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Figure 4: Plot of the 95% confidence interval of the mean of survival between the three depths fished during the stu y. 
Depth is in Fathoms. I 
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Images: 

Figure 8: Deploying cages after longline operation. 

Figure 9: Hauling cages to assess survival after 72 hours. 
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-----------~--------- --­

Figure 10: Fish ready for assessment after 72-hour deployment. 

Figure 11: FV NeverEneugh; an example ofthe Iengline vessels used in the study, 
with cages stacked on fish box awaiting deployment. 
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•, 
Figure 12: Railroad track anchor ,Vert), and high-flyer and buoy (right) used to 

secure and mark cage placements 

Figure 13: Sub-legal cod held in live well onboard FV Miss Morgan prior to caging 
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Future research: 

Accurate discard mortality information is a difficult thing to tease out. The very act of 
studying the problem invariably results in a departure from normal commercial or 
recreational fishing practices. In fact, nearly every thing an investigator does is a 
potential variable. While there is usually an obvious direction of influence for a given 
variable, further thought will usually reveal a more subtle possibility of shifting the 
results in the other direction. 

For instance, the 'usual reaction from fishermen to the seafloor caging technique is that it 
will artificially inflate mortality- since the fish is subject to additional stresses (caging, 
lack of food etc.) that would not be a factor if it were simply released. They base this 
upon observations in which the majority of their discards actively and immediately swim 
away from the boat, presumably to safety and a long healthy life. However, it must be 
realized that fish inside the cages are protected from predators larger than themselves that 
might otherwise take advantage of a stressed, weakened fish that, although it swam away, 
was unable to protect or hide itself once back in its natural environment. Thus, the cage 
also can deflate mortality, but the plot still thickens. Further thought swings the 
pendulum swing back the other way, because the confinement of the fish inside the cage 
creates the potential for one of the situations most feared by the investigators. Fishermen 
on Cape Cod refer to it as, "getting flea'd up." A wounded, dying or dead fish in the cage 
can attract swarms of scavengers that will devour every fish in the cage, resulting in 
badly inflated mortality estimates because the healthy fish inside had no way to escape. 

Investigators wishing to escape this complex web of variables may wish for magic 
powers that would allow them to breathe underwater, so they could follow a fish around 
for thirty days after capture to watch whether it lives or dies. They should also throw in a 
request for invisibility, so that their presence does not scare away predators or stress their 
subject. 

Absent these magic powers, the task requires persistence, patience, and hard work. For 
just one species, a suite of techniques must be applied, including seafloor caging, tagging, 
and laboratory study. In addition to the short-term (approximately 72 hours) work like 
that performed in this study, long-term (approximately 30 days) work must be included. 
All gear types that interact with a species must be studied, across a full range of 
environmental variables like depth, water temperature and air temperature. The size and 
physical condition of the fish can be a factor. Finally, different capture, handling, and 
release parameters must be contemplated and addressed, such as soak time, deck time, 
technique used to remove the animal from the gear, and method of release. 

Obviously this type of effort requires a long-term commitment on the part of researchers, 
fishermen, and most importantly, funding. Development of an excellent set of discard 
mortality parameters for Pacific Halibut is reported to have taken 10 years and 10 million 
dollars. 
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Further studies of discard mortality in sub-legal cod should be undertaken, including 
continued work by the commercial fleets in cooperation with scientists. There may be 

---------'exceltenrpotentiah(}buit(taml~nlrancettre-rultaset through oppo.itUnistic caging of suO:------­
legal fish during normal commercial fishing operations. This work would be cost-
effective; since the vessel is already out working, only relatively small payments would 
be necessary to recruit industry partners. The work could be focused on times and areas 
in which the dataset is considered to be weak (i.e. 20 fathom warm water, a gap in this 
dataset). It is possible that under this scenario the soak time for the cages could run 
longer than 72 hours, since there would be no rigorous sailing schedule in place. This 
could easily be considered a positive, as longer times would generate an interesting 
comparison. 

There is also tremendous promise in the use of injury and condition indices to assess the 
effect of capture on a fish, and to predict the likelihood of survival (Davis 2005). Even 
more promising, specifically if it can alleviate the need to conduct comprehensive 
surveys of all species, is the potential to apply predictors, once generated, across a wide 
range of species (Davis, personal communication, 2005). Follow-up work on sub-legal 
cod that refines and applies this methodology would be warranted. 
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1 \, , 

Technical evaluation of"Survival of Sub-legal Atlantic Cod in the Northwest Atlantic Longline Fishery" 

1. Introduction 
This report documents an independent peer evaluation of the project, "Survival of Sub­
legal Atlantic Cod in the Northwest Atlantic Longline Fishery." This cooperative 
research project received funding from the Northeast Consortium in FY2003 and was led 
by John Pappalardo of the Cape Cod Commercial Hook Fishermen's Association in 
partnership with Henry Milliken of the National Marine Fisheries Service and Marianne 
Farrington of the New England Aquarium. This mail review serves as a formal 
assessment of the completed project and mainly focused on the certification of results, i.e. 
whether the experimental design was appropriate and if the conclusions are well 
supported by the data. 

2. Reviewer 
The following information about the reviewer is provided as evidence of the authority 
and expertise of the individual and to help authenticate the independent nature of the 
review process. The reviewer has signed the Northeast Consortium's "Conflict of 
Interest and Confidentiality Policies for the Technical Evaluation ofProjects" agreement. 
The views expressed do not necessarily represent those of the Northeast Consortium. 

The project reviewer has 14 years experience participating, designing and conducting 
marine fisheries research, much of it using a collaborative approach involving scientists, 
fisheries managers, fishermen, and other industry partners. The reviewer has worked at 
the state, federal and university level. Past research involvement has included dock-side 
and at-sea sampling offishes, laboratory analyses ofage, growth and reproductive 
structures, gill-net and nearshore long-line surveys, nearshore tagging of estuarine 
dependent fishes, use of otolith microchemistry to delineate fish stocks, use of side-scan 
to survey inshore/offshore fisheries habitat, use of hydroacoustics to estimate fish 
abundance around natural and artificial reefs, fish trap selectivity studies, and estimating 
survival of sub-legal discards from offshore hook and line and trap fisheries. 

3. Documentation 
In advance of the evaluation, the reviewer was provided with the project's final report 
entitled "Survival of Sub-legal Atlantic Cod in the Northwest Atlantic Longline Fishery." 
It was submitted to the Northeast Consortium on October 19,2006. Along with the final 
report, the reviewer received the project's funding proposal, two annual reports, and a 
popular press article entitled "Longliners, scientists team to study cod survival" published 
in Commercial Fisheries News, March 2006. According to the final report, no 
manuscripts have been submitted for publication in the peer reviewed literature at this 
time. Project data was not available through the Northeast Consortium's Fisheries and 
Ocean Data Management System at the time of the review. 

4. Comments and Recommendations of the Reviewer 
The reviewer was asked by the Northeast Consortium to address the criteria developed 
for the evaluation of Northeast Consortium-funded projects that are complete (Appendix 
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Technical evaluation of"Survival of Sub-legal Atlantic Cod in the Northwest Atlantic Longline Fishery" 

A), noting specific strengths and weaknesses of the project. All criteria were considered, 
but evaluation was focused on the second section, "Certification of Results." 

4a. Project Evaluation 

1. Project success: The purpose of the proposed research was to improve the 
understanding of thesurvival/mortality of sub-legal cod in the bottom set longline 
fishery in Southern New England. The specific objective was to quantify mortality of 
sub-legal cod on Georges Bank during various seasons (water temperatures) and at 
various depths. The project participants were able to achieve this goal in addition to 
generating a variety of useful information that may be beneficial for future research and 
developing numbers useful for management purposes. 

2. Certification of results: This study appears to have generated a sizeable data­
set for quantitative analyses. The investigators and participants should be commended 
for undertaking such a difficult and laborious task. I do have some specific concerns and 
comments regarding the study and will address them individually, not necessarily in 
order of importance, referring to page numbers or sections in the final report when 
possible. 

Study design - other variables: As the investigators explain in the future research 
section of the final report (p. 27), the design of the study is the most important aspect of 
the project, and sometimes the most difficult. Certainly, all variables can not be 
controlled or accounted for in a study such as this. Survival or mortality of individuals in 
this design is solely dependent upon observed categorical variables (i.e., jigged, snubbed, 
unsnubbed; cold, cool, warm, hot: 20, 30, and 40). While it is likely that these variables 
contributed the most to survival percentages, additional factors such as fish length, 
individual fitness, crowding and subsequent interaction inside the gear could have been 
just as important. However, individual fish that were put into cages were not measured 
(for length), assessed for condition prior to entry and exit from the live well and most 
importantly, not tagged prior to cage introduction to follow the fate of the fish. The 
study was originally designed to tag individuals to document their individual experience. 
Why did the investigators deviate from this methodology? 

Study design - environmental variables: Weather, bottom type, and dissolved 
oxygen content in the water column were never mentioned as contributing factors in cod 
survival during the 72 hour caging period. Anecdotal evidence from fishermen that I 
have worked indicates that strong winds / rough sea conditions can greatly contribute to 
observed mortality of fish caught in pots. Did any adverse weather occur during the 
course of the 72 hour trap sets? If so, this should be recorded an accounted for if 
possible. Was the bottom sandy, rocky or muddy? What about dissolved oxygen (DO) 
and water temperatures at both the surface and the bottom? Past experience indicates that 
DO may decrease with water temperature, especially in shallow, nearshore areas. The 
bottom temperature had to have been quite a bit cooler at depth than at the surface. 
Whether or not these factors contributed to the observations, they should be mentioned. 
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Technical evaluation of "Survival of Sub-legal Atlantic Cod in the Northwest Atlantic Longline Fishery" 

Study design - fish density in traps: The investigators approached this design 
component in a logical way - by evaluating survival of a range of fish densities within 
pots after a 72 hour holding period. But as in the previous comment section, other 
potential vanables were not addressed. The investigators looked at T5~30---,---'4n:5-an=-=-::d"6r-O/Y-f~1c:1shO:---------­
per cage. Initial reactions by the scientists were that increased fish density (within cages) 
may contribute to mortality. Unpublished work that I am involved with also found a 
significant correlation between increased fish density in traps and poor release condition 
(mortality). In short, fish density may be yet another contributing factor to mortality. 

Study design - use of jig caught fish: A control category would indicate a group 
offish not subjected to the riggers of capture and release by any fishing method. The jig 
caught fish do not meet this definition. Because jig caught fish were not randomly 
selected (i.e., only high quality individuals were selected for caging), it may be 
inappropriate to include this category as a "control" for the experimental design or even 
as representative ofjigged fish caught by commercial fishermen. Jigging methods (i.e., 
handline, manual rod and reel, and electric rod and reels) used in this study all have 
different retrieval rates. To make it even more complicated, not all fish subjected to 
capture that look healthy remain healthy. Barotrauma, the injury sustained from failure 
to equalize the pressure of the swim bladder with that of the surrounding environment, 
may be a contributing factor in observed mortalities for jigged fish. In addition, not all 
barotraumas present may be visible in fishes subjected to capture (i.e., protruding 
stomachs, bulging eyes, etc.) - some injuries may be internal. For these reasons, I would 
consider removing the jigged fish from the control category and including them for 
comparative purposes only, considering the limitations of the data or better yet, 
eliminating them from the study design. 

Study design -live wells: Why were "hot" (above 58F) live wells brought to 50F 
or less with saltwater ice? Was temperature and dissolved oxygen content measured for 
each live well for each trip? What was the bottom temperature on the fishing grounds 
during this time? Because temperature was determined to be a significant contributing 
factor to cod mortality - this factor should be further addressed in the results and 
discussion. 

Statistical Analyses: It appears that the selected logistic binomial analysis utilized 
in this study was appropriate given only percent survival or mortality and categorical 
dependent variables were used. However, the report barely includes any mention of the 
analyses conducted and even less of the analytical findings. More information is needed 
- especially if these fmdings will be submitted to a peer-reviewed journal. A table listing 
odds ratios would be more appropriate. If the investigators have individual data available 
(i.e., fish lengths, condition offish prior to cage introduction, etc ...), they may want to 
run an ANOVA to try and account for other variables and crosses. 

Statistical analyses: I'm not sure if it is appropriate to combine water temperature
 
categories in order to "reduce noise" and increase statistical power. I think this is better
 
left as is (i.e., 4 temperature categories). Results related to water temperature could be
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discussed in the conclusions, perhaps indicating what temperature range is most 
indicative of the longline fishery in relation to landings data. 

3. Data accessibility and dissemination of results: The data was not available 
for peer review at the time of the review. The project final report is complete, however, 
more elaboration of the statistical methods and results as well as more "discussion" 
would have been beneficial. 

4. Project partnerships: This was a project that required (and achieved) a high 
degree of scientific - industry partnering. Based on my aforementioned review, more 
time should have been spent on developing an adequate statistical study design so that 
final numbers could have been used for stock assessment purposes. For future projects, it 
would helpful to consult with a statistician and a stock assessment scientist prior to taking 
the first trip. 

5. Project impacts: Information gleaned from this study indicates that survival 
of sub-legal cod is higher than previous estimates. Conversely, some of these mortalities 
might have been attributable to possible environmental factors, levels of individual 
fitness, and handling practices not mentioned. The development of the low-rise cage 
should have utility for future offshore caging studies. 

6. End-users: The data generated in this study will be most beneficial to the 
longline industry itself, followed by NMFS fisheries biologists and stock assessment 
scientists. The conclusion section fails to mention what appropriate fishing practices 
(snubbing v. unsnubbing) should be utilized by the longline industry based on results 
obtained by the longline industry! Capitalizing on the public success of the project, the 
investigators should at least give opinions (based on the data) and appropriate reasoning 
as to which fishing practices, temperatures and water depths were most applicable to sub­
legal cod survival. 

7. Overall rating: Very good. The project would have benefited from a tighter, 
more detailed study design. The partnership aspect was excellent. 

8. Future research: It may be appropriate to duplicate this study (with the 
inclusion of tagging and additional variables!!!) for the depth and temperature ranges 
most utilized by fishermen and/or ranges that produced the most variability (i.e., 40 
fathoms; hot water temp, etc.). 

4b. Summary/Other Recommendations 

The project participants were able to document survival of sub-legal cod caught and 
released from the longline fishery in New England. It is truly an undertaking to get so 
many different team members to work together on this project; for that aspect alone, the 
investigators should be praised. This collaborative study generated useful information 
that may be beneficial for future and more specific research on this topic. Without 
addressing other potential variables that did not appear to be accounted for in this study 
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(if so they were not mentioned in the final report), I would not suggest utilizing the 
survival percentages as hard numbers for stock assessment / fisheries management 
purposes. I think that this study provided some great overall trends that can be used to 
isolate a smaller and tighter study design. 
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1. Introduction 

This report documents an independent peer evaluation of the project, "Survival of Sub­
-------legaLAtlantic_CodjnJh!LNor,thwest Atlantic Longline FisheD'." This cooperative 

research project received funding from the Northeast Consortium in FY2003 and was led 
_by JohnPappalardo and Tom Rudolph ofthe Cape Cod Commercial Hook Fishermen's 

Association (CCCHFA). Research partners included M. Sanderson of the CCCHFA, 
H.O. Milliken from NEFSC and M. Farrington formerly of the New England Aquarium. 

This mail review serves as a formal assessment of the completed project final report and 
focused on the certification of results by evaluating the.experimental design, data analysis 
and conclusions. 

2. Main findings and conclusions of the evaluation 

The project was given an overall rating of "very good" and is an. outstanding example of 
industry driven collaborative research. The project goals and objectives were met. Two 
hypotheses were evaluated, which were, survival of sub-legal cod would not be affected 
by sea surface temperature-catch depth or unhooking technique; and mortality of sub­
legal cod approaches 100%. The investigators analysis of the data disproved both 
hypotheses finding survival to be significantly affected by sea-surface temperature, 
capture depth and unhooking technique. The group also clearly documented that 
mortality was significantly less than 100% for all evaluated treatments. The reviewer 
cautions the investigators from making broad conclusions on the delayed mortality and 
survival of sub-legal cod in the hook and line fishery, especially any recommendations 
for mortality estimates for fisheries management, due to the short duration of cage 
studies. 

Major concerns regarding the certification of results included; use of control group, 
criteria used to develop sea-surface temperature ranges, potential within depth treatment 
affects resulting from-increased susceptibility to barotraumas, and caging densities. In 
addition, the reviewer recommended that the authorsaddressed size versus mortality and 
soak time/handling versus mortality. 

The reviewer also indicated that the most important conclusion to be made from this 
project was that the observed mortalities regardless of treatment, Weremuch lower than 
100% and lower than previously observed survival estimates (Milliken, 1999). This 

_conclusion should certainly be taken into consideration by management. However, the 
short-term duration of the project as well as the previously identified concerns would 
limit the direct use of survival estimates for stock assessment modeling. 

3. Ilevievver 

The following information about the reviewer is provided as evidence ofthe authority 
and expertise of the individual and to help authenticate the independent nature of the 
review process. The reviewer has singed the Northeast Consortium's "Conflict of 



Interest and Confidentiality Policies for the Technical Evaluation of Projects" agreement. 
The views expressed do not necessarily represent those of the Northeast Consortium. 

--------Tlie revl~wer-nas-fo~rte-e-n-ye~ar~ohxp-errerrc-e-irrfisheries-scienee-arid-aquae~e---­
reviewer has a PhD in FisheriesScience and research experience in both vertebrate and 

. invertebrate physiology. In particular, the reviewer has published research directly 
pertaining to delayed mortality and fish physiology. 

4.	 Documentation 

. In advance of the evaluation, the reviewer was provided with the project's final report . 
entitled, "Survival of Sub-lagal Atlantic Cod in the Northwest Atlantic Longline 
Fishery." It was submitted to the Northeast Consortium on 10/19/2006. Along with the 
final report, the reviewer received the following documentation; 

a)	 Trade publication entitled "Longliners, scientists team to study cod survival" that 
appeared in the March 2006 issue of Commercial Fisheries News. 

0)	 Pappalardo, J. et al.. "Survivalofsub-legal cod (Gadus morhua) in the northwest 
Atlantic longlinefishery." FY2003 cooperative research funding proposal. 

c)	 Pappalardo, 1. et al. "Survival ofsub-legal cod (Gadus morhua) in the northwest 
Atlantic longlinefishery." Annual report submitted to the Northeast Consortium, 
June 30, 2004. 

d)	 Pappalardo, J. et al, "Survivalofsub-legal cod (Gadus morhua) in the northwest 
Atlantic longline fishery." Annual report submitted to the Northeast Consortium, 
June 2005. 

Project data was not available through the Northeast Consortium's Fisheries and Ocean 
Data Management System. 

S.	 Comments and Recommendations of the Reviewer 

The reviewer was asked by the Northeast Consortium to address the criteria developed 
for the evaluation ofNortheast Consortium-funded projects that are complete, noting 
specific strengths and weaknesses of the project. All criteria were considered, but 
evaluation was focused on the second, "Certification of Results". 

Sa.	 Project Evaluation 

Project Success: 

The project was successful in completing the identified goals and objectives. The 
purpose of the research was to document the survival of sub-legal Atlantic cod in the 
bottom-set longline fishery. In addition the investigators indicated an interest in 



determining the relationship between sea-surface temperature, depth and unhooking 
technique on survival. 

~were-e-¥a1uated,-which--Were~--SlllYiYaLDLsuhdega1cod would not be 
affected by sea surface temperature, catch depth or unhooking technique; and mortality of 
sub-legal cod approaches 100%. The investigators analysis of the data disproved both 
hypotheses finding survival to be significantly affected by sea-surface temperature, 
capture depth and unhooking technique. The group also clearly documented that 
mortality was significantly less than 100% for all evaluated treatments. However, I 
caution the investigators from making broad conclusions on the delayed mortality and 
survival of sub-legal cod in the hook and line fishery, especially any recommendations 
for mortality estimates for fisheries management. Project conclusion should be bound by 
the characteristics of the project, those being 72 hour survival of cod, caught by hook and 
line, and <22 inches in length. 

Certification ofResults: 

Overall the project was well designed and evaluated. In general, cage survival studies are 
scrutinized to begin with, since cage affects are difficult to identify and survival is 
typically followed over a short period of time « 5 days). After evaluating the final 
report, the proceeding comments are my recommendations and concerns. I would 
suggest investigators address these comments prior to their submitting a manuscript to a 
peer reviewed publication. 

Investigators chose to use logistic binomial regression analysis to evaluate the data. This 
is a powerful tool and I would commend the investigators for choosing this technique for 
their analyses. Logistic Regression is useful for situations in which you want to be able 
to predict the presence or absence ofa characteristic or outcome based on values of a set 
.ofpredictor variables. In this projects case survival is the predicted outcome. Since the 
dependent variable, survival, is dichotomous the use ofthe logistic model was a suitable 
choice for the investigators. Logistic regression coefficients canbe used to estimate odds 
ratios for each of the independent variables in the model, which the investigators did. 

When choosing a control group for the experiment, cod were caught almost exclusively 
by electronic jiggingand used as anindicator ofcage-induced mortality. Ifcaptivity has 
no lethal impact on the captive fish over the 72 hour period, there should be no observed 
mortality in the control group. Researchers observed mortality within the control group; 
The observed mortality was then used to adjust the mortality of the treatment groups to 
"reduce the noise". This group is not a true control group. Death may be due to captivity 
stress, but it may also and is more likely to be due to stress and injury from the capture of 
control fish by electronic jigging. The first problem with using these fish as a control and 
more importantly to estimate cage-induced mortality, was the capture method. The 
project is specifically evaluating hook and line induced mortality by release method. By 
jigging for control fish the researchers essentially created another capture and release 
method. Secondly, investigators selected only those fish considered strong and healthy. 
These two conditions not only disqualify the fish as a control but also disallow them from 



consideration as another treatment (electronic jigged fish). This should not significantly 
impact their results. The regression model they chose does not need a true control. The 

· variables, capture depth, sea-surface temperature and release technique can be used 
WIthout controtaOjustmenno. predtcnurvtvat--rsu~-g-esttliat-theiI1Vestigators-reanaJyze-·--------_· 
the data excluding the controlgroup mortality correction. In addition, the investigators 

· might consider having multiple control groups for this type of analysis. One control 
would be used to evaluate cage-induced affects. These fish should not be caught using 
hook and line, one suggested alternative would be by fish pot. Another control would be 
used to evaluate transport process affects from capture to caging. 

Additional areas that warrant further explanation are the criteria used to determine sea­
surface temperature ranges used for analysis, potential depth range affects and handling 
affects. Investigators evaluated survival based on four sea-surface temperature ranges. 
What information was used to identify these as significant temperature differences? The 
authors should cite literature or describe their reasoning for these classifications. Is it 
based on the biology of cod or do these temperature stratifications correspond to the 

· seasonal differences that occurred during their field trials? The researchers were clear 
with their justification of the depthranges. That being depths which represent regional 
longline fishing activity. My concern is that within each range values differ by 2 
atmospheres or 60 feet. This difference may be significant In other words, will 
susceptibility to barotraumas significantly change within each depth range? Ifpossible, 
this potential affect should be considered. With regard to handling the researchers 
indicated that gear soak time was always brief and only as long as it took to haul the gear. 
However, it was also stated that this time ranged from one to four hours. Does soak time 
impact survival? I realize this analysis would not be possible under the projects 
methodology however, it may be worth discussing as part of a manuscript. I also was 
interested in the size range offish used in the study. Methods indicated that sub-legal 
cod were used, <22 inches, but there was no mention of size distribution. It would be 
nice to look at the relationship between survival and size. 

Caging density should be further supported. The authors indicated that although the 
stocking density was high a density test was coriducted that indicated no significantaffect 
by densities of 15,30,45 and 60/cage. 1praise the initiative of the researchers for 
conducting a density study. However, the authors did not describe the duration of the 
study or provide statistical evaluation methods or probabilities. 

The investigators concluded that capture depth, temperature and handling technique all 
affect survival of sub-legal cod.:Sea-surface temperature had the strongest influence on 

. . 

survival but the group was quick to point out the predictive limitations associated with a 
short term study. In particular, snubbed fish would certainly suffer a higher mortality 
than was reported. Infection, disease and feeding difficulties would reduce fitness 
increasing susceptibility to predation and injury related mortality. The investigators 
addressed this issue in the conclusion section by pointing out that "if snubbed fish had 
been assessed past 72 hours, the mortality may have increased due to the resultant jaw 
injury that may have prevented feeding." 



It is my opinion that the most important conclusion to be made from this project was that 
the observed mortalities regardless of treatment, were much lower than 100% and lower 
than 'previously observed survival estimates (Milliken, 1999). This conclusion should 

~--------'c"t'eortrt·ain}y-be-tak-en-inte--eensiOOfatien-b-y-manag-ement.-Howe¥er;the:..shCllE.term.:duratkm _ 
. of the project as well as the previously identified concerns would limit the direct use of 
survival estimates for stock assessment modeling. 

Data Accessibility and Dissemination ofResults: 

Project data is not currently available through the Northeast Consortium's Fisheries and 
Ocean Data Management System. The project was highlighted by the Commercial 
Fisheries News. Being a broad industry publication serving northern' New England the 
Commercial Fisheries News reaches a wide variety of fisheries stakeholders. The final 
project report was well written and thorough. The,data should be evaluated without the 
use of the electronically jigged fish mortality estimates. 

Project Partnerships: 

This project scores high marks for industry collaboration. This was an industry-led 
project from the beginning. The Cape Cod Commercial Hook Fisherman's Association 
were not convinced with early cod survival field experiments conducted by the Northeast 
Fisheries Science Center and worked cooperatively with science partners to design an 
experiment that reflected normal commercial fishing practices. 'An amazing number of 
fish were caught and evaluated by the project partners (>3,700), more than forty people 
are listed as participants, with twelve (12) commercial fishing vessels and sixteen (16) 
crew members. 

Project Impacts: 

The most important conclusion to be made from this 'project was that the observed 
mortalities regardless of treatment, were much lowerthan 100% and lower than 
previously observed survival estimates (Milliken, 1999). This conclusion should . 
certainly be taken into consideration by management when reviewing fishing mortality 
estimates. However, the short-term duration of the project as well as the previously 
identified concerns would limit the direct use of survival estimates for stock assessment 
modeling. 

From a research and experimental design standpoint this projectprovides a framework , 
for additional delayed mortality work for both hook and line as well as other commercial 
fisheries. 

End-Users: 

The data should be made available on the Northeast Consortium's Fisheries and Ocean 
Data Management System. In addition, outreach materials could be developed for the 
hook and line fishery that detail ways of enhancing survival of sub-legal cod and fish in 



general through best handling practices. The research steering committee of the NEFMC, 
as well as groundfish management teams should be given summaries of these research 
findings. 

Overall Rating: 

Very Good 

Future Research, Comments and Guidance: 

The Northeast Consortium should continue to support survival experiments for 
commercially important species. This project in particular poses additional questions 
regarding depth and surface-water temperature affects on discard survival of cod. Other 
topics of interest would include the impact of size, handling time, and air temperature on 
survival, as well as development of methodologies for long-term survival observations. 

. . 

I would recommend that the authors review the current scientific literature available on 
discard mortality estimation prior to submitting a manuscript to a peer reviewed journal. 
The majority of cited literature are not current (not within the last five years). 
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Technical evaluation of "[project title}" 

1. Introduction 

This report documents an independent peer evaluation of the project, ""Survival of Sub ­
Legal Atlantic Cod in the Northwest Atlantic Longline fishery." This cooperative 
r~seafC-h-projeet-reooived-:funGing-ft{}m-tfl€}-Nm-th~ast-Cgnsortium--in-E-)72003-and-WaS-led-------__ 
by Joe Pappalardo of CCCHFA in partnership with NOAA and New England Aquarium. 
This mail review serves as a formal assessment of the completed project and focused on 
project objectives, methods, results etc. 

2. Reviewer 
The following information about the reviewer is provided as evidence of the authority 
and expertise ofthe individual and to help authenticate the independent nature ofthe 
review process. The reviewer has signed the Northeast Consortium's "Conflict of 
Interest and Confidentiality Policies for the Technical Evaluation ofProjects" agreement. 
The views expressed do not necessarily represent those of the Northeast Consortium. 

The reviewer has biology background and 30 years experience as a fishermen, research 
and development scientist for a major fishing company, federal government fish 
technician, international foreign fisheries observer, and provincial government policy 
advisor and manager. 

3. Documentation 

In advance of the evaluation, the reviewer was provided with the project's final report 
entitled, "Survival of Sub - Legal Atlantic Cod in the Northwest Atlantic Longline 
fishery." It was submitted to the Northeast Consortium on July 31,2007. Along with the 
final report, the reviewer received the project's funding proposal and guidelines and 
evaluation criteria for technical evaluation, conflict of interest policy and form, final 
report writing instructions, and template. Project specific included funding proposal, 
annual reports 2004,2005 and final report 2006 and project article from Commercial 
Fishing News. 

4. Comments and Recommendations of the Reviewer 

The reviewer was asked by the Northeast Consortium to address the criteria developed 
for the evaluation ofNortheast Consortium-funded projects that are complete (Appendix 
A), noting specific strengths and weaknesses of the project. All criteria were considered, 
but evaluation was focused on the second, "Certification ofResults." 

4a. Project Evaluation 

The main findings are that the project has met its stated objectives, and provided valuable 
additional data and conclusions on the subject ofbycatch survival. Due to the complexity 
ofvariables and parameters, and results of the previous experiment, (Milliken et a11999) 
consideration should be given to repetition and or expansion of the experimental protocol 
to further give confidence to the results ofthis experiment. 
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Technical evaluation of "[project.title]" 

Most of the results were predictable and I suggest expected to those with knowledge of 
gadoid biology and reaction to capture and holding related to depth and temperature. 

tthouglrrthe~experimental--desigrrmethodiamt-aIlaiysiswere--adequatelydescribed-amt----­

that the approaches to experimental design, methods, and data analysis were sound The 
data was accurate, precise, and believable. Inconsistencies or anomalies were identified 
and dealt with in the data and documentation The results and conclusions seem 
supported by the data. The results and conclusions contribute to a better knowledge of 
this issue and gaps and or future work is identified and seems appropriate. 

Noted comments: 

Jigged is not clearly described, as fish were caught with bait and / or actually jigged with 
unbaitedjiggers which tend to be more damaging and stressful on the caught fish. 
Perhaps one method could have been used for better control, but this is a minor point 
with individual fish grading for condition 

Cage density ofcaptured cod - This was an issue and was addressed by a holding 
experiment, but only in one experiment. Fifty fish per cage ofthis size is still a high 
density, and although fish do school densely, the natural in situ density of cod would 
likely be much lower, and could have subliminal or subtle stress density effects on 
weakness and mortality. 

1.	 Data accessibility and dissemination of results: The structure ofdata and'
 
presentation ofthe information seems a good level to promote digestion and
 
understanding by industry and the public, and is not for the most part too
 
scientific to cause a lack of interest or understanding. The final report complete,
 
sufficient, and understandable to end-users. The future research piece is very
 
enjoyable and avoids the dryness and technical nature ofreporting on scientific
 
experiments, which perhaps makes the paper a bit more approachable to public
 
and fishermen.
 

2.	 Project partnerships: The project as described involved fishermen as key
 
participants throughout the course ofthe project, including project design, data
 
collection and analysis, and application ofthe results or products. This is an
 
excellent model to both carry out experiments efficiently and economically as
 
well as to build understandings and relevant measure s between industry and the
 
regulator. Assumptions ofmortality on stock calculations are very important to
 
fishermen and what they may have available as a resource.
 

3.	 Project impacts: The project has or could have an impact on the assumption
 
used in calculating stock assessments. This is very important for fishermen and
 
also important for scientists form a scientific and socio-economic point ofview. It
 
also promotes industry science cooperation in working on a positive outcome to
 
both parties.
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Technical evaluation of "[project title]" 

4.	 End-Users: Most stakeholders could benefit from knowing, fishermen and 
J)cientists_a_s~lLa~enyimnm.entaLgroups, in order to aid in understanding~ 

impacts on mortality, better survivability for science assumptions, and increased 
resources for industry who use longlining as a fishing method. 

5.	 Overall rating. I would rate the project as very good due to the incorporation of 
industry and a simple but effective and practical experimental protocol and use of 
scientific methods that focused on a very important, relevant and answerable 
question. 

6.	 Future research. Given the importance ofthe subject, the scientific principle of 
prediction and repeatability and the varied results ofthe first experiment, another 
experiment to confmn trends and results would appear justified. If there is real 
consideration of a change in fishing mortality assumptions by the scientific 
authority, this research should be given high priority. 

7.	 Additional comments and guidance. 

4b. Summary/Other Recommendations 

Overall a good project incorporating real life meaningful connection and utility by using 
scientific methods and directly incorporating stakeholder resources commitment and 
knowledge. 

Appendix A 

Evaluation Criteria 

The reviewer was asked by the Northeast Consortium to address the criteria listed below, 
noting specific strengths and weaknesses of the project. Reviewers are asked to consider 
all criteria but focus their evaluation on the second. The criteria were developed for the 
Evaluation of all Northeast Consortium-funded projects that are complete. 

8.	 Project success: Did the project accomplish its stated goals and objectives? 

9.	 Certification of results: Is there adequate description of the approaches to 
experimental design, methods, and data analysis? Were these approaches 
appropriate? Are there other approaches that the participants could have 
considered or used? Are the data accurate, precise, and believable? Are the 
results and conclusions well supported by the data and statistically valid? Can the 
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1 Abstract 

~======-__~2 This study investigated the survival of sub-legal Atlantic cod, (Gadus morhua,) 

3 discarded in the u.s Northwest Atlantic longline fishery and examined the effects of 

4 handling technique, sea surface temperature, and capture depth on survival of the 

5 discarded fish. Longline caught cod were either removed from the hook by hand 

6 (unsnubbed) or removed by allowing the hydraulic hauler to pull the fish against the 

7 parallel steel cylinders placed vertically on the gunwale, causing the hook to pull through 

8 the jaw (snubbed). Jigged caught fish served as a control in the survival experiments. 

9 Once caught, live fish were placed in underwater cages, and short-term survival, was 

10 assessed after holding the fish for a minimum of 72 hours. Survival was analyzed using 

11 three water depths and four sea surface temperature (SST) strata. Cod survival in these 

12 strata ranged from 31% to 100%. Depth and SST affected survival more than the de­

13 hooking technique. Survival was higher in shallow depths and at lower temperatures. 

14 Unsnubbed fish had higher survival rates than snubbed fish. 
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15 Introduction 

t6 

17 Given that perfect selectivity can only be approximated in fishing gear, undersized or 

18 juvenile individuals are inadvertently taken as part of all commercially harvested marine 

19 catches. Federal fisheries regulations require that undersized individuals of commercially 

20 important species taken in the northeast multispecies groundfish fishery be returned to the 

21 sea ((Federal Register, 1989; NEFMC, 1985) and the National Marine Fisheries Service 

22 (NMFS) has highlighted research on discard mortality rates as a priority. Estimating 

23 bycatch survival has been the focus of many investigations. The actual survival of 

24 bycatch depends on complex interaction of factors such as species type (Carr et al., 1995; 

25 Robinson and Carr, 1993; Poiner and Harris, 1996; Smith, 1996), individual injury levels 

26 (Milliken et al., 1999; Main and Sangster, 1990), gear type (Carr et al., 1995; Rutecki and 

27 Meyers, 1992), fishing depth (Neilson et al., 1989), duration of set (Robinson and Carr, 

28 1993), handling time (Neilson et al., 1989; Robinson and Carr, 1993), and fish age (i.e. 

29 length) (Milliken et al., 1999; Neilson et al., 1989, Davis, 2005). 

30 

31 Bycatch survival in commercial fisheries is poorly understood. Developing quantitative 

32 methods to accurately assess discard mortality requires an understanding of the factors 

33 that contribute to this mortality, how mortality is defined within each context, and 

34 measuring variables under commercial fishing conditions (Davis, 2002). Because 

35 bycatch survival affects the biomass of cod in the northwest Atlantic an undefined 

36 estimate of true survival may negatively affect the success of fishery management 

37 (Chopin et al. 1997; Mesni11996; Davis 2002; Ryer 2004). Unless the survival of 

38 bycatch is specifically quantified for a species, assessing the status of that stock, setting 
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39 appropriate fishing levels and developing an optimum yield may be problematic (Chopin 

-----40------et-aH99-7;-Mesni-l-l-996;-Ryer-2004+-).------­

41 

42 Discarded groundfish (including cod)) in the bottom trawl and gillnet fisheries are 

43 assumed to suffer 100% mortality. The assumption that 100% of the discarded cod and 

44 other species do not survive in the longline fishery is not supported by previous research 

45 in the USA groundfish longline fishery (Milliken, et aI., 1999) or in other fisheries using 

46 longline gear (Neilson et aI., 1989, Orsi et aI., 1993). Bycatch in the longline gear have 

47 high survivability as compared to other fishing methods. Soldal and Huse (1997) found 

48 no mortality of 18 sub-legal haddock that had the hooks ripped from their mouths. The 

49 survival of Atlantic halibut (Hippoglossus hippoglossus) caught by longline was 77% 

50 compared to 35% caught by trawls (Neilson et aI., 1989). The survival ofjuvenile sable 

51 fish (Anoplopomafimbria) was much higher when captured by hand jigging (81%) than 

52 in traps (25%), presumably because of the decreased incidence of secondary bacterial 

53 infection resulting from skin abrasions caused by the traps (Rutecki and Myers, 1992). 

54 An increase in the survival ofhook caught Chinook salmon (Oncorhynchus tshawytscha) 

55 occurred when circle hooks were used instead of lures. This decreased the incidence of 

56 gut hooking and decreased mortality due to the less abusive nature of the injuries (Orsi et. 

57 aI., 1993). 

58 

59 The only previous evaluation of the survival of sub-legal cod in the northwest Atlantic 

60 demersallongline fishery (Milliken et aI., 1999) assessed fish that had been placed in 

61 cages and returned after 72 hours to the depths at capture. Survival rates ranged from 
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62 22% to 47% for fish that were snubbed and 38% - 63% for fish that were carefully 

63 removed from the hooks (Milliken et. al. 1999). However, "control" fish that were 

64 individually captured by jigging (handgear, comprising handlines, manual rod and reel, 

65 and electric rod and reel) and carefully removed from the hooks also encountered 

66 significant mortality. Hence, the study results may not have accurately estimated survival 

67 of sub-legal sized cod as the caging process and experimental techniques may have 

68 influenced survivability (Milliken et. al. 1999). The need for better data and the 

69 concerns of fishermen and managers alike about the previous study combined to 

70 necessitate additional work. An ambitious and rigorous research protocol that included 

71 input from the fishing community and which addressed factors such as seasonality and 

72 depth of capture was deemed essential. 

73 

74 The objective of this study was to document the survival of sublegal cod captured in the 

75 bottom-set (demersal) longline fishery in New England. This study focused on the effects 

76 of season (sea-surface temperature), depth of capture, and unhooking technique. 

77 

78 Methods 

79 Cod were collected by commercial vessels fishing southeast of Cape Cod (Figure 1). For 

80 each sampling event, defined as a day on which actual fishing took place, two to four 

81 vessels fished commercial bottom set longline gear and rod and reel gear to capture cod. 

82 After capture, sub-legal cod «56 ern) were held in on-board live wells until 50 fish had 

83 been collected, and then placed in cages that were subsequently lowered to the seafloor. 

84 The cages were retrieved after at least 72 hours and the condition and health of the cod 

Page 5 of 19 



85 examined and recorded. Fishermen were responsible for determining suitable 

86--experimentalfrshing-areas-witlTrn-each-requtre-<t-se-a-sTIn~<tel'th-strata. 

87 

88 Fish were originally intended to be collected during all four seasons. However" the 

89 investigators recognized that the seasonal variable of concern was sea water temperature 

90 and therefore aimed to sample in each of four sea surface temperature (SST) categories as 

91 follows: Cold <6.7° C; Cool 6.7-9.0° C; Warm 9.1-14.4° C; Hot> 14.4° C. The 

92 categories were determined by the industry partners, as these temperatures prevail during 

93 each season. On occasion, the research was delayed because the temperature changes had 

94 not occurred by the time of the scheduled sampling event. 

95 

96 The study was also designed to assess survival across different capture depths, and to 

97 investigate the interplay between season and depth. Cod were sampled in depths of 37 

98 meters (range- 27-46m), 55 (range 46-68m), and 73m (range 68-72m) [20, 30, and 40 

99 fathoms respectively]. These depths encompass where most regionallongline fishing 

100 occurs (1. Pappalardo, Cape Cod Commercial Hook Fishermen's Association, pers. 

101 comm.) The depth at which the gear was set was typically close to the targeted depth but, 

102 because there was a range of depths along the length of the string, it was decided to keep 

103 these depths as categorical data as opposed to continuous data 

104 

105 Within each temperature and depth combination, three different treatments were 

106 conducted: snubbed, unsnubbed, and jigged. Snubbed and unsnubbed fish were removed 

107 from the demersal longline gear in a fashion that followed as closely as possible the 
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108 removal of fish during normal commercial fishing operations. These two treatments 

109 included the first 50 fish caught off a given string regardless of condition. While dead 

110 fish were not tanked or caged to avoid attracting scavengers, they were still counted as 

111 mortality towards the sample size. 

112 

113 The jigged fish were intended to act as a control to indicate cage-induced mortality. As 

114 such, only healthy looking sublegal fish exhibiting no major injuries were selected for the 

115 50 fish sample; dead, weak or injured fish were not used or counted. 

116 

117 For each of the twelve sampling strata (four sea surface temperature by three depth 

118 strata), a minimum of 150 sub-legal fish were obtained in each of the three treatments. 

119 The sub-legal fish were measured, assessed for condition and placed in live tanks, with an 

120 emphasis on limiting handling time. Information recorded for each fish included: 

121 handling technique, depth of capture, air, surface and bottom temperature, size offish, 

122 time of capture, and behavior upon placement in the live well. In addition, the stamina of 

123 the fish was rated into one of four categories (Vigorous, Moderate, Limp, or Dead). The 

124 location of any hook wound was recorded (Mouth, Eyes, Gills, Gut, or Body), as was the 

125 severity of the wound (None, Slight, Moderate, Serious, Severe). Finally, any apparent 

126 effects of barotrauma were noted (Eyes, Stomach, Vent etc.) The cod were kept in the 

127 live wells until 50 fish were collected or haul-back was completed. To minimize tanking 

128 time in cases when the sample was achieved early in the haul, participating fishermen 

129 would buoy off the longline gear mid-haul to sink the cage. 

130 

Page 7 of 19 



131 In conducting the field research, 1-2 commerciallongline vessels were accompanied to 

------+1~2__the~shing-groUflds-1;}y-l~2_jig-ve&se-ls-that-{*Hl-ght-the-{;0ntrol-:fish.-All--Hsh-were-plaGed-inf-----------~ 

133 holding tanks, caged, and sunk using the same techniques. Each longliner and jig vessel 

134 had onboard a captain, crew, and technician/scientific data collector (tech/SDC). This 

135 tech/SDC was either a scientist or a technician recruited from the local fishing industry 

136 and trained by an experienced scientist. No sooner than 72 hours, a vessel returned to 

137 haul all the cages. Survival of the fish in the cages was assessed and recorded. This 

138 protocol was based on work by Sangster et. al. (1996), which showed that the majority of 

139 the mortality attributable to the capture process occurs in the first 72 hours. Following 

140 retrieval, the cages were brought back to port until the next sampling event. 

141 

142 Each longline vessel fished a bottom set longline consisting of366 meters of mainline 

143 with 300 12/0 circle hooks spaced every 1.2 meters, constituting one bundle. Three to 

144 four bundles were strung together to constitute a string, and 3-4 strings were set per 

145 fishing day to arrive at a total effort of approximately 3,600 hooks per day. Strings of 

146 hooks were placed in close proximity to minimize any bias that could result from 

147 collecting fish from different areas (i.e. depths and temperatures). Bait type was kept 

148 consistent across a given fishing event. The fishery studied does not utilize long soak 

149 times, as fishing events are strictly timed to the tidal cycle. The gear is set just before 

150 slack tide, and hauled as quickly as possible. As such, soak time is always brief, ranging 

151 from as little as an hour to a maximum of about 4 hours. Set time, set location, set depth, 

152 and soak time were all recorded. 

153 
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154 Each vessel was equipped with live tanks sufficient to hold 50 fish. Live wells were 

155 aerated with circulated seawater or aeration pumps with air stones. When sea surface 

156 temperatures were high (above l4°C), live wells were chilled with saltwater ice to io-c 

157 or lower to prevent live well induced mortality. Each of the longline vessels fished its 

158 gear at a predetermined depth. The first 50 sub-legal cod captured on each string were 

159 removed from the hook in one of two ways. Prior to fishing, a coin was tossed which 

160 determined which treatment would be followed for the first string, and then treatments 

161 were alternated on subsequent strings. Once assigned, a given treatment was followed 

162 until 50 fish were caught, or the end of the string was reached 

163 

164 The unsnubbed treatment group was unhooked by hand, without allowing the fish to 

165 contact the fair lead roller (a set of steel cylinders that guide the line and used to restrain 

166 the fish) and without allowing the force of the hydraulics to pull the hook out. The 

167 snubbed treatment group was de-hooked by allowing the fish to contact the fair lead 

168 roller, and the force of the hydraulics was used to pull the hook through the jaw. The 

169 result is that the hook often tears flesh, breaks the jaw, or causes other injuries. 

170 

171 Another group of cod were caught by handgear and used as an indicator of potential 

172 cage-induced mortality. Handgear is defined as handlines, manual rod and reel, or 

173 electric rod and reel, equipped with terminal tackle consisting of 2-5 hooks with bait or 

174 artificial lures and a weighted jig. Vessels in this study used electric rod and reel almost 

175 exclusively, and the practice is referred to as ''j igging". The fish in this group were 

176 caught in the same area as the longline sets and placed in cages in close proximity to 
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177 those with the longline fish, but instead of using the first 50 fish, the control cages 

-----~7-8______contained_5B-healthy_look-ing,non-i~t1red-flStt--'f-he-sttldy-t-ook-ad:yantage-of-the-handling~-----~ 

179 techniques developed by jig vessels contracted by the CCCHFA for the Northeast 

180 Regional Cod Tagging Program. 

181 

182 Fish were transferred by dip net from the live well to cages tethered alongside the vessel, 

183 and no more than 50 fish were placed in each cage. Transfer time was recorded, and a 

184 final count of the number placed into each cage was documented. Each cage was closed 

185 and secured, and lowered to the bottom at a controlled rate (typically 1 to 2 minutes 

186 depending on depth). 

187 

188 Because of concerns for the high center of gravity of the cages used in the previous cod 

189 mortality study (Milliken et. aI., 1999) rigid low-rise cages with cylindrical shapes and 

190 integrated bottom weights were designed and tested in local waters and showed great 

191 promise. The overall volume of the round cages was approximately 104m2 (0.6m high 

192 with a 102m diameter), comparatively small as compared to Milliken et al. (1999). 

193 

194 Prior to the study, there was concern and disagreement about the number of fish that 

195 could be placed in the cages before their density would affect their survival. A density 

196 test was performed in which eight cages were filled and sunk, two each with 15,30,45 

197 and 60 cod respectively. No differences in mortality were observed after 72 hours and it 

198 was decided that 50 fish was a practical density. 

199 
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200 Cages were set as singles, with one anchor, one buoy line, one buoy, and one high-flyer 

201 per cage. Anchors were 80-pound sections of steel railroad track with bridles constructed 

202 ofa steel shackle, 12 inches of chain, and 4 feet of polypropylene rope. Buoy lines were 

203 0.8 or 0.86 em line that varied in length depending on the depth. Buoys were large, low 

204 drag, poly-balls. High-flyers were 3.6 meters long and equipped with radar reflectors. 

205 All gear was fully compliant with the requirements of the Atlantic Large Whale Take 

206 Reduction Plan, including commercially purchased swivel-style weak links incorporated 

207 into the buoy lines. 

208 

209 Data were collected on Palm Pilots purchased and equipped with Smartlist to Go 

210 software. This offered the efficiency and accuracy of a date-time stamp for each entry, 

211 and eliminated the need for keypunching and associated errors. Paper datasheets were 

212 provided as a backup. 

213 

214 To evaluate discard survival, a logistic binomial model was developed using survival as 

215 the dependent variable, and 3 levels of sea surface temperature (SST), 2 levels of depth, 

216 and 3 treatments as categorical predictors. All main effects, all 2-way and one 3-way 

217 interaction were compared on the basis of the Aikaike Information Criterion (AIC) with 

218 AIC values differing by >6 assumed to be not supported by the data (Burnham and 

219 Anderson, 2002). Models were analyzed using Systat 10. 

220 

221 In addition to the binomial logistic comparison, the data were also tabulated (Tables 

222 1,2,4,5) and graphed (Figures 2-4) to show the percent survival associated with various 
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treatments and parameters. The mean and 95% confidence intervals were also graphed 

grouped by cold (SST:::; 9.0°C) and warm (SST> 9.0° C) and analyzed by adding the 

mortality of the jigged fish to the rate of survival (Figure 4). A middle point was added 

to the data between these two points. This was presented to show the possible range of 

mortality for the different treatments. Additionally, survival for the different treatments 

was compared by plotting the means and the 95% confidence intervals for the different 

parameters (e.g., depth, sea surface temperature and catch / dehooking method) using 

Systat 10. Finally, the data were compared using an F-Test for differences within the 

232 treatments and parameters tested (Table 6).
 

233
 

234 RESULTS:
 

235
 

236 On fourteen different days, two to three vessels fished and caught 3,764 sub-legal cod
 

237 that were assessed for survival] at three different depths and four temperature categories
 

238 (Table 1). For all treatments, survival following caging ranged from 31% to 100% (Table
 

239 2) not accounting for any mortality associated with the handling and caging process. On
 

240 average, survival rates were higher at lower sea surface temperatures (SST< 9°C (Figs 2
 

241 and 6)) and in shallower depths (Figs. 3 and 5). Temperature and depth had a greater
 

242 influence on survival than treatment (Fig. 2-3). When the data were grouped into cold (:::;
 

243 9°C) and warm (> 9°C) truncated categories (Tables 4 and 5, Fig. 3 and 7) it becomes
 

244 evident that warmer sea surface temperatures reduced survival at the two deeper depth
 

1 This does not include fish used to test cage density, or fish that 
were tagged and assessed. 
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245 zones (55 and 73m.). At the shallower depth (37m), the effect of the warmer sea surface 

246 temperature on mortality is not apparent. 

247 

248 A logistic regression model including all main effects, all 2-way interactions and the 3­

249 way interactions provided a slightly better fit to the data (AIC= 2151) than the only 

250 acceptable competing model, one containing only Treatment, Depth, Temperature and 

251 Temperature*Depth (AIC=2154). A plot of predicted values from both models showed 

252 the same pattern of clear differences among treatments with minor differences in survival 

253 estimated using the more complex model (the one including the 3-way). Because both 

254 models provided similar results and the AIC values differed by less than 6, the less 

255 complex model was selected. Odds ratios generated from this model (Table 3) suggest 

256 survival is affected more by sea surface temperature and depth, than by treatment. The 

257 estimated probability of survival is approximately five times greater (5.245 [95% 3.242­

258 8.486]) at the lowest sea surface temperature «6.7°C) as compared to the warmest sea 

259 surface temperatures (>14.4 "C) (Table 3). Additionally, the probability of survival is 

260 almost to six times greater (5.768) at a depth of37 meters as compared to 73 meters. The 

261 survival odds for jigged when compared to unsnubbed fish is twice as high (2.031), but 

262 the survival when snubbed is compared to unsnubbed is about half (0.563). 

263 

264 The results of the F-test within the treatments and parameters (Table 6) showed 

265 significant differences in survival between fish from 37 meters versus 55 meters, and 

266 from 37 meters versus 73 meters. A significant difference in survival was detected 

267 between fish from cold « 6.7°C) versus hot (>14.4°C) and between and cool (6.7-9.0°C) 
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268 versus hot water. No difference in mean survival was detected among the different 

------"}-26~9l}----jtreatmentsiftggeu;-urrsnub-b~e-d-aITd-s~nubb-ea). 

270 

271 DISCUSSION: 

272 

273 Depth, sea surface temperature and handling technique all affected discard survival. 

274 Although handling technique had less effect on survival then depth and sea surface 

275 temperature, if the snubbed fish had been assessed past 72 hours, mortality may have 

276 been higher due injuries from snubbing affecting subsequent feeding or promoting 

277 infection. 

278 

279 Survival was lower when sea surface temperatures and depth were highest. The high sea . 

280 surface temperatures occur in the summer when the bottom temperatures are actually the 

281 lowest of the year (- 6-1O°C) (Mountain, 1989). In the winter, mixing occurs that warms 

282 the bottom waters thus reducing the difference between bottom and sea surface 

283 temperatures. In our study area, in the deeper depths and during the summertime, the fish 

284 are being forced through water that is often 10°Cgreater than where they reside. The 

285 resulting temperature change can result in barotrauma and is a likely stressor that may 

286 have resulted in the greater observed mortality of the sub-legal cod. 

287 

288 Discard survival rates in this study were higher than reported in a previous study in New 

289 England (Milliken et. al. 1999). Although the results of the two studies differ, the larger 

290 sample size, reduced handling time, and improved caging techniques suggest that the 

291 survival rates attained during this study are a closer representation of fishing mortality on 
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292 sub-legal cod when compared to the previous study (Milliken, et. aI., 1999). Additionally, 

293 the current results should be representative of the discard survival rates in the fishery 

294 because the study was conducted under actual fishing conditions. 

295 

296 Removing the cod by the unsnubbed technique (i.e., twisting the line with the gaff, which 

297 causes the fish to be released with minimal injury), did not appreciably slow the onboard 

298 operations and was the preferred method by the fishermen involved in this study. Since 

299 the probability of short-term survival using this technique is almost twice as high and 

300 long-term survival is likely greater, widespread adoption of the unsnubbed technique by 

301 the industry would be of great benefit. 

302 

303 
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Date Temperature Depth 
caught category (Meters) 

12/28/2005 «6.7°C) 37m. 

1/6/2006 «6.7°C) 55m. 

1/24/2006 «6.7°C) 73m. 

6/9/2004 (6.7-9.0°C) 37m. 

11/26/2005 (6.7-9.0°C) 37m. 

5/17/2005 (6.7-9.0°C) 55m. 
1/11/2006 (6.7-9.0°C) 73m. 
12/5/2005 (6.7-9.0°C) 73m. 
6/21/2004 (9.1-14.4°C) 55m. 

6/9/2005 (9.1-14.4°C) 73m. 
6/30/2004 (9.1-14.4°C) 73m. 
8/10/2005 (>14.4°C) 37m. 

8/6/2005 (>14.4°C) 55m. 
8/2/2005 (>14.4°C) 73m. 

394 

395 

Jigged
 
Alive Dead
 

147 11 

129 29 
152 14 
49 5 
37 8 
65 0 
146 14 

35 8 
38 38 
48 25 

13 15 
111 16 

67 38 
61 47 

Snubbed 
Alive Dead 

32 10 

69 37 
87 35 

42 17 

14 7 

66 30 

45 10 

25 11 

13 3 
24 32 
85 54 
34 19 

73 83 
45 101 

Unsnubbed 
" 

Alive Dead 

87 15 

35 19 

50 10 

73 8 

61 23 

67 8 

94 26 

50 18 
22 3 

63 31 

98 27 
84 22 

105 41 
51 104 

396 Table 1: Number of alive and dead cod upon retrieval and evaluation by date, sea surface 

397 temperature, depth and treatment. 
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Ratio value 
0.004CONSTANT 

SST <6.7 DC 0.0005.245 8.486 3.242 
SST 6.7-9.0 DC 0.0004.785 3.6316.305 
SST 9.1-14.4 DC 0.0005.746 2.7413.968 
DEPTH 37m. 0.0005.768 8.892 3.741 
DEPTH SSm. 0.0001.8172.34 3.015 
TREATMENT Jigged 0.0001.3942.031 2.959 
TREATMENT Snubbed 0.0000.7320.563 0.434 

-

404 
405 

406 Table 3: Odds ratio with upper and lower limits and probability value for the different 

407 parameters tested. Higher odds ration equate to more effect on the model, which 

408 means a greater influence on survival. Odds ratios were calculated comparing: (1) 

409 the lower sea surface temperatures to the sea surface temperature>14.4oC, (2) the 

410 lower depths to the 73m depth, and (3) jigged and snubbed treatments to 

411 unsnubbed. 

412 

413 



414
 

415
 

Temperature Cold combined (:59.00C) Warm combined (> 9.00C) 

Depth 37m. SSm. 73m. 37m. SSm. 73m. 

Treatment % Survival 

Jigged 90.7% 87.0% 90.2% 87.4% 58.0% 58.4% 

Unsnubbed 82.8% 79.1% 78.2% 79.2% 74.3% 56.7% 

Snubbed 72.1% 66.8% 73.7% 64.2% 50.0% 45.2% 

416 

417 Table 4: Survival by treatment of sub-legal cod when data are grouped by cold (:59.00 C) 

418 and warm (> 9.00 C) sea surface temperatures. 



419
 

--- ­ Treatment 

Temperature 

Depth 

Survival + jigged cage mortality 

Observed survival 

Middle point 

Unsnubbed 

Cold combined C::: 9.0°C) Warm combined (> 9.0°C) 

37m. SSm. 73m. 37m. SSm. 73m. 

% Survival 

92.1% 92.1% 88.0% 91.8% 100.0% 98.3% 

82.8% 79.1% 78.2% 79.2% 74.3% 56.7% 

87.4% 85.6% 83.1% 85.5% 87.1% 77.5% 

Treatment 

Temperature 

Depth 

Survival + jigged cage mortality 

Observed survival 

Middle point 

Snubbed 

Cold combined C::: 9.0° C) Warm combined (> 9.0°C) 

37m. SSm. 73m. 37m. SSm. 73m. 

% Survival 

81.5% 79.8% 83.5% 76.7% 92.0% 86.8% 

72.1% 66.8% 73.7% 64.2% 50.0% 45.2% 

76.8% 73.3% 78.6% 70.5% 71.0% 66.0% 

420 

421 Table 5. Survival for snubbed and unsnubbed sub-legal cod when data are grouped by 

422 cold (:'S 9.00 C) and warm (>9.00 C) sea surface temperatures and the mortality 

423 experienced by the jigged fish is added to the survival. A midpoint is also 

424 provided. 



425 

426 

Depth (M) 
37 v. 55 
55 v. 73 
37 v. 73 

SST (C) 
Cold « 6.7) v. Cool (6.7-9.0)
 
Cold « 6.7) v. Warm (9.1-14.4)
 
Cold « 6.7) v. Hot (>14.4)
 
Cool (6.7-9.0) v. Warm (9.1-14.4)
 
Cool (6.7-9.0) v. Hot (>14.4)
 
Warm 9.1-14.4 v. Hot >14.4
 

Treatment 
Jig v. Unsnubbed 
Jig v. Snub 
Unsnubbed v. Snub 

Sig Dif. 
* 

NO 
** 

Sig Dif.
 
NO
 
NO
 
**
 

NO
 
**
 

NO 

Sig Dif.
 
NO
 
NO
 
NO
 

427 Table 6. F-Test results for differences in survival within (1) Depth, (2) Sea surface 

428 temperature, and (3) Treatment. "*,, = significant at a < 0.1, "**,, significant at a <0.05. 

429 
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Figure Legends 

Figure 1. Study area shown in red. 

Figure 2. Data grouped by depth and sea surface temperatures. No fish were collected at 
37 Meters in warm water. 

Figure 3: Data grouped by cold combined (:s 9.0C) and warm combined (> 9.0C) sea 
surface temperatures. High mortality ofjigged fish in warm water at 55 Meters was 
likely due to high live well temperatures on jigged vessel that increased mortality of this 
treatment. 

Figure 4: Plot ofobserved survival (triangle), observed survival plus the mortality on the 
jigged fish (circle), and the middle point (square). 

Figure 5: Plot of the 95% confidence interval of the mean of survival between the three 
depths fished during the study. Depth is in meters. 

Figure 6: Plot of the 95% confidence interval of the mean of survival between cold « 
6.7C), cool (6.7C to 9.0C), warm (9.1C to 14.4C.) and hot (>14.4C.) surface 
temperatures. 

Figure 7: Plot of the 95% confidence interval of the mean of survival between cold water 
«9.0C surface temperature) and warm water (> 9.0C surface temperature). Cold and 
cool, and warm and hot were combined 

Figure 8: Plot of the 95% confidence interval of the mean of survival between the two 
treatments and jigged fish. 
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Figure 6: 
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