 5 from the bycatch PCA.  Categorical 
variables included tow length and cull time, as well as several additional categorical 
variables, established by the following definitions: codend mesh size (large ≥ 5 inches; 
small < 5 inches); extension mesh size (large ≥ 4 inches; small < 4 inches); footrope 
length (long ≥ 90 feet; short < 90); summer flounder length (legal ≥ 14 inches; sublegal < 
14 inches); summer flounder market description (small < 1 pound; 1 pound ≤ medium < 2 
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pounds; 2 pounds ≤ large < 4 pounds; jumbo ≥ 4 pounds).  The first 4 dimensions 
accounted for 49% of the variation in these variables.  The number of variables that 
loaded on Dimension 1 made it unique.  (The other Dimensions dropped out.) These 
variables in Dimension 1 included bottom temperature, depth, codend mesh size, and 
footrope length.  Each of these variables had loading scores exceeding |0.55|.  
Accordingly, key variables describing environmental conditions and gear were correlated 
in the data set.  Tows with large codend mesh sizes and long footropes tended to be tows 
in shallow water with cool bottom temperatures. These variables were inherently 
confounding as independent variables for further statistical tests.  As a consequence, one 
of these key variables was chosen to represent them, as a proxy for the variables loading 
on Dimension 1. After some investigation, the variable chosen was codend mesh size.  
This proxy variable was retained as a main effect representing all of the variables loading 
on Dimension 1 in subsequent analyses of variance (ANOVAs).  No loading scores for 
bycatch PCA factors reached a loading value of |0.5| on Dimension 1.  However, Bycatch 
Factor 3 scored greater than |0.45|.  As a consequence, there was some degree of 
correlation between small catches of squid and striped bass, and cool temperatures, 
shallow tows, large mesh sizes, and long footropes.  
 
Analysis of Onboard Mortality 
 
We calculated the fraction of summer flounder alive specifically at the two cull times, 
immediate (0-10 minutes) and delayed (25-35 minutes).  These fractions were arcsin 
square-root transformed prior to ANOVA analysis (Sokal and Oden 1978).  In addition, 
we calculated the difference in fraction alive between the immediate and delayed cull 
times.  Prior to ANOVA analyses this variable was ranked.  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.  We focused on 
trips 3-10 because the standard cull times were not used for trips 1 and 2.  (See discussion 
under Problems Encountered section below.) We utilized two standard ANOVA models 
as shown in Table 1.  The first ANOVA included as main effects, tow time and codend 
mesh size (which represents a series of correlated variables as previously described) total 
catch weight as a covariate, and all interaction terms amongst these variables.  The 
second ANOVA utilized, as independent variables, factor scores for Bycatch Factors 1 
through 5 from the bycatch PCA.  
 
 The first ANOVA (Table 1) involved the tow and gear main effects with total catch 
weight as a covariate.  No main effects or interactions between those effects were 
significant for the fraction alive at the immediate cull time (0-10 minutes).  Thus the 
fraction of fish alive when brought onboard was not significantly affected by these 
independent variables.  Although fraction alive immediately upon capture was not 
affected by these variables, once the summer flounder remained on deck for 25-35 
minutes, tow time and codend mesh size, and most interactions between them and with 
catch weight, were significant.  Recall that codend mesh size represents several 
environmental and gear-related variables.  The difference in the fraction living between 
immediate and delayed cull time was also significantly affected by most of the variables, 
including the interaction terms.  The number of significant interactions suggests that 
survival of summer flounder on the deck is affected by a variety of factors in each tow 
and these factors are sufficiently variable from one tow to the next that the relationships 
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change, and, as a consequence, the interaction terms are routinely significant.  A 
posteriori examination of the ANOVA results using least squares means tests revealed 
that the difference in the fraction living between the immediate and delayed cull was 
significantly greater for 3-hour tows than for 1-hour tows (p = .036).  That is, the fraction 
living declined significantly more over time for 3-hour tows than in the 1-hour tows. 
However, the 1-hour tow was not significantly different from the 2-hour tow, and the 2-
hour tow was not significantly different from the 3-hour tow. Similarly, larger catch 
weights resulted in larger differences in the fraction living between delayed and 
immediate culls, with higher catch weight increasing the rate of mortality.  Higher catch 
weights are also generally associated with longer tows. The fraction living at the delayed 
cull was significantly greater in 1-hour tows than in 2-hour tows, and in 2-hour tows than 
in 3-hour tows and thus greater in 1-hour tows than in 3-hour tows.  Finally, at the 
delayed cull a higher fraction alive was associated with smaller codend mesh size, 
however, codend mesh size is a surrogate for several environmental and gear-related 
variables, so this result should be interpreted with caution.  However, it is evident that 
shorter tows, and the smaller total catch they usually produce, have a beneficial effect on 
fish survival to the delayed cull time period. 
 
 Examining the results of the second ANOVA (Table 1), that included bycatch PCA 
factors as independent variables, only Bycatch Factor 3 (squid and striped bass) affected 
the fraction alive, and then only at the 25-35 minute interval.  Higher fractions of living 
summer flounder were associated with lower catches of striped bass and squid 
(Spearman’s  ρ= 0.60; P = 0.0013).  It may not be coincidence that this particular 
bycatch factor loaded most heavily on Dimension 1 in the correspondence analysis, with 
largest catches of these fishes occurring at cool temperatures and shallow depths.  Thus, 
the explanation for this significant result may be related to the environmental conditions 
under which tows were conducted, rather than a direct relationship between bycatch 
species and the survivorship of summer flounder on deck (Table 1). 
 
As both ANAOVA’s in Table 1 show, the fraction live at the time of the immediate cull 
does not appear to be significantly affected by any of the bycatch factors nor any of the 
gear/tow independent variables or their interaction terms.  However, because of our 
limited sample size we cannot analyze these factor or variables on their own on a trip-by-
trip basis.  It could be possible that on any given trip any or multiple factors or variables 
could have been significant for the live fraction at the immediate cull, but not consistently 
so across multiple trips.  We do know, as explained below, that fish condition is affected 
by bycatch factors and the gear/tow variables and further that condition affects 
survivorship.  Also since the gear/tow variables and their interaction terms are significant 
for the live fraction at the delayed cull, but not the immediate cull, it is possible that there 
are a significant number of poor condition fish that are alive during the immediate cull 
but then start to die quicker than fish in better condition while on deck.  It may also be 
that the live fraction at the immediate cull is affected by a parameter that was not 
measured.  This is an unlikely scenario given the large number of parameters that were 
measured in this study.  
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Fish Health Data 
 
The health of summer flounder was evaluated 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. We also identified a series of injuries, including fin damage, 
fin tearing, anal explosion, anal tearing, net marks, scale loss, and abrasion.  Each of 
these injuries was assigned a value of significant, minor, or none.  These categories were 
converted into discrete variables by assigning a 3 to significant, a 2 to minor, and a 1 to 
none.  A set of injury scales was obtained by inputting the 7 types of injuries into a PCA.  
PCA identified 3 factors with eigenvalues greater than 1, comprising 51% of the 
variation.  A fourth factor brought the total variation explained to 65%.  Factor loads 
indicated that Factor 1 was principally determined by scale loss, abrasion, and, to a lesser 
extent, fin tearing, all positively correlated.  Factor 2 was determined by the incidence of 
fin damage and fin tearing, but the two variables were inversely correlated.  Factor 3 was 
determined by the incidence of net marks, with a smaller contribution by abrasion.  
Factor 4 was determined by the incidence of anal tearing. 
 
ANOVA was used to examine potential effects on fish health (See Table 2).  The first 
ANOVA utilized the five Bycatch Factors describing the diversity of bycatch species in 
the tows, and because of the possibility that health was also influenced by summer 
flounder length, length was added as a covariate.  The dependent variables included the 
condition index and the four injury factors obtained from the injury PCA.  Trends in 
ANOVA results were analyzed a posteriori using (1) least squares means tests and (2) 
spearman rank correlation tests.   
 
Injury Factor 4 (anal tearing) was not significantly influenced by any bycatch factors or 
summer flounder length.  The condition index and the three primary injury factors were 
influenced by Bycatch Factors 3, 4, and 5.  With the exception of Injury Factor 1 (scale 
loss and abrasion), summer flounder length was not a substantial contributor to condition 
or the occurrence of injuries.  A posteriori examination revealed that larger fish had 
higher Injury Factor 1 frequencies.  Increased catches of fish defining Bycatch Factors 3, 
4, and 5 were associated with higher degrees of morbidity (worse condition) and 
increased presence of Injury Factor 1.  The opposite was true for Bycatch Factor 2, where 
increased catches of fish were associated with lower degrees of morbidity (better 
condition) and a lesser occurrence of Injury Factor 1.  Injury Factors 2 and 3 were 
positively associated with catches of Bycatch Factor 1 and negatively associated with 
catches of Bycatch Factors 3 and 4.  Looking at condition and the occurrence of injuries 
as a whole, Injury Factor 1 provided relatively similar results to those obtained by the 
condition scale, which suggests that the condition scale was, in part, determined by Injury 
Factor 1 (scale loss, abrasion, and to a lesser extent fin tearing).  Also Injury Factor 1 
contains those injuries that are most likely to cause mucus loss contributing to a poor fish 
condition.  In addition, clearly the occurrence of Injury Factors 2 and 3, fin damage and 
net marks, were inherently independent and quite divergent from the occurrence of Injury 
Factor 1, scale loss, abrasion, and fin tearing.  
 
Next, using a second ANOVA (Table 2), we examined whether the condition index or 
injury factors were influenced by catch weight, tow time, and several environmental and 


