APPENDIX F

RESPONSE BY DARD TO THE REPORT BY JON KRISTJANSSON ENTITLED: ON THE MANAGEMENT OF COD AND HADDOCK IN THE IRISH SEA. A REPORT PRODUCED FOR THE ANGLO-NORTH IRISH FISH PRODUCERS ORGANISATION LIMITED (DATED: AUGUST 2003)

Background

The report entitled “On the management of Cod and Haddock in the Irish Sea. A report produced for the Anglo-North Irish Fish Producers Organisation Limited” was written by Jon Kristjansson in August 2003 following his fact-finding visit to Northern Ireland. It provides an independent review of the scientific assessments carried out by ICES on Irish Sea cod and haddock. Sources of information used by the author were as follows:

· The October 2002 ICES ACFM report.

· The report of the ICES Working Group on the Assessment of Northern Shelf Demersal Stocks (2002 meeting).

· A DARD Fishery Note on the cod stock.

· Interviews with scientists, administrators and fishermen.
· A trip to sea on a commercial trawler on which some fish were sampled for ageing.
The Kristjansson paper was forwarded to DARD for comment. Firstly, some general comments are presented, followed by a more detailed response to the specific points made in the paper.

General comments

1.
The information on biology and trends in abundance of fish in the Irish Sea, reviewed in the Kristjansson paper, is based on established methods of sampling and analysis used throughout the world. It is recognized that there are many difficulties in studying populations below the sea surface and that there is considerable natural variability in fish stocks. Our understanding of fish stocks and processes affecting them, both natural and anthropogenic, will continue to improve through well-executed programmes of research. Critical peer review is a vitally important aspect of scientific research, and to this end DARD welcomes any independent scrutiny of its contribution to local and international studies that provide information for fishery managers.

2.
The Kristjansson report raises some issues of relevance, for example the lack of data on rates of natural mortality in many stocks and the need to consider how fish abundance affects growth of individuals. These are issues that are being addressed by ICES and by the wider fisheries science community. 

3.
The author promotes control of fishing effort rather than the use of TACs to achieve better management. Many scientists would agree that controlling the input (effort) is likely to be more effective than trying to control the output (catch). Dividing up a finite resource (i.e. the sustainable catch) into too large a number of small and restrictive quotas leads inevitably to incentives to misreport or dump fish and to a deterioration of the catch data needed for assessing the stocks. The author’s proposal that fishing effort should be set at the 1980’s level is, however, not supported by any analysis of what this would mean if applied to the present, rather different fleet structure. 

4.
The main conclusions of the report are that the current state of the Irish Sea stocks is “normal and not endangered”, that stock size is under-estimated due to mis-reporting, that natural mortality is underestimated and fishing mortality “grossly overestimated”, that the research surveys do not give representative data on the stock, and that stocks should be fished hard from a very early age in order to promote growth and subsequent survival. We consider the author’s conclusions to be unsupported by any convincing evidence. 

Specifically:

· He has not provided any alternative time-series of data on the stocks or any analysis of such data to allow him to give an independent assessment of the historical development and current status of the stocks. 

· He does not acknowledge the efforts made by DARD scientists to obtain accurate data on landings into Northern Ireland and to use these in the ICES assessments. 

· He does not have any specific data to show the likely magnitude of natural mortality on cod in the Irish Sea. His claims for very high rates of natural mortality are based on old tagging data from a more northerly stock, without providing a critical analysis of these data. Neither does he show how higher rates of natural mortality might alter our perception of trends over time in abundance, or on what might be considered a sustainable rate of fishing mortality under such circumstances. 

· On surveys, his report shows a serious misunderstanding of how the survey data are used, and ignores the close match between the trends in the surveys and commercial catches for the different age classes.

· The argument for “thinning out” year classes at an early age is not backed up by credible observations, and could further damage stocks if implemented. He ignores the observation that, historically, both the exploitable biomass and the spawning stock biomass rise and fall in response to increases or decreases in recruitment despite any density-dependent variations in growth. Indiscriminately thinning out year classes at a very early age would have the same effect as an overall reduction in recruitment and would be likely to depress biomass further.

5.
The report is generally difficult to evaluate because the author provides no documented evidence, particularly in the form of peer-reviewed studies, to support any of the hypotheses or views given. Further, the author has only selected extracts from ICES or DARD reports that suit his arguments and has failed to present other important information that contradicts his views. Unfortunately, there are a number of instances where he has combined erroneous statements and emotive language in a way that is likely to exacerbate fishermen’s mistrust of fisheries science. 

6.
Fisheries science is an evidence-based discipline that builds upon accumulated knowledge, applies statistically robust methods of sampling and analysis, and employs peer-review to maintain high standards of methods, analysis and interpretation. Disappointingly, the Kristjansson report does not follow the accepted norms of this scientific method. It contains what appear to be personal views not supported by any verifiable and convincing data, shows no evidence of peer-review, makes untenable extrapolations from limited observations, and makes no reference to the very substantial body of knowledge of fish stocks and fisheries gained through a century of scientific research in the North Atlantic. We strongly advise ANIFPO to ask the author for convincing evidence for his ideas in the form of peer-reviewed scientific publications and reports, to allow the proposals to be properly evaluated. We would also encourage the author to submit his ideas for independent peer review through the normal route of submission to scientific journals.

7.
More detailed comments on the content of the report are given in the remainder of this Appendix.

Detailed comments

These are given by page number in the original report, with the headings in the report given in bold type in parentheses.
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(Introduction)

“The question remains: Has the cod disappeared?”

Emotive words such as “disappeared” serve only to widen the gulf in understanding between fishermen and scientists. There is no suggestion that cod has (as at 2003) disappeared from the Irish Sea. Data currently available to ICES show an increase in biomass since 2000 due to the input of the 1999-2001 year classes, which were average to above-average for the last decade (although below average for the longer-term). Subsequent year classes appear quite weak, but these will not impact the sizes and ages of fish that make up the bulk of the catch and spawning population until 2004 onwards.

Fishermen have great difficulty understanding why scientists can describe a stock as “outside safe biological limits” when the fish are increasing in abundance due to strong recruitment. This has to be seen against the back-drop of the long term development of the stocks and fisheries. Many fish stocks throughout the North Atlantic, particularly the demersal stocks, have shown quite similar trends through the second half of the 20th century. Survival rates have declined, leading to a progressive, long-term attrition of biomass of the larger and older fish that should contribute substantially to catches and spawning. Ultimately, recruitment of many stocks has also declined. The capacity, technology and efficiency of fishing fleets increased markedly over this period, and there is overwhelming evidence that fishing fleets are capable of removing a substantial fraction of fish from the sea each year. They have a major influence on most exploited stocks, irrespective of any trends in environment. 

On top of the long-term trends in abundance of fish stocks, there can be shorter-term blooms following years when the environment has been favourable for spawning and survival of young fish. This can cause previously rare stocks to suddenly become abundant as observed in haddock in ICES area VII (Armstrong and Briggs, 1993; Dickey-Collas et al. 2003) or cause a temporary slowing or reversal of the long-term attrition of other stocks. The blooms can follow single strong year-classes, or more extended periods of stronger recruitment. For stocks that have been in long-term decline, such short-term blooms can give a false impression of stock recovery unless there is convincing evidence that survival and longevity of the fish are also improving. Once recruitment returns to more “normal” levels, the attrition of biomass will continue unless the survival rate of the fish has improved. The increase in cod SSB since 2000 in the Irish Sea may represent such a temporary bloom, as has been observed several times in the past 20 years superimposed on the longer-term decline of the stock. Poor recruitment in 2002 and 2003 is likely to quickly reverse this recent trend unless mortality is substantially reduced. Early and reliable detection of improved survival rates in cod and other heavily exploited species requires accurate and comprehensive data on the age composition of commercial catches, as well as good survey data showing the relative strength of year classes feeding through the population and fishery.
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“2. Fishing mortality is very high, by reducing this, i.e. reducing the catch, the fish will become older and larger and the stock size will increase. This assumes that food is not a limiting factor for growth and increment of the stock.”

The fish populations in the 1970s and earlier had better recruitment, and yielded higher catch rates and a better size- and species-mix than in recent years. Those populations must have had adequate food supplies to support them, and there is no reason to believe that the stocks would be prevented from returning to this earlier state by a lack of food. The Irish Sea currently supports large populations of invertebrates such as Nephrops, crabs, shrimps and small squids as well as abundant stocks of small fish such as sprats and sandeels, all of which provide a food supply for a range of commercial fish species. Trawl surveys around the British Isles show long-term trends of declining abundance of large fish and an increase in abundance of small fish species and small individuals of larger species (Blanchard et al. 2003, Daan et al. 2003). These small organisms are a food supply to support any increase in abundance of the larger fish that have been progressively removed from the ecosystem.
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“…..landings are higher than the spawning stock. This must be unlikely.”  

A large fraction of the total international landings of Irish Sea cod comprises immature fish, which if added to the catch of mature fish results in a catch at or in excess of the biomass of mature fish only. The number of adult cod caught each year is estimated by ICES to be at least half the number alive at the start of the year since the 1990s.

(The view of fishermen).

“Some captains maintain that the fishery was getting better the last few years and was even better than in 1994-1995.”
The current ICES assessment of Irish Sea cod shows the biomass increasing from the low point of 2000 as moderately improved recruitment has fed into the stock. The March 2003 DARD survey gave the highest catch-rates of cod since 1992, mostly comprising 2 to 4 year-olds of the 1999 - 2001 year-classes. 

“The normal catch in a semi-pelagic trawl was 50-100kg per hour. This is considerably more than the figure ICES is operating with, which is 17.8 kg/h in 2001 (ICES wgnsds 2003, table 8.2.1 The general opinion…..was that the low landing figures were a result of mis-reporting...”

Table 8.2.1. in ICES (2003a) gives average catch-rates over the whole year and is given only as a rough indication of longer-term trends. The commercial catch-rate data are not used in the assessment. The data cover all trips, targeted at cod, haddock or hake. Figures only for vessels targeting cod will of course be higher. The figures include adjustments for estimated under-reporting based on direct observations of what fishermen land rather than what they report on their log sheets. There are no adjustments for “black” fish not landed at market times and without any log sheets, although PO leaders have repeatedly stated in the past that there are few black landings in Northern Ireland. The estimated quantities misreported have been frequently presented to PO representatives since the early 1990s, so the inclusion of these figures in the assessments should be well known. 

The figure of 17.8 kg of cod caught per hour by semipelagic trawlers in 2001, quoted in the Kristjansson report, appears to have been selected as one of the lowest in the series, presumably to show the biggest contrast with the fishermen’s figures. The average catch rate for pelagic trawlers in 1996, 1997 and 2002 was 30 - 34 kg per hour. Given that many trips are directed at haddock and hake, the average cod catch over all trips is likely to be well below the 50 – 100 kg per hour quoted in the report, which probably refers to cod-directed trips.
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(The science behind the management)

“…the advised method to increase the size of the cod stock (the belief that big stock = big harvest and vice versa) is based on the assumption that fishing is the main factor governing the mortality in the stock and food is over-abundant, allowing increase in population number without reduction of the growth rate of the individual fish”

Patterns of growth, maturity and spawning in fish have evolved over millennia in relation to the typical natural death rate. The critical question is how much additional mortality due to fishing can the stocks withstand in the long term without a high risk of collapse.  Species such as anchovy and squids sustain high rates of natural mortality, but can still support well-managed fisheries. It is not a pre-requisite for fishing to be the main source of mortality in order to manage such fisheries successfully.

(Fishing mortality)

 “It is most common to use M=0.2, which equals 18% per year, for all gadoids….in the North Atlantic. This value is used for all ages which have recruited to the fishery.”

“More and more evidence on considerably higher natural mortality is piling up.”

Whilst it is true that M=0.2 is used for many stocks of gadoids, the results of extensive studies of predator diet in the North Sea and Baltic have been incorporated in multispecies analyses to estimate natural mortality due to predation (e.g. ICES 2003b,c). In the case of the North Sea analysis, the effects of an increasing grey seal population are included. However the inclusion of time-varying natural mortality in the assessments has not changed the perception of the historical trends in biomass or fishing mortality in the different stocks, or the conclusion that the cod stocks have been over-fished. 

There have been no equivalent multispecies assessments done in the Irish Sea largely because there are no commercial catch data for small forage species as are available for the North and Baltic Seas. Although single-species and multi-species assessment models tend to give similar short-term forecasts of commercial catches, longer-term forecasts can differ according to the relative development of populations of predators and prey. The development of multispecies models for the Irish Sea is important for the development of an ecosystem approach to fisheries management.

Studies on Canadian cod stocks indicate an increase in natural mortality during the period of the stock collapses. Recent ICES papers by Rice et al (2003) and Chouinard et al (2003) summarise this information. Growth in seal populations has been implicated, but there may also have been poorer survival of adult fish caused by very cold temperatures and poor post-spawning condition of the fish. Chouinard et al (2003) included seal abundance in a modified assessment to show that natural mortality could have doubled from around M=0.25 to M=0.5 from the 1970s to the 1990s. 

“Tagging experiments on cod in the Atlantic show very high M, around 1.1 in Icelandic spawning cod 1948-1969 and Shelburn Canada 1926”.

No references are given for these very old studies. With no knowledge of the methods used, it is impossible to evaluate if tagging could have given a valid estimate of natural mortality. Factors such as tagging mortality, poor tag return or lack of correction for geographic and inter-annual variations in fishing effort, can severely bias estimates of mortality from tagging.
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“Reduction of the fishery increases natural mortality, increased fishing pressure removes more fish, leaving better conditions for the remaining ones, thus decreasing natural mortality”   

This view is contrary to the arguments surrounding the Canadian cod experience, and the author again provides no supporting evidence. Canadian cod stocks experienced declines in growth and condition as the stocks collapsed to very low biomass. At the same time, the increasing seal populations may have caused natural mortality to rise as the stocks became much reduced in abundance. Both the biomass and the productivity of these stocks are very low at present, the opposite of what the Kristjansson hypothesis would predict. 

The consensus of scientific view in Canada is that the progressive increase in catch from around 300,000t in the 18th century to around 600,000 t in the 20th century (Rice et al, 2003) eventually led to such poor survival of the fish that a collapse of the spawning stocks became inevitable. During this period the age compositions of the stocks became severely truncated, as is apparent in cod stocks around the UK.  The potential longevity of cod off Canada is not in dispute: 25-year-old cod are still very occasionally taken in surveys on the Grand Banks (J. Rice, personal communication). 

(Selective fishing)

“Controlled experimental fishing in lakes have shown that by increasing fishing pressure on small fish, harvest increases”    “…experiments in lakes show that increased fishing pressure on small fish leads to higher numbers of large fish in the stock.”.

This section of the report challenges the concept that fishing gears with poor selectivity characteristics are inherently bad for a stock. The author’s argument is based on his hypothesis that thinning out the population of small fish promotes the survival and growth of the remaining fish. Natural mortality would decrease and/or growth rates increase in a way that would provide greater benefits to the stock in the long run than would be obtained by allowing more small fish to survive fishing. Unfortunately, the Kristjansson report does not present any results of the purported experiments carried out in lakes, or refer to any published papers.

The historical development of fish stocks shows that large year classes cause the biomass to increase, whilst periods of poor recruitment cause the biomass to decline. Selectively thinning out young fish in a year class would be similar to having smaller recruitment due to causes other than fishing. Even if deliberate thinning of unusually strong year classes that have markedly depressed growth rates could be shown to improve growth or reduce natural mortality, it is difficult to see how this could be applied discriminately over time without damaging other year classes. 

Extensive data on Irish Sea haddock collected by DARD show that growth rates do differ between year classes (ICES, 2003a), but do not appear related to the strength of the year classes (Schön et al, in prep). Rather, there is a strong negative association between growth in the first year of life and the total abundance (all ages) of haddock in the stock. In essence, growth and fish condition appear to have declined as the overall biomass increased from the mid-1990s, perhaps due to competition for resources or to behavioural interactions. The Kristjansson report infers that, had the juveniles been selectively thinned out, a larger biomass of older fish could have resulted. However, this could have resulted in an even more marked density-dependent reduction in early growth in year classes formed during the period of elevated biomass, which is opposite to the desired effect.

Mr Kristjansson has given his “thinning out” hypothesis with no scientifically credible results to back him up, and is aiming to influence fishermen’s perceptions in a way that goes against their own instincts concerning killing immature fish. Most of our heavily-exploited stocks are increasingly dependent on above-average year classes for their survival. Such year classes boost catches and spawning stocks for several years, even in cases where they experience slower growth or delayed maturity. To remove a large fraction of the young fish of such year classes (and others of lesser strength that are nonetheless critical for stock development) using fine-mesh nets is potentially disastrous unless there is definitive proof that this will help stocks recover more quickly. With gadoid stocks in such poor shape throughout European waters, we do not have the leeway to explore such contentious management methods. 

(Stock and recruitment)

“In the course of evolution, the size of the spawning stock of many species must have approached zero. But they are still here.”
Species that have survived for long geological time periods have indeed done so through their resilience to periods of poor environment. They will have survived by finding habitats where enough fish can survive to allow population growth when conditions become more favourable, and by being able to maintain the necessary genetic diversity to cope with a changing environment. 

A key aspect of a fish species’ ability to withstand extended periods of poor environment must be the possibility that two of the many eggs produced by each individual female in its lifetime will survive through to maturity and continue the genetic line. A fish such as a cod has many opportunities to get it right. Eggs are spawned in small batches over a couple of months, and if there is no fishing there is a good chance of being able to repeat this exercise for many years depending on the natural death rate. Also, as a cod gets older and larger, it produces many more eggs, and there is some scientific evidence that older fish may be more successful spawners than young ones, especially the first-time spawners.

Given the huge fecundity of cod, the fact that only a tiny fraction of offspring survive to maturity shows just how hostile the marine environment is for planktonic eggs and larvae. Unless females are given adequate opportunities to spawn as many times as is necessary to find the right window of time and space in this very variable and hostile environment, the risk of recruitment failure is high. This risk is magnified if environmental conditions have worsened overall. Under such circumstances the fish will need many more opportunities to spawn because the “windows of opportunity” are much reduced. This may explain the increasing occurrence of very weak year classes in cod stocks in European waters – it is a dangerous mix of poorer environment and severely reduced spawning opportunities for females because of their poor life expectancy.

In the Irish Sea, most female cod do not spawn until they are three years of age. This is relatively young for cod. Few cod have survived beyond five years of age in recent decades, and this decline in survival has worsened with time. Further, many cod are caught before they mature. The end result is that an individual cod has a high chance of being caught before it can spawn even once, and if it reaches maturity it is likely to only have one or two years left to spawn. Hence, intensive fishing has severely reduced the possibilities for each fish to get at least two of its offspring through to maturity. It is essential that this is reversed by allowing more fish to survive to older ages and larger sizes. There is evidence that both cod and whiting in the Irish Sea are maturing at a progressively younger age (Gerritsen et al, 2003; Armstrong et al. in press), a pattern observed in other declining stocks. This may partially reflect an evolutionary selection for early-maturing fish when survival of adults is poor (Grift et al. 2003).

“Fig. 2. The classical diagram………It is difficult to see a distinct pattern in the points”.

The distinct pattern is that since the 1990s, both recruitment and spawning stock biomass have been below-average, with several year classes being extremely weak. This pattern is evident in most cod stocks in the North Atlantic. We cannot ignore the reality of depleted spawning stocks and generally poor recruitment in many of our gadoid stocks. 

“Fig. 3. Spawning stock (SSB)…….Surprisingly, the recruitment swings regularly in an opposite phase. This can be regarded as self-regulation of the stock size.”

A number of published studies have shown a strong negative correlation between recruitment and sea temperature in Irish Sea cod (e.g. Planque and Fox 1998). The strongest year classes were formed in years with very low temperatures. This pattern is also coincident between neighbouring stocks and even between some species such as cod and haddock. These large year classes cause the SSB to increase temporarily until mortality and subsequent more “typical” recruitment knock it down again. This is seen in Fig. 2 of the Kristjansson report in the oscillations in SSB in the first 20 years. As the very cold years tend to occur sporadically, the next large recruitment is quite likely to coincide with a reduced SSB given the brief persistence of these transient increases in SSB. This pattern gives the impression that large recruitment is associated with low SSB and vice versa. This impression has deliberately been enhanced in Fig. 3 of the Kristjannson report by the use of a three-year running mean in recruitment. In reality, the variations in recruitment are much “noisier” and the impression of opposite cycles in SSB and recruitment much less apparent (see Fig. 1 below).

Our interpretation of the data in Figs. 2 and 3 of the Kristjansson report is that the increasing fishing mortality throughout the 1980s and 1990s resulted in very strong year classes having progressively less effect on SSB. The strongest year class of all, formed in 1986, had a much smaller impact on subsequent SSB than the previous strong ones. Eventually, the SSB became sufficiently depleted in the 1990s that recruitment also became impaired. This general pattern has been seen in most of the cod stocks in the North Atlantic at different times. The history is summarized in Fig. 1 below:
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Fig. 1.
Summary of the ICES estimates of fishing mortality, recruitment at age 0 and spawning stock biomass of Irish Sea cod. Causes of the changes in SSB are indicated.

A period of above-average sea temperature in the Irish Sea since the 1990s, combined with the poor age structure of the spawning stock, has compounded the problem by reducing the likelihood of very strong year classes and increasing the likelihood of recruitment failures. 
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“It can be seen that the spawning stock oscillates around the long-term average”

Of course this will be the result of taking a running mean. This and subsequent arguments related to Figs. 4 – 6 are covered by the comments above. The analysis distracts us from the main issue, which is that we have some very weak year-classes in recent years and have become over-dependent upon the strongest of the recent year classes (e.g. the 1999 year-class). 

“There is only one way to find out: Introduce ‘free fishery’ without quotas and TACs against correct catch reports”.

The possibility of the European Commission allowing a free-for-all at a time when so many stocks are beyond the precautionary reference points for SSB and fishing mortality is non-existent. This sort of advice is not in the interests of constructive engagement between industry, science and management.
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(Haddock)

“Here mis-reporting is admitted. From my interviews with fishermen I felt that haddock was grossly under-reported, and the stock size therefore underestimated”.

Once again the author has disregarded the information given to him concerning methods used to estimate mis-reporting in the Northern Ireland fishery and to include it in the assessments. Were these estimates not included, the stock size estimates would indeed be smaller. It is quite possible that fleets not observed (e.g. Ireland and England/Wales) may also have under-reported their catches, or that significant quantities of haddock did not go through the fish markets and were not observed. Our estimates of discarding are also sporadic. Most discards are young haddock – there has been little evidence for discarding of large over-quota haddock although the situation this year has unfortunately not been observed because of DARD staff being denied access to fish markets and discard samples.

“I disagree on the advice from ICES to ‘allow them to realise their potential for growth, and contribute to the spawning stock’. Firstly, haddock grow very quickly until maturity, then growth ceases and natural mortality increases rapidly. Spawning mortality is probably very high (experience from Iceland, Faroes, North sea).”
Our studies on Irish Sea haddock show that the fish continue growing after maturity (see Fig. 2 overleaf). The fish mature very young (most are mature at two years of age), but nonetheless reach a large size at older ages. Females grow to a larger size than males.  There are no studies of spawning mortality in wild Irish Sea haddock (or indeed any other stocks around the UK?). We would invite Mr Kristjannson to provide peer-reviewed publication of any studies showing the occurrence and magnitude of spawning mortality in wild haddock stocks. Even if this phenomenon was significant in cold northerly waters where post-spawning fish condition may be very poor, one cannot extrapolate to other stocks particularly in warmer waters. The condition of Irish Sea haddock is well known by fishermen as being exceptional, reflecting the fast growth of the fish.

The size and age composition of Irish Sea haddock in commercial catches has been intensively monitored in all fisheries taking this species in quantity, including semi-pelagic trawls, whitefish otter trawls and Nephrops trawls. The stock is concentrated on the western Irish Sea fishing grounds and does not appear to migrate away seasonally as is the case with adult cod. It is no surprise that discard rates are high in some fisheries and that survival of adults is poor. The western Irish Sea is a very small place and is heavily trawled. It is possible that the Irish Sea cod closure may have helped reduce fishing mortality on haddock as the stock is mostly contained within it. The current ICES assessment indicates a reduction in fishing mortality in haddock since 2000 (ICES 2003a). If this is the case, the size and age composition of the catches should be expanding given the fast growth rates in the stock. Unfortunately there are no data on the composition of landings into Northern Ireland since early March 2003 to confirm if this is reflected in the fishery catches.
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Fig. 2.
Mean length at age in Irish Sea haddock. Over 70% of females and 90% of males are mature at two years of age, and all fish are mature by three years of age. Growth continues after maturity. Data are from DARD groundfish surveys in March.
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(Conclusions)

The author has not provided any evidence to support the conclusions given. Conclusion (3) concerning under-reporting may only be partially true. 

Both fishermen and scientists agree on one point: that management and enforcement schemes leading to extensive mis-reporting of catches and large-scale dumping of undersized or over-quota fish are wholly inconsistent with conservation.

(Suggestion)

“Allocate all fleets fishing days according to the fishing pressure in the mid eighties.”

The author gives no analysis to support the adoption of effort limits based on mid-eighties fleet activities. The fleets have changed significantly since then – the size of the English and Welsh fleet in the eastern Irish Sea was much larger than now. Fishing technology, vessel power and fishermen’s knowledge has improved since then. Much taxpayer’s money has been spent on decommissioning and there seems little sense in negating the benefits of this by allowing an effort limit set at the values for the 1980s when the fleets (and stocks) were larger. 
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(Appendix 1)

“This is very important because the survey is used to estimate mortality in the stock. Poor catch of large fish (relative to other sizes) ‘looks’ like a high total mortality in the stock and, as the natural mortality is fixed, (0.2) this is interpreted as fishing mortality. And when all this is “tuned” against missing landing reports, the outcome is overfished cod-less sea.”

There are a number of mis-understandings here, some of which have not been helped by inaccurate wording in the ICES Northern Shelf WG report. The most important point that must be understood is that the apparent “mortality” rate in the survey data is not used in the assessment of the stock. The fishing mortality is estimated from age composition of commercial catches. The analysis looks at the trends in abundance over time in a given age class in the survey and compares these with the equivalent trends given by the commercial catch-at-age data. The fact that a survey may catch older cod less efficiently than it catches younger cod is not an issue. It is allowed for by calculating the so-called “catchability coefficient” for each age class, which will differ between age classes according to how efficiently the survey samples them over the whole survey series. The critical feature of an ICES assessment is not that the catchability coefficient in a survey should be the same between age classes, but that it remains more or less constant over time within an age class. Should it appear to change over time, it indicates that the survey is becoming less or more efficient at catching fish of that age class. 

In extreme cases, a survey may provide an index for only one age class. This is the case for the CEFAS beam trawl survey and the DARD Methot-Isaacs Kidd frame trawl survey, both of which provide useful abundance indices only for 0-group cod. The DARD October survey has adequate data for cod out to two years of age. The March survey has data out to 7+ years of age but catches of the older fish are very small, and the assessment therefore only uses data to four years of age.

Again, the idea that the Irish Sea cod and haddock assessments are based purely on reported landings is incorrect. This may be the case in other sea areas, but we have endeavoured to use the most accurate data we can acquire in order to provide the best possible assessments in support of conservation and management.

The use of the term “cod-less sea” is highly emotive and factually incorrect, as inspection of the survey data in Table 1 in the Kristjansson report will quickly confirm. The author has also chosen to ignore the sentence at the top of page 10 (extracted from a DARD Fishery Note on cod) that refers to the very close agreement between survey and commercial catch trends (see Fig. 3 overleaf).
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As with many cod assessments being carried out on stocks undergoing long-term decline, there is a tendency to under-estimate fishing mortality in the final year and over-estimate stock abundance. Simulation studies can replicate this pattern by including increasing mis-reporting over time. Whilst we include estimates of mis-reporting in the assessments, they are unlikely to be complete, and there may be sufficient residual under-estimation to cause this trend. There may also be other reasons for this “retrospective bias” in assessments. 

A further related problem in the Irish Sea cod stock is the occurrence of some very weak year classes, for example the 1998 year-class. These fish do not contribute much to the stock, but can (in this case) have unusually high estimates of fishing mortality that influence the fit of the assessment model for other year classes. Finally, the ability to provide accurate assessments of stocks such as Irish Sea cod is becoming compromised by the contraction of the age structure leading to very low and variable catches in ages that previously had plenty of fish. Together with the increased occurrence of very weak year classes, and uncertainties in landings estimates, this is reducing assessment precision and increasing the risk to the stocks at a time when this is least desirable. There is an urgent need to recover the age composition of the stock through substantial reduction in fishing mortality compared with the 1990s.

“It is my opinion that surveys cannot be used to quantify fish stocks with acceptable accuracy. Famous is the blunder……”

Once again, the author has failed to acknowledge the rather consistent trends given by different survey series and their similarity with commercial catches (which include mis-reporting estimates). These were illustrated in the recent “Fishing News” article published by DARD (18 July 2003), and are reproduced below in Fig. 3. We consider surveys to be a very useful source of information. We realise that a particular survey gear may not sample all components of a stock equally, and that catch-rates can be very variable due to tides and sea-state. However, surveys provide a series of indices of abundance for each year class during its life span, and these indices tend to give quite consistent signals regarding year-class strength. The availability of data from several independent surveys gives further confidence to the results. Survey data are carefully screened at ICES to determine consistency within and between surveys, and between surveys and commercial catch-at-age data. 
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Fig. 3.  Trends in research vessel indices of abundance for different age classes of cod in the Irish Sea, as used by ICES, compared with the total numbers landed by the international fleets. All data are given relative to the average for the series to allow them to be overlaid. There is no commercial landing of 0-group cod.

Surveys are of particular value for giving abundance indices for very young fish not yet of commercial size. At current high rates of mortality, the catches in coming years are strongly influenced by these young fish. Several Irish Sea surveys have pointed to a very weak 2002 year-class of cod (see Fig. 3 above). If this is the case, the autumn codling fisheries will be poor in 2003, and SSB will be impacted from 2004 onwards. DARD and CEFAS surveys in autumn 2003 indicate that the 2003 year-class may also be weak. If this is confirmed by surveys in 2004, there is a strong likelihood that the increase in stock size in recent years will have been a transient phenomenon unless mortality has been substantially reduced.

Consistency in net geometry, trawl warps and towing practices are given utmost importance in surveys carried out by UK laboratories, and procedures are established collaboratively through the ICES International Bottom Trawl Survey Working Group whose reports are available on the ICES web site or directly from ICES.

(Appendix 2)

“This is contrary to the general opinion, that cod is caught very young and fishing mortality (total mortality) is extremely high”.

The author has drawn some extraordinary conclusions from a tiny sample of fish obtained during one short trip on a pelagic trawler. Although acknowledging the inadequacy of his sample, the author goes on to imply that his sample of 17 cod from one trip is more representative of the total annual international catch at age than the data from intensive sampling of all fleets throughout the Irish Sea over many years. The data used by ICES are derived from tens of thousands of cod that have been aged from commercial catch samples and hundreds of thousands of fish that have been measured, including very many from semi-pelagic trawl catches.

The method of ageing used by Mr Kristjannson (scale reading) is no longer used for most marine fish around the world because of the greater reliability of ages determined from otoliths. However, in many cases the ages derived from scales and otoliths will be identical, and the lengths at age for haddock given in the Kristjansson report are similar to those obtained from the DARD groundfish surveys (see Fig. 2 above). However, the figures for cod given in the Kristjansson report differ from those obtained from otolith readings on cod collected during groundfish surveys in March since 1992 and from commercial catch sampling in the 1990s and in the 1970s (Table 1 below). The Kristjansson figures indicate a possible under-estimation of length at age. This could be due to a spawning check on the scales at first maturity being misinterpreted as an annual growth check, leading to over-estimation of age by one year. Alternatively, it could represent a problem with the back-calculation technique or simply fishing on an aggregation of slow-growing fish.

Table 1. Mean length at age in Irish Sea cod sampled during the first quarter of the year in the 1970s and since the 1990s, compared with data in the Kristjansson report. Lengths in cm. 

	
	Surveys
	Commercial catches

	Age
	DARD Q1 GFS1
	Q1 (1993-2001)1
	Q1 (1970s)2
	Kristjansson

	1
	22.7
	-
	-
	17

	2
	44.6
	46.0
	45.1
	33

	3
	64.4
	65.0
	62.9
	49

	4
	77.9
	77.0
	75.7
	64

	5
	87.3
	85.3
	83.0
	74

	6
	90.2
	90.4
	87.6
	81

	7
	93.9
	96.4
	93.5
	90


1  Armstrong et al 2003.  2 Brander 1975, cited in Armstrong et al 2003.

Quality control of age readings is given very high priority throughout Europe, and has been addressed by two major collaborative EU projects to which DARD subscribes. These projects have shown the error rate in age readings made by DARD staff to be amongst the lowest examined, based on samples of otoliths exchanged between participating laboratories.

The Kristjansson report does not given any assurance that the samples of fish taken by the author were in fact random, or if any large fish were deliberately selected to determine their age. Further, the method of back-calculation of growth curves, particularly given the small sample size, is not adequate to allow any conclusions to be drawn concerning age-related differences in maximum size. DARD has a substantial database of age readings from commercial and research catches that are available for inspection. Length-at-age distributions for the different species are summarised in a recent DARD Fishery Note that has been circulated to the industry (Armstrong et al. 2002). This report shows that cod of 4 – 5 years of age can range from 60 – 100cm in length due to the fast but variable growth in the Irish Sea. Almost half the 5-year-old cod in the commercial catches are longer than a typical fish box measuring 88cm. Fish of this size stand out in a catch and can appear relatively common even when they make up a relatively small fraction of the numbers of cod caught. 

Intensive sampling of fishery catches of Irish Sea cod by laboratories in Northern Ireland, England and Ireland has shown a progressive steepening of the age profile. This has occurred despite the increasing use of semi-pelagic trawls, which are claimed to catch larger cod than otter trawls, and the decline of inshore codling fisheries. The age profile has become very steep by demersal fish standards, indicating an increasingly poor survival of the fish that is also apparent in neighbouring cod stocks.
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Fig. 4. This figure shows how numbers of Irish Sea cod have declined with increasing age in the international commercial landings. The data are grouped by year-class from three successive decades, and are plotted on a logarithmic scale to show the change more clearly. In year classes formed in the 1970s, catch numbers declined 45-fold between age 2 and age 6. By the 1990s, this had increased to 270-fold. (From Armstrong, 2002.)

References

Armstrong, M.J. (2002). Four decades of cod in the Irish Sea: evidence for the decline of the stock. DARD Fishery Note: November 2002. 17pp.

Armstrong, M.J. and Briggs, R.P. (1993). Distribution and growth of haddock of the large 1991 year class in the Irish Sea, inferred from successive groundfish surveys. ICES C.M. 1993/G:44.

Armstrong, M.J., Briggs, R.P., Dickey-Collas, M., McCurdy, W.J., Bloomfield, S., McAliskey, M., Peel, J.A.D. and McCorriston, P. (2002). Recent data on composition of whiting, haddock, Nephrops and herring catches taken in the Irish Sea by vessels from Northern Ireland. DARD Fishery Note: September 2002.

Armstrong, M.J., Gerritsen, H.D., Allen, M., McCurdy, W.J. and Peel, J.A.D. (2003). Variability in maturity and growth in a heavily exploited stock: cod (Gadus morhua L.) in the Irish Sea. ICES Journal of Marine Science. (in press).

Blanchard, J.L., Dulvy, N.K., Ellis, J.E., Pinnegar, J.K. and Jennings, S. (2003). Large-scale forcing factors influence size-based metrics of Celtic Sea fish communities. ICES CM 2003/N:04.

Brander, K.M. (1975). The population dynamics and biology of cod (Gadus morhua L.) in the Irish Sea. PhD thesis, Fisheries Laboratory, Lowestoft. 104 pp.

Chouinard, G.A., Sinclair, A.F. and Swain, D.P. (2003). Factors implicated in the lack of recovery of southern Gulf of St Lawrence cod since the early 1990s. ICES CM 2003/U:04 (ICES Annual Science Conference, Tallinn, September 2003).

Daan, N., Gislason, H., Pope, J. and Rice, J. (2003). Changes in the North Sea fish community: evidence of indirect effects of fishing. ICES CM 2003/N:10.

Dickey-Collas, M., Armstrong, M.J., Officer, R.A., Wright, P.J., Brown, J., Dunn, M.R. and Young, E.F. (2003). Growth and expansion of haddock (Melanogrammus aeglefinus L.) stocks to the west of the British Isles in the 1990s. ICES Journal of Marine Science, (In-Press).

Gettitsen, H.D., Armstrong, M.J., Allen, M., McCurdy, W.J. and Peel, J.A.D. (2003). Variability in maturity and growth in a heavily exploited stock: whiting (Merlangius merlangus L.) in the Irish Sea. Journal of Sea Research, 49 (1): 69-82

Grift, R.E., Rijnsdorp, A.D., Barot, S., Heino, M. and Dieckmann, U. (2003). Fisheries-induced trends in reaction norms for maturation in North Sea plaice. Marine Ecology Progress Series, 257: 247-257.

ICES (2003a). Report of the ICES Working Group on the assessment of Northern Shelf demersal stocks (2002 and 2003 meeting reports).

ICES (2003b). Report of the Study Group on Multispecies Assessments in the North Sea. ICES CM 2003/D:09

ICES (2003c). Report of the Study Group on Multispecies Assessments in the Baltic. ICES CM 2003/H:03

Rice, J.C., Shelton, P.A., Rivard, D., Chouinard, G.A. and Frechet, A. (2003). Recovering Canadian Atlantic cod stocks: The shape of things to come? ICES CM 2003/U:06 (ICES Annual Science Conference, Tallinn, September 2003).

Planque, B. and Fox, C.J. (1998). Interannual variability in temperature and the recruitment of Irish Sea cod. Marine Ecology Progress Series, 172:101-105.

Schön, P-J., Armstrong, M.J. and Allen, M. (in prep). Changes in growth and maturity in an expanding stock of haddock (Melanogrammus aeglefinus L) in the Irish Sea.







PAGE  

