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4.2 Terns of Reference 

The t e r n  of reference (C.Res. 199 1/27: 18) are: 

a) facilitate the transfer of the MSVPA and MSFOR 
mdeIs to area-onentd assessment working groups, 
padicularly by providkg documenlation for these 
modds and developing user-friendly interfaces for 
the mintenance of dah files; 

b) for the diversity of eosystem being s h d i d  by 
ICES snember countries, evaluate the sheistical 
prope~ies of food and feeding data, with particular 
reference to variability in total food consumption and 
emphasifing the potential implications for suck esti- 
mates of sampling design; 

c) evaluate the effect of alternative functional feeding 
relationskips (including pre$ator/prey switching) on 
retrospmtive multispmies analyses md predictive 
models; 

The w j o r  focus of past meetings of the Multispmies 
Assessment Working Group has been on the develop- 
ment and testing of multisp-pecies vidml population analy- 
sis, particularly with regards to the Nodh Sea (see 
h o n .  199la for a su ry of prwious Worfing Group 
activities). The Nopth Sea work continues on two levels: 
&ta collection and methodological improvement. A 
second intensive 'year of the stomch' program was 
conducted in 1991 (Anon. 1992b) and data from this 
field sfudy will be irategrated into models of North Sea 
fisheries at the next meeting of the Multispeies Assess- 
ment Working Group (see RECOMMENDATIONS). 

The current suite of computer program for MSVPA and 
predictions do not meet ACFMs criteria of 'user-friend- 
liness' necessary for transfenal to the area-orient& 
working groups. These programs, although Eunctional, 
also do not take advantage of advanced graphics and 
statistical analysis packages. Re-progra 
packages is a significant unde&ing. The Worlring 
Group evaluatd design feahres to be included in new 

posed a strategy to accomplish the 
ng and documentation (Section 2; see 

RECOMMENDATIONS). The w o r ~ g  group also de- 
veloped a spreadsheet approximtion to the long-tern 
equilibrium prediction of the outcomes of various maa- 
agernent scenarios. Although the spreadsheet does no6 
produce the detailed oueput of the full prdiction model, 
various salient fwlures of the prediction are well 
behaved, and are presented in a f o m t  that is both easy 
to use (e.g. by ACFM and other serni-literates) and is 
espwially easy to inlepael. Copies of the EXCEL 
spreadsheet of this approximation will Ipe m d e  available 
to ACFM, 

At this ~neeting two methodological improvements to the 
MSVPA approach were initiated. First, an objative 
h s i s  for hning of the MSVPA is a phio~ty of ACFM. 
In the past, a n d  single-spmies VPAs were the basis for 
sb;\r&ing Fs. This represents circular logic, padicuIar%y i f  
one is compa~ng the results of skgle- and multi-spies 
VPA (e.g. ranailment trends, etc.). h objective, inter- 
nal tuning algorithm, based on CPUE and/or R/V sur- 
veys is a preferable alternative, but a substadPtiai under- 
lakbg. The Working Group considered alternatives for 
internal hning of MSVPA, m d  m d e  subshtial prog- 
ress in the integration of the extended survivors 
algorithm (XSA) within the MSVPA code. Trial mns 
were completed and indicate$ this is a proeaising 
approach (Section 3). There remin some tecbical and 
logistical issues to be resolved before a funing suite is 



operational for the mraltispmies VPA [we suggest 
multisp~ies hning be referred to as 'orchestration'j. 

The assumption of consMt suibbllity remins the 
pivohl m ~ h m i s m  within MSVPA allowing the extrap- 
Lation of Estoncal pr&tion patterns from lilBaatd time- 
series of fdl ing data. Previous sbtistical malyses 
(Anon. 1991a) could not reject the assumption of con- 
stant suihbility, and k fact showed subshtial improve- 
ment in fitted suihbility coefficients md M2s when 
additional fwding data sets were add& to the malyses 
(to a pint).  While none of these malyses conclusively 
confim the conshe-suihbility hypotheses, they do show 
that it is tenable in this case. An alternative approach lo 
validtkg a suihbility mdel ,  is to propse other (e.g., 
non-constant) suitability models, and to evaluate the 
relative dilFfemnces in obsemed vs. p rd i c td  fwd  com- 
position and other variables that can be measurd exter- 
nal to the models. 

In this meeting the Workkg Group exglord a flexible 
Pbm of the suibbility model allowing for both positive 
md negative 'switching9 of p r d t o r s  to either abundant 
or rare prey item. These results were compared Po a 
neutral switching model implid by the consb t  suitabil- 
ity -sumption. In general, positive swikching ra~odels 
perfomed much worse thm neutral or negative switch- 
ing models. In some cases, slight negative switching 
showed slightly better results thm neutral models, 
although the improvements in model fits were marginal 
(Section 4). Data from the 1491 stomch program will 
be impol~aplt in explo~ng this concept more fully. 

Increasingly, and especially at the last mwting of the 
MSWG ( h o n .  1991a), the Working Group has been 
exanaining species interactions in boreal systems. The 
approach taken at the Bast mmting was to evaluate vari- 
ability of cod growth in boreal systems, and potential 
factors (both environmenhl md biological) that poten- 
tially influence cod growth. The m4or conclusion from 
intra-system work was that a variety of faactors (tempera- 
ture, prey population density) are significmtly come%ake$ 
with growth, and in most cases, there were still signifi- 
cant year effects remaining after correlation with these 
factors. Pr&tor growth should be cornelat& with con- 
suqt ion  of prey. nerefore, a uahral extension of the 
growth comparisons is to e x a ~ n e  vacBatlon in stomach 
content a-veight md prey composition, both over time 
within system, and among systems. 

A major focus of this nleeting was the examination of 
cod f d i n g  data for six widely divergent ecosystems 
(North Sea, Baltic Seail, Warents Sea, Iceland, Newfound- 
land, and Northeast USA). Available cod f d i n g  data 
were assembled prior to the meeting (Anon. 1992a). 
Data from a total of 200,635 cod stomacl~s were exam- 
in& in these analyses (Section 5). Tkese results present 
the first integrated look at cod as an m i m l ,  inhabiting 

widely diffeing physical md bioBopicaB habihks (Sw- 
tions 6 md 4).  Results of these malysm are both com- 
plex and thought provohng. The 'natural' exprimen8 
ianwded within the rmges of enviaonmenhl t e ~ r a -  
bures and predator and prey ppuldion size Ievels allow 
labrabry expe~menhl data lo be placd in context. For 
example, the finding a negative relationshp k w w n  
m a  stomch eontent weight md average ambient tem- 
p r a h r e  is consistent with sstomdp~h evacwtion expri- 
men&. 

An overall conclusion of empirical sbdies conducted 
during the Imt two meethgs is that realistic mdels  of 
kterspecies dynamics k boreal s y s k m  must include 
f ab re s  such as variable predator growh, and aon-con- 
stant consumption Iwels, which are taken as simplifgrkg 
assumptions in MSVPA. S k e  these factors are to an 
extent understod, there is no concephl difficulty in 
&ng more complex mdels. It is recommend& that 
the MSWG u n d e ~ e  model building md testing for 
borml system (padicularly following the next mea:thg 
of MSWG, which will be padicularly concern& with 
Nodh Sea problem). 

As usual, the Working Group considered 'fwd for 
thought' concerning new mthods md approaches to 
muitispecies problem (Section 8). Once again the issue 
of integration of mpine ma I md fish predation 
skudies (e.g., into an ecosystem approach) was exam- 
ined. A significant problem fackg the WG is daling 
with years of ~ s s i n g  catches in the historical fim 
series. For the North Sea MSVPA this is padicularly 
problemtic in that imporbt  prey s p ~ i e s  were not 
adquately mmpled in one year, which m y  be influen- 
tial when considering the 1991 f d i n g  results. The 
Working Group evalwtd the perfomnce of several 
alternative approaches for filling-in &§sing catches-at- 
age in the matna;x of such &ta. Other issues consider& 
in the 'food for thought9 section include the development 
of length-bas& analogs to MSVPA, the s m t h i n g  of 
suihbilities, propagation of recruitment xrariability in 
multispmks prdictiorns, and re-calculation of the Nodh 
Sea food web, based on the ECOEIATH I% mdeB 
(Christensen and Pauly 1992). 

The final section of the report reviews approaches to the 
shtistical treatment of slomch ~ m p l b g  hits. n e s e  
data are by their nahare highly variable. This variability 
sterns from the biological process in relation to tile 
sampling desims chosen to monitor fd ing:  habib. 
Undershding the underlying variability of average 
stomach content and species cornpoition of prey is 
hndarnenhl in documnting change -- and m~har r i sm 
responsible for vahlation in p r h t i o n  m o ~ I i t y  rates. 
The Working Group considered both the s(;tristical treat- 
ment of stomch mmpling data, and the appropriate 
design of f d i n g  sbdies to tmly reflmt the underlyhg 
vapimces of the quantities being m m u r d .  The WG 



considers this to be a sipificmt and ongoing activity, 
and proposes future work lo e x a ~ n e  sktistical issues in 
more detail. 

The Working Group achowledges the considerable sup- 
port provided by the ICES Secrebriat, both in terns of 
assembling the report, and in providing considerable 
computing facilities necessany for the efficient condwt of 
the m y  analyses conduct& at the meting. The s u p p o ~  
of various national Iaboratoxies in assembling the pre- 
dation data sets for comparative analysis is appreciated. 
The Banish Instibte for Fisheries and Mal-ine Research 
(DIFMAR) provided resources for MSVPA-relatd 
studies. Finally, the Working Group members express 
their thanks to the Chairanan of the Study Group on the 
Analysis of Feeding Data (George Lilly) md Peter 
Shelton for their significant efforts in assembling 
predation data sets prior to the Worbng Group meeting. 

2 WAThidBN OF MSWA 

The current MSVPA-program was develop638 s o m  10 
years ago. It was written in FORTRAN for a mainframe 
computer, and a ce*in expertise is required lo operate 
it. The MS-forecast program was develop638 a few years 
later, and has the same deficiencies as the MSVPA 
program. The programs are not user-friendly and they 
do not live up to modem software standards. It is diffi- 
cult to modify and extend the cument programs beause 
of the program structure. The core of the cunent MS- 
programs has the same structure as the original program. 
The program has b e n  extended with several new com- 
putational routines, but no facilities to improve the user- 
friendliness have been implement&. Therehre the cur- 
rent version is even less user-fieadly than the o~ginal .  
It will become increasingly difficult to brtber extend the 
curpent program. The only (draft) user's mmml for the 
MSVPA program was prepard in I984 (Spane 6984). 
Tbe c u m t  program do not meet A@FM5s c~ter ion for 
user-fiendliness for export to the area working groups. 
Furthemore, these program do not currently operate on 
coquters  available at the ICES Ses-relapiat (e.g. HP- 
UNIX or PCs). 

Therefore, the MSVPA computer program should be re- 
p r o g r a m 4  and extended, so that it d e s  the full use 
of modern computer hardware and sofmare. Until this 
goal has been achieve$, the old program m y  still have 
to be used, md for that puqose a user's manual will be 
prepared. This task will be undemken by H. Gislason 
and P. Sparre, and will be in the form of an updatd 
version of the user's mmual from 1984 copnbind with 

extracts from papers by the above mention& authors. 
"l%s 'emergency9 m m l  will also review the theory 
&bind the MSVPA and MSFBR mdels. There should 
be no hdher  developments of the existkg 
MSVPAIMSFBR FORT 

The new MSVPAIMSFOR package, will, for the pur- 
poses of discussion, be referred to as 'MSFP9-- Multi- 
Species-multi-Fleet Package. Rowever, the final n a m  of 
the package still has to be d ~ i d e d .  

The Working Group identifid the need for two versions 
of 'MSFP' : 

a> The p ~ m a r y  cus- 
t o m s  are the ICES assessment working groups and 
the ACFM, md consequently it should address the 
problem as fomulated by them. This version 
should be user-friendly and transferable. It should 
contain a l i ~ t d  n u d e r  of options md be well 
documented. The public version should be so gen- 
eral that it can be applied to different ecosysbm. 
The 'public' version will be programed for the 
UNIX workstation at the HwdquaPters, but DOS 
versions may be produced, considering the l i ~ t &  
number of options conhind in the program. 

b) 

version should be programed specifically for oper- 
ation on the UNIX workstation. The core of the 
developers version should be the public version. The 
developers version should, for example, contain 
options for sensitivity analysis and stochastic simula- 
tions. It should be documented as it develops on an 
ad hoc basis. -- 

The public version is given the first priority and should 
preferably be developed during the next year. This 
package should contain all the fmtures of the s h h r d  
methodology applid by ICES WGs. It should strengthen 
the ability of the cunent MS-program in daling with 
teehical interaction and it should  tia ate the application 
of mdels  accounting for spatial distribution of resources 
md fishing fleets. That m a s  that the public version of 
MSFP is not only intend& for workers with haterest in 
biological interaction. The public version of MSFP 
should have mrsnagement as it p ~ m v  objective, md 
therefore it should adhere to the dwelogments in m- 
agemenl ol-ientd research, such as the Worbng Group 
on Long-Tern Management Mmsures. 

The forecast-pas$ of MSFP should h o m e  a simulation 
mde l  to predict based on scena.rios for user-select& 
assumptions of the fishing patterns of the fleets 
consider&. 



The new program should be stmcturd into independent 
modules, md be based on object ofieatd grogaa 

2.2 Externion of the MS models (VPA and Fore- 
=tl 

Below follows a list of pssible extensions of the cumen& 
MS-program w&ck could be iqIemented in MSFP. 
Some of the pmgose8 extensions m y  or m y  not be 
included in the first version of the developers package, 
but the desip of the first version should take h t o  
accomt that these extenions evenm11y will be imple- 
mented. 

- MSFP mo$ules to imaterface with comercial arnalysis 
md presenhtion gmpEcs s o h a r e ,  (e.g., %&)'%US 1-  
2-3 and SAS). 

- Cumently, options for mming the MS-programs are 
written into an ASCII file. Entry of mn-options in 
MSFP should be selected by a user-friendly and 
menu-driven program module. 

- Internally, extensive facilities for graphical presenb- 
tion of results. 

- A modu%e to interface with disaggregatd dab bases 
minkined in the ICES headquaders. 

- Options to select sub-sets of species, predator-species 
;and prey-species. Non-select& prey species should be 
transferred to other food in the stomach content data 
file. 

- MSFP should conbin options to select the range of 
years, for which the VPA is mde.  

clmsib long tern prdictions sand b prevent unrealis- 
tic padiction results. 

- Cuaently, the MS-models asume that the sea is one 
homogenous area h which the remurces md the 
fishing fleets are evedy disthibuted. The m d e l  could 
accowt for tempra1 re4isbHlbution of fish &Wen  
a r m  and the allocation of efforB among a r m .  The 
model could accoruak for Imigrabion of fish b e m e n  
a r m ,  but ;an appropraate snigration model has yet to 
be fomulatd. 

- The current version assumes that bbe spatial diskribu- 
tion of fish stocks renaains cons-t, md that the 
degres of overlap b e m e n  prey md predator is 
reflmtd in the suihbilities. It is proposd that MSFP 
will allow for the use of spatially dimggregatd feed- 
ing &&, and will conkin algohibhm (yet to be devel- 
op&) for computing p r h t i o n  on a finer scale of 
spatial resolution. 

- Bptions for including 'other prey'. The cument ver- 
sion allows for only 'other pr&tors'. The 'other 
prey9 input should be total stock number, body 
weights and stomcb content in prdators of the 
spmies in qwstion, either by age group or by size 
group. 

- VPA-tuning methods will be incovoratd in MSFP. 
n e r e  should be options to tune for a variety of 
obsewations, such as effort from comercia1 fishery, 
abgmdmce indices from trawl sumey arnd tobl 
biomass from acoustic survey or egg survey. 

- Bgtions for groW%a rate and food consumption to be 
hnctions of available hod .  

- A suite of options for models of food suikbility 
models. In the cument version, suihbilities are 
assumd to remtn consh t ,  and are they the mean 
values for over the years with stomch content dah, 
An extension of the suihbility model is aIrmdy in the 
curnewt version, namely the option for "switching". 

- Estimte parameters in u se r - se l~ td  stockirecmit- 
ment models, for subsquent use by MSFOR. 

- MS-forecast should be able to produce result curves 
as a fdnction of an effod-multiplier (or F-multiplier) 
for a selected fleet or a group of fleets. Result-csames 
include: 

Yield curves 
Value of yield cumes 
GPUE-cusves 
Biomass-cunes (total and spawing stock) 

- 9 t i o n s  for definition of ~ n i m u m  and mximum bio- 
logical acceptable level of spawing stock biomass, to 



The documenktion of the public version shouHd com- 
prise: 

- The fleet defktions used in MSFP should adhere to 
feet definitions which are consider& usehl for 
management puqo*s. It should be able to use the 
ICES disaggregated dtah base for the allocation of 
effort on the Nosth Sea sub-areas. 

- MSFP should be able to predict biomass and fishing 
mohlities for given catch quotas, on a fleet basis. 

- MSFP should assess the effects of effoat Iimitations 
in the form of closed arms and closed semons. 

Stochastic simulation: 

- The MSFP should include stochastic simulation of, 
for example, recruitment. 

- The MSFP should include options for sensitivity 
malysis. MSFP should have options to mn multiple 
scenarios, md to compare results. 

Use of environmenhl data: 

- MSFP should contain options for using environmenbf 
Ah (for example, climatic data such as temperahre) 
in the formml part. 

Maximum likelihood estimation: 

- The current rnetbodology is unable to provide confi- 
dence ii.mits for the estimates of parameters and the 
forecast. A model formulation which allows for a 
sbtistical tratment of parameter estimates and fore- 
cast resuits should be pursud. 

2-3 mS"rodmc%isn, Docmenbtion and Tatin% 

The production, documentation and testing of the new 
software will rquire an international effort in order to 
ensure an aadquate input in the development. nerefore 
It is proposd that a coordinating group for the develop- 
ment of MSFB be esk"oishd (see WECOMMENBA- 
TIONS). The composition of such a group will need to 
kclude members of the Multi-species Assessment Work- 
ing Group md the Long-Tern Marnagement Mawres 
Working Group, with represenhtion from area working 
groups likely to be invoivd with nvnuling the public 
version of MSFP. This planning group will supemise the 
development, testing and documentation of the public 
version of MSFP. 

1) User's m u a l  including: 

a) Introduction to the tbeolry behind the 
MSVPAIMSFBR models. 

A presenhtion of the complete mathemtical 
models with explanatory notes. 

b) Complete demonstration example, with represen- 
tative examples of input md output. 

c) Parts of analyses of real &h =;el. 

d) Examples of likely ~ s u s e  of MSFP (don'ts). 

2) Listing of source code of program, with coqrehen- 
sive coments  md a complete list of variables with 
explanations for each symbol. 

The developers version should be docuraaentd on m ad 
hoc basis, on the highest possible level. 

2.4 Simple Sprw&%BBe$. Approxima$ion Modeis of 
MuICispeeia F o r m & ,  

A simple model which approximates the results of 
MSFOR would help assessrrment woking groups md 
ACFM to quicMy explore the likely response of the 
fi~blspmies yield and spares SSB to mdifications of 
the effort of dif'erent R ~ e s  includd in multispecies 
prdictions. Such models would help with the simple 
exploration of various scenarios which could then be 
verified by the use of MSFOR. A kdber advmtage of 
such approximte models is that they typically have a 
sirnlple mathemtical stmchrre which cm be helphi for 
gaining insights in to the results of MSFOR md the 
likely position or direction of various biological refer- 
ence points. Such a simplifid mde l  would also allow 
testing d u ~ n g  the period in d i c h  h11 versions are being 
develop& for new applications. 

Such a approximate model approach was US& by the 
Multispe~ies Assessment Woking Group at its 19889 
meeting ( h o n .  1989a) to provide estimtes of pssible 
positions of multispeies MSY, MEU, md multispies 
malogues to F,,,. T1-rese were based upon a quadratic 
yield surface such as those adopt4 by Pope (1979) to 
describe tile Gulf of nailmard fishesres. Such surfaces 
however imply iinmr surfaces for biomss changes with 
espect to effort change. This does not appear to accord 
very well with the biomass response 6 0  changes in fish- 
ing effort prdicted by MSFOR. Since the mnagernent 
of SSB is an impo*nt current concern of fisheries 
management in the No&h Sea it seem approprrate to 



chose a simple model with a m1e realistic response to 
effort chmge. 

This year the model formulation:- 

was adopted where A, B and A', B' are constaplks; 
where E(g) is the proposed efb& in fleet g and E'(g) is 
the status quo effort in fleet g; h e r e  SSB(s) is the 
spaming stock biomass of species s and where 
CPUE(s,f) is the catch per unit effort of species s for 
fleet f. The new yield of species s for fleet f then k ing  
given by CPUE(s,f)*E(f)/E'(f). 

Such a model is simple to fit from the usual Jacobian 
matrix output results of MSFOR. The present model was 
fitted to the results of the 50% increase Jacobian analysis 
made in the 1990 working group (Anon 1991; Tables 
4.11, 4.2.1a-4.2.7a). The s vectors of A(§), B(s,f) and 
the s.f vectors A9(s,f), B(s,f,g) being calculated by mul- 
tiplying the vectors of SSB(s) and of CPUE(s,f) at 8 
combinations of effort levels (shtus quo and 50% 
increase in each of the 7 fleets in &an) through the 
inverse of the effort change matrix. A simple EXCEL 
spreadsheet model APPROX was then constmcled using 
the estimated A,B and A',B9 values. This calculates the 
SSB ,CPUE and Yield values for each species and fleet 
and their percentage changes. The model provides 3D 
graphs of the yield and SSB % changes and tables of 
absolute and % change. Figure 2.4.1 shows the % yield 
changes by species and fleets when the various fleet 
efforts are mipulated by -t 25% or - 25 9%. Figure 
2.4.2 shows the equivalent SSB and overall yield and 
discard results for the same scenario. Both these figures 
show results only a few % different from the quivalent 
MSFOR results. The approximate nature of the model 
means that it graduaIIy diverges from the MSFOR 
results padicularly at low effo&. Table 2.4.1 shows the 
comparison when effort is rducect to 50% in all fleets. 
M i l e  many of the results still indicate scales and direc- 
tions of change approximately sinailar to MSFOR, some 
have divergesi from the MSFOR prdictions and are 
highlight& in the table. For this reason the model has 
been liPnited to chmges of 
m. linputs in the input sheet QUESTIOM.XLS thus 
generate error mssages OHP the graphs and fables. 

Figure 2.4.3 shows an example of the results of such 
abuse of the approximation. The formulation of the 
model means that the B(s,Q7s indicate the direction of 
change in the eEo& of each fleet f which would maxi- 
mize the rate of change of SSB of species s (e.g. -grad 
(SSB(s)) with respect to each fleet. Table 2.4.2 shows 
appropriate directions of effort change to maxirniz the 
rate of increase of steady shte SSB for each separate 

sp i e s ,  Some of these ddrrc"~:tisns will of course imply 
that the SSB of other species m y  dx%ine. ComproGg 
dirations do however exist. n ~ e s e  are w;&aere the SSB of 
all spe~ies would be 'expected' to h c r m  under the 
effo& modifications. Figure 2.4.4 shows one such m d i -  
fication. ID this s e n a ~ o  aH fleets are r&ucec% to 30% of 
t b i r  current level except the mithe fleh wrhich is 

by 20% and all SSB9s kcrease altlnougb by 
very different proprtions. 

The s i q l e  mde l  p r o p o d  a b v e  b t h  aids our compre- 
hension of the MSFOR program likely 't>ebaviour uader 
different scenarios and provides a sirnple comunication 
tool for the use of other working groups and Go 
of ICES. Using this s i q l e  model should enable them to 
propose scenarios for evaluation by MSFOW which 
approximb to the main changes they wish to achieve. 

3 

3.1 Extended Survivom Analysis (XSA) 

Ad hoc methods for tuning single spe~ies virtual ppula- 
lion analyses (VPA's) to fleet catch data can be applied 
to the VPA algorithm used within the rnultispe~ies as- 
sessment program. However, these techiques are sensi- 
tive to observation enors in the data for the final year 
(which is assumed to be exact), and fail to utilize the 
year-class strength infomeion conbind within the dis- 
aggregated catch data (Shepherd 1992). Extended Sur- 
vivors analysis, XSA (Shepherd 1992), ax extension of 
Survivors analysis (Doubleday 1981), provides an alter- 
native method which overcomes these deficiencies. 

Shepherd (1 992) discusses the I w t  squares derivation of 
XSA. CPUE indices from each fleet are assumd to be 
related to the population abundance by the consh t  
catchability model: 

(1) IJ (yaf) = q (a0 A (yaf) P (ya) 

where y indexes yeas , a age and f fleet. A is m averag- 
ing factor relating the population during the time at 
which the catch was hken lo the population at the &gin- 
ning of the year P. 

A is given by: 

where g is the start of the period of fishing and h the 
end (both expressed as fractions of a yesar). In practice 
WSA corrects the CPUE to the begiming of the year: 



Population estimtes at the hgin~ning of a yeax are 
d e ~ v d  from each fleet: 

The method assumes that the population values detavd 
fmm the VPA ( h p a )  are exact and that the values of 
Pest are estimates of these values. Shepherd (1992) 
shows that by a rearrangement of Pope's cohofi qmbion 
the VPA population for age a in year y is given by: 

(5 )  Pvpa (ya) = ECM (ya) Pt(k) +PC (ya) 

ECM is the exponential cumulative natural mo&lity 
s u m &  from the greatest coho& age back through the 
cohort to @,a). PtG) is the ternainal population (sur- 
vivors) at the end of the h a 1  year or oldest cohort true 
age and Pc is given by: 

(6) Pc (ya) = sum, [ ECM, C, exp (-0.5M, 1 

' suq9  describes su tion backwards up the cohofi 
from the oldest coho& age to the @,a) population. Pc 
therefore describes the contrihtion of the raised accu- 
mulated catches to the population in year (ypa). Within 
the traditional VPA and cohort analyses or one iteration 
of MSVPA, M, C, and therefore PC are consht .  Shep- 
herd (1992) derives the log of rmiprocal catchability 
(114 used to calculate the Pest values using quakion (4) 
by: 

where $(a,f) is the vanimce of the CPUE dab. Finally 
the colaod t e ~ n a l  populations are e s t imtd  by: 

(8) Ln Pt = s u q  sum, jw'(Ln Pest-CUMZ)]/ 
s u q  sum, [w9] 

and 
w' = W/ ECF 

Th is  is a weight4 geometaic rne-asr over all available 
data fox the cohort e s t imtd  from the CPUE data 
r d u c d  by total momlity to the end of the fins1 year. 
The division by ECF progressive2y reduces the weight of 
the younger ages of the cohort. Within the XSA 
algorithm the \A/ values are the varimce of the log recip- 
rocal catchability. Calculation of catchability and the 
terminal populations is an iterative process with new 
h p a  values general& at each iteration. Va~ous  options 
for time series weighting, prior fleet weighting and 
exclusion of estimates with high s a d a r d  errors are 
available. The RCT3IRGRTirNX2 procdure (Shepherd 
1990), which allows the CPUE of r ~ m i t i n g  age classes 
to be non- linearly propo&ional to yar-class strength, 
can be used to analyze the younger ages. 

3,1,8 Inc~rpora t i~n of XSA in MSVPA 

Prior to the m e t k g  the code used for rading the fleet 
catch at age data files had been incowrat& in the 
MSVPA. The fiIa are in the f o m t  quivdent to that 
for the hwestoft VPA, with the ddition of the g and h 
parameters aker the e f b d  and sex cdes.  B u h g  the 
m ~ t i n g  there was only sufficient time for convedbng the 
algonithm for XSA for use within the MSVPA program 
and to c a w  out a few preliminary test m s .  These 
established that the w i n g  of MSVPA using XSA is 
possible, but thd Pninor problem in the interface 
behvwn the two methods have still to be resolvd and 
coded. 

The XSA code was treat& as a separate entity from the 
MSVPA code. Bn initial mrn of MSHTST the MSVPA 
VPA submutine is used to initiraliz the population num- 
bers and the natural mopgalities inducd by precHators 
(M2). For each year and age, population numkrs, the 
nabral morlalities MI and M2 md the total catch are 
extract& from the quarberly MSVPA arrays and restmc- 
t u rd  in the m u a l  XSA fomat. XSA is then used to 
generate t e ~ n a l  populations for all of the species for 
which fleet catch at age kning dab  is available. A one- 
step coho& analysis is used to generate the population 
values in the third quarter of the final true age or ymr 
and these values are then used wibh the teminal popula- 
tions to calculate the t e h n a l  F values. The ternainal F's 
are rehmesl to the MSVPA fishing morlalily amay for 
use in hrther iterations. The 'pseudocode' algonthr~l for 
the m i n  MSVPA procdure is given in Appendix A. 

The XSA code was successfully hterfaceli with the 
MSVPA code md allowed some initial mns for testing 
output from the modified program. Tbe MSVPA ran to 
completion with m increase in the required exeeution 
bim resulting from the additional iterations. %ere still 
r e m k  a few f o m t  problem concerning the XSA 
hning output, but these are not considead to be sipifi- 
cant. 

MSVPA/XSA results were g i o d ~ c d  with the manimum 
of the available options available to the user in the full 
XSA hning methd. For each s p i e s  with fleet catch 
data CPUE was msumd linearly relatd to ppulation 
size for all ages up lo the last tme age -1, a nmesmry 
default option (Shepherd 1992). The vanious weighting 
options were set to 1, m d  perhqs of grater 
consquence, all g and h values were set to 0 md 1. 
This produces errors Ira the esbimlion of CPUE and 
catchabilities when using the resmrch sumey data in the 
hning file which is collected during shod e im periods. 

A preli~naaunary sumey of the terminal F values generat& 
by XSA for the final qwder of the final year showed 
that after suibbility convergence had been achiwed, the 
final year terKlinal F values produced during the final 



iteration show& some resemblmce to those with which 
the program had k n  Iplrtialid. The kitialimtion 
values were o~ginally e s t imtd  by detehning for each 
s ~ i e s ,  P values which result in ppulation numbers 
equivalent to those recorded by the single spe~ies work- 
k g  groups. Tbe methods are rmorded in previous 
rnultispecies working group repods ( h o n .  1984; h o n .  
1986). 

Given the deficiencies in the initial test m parameters 
elected for XSA, the results show that the method can 
be applied for tuning MSVPA. They indicate that where 
the cohorts are of short duration at the comers of the 
catch at age array (the younger ages in the final year), 
the technique may require a non-linear model or some 
additional huiing of the type used for single s p i e s  
VPA's (survey data, etc.). For cohorts with a longer 
time series in the catch at age array the results look 
promising . 

After completion of the final implemenbtion and testing 
of the XSA a lgor i th  within the MSVPA program, a 
series of invatigation runs are required to evaluate the 
potential of the various tuning options available when 
using XSA tuning. This will be required for each of the 
stocks for which fleet catch information is available. 
Tuning of the tuning procedure is also required to esti- 
mate the numhr of iterations of XSA for each MSVPA 
VPA. A 1:1 ratio seems appropriate, and may prevent 
possible clashes between the techniques. 

3-1-2 R m a i n i q  discrepancia k t w e n  XSA and 
MSWA 

During the transfer of the XSA code to the MSVPA 
program a problem arose which has still to be resolved 
to allow a full implemenbtion of the tmhique. It was 
eskblishd that the MSVPA hmdles plusgroups in a 
different way to that in the hwestofk. VPA. In the for- 
mer the VPA is sbrted by entering a ternninal fishing 
morkality for the plusgroup, while in the VPA the ter- 
nninal fishing mo&lity is applid to the oldest age. The 
piusgroup nnodiity in the bwestofi VPA is set to be 
quivalent to the mo*lity of the oldest true age group in 
the same year. 

In the MSVPA the numbers in the plusgroup are esti- 
m t d  by the usual catch quation in each of the 4 quar- 
ters. At the begiming of the year a number of fish equal 
to the n u d e r  of plusgmup fish which have died during 
the year is transfend to the oldest true age group. The 
underlying assunaption being that the plusgroup repre- 
sents a population in quilibrium. In a multispwies 
context this approach is convenient for two reasons: 

group conesponding b the level obtain& for the 
oldest true age. This would rqlaire an additional 
iterative loop, including estimtion of pr&tion 
morhlitia. 

2) Tbe approach correspods to that followed in the 
forecast mdeI  where fish are transfewed from the 
oldmt tme age group to the plusgroup. The plus- 
group is therefore dealt with in a consistent way 
throughout the muldspecies program. 

At the end of the time available for the work this prob- 
lem h d  still to be resolved. kn the c u m t  development 
stage of the program, te al F values for the last 
qmrter of the final year are used to tune the MSVPA 
above the leading diagonal of the population at age 

al F values for the plusgroup remin 
the input value from the data file. 

Given that the MSVPA will always require an input of 
the terminal F values to the plusgroup and XSA gener- 
ated tenninal ppulation values are to be used to esti- 
mate the terminal F for the plusgroup. The inverse 
process to that used within the MSVPA to estimate the 
last true age population from the plusgroup population, 
should be applied to the XSA t e ~ n a l  populations to 
derive the plusgroup population estimates and 
subsequently terminal F's. This will result in the 
MSVPA VPA reproducing the XSA terminal populations 
in the next iteration. 

Alternatively, a solution to the problem is to use ao 
iterative solution for the estimtion of the plusgroup 
populations that would be required to produce the ter- 
minal population estimated by the XSA method. 

The plusgroup catch in the first quarter is derived from 
the behnal  population of the last $me age by the qua- 
tion: 

m e r e  Cql,, is the estimatd catch in the first qmrter 
Cql is the actwl catch, Pt the XSA generatd t e h n a l  
population, Fql the fishing morhlity ,M2 the predator 
induce$ morhlity and M l  the remaining nabral morlal- 
ley. If an initial estimte of Fql is made then an esti- 
mated Cql can be caicuiatd, A new Fql estimate is 
then derivecl by: 

1) Since the MSVPA is quarterly and natural mo&lity 
is allowed to vary, it is not straight foward to gen- The process is iterated until Cql,, approximates to Cql. 
erate a level of yearly fishing momlity for the plus- The procdure is then applied to all subsequent quarters 



for the plusgroup. This algowthm will only hold if the 
catch from the plusgroup k i n g  h m d l d  is less than the 
t e ~ n a l  ppulation for the oldest true age or the popula- 
tion in the previous plusgroup quarler. 

The MSVPA hmdle plusgroups in a different way thm 
in the bwestofi VPA. In the fomer the VPA is s h d d  
by entering a tepminal fishing mrkli ty for the 
plusgroup, while in the Lowestok VPA the t e h n a l  
fishing mohlity is applied to the next oldest age group. 

In the MSVPA the numbers in the plusgroup are esti- 
mtd by the usual catch equation in each of the 4 qwr- 
ters. At the begiming of the year a n u d e r  of fish qua1 
to the number plusgroup fish which have died d u ~ n g  the 
year is trransfened to the next oldest age group, the 
aanderlying msunrption being that the plusgroup repre- 
sents a population in equilibldum. In a multispe~ies 
context this approach is convenient for two reasons. 
Since the MSVPA is qwrlerly and since nahral morkl- 
ity is allowed to vary it is not straight fornard to gener- 
ate a level of yearly fishing mortality for the plusgroup 
conesponding to the level obbined for the next oldest 
age group. This would in fact require an additional 
iterative loop, including estimtion of prdation morhl- 
ities. Secondly the approach corresponds to the approach 
followed in the forecast where fish are transfend from 
the next oldest age group to the plusgroup. The 
plusgro-stg is thus dealt with in a consistent way through- 
out the multispe~ies program. 

3.2 Posible Analysis of Suihbility and MZ. Out- 
side epf MSWA Models 

Skgh and Pope (1992) suggest that to some extent M2 
levels generate$ by particular predator sizes on particular 
prey size cbsses can be investigate$ outside of MSVPA. 
They suggest that this could be done by compa~ng 
stomch contents of different predator species and sizes 
sen at the mrne slation and assurraing that the local 
i tbunbce of grey of species s amnd size 1 have an abun- 
h c e  oE 

N (s, 1, r) at rmbngle (or station) r. 

The amuslt of the prey in stomachs, if the Shepherd 
model of predation is adopt& (consht  prdation mox- 
&lily per p rd to r ) ,  or the relative amount of prey in 
stomehs, if the MSVPA prdation model is used can, 
therefore, be view& as ca muitiplicative model of the 
local unit predator AM2 (or local suihbility) ;and a focal 
abundance factor such that 

Numbers in stomachs ( S ,  L, s,l,r) = 

D(S,L,s,I,r) = N (s,l,r) x AM2 (S,L,s,I) 

AM2 (S,L,s,l) c m  thus be estirnatd using an ANOVA 
of Prey-size * anad P r d t o r - s i ~  interactions and 
Prey/size * position interaction t e r n ,  T%at is: 

With this fornulation it will be impossible to scale both 
t e r n  absolutely within the model since multiplying AM2 
by 2 and dividing fi by 2 would give the same resulbs. 
The m d e i  could, however, be scaled using global esti- 
mtes  of the vdues of R(s,a, * ) where * indicates 

tion over all reclaatgles. 

Practically, the approach iwolves some problem since 
the &h set including zero obsemations is large. The 
m s t  appropriate sbtistical model would be Poisson 
error distribution model and a Log-link hnckion, i.e.: 

D(S,L,s,a,r) = 

exp((Pred-size) * (Prey-size) + (Prey-siw) * sktion) 
+ Poisson error 

This may, however, be difficult to fit to the large data 
sets requird and some consideration of simpler alterna- 
tive models m y  be wofihwhile. It may, therefore, be 
worth consideing the malysis of one prey species at a 
time in order to reduce the size of the model to more 
tractable dimensions. The (Prdd-siz) * (Prey-six) kter- 
action tern could of course be simplifid to a Pred * 
Prey e f k t  and a relative size hnction as has been used 
in past fittings of suihbility. 

4. I Introduction 

In the MSVPA the food composition of a padicular 
predator age group is p rd i c td  from the relative abun- 
dance of the vaious prey age groups weight& by their 
relative suie;dbility as prey. One of the basic assumptions 
of the MSVPA is the assumption of c o n s h t  suihbility 
for each prdator age prey age combination over time. 

Suihbilities [or preferences, as they are call& in the 
ecological literature (e.g . Manly 1944; Chesson 1978; 
1983)J may be interpret4 as being propodional to prob- 
ability of encomter &men the prey and the prdator 
muleiplid by the probability of the pr&tor a t h g  the 
prey once encounter&. If suibbility is to remin con- 
slant the product of these two probabilities should be 
consht .  

or relative numbers in stomachs: a71e probability of encounter will only be constant if the 
relative spatial overlap bem-cvlen prAtors  and prey does 



not chmge over time. In the No& Sea changes in dis- 
tribution have &ken place for sever~! species, Herring, 
wEc$ in 1981 was distributd mainly in the northern 
part of the Nodh Sea h a m e  abundarst throughout the 
area in 1985, 85 md 87. Sandeel has also change$ its 
relative distribution ( h o n .  1990a). Pn 1981 28% of the 
total North Sea biomss of mdeel  was fowd in the 
nofihea area, while the conesponding percentages for 
1985, 1986 and 1987 are 15, 20 and 35, respectively. It 
is probable that sirnilar changes have occusred for other 
species as well. Thus, if changes in suitabilities are seen 
they m y  result from changes in spatial overlap of pred- 
ators and prey. 

The probability of eating the prey once encountered may 
also change, e.g. as a function of prey biornass. Thus ran 
abundarrt prey item (or year class of prey) m y  attract 
more predators than a less a b u n h t .  Murdoch (1969) 
introduced the tern "switching" to refer to the situation 
where the ratio of the abundances of two prey species, 
in the diet of a prdator, increases faster thm 
propo&ionally with their ratio in the environment. As 
shown by e.g. Oaten and Murdoch (1975) such a change 
in preference (in this context called 'positive switching'), 
is likely to shbilize prey species densities in models of 
interacting populations of predators and prey, and have 
therefore attracted considerable interest. We do not 
know if md to what extent such chmges in the behav- 
iour of the North Sea predators occur. 

However, the distinction between spatial effects and 
behavioral changes is not perfect. Changes in spatial 
distribution of predators may result from changes in 
spatial distribution of prey, and the two cannot be distin- 
guished from stomch content data only. Staadies of how 
prey density affect the distribution of predators are 
needed. 

A third possibility for introducing changes in suitability 
over time results from the way in which suitability is 
estimated within the model. Since suibability is a non- 
linear hnction of food composition, the average suihbil- 
hy in a given year carnot be determand d i r ~ t l y  from 
the average stomach content of a given prdator popula- 
lion, except if all the individuals share exactly the same 
anay of suitabilities. To estimate the population suit- 
ability it is necessary to sum the individual responses to 
the various prey item. This is a simple nnatter if indi- 
viduals are identical in all respects. However, if indi- 
viduals differ s u m i n g  the effects of the individuals can 
be quite complicatd and the response of the entire 
predator population may not be diratly prdictable from 
the qwlitative behaviour of each of the individuals m k -  
ing up the population. If suitability thus differs among 
predator individuals, but does not change with the rela- 
tive density of the prey, i.e. no switching on the level of 
the individwl, theoretical considerations show that the 
overall suitability of the population does change with the 

relative density of the prey (Chesson 1984). This phe- 
nomenon, which m y  be regard& a =themtical a h -  
f a t  due to the way in wGch the average population 
suihbi%ity is calcnlatd, m y  reult in swi t chg  on the 
population level. $kne switchkg m y  be psitive or nega- 
tive depending on the circumuces,  with negative 
switching k i n g  the more likely. 

Differences b e m e n  individuals m y  also arise b w a u ~  
of differences in spatial distribution &eween prey aad 
predators, and such situations are cornrnon in the NorZh 
Sea. Consider for exalnple the situation *re one prey 
item can be found only in the northern North Sea, while 
the predator is distributed throughout the Nofih Sea (e.g. 
whiting and Noway pout). Table 4.1 shows a theoretical 
exalnple where the distribution area of the prediPtor is 
divided into two parts, in the southern other food is the 
only food item available, in the nodhern both other food 
and another prey item is available. Let us estimate the 
overall population suihbility of the prey in hKcl 
sihaations; one with a prey biomass of 1.0; the other 
with a prey biomss of 2. Assume that the biomass of 
other food is the same in both situations and that the 
suitability of the prey is 0.5 within each area in h t h  
situations. The food composition wit&n each area may 
now be estimated by the usual formula: 

Since half the predator population is found in the no&- 
ern area and the other half in the southea, the overall 
av. prop. of the prey in the stomachs can be estimted as 
the average of the food composition in the two areas. 
The average food composition m y  then be entered into 
the fomula for estimating overall suitability: 

suit = 

Rel. st. cont./Biom / Sum ,,, ,,(ReI, st. cont./Biom) 

In sihaation I the overall suitability of prey 1 has thus 
been estimtecl to 0.4, which is less ehm the within area, 
suitability of 0.5, Not *ing difkrences in spatial dis- 
tribution into account may thus introduce a bias in the 
estimate of overall suitability. 

The same procedure was appliecl to simtion 2, The 
result was an overall suitability of 0.33. SuikbiHity is 
thus a, declining hnction of prey biomass, a simdon 
which will appear as 'negative switching', i.e. the prey 
baomes more attractive (suitable) as its abaanbce 
decreases. 

In summary, switching may result from chmges in 
relative spatial overlap, from behavioral chmges aad 
from the use of average stomach content to es t imk 
overall population suitabilities in the simtion where prey 
preference differs between individual pred2ltors. 



4-2 Incorporafiq Swifchiq in the MSVPA and 
MSFOR 

In the MSVPA switching was m d e l l d  by naalrring suit- 
ability a function of prey abmdance: 

Suit = a * Nb 

where a and b are consmts md N is the average p p u -  
lation nunnbers of a particular prey age group within a 
given quader. If b is zero Suit is consh t  (no switch- 
ing), if b is either positive or negative suieability will 
either increase (positive switching) or decrease (negative 
switching) as a franction of prey abunhce .  

;In the MSVPA, the expression for calculating the pro- 
podion of the food of a padicular predator age group 
which constibtes of a particular prey age group 
becomes: 

Food comp. 
= aNb*M*w / SUM -, ,,(aNb*N*w 
f a*(Oth. food)b+') 

where w is the average body weight at ingestion of the 
prey age group within the quafier md 0th.food is the 
biomss of other food. The equation may be solve$ with 
respect to the conshnt a: 

a = (Food comp. /w*Nb+l) / 

(Sum ,, py (Food comp. /w*Nb+ ' )  + 
Food comp. (0th. food)/Otb. foodb+') 

Given b it is thus possible to estimate the consmt a 
within the MSVPA for each predator species age group 
prey species age group combination. 

However, some care is need& when interpreting the 
results. Introducing switching in the MSVPA may intro- 
duce a sihaation where the MSVPA qualions for esti- 
mating M2 do not have a just one soludon, but three, 
two stable md one unsgable (WildBn 1988)- Wether or 
not a unique solution is present will depend on the value 
of b. Extreme values are most likely to result in non- 
unique solutions. 

4 3  Rmulh from the Iratsoductioaa of S w i t c h i ~  in 
the MSWA: The Nodh Sm 

In order to evallaate the data from the Nodh Sea and the 
Baltic for the existence of switching phennornena, the 
MSVBA was mn with various values of b. The objative 
was to test values in the range -1.0 to 1.0, but that was 
not possible. For high md low values of b the M2 iter- 
ation failed to converge, probably caused by the exist- 
ence of several solutions. For the No& Sea it was 
possible to mn the m d e l  witk values behvan -0.6 a d  

0.4 md for the Baltic the values tested were between - 
1.0 md 8.4 

The best for switching was a study of the concorhce 
bWeen %slimbe$ md observd sstoraa~h content. For 
cod, whiting md aithe stomch content data are avail- 
able for several years. n i s  allows the compuktion of a 
mnw suihbility md a prediction of stomcb content. 
The sum of s q m r d  deviations &Ween obsesvd md 
es t imtd  stomch content was the goal Ranction in the 
test. 

The optiml test wotlld be to run the model when each 
p r d t o r  prey hleraction was =s ip& a series of values 
of switching, all other bteractions being fix&. This 
would produce a lmdscape of sum of q m r d  deviation 
values In a n-dimensional space, the h k  k ing  to find 
~ d g e s  in this Imdscap. For pmtical rwons,  however, 
it was not possible to best that n u d e r  of mns so for all 
mns the same value of switching was =sign& to a11 
prdator prey interactions. 

The stomach content of a given prey species prey age is 
given as a weight propodion of the average stomch 
content of a given predator species p r d t o r  age. By 
mltiplying with the average stomch content, the weight 
of the prey in the stomach is obhind.  If this number is 
divide$ by the weight of the individual prey at ingestion, 
the n u d e r  of prey itern in the stomch is obbind.  
Both values for stomach content was used in the compu- 
btion of the sum of sqmred deviations. Ln both cases the 
number was weight& with the num&r of stomchs 
mmpld. 

During the test it k a m e  obvious, that the use of the 
n u d e r  of prey i tem was less desirable since division 
witk some 0-group weights gave extremely high values 
and deviations. So only the squard deviation on weight 
basis w a  tested. 

Figure 4.1 shows the results for the Nodh Sea for the 
prdslators cod, whiting and withe witb all prey i tem 
mid, For cod md whiting it is s e n ,  that a value for 
the degree of switching around -0.5 prduces a aplini- 
mum in the sum of s q w r d  dwiation. This is not the 
case for mithe. In Figure 4.2 (a) all p r h t o r  species are 
pol&,  but the contaibution to the sum of squard devi- 
ations are split on prey species. R e ~ n g  and N. p u t  
gives high co-rat;.ibutions, espwially at high degrees of 
switchkg. Tiize presenhliorra has the w-ess that 
i m p o m t  prey species gives high loadings, thus 
covering the contribution of less imporht  species. 'Iks 
is  en into account in Figure 4.2 (b) where the c o n t ~ -  
bution of each prey species is n o r m l i d  by division 
with the sum of the contribution over all values of 
switching. It is seen that some grey species reach a 
&nimum value for the sum of squard deviation for 
switching degre -0.5, while others do not. 



In order to &fiber investigate the deviations between the 
e s t i m t d  m d  o b g w d  stomch content the disbpabutioa 
of the differences were computd. The difference on 
weight basis d e s  compa~son b w m n  pr&tors diffi- 
cult due to difkrences in rations. Iarstead the relative 
difference were coquted  as the difference b w m n  the 
estimated fraction and the obsmed fraction that a prey 
item would constihate of the stomach content. The results 
are s h o w  in Figure 4.3 a-c. The distribution is e x p t e d  
to be symetrica? around 0.0, but for increasing degree 
of swi tchg ,  the dist~bution is m o ~  skew& with a 
clear left hmd tail. 

To check the models concordance with IUFS index a 
series of comelation analysis where done on the model 
ln(MSVIPA) = a*ln(liWS)+b for various degrws of 
switching. For the 1 year old year class the resulls are 
shown in Table 4.3. The R2 value is in genersl 
unchangd and indepndent of the degree of switchng. 

4,4 R a d b  from the Bntrsduction of SGtchiq in 
the MSWA: The Baltic S m  

Parts of the exercise was repealed on data from the 
Baltic. Plot of the sum of squared deviation are shown in 
Figure 4.4 (a) and @) [comparable to Figure 4.2 (a) and 
(b)]. For the Baltic the introduction of switching in the 
MSVPA is of no siMficance. The sum of squared devi- 
ations has a mLinimum in 0.0, indicating no switching. 
The introduction of switching makes no difference in the 
prediction of the stomch content, except for sprat at 
high values. 

The distributions of deviations are shown in Figure 4.5 
(a) to (6). It is seen that switching introduces skevvness 
in the distribution. 

It can be concluded that the htroduction of a moderate 
degree of negative switching in the MSVPA for the 
Noath Sea can ianprove the mde l  in tern9 of increasing 
the concorhce 'laemwn obsesvd and e s t imtd  stom- 
ach content. 

lit is, however, not possible to m&e any behavioral 
htevrebtiora of this, since we have no way of distin- 
guishing 'behavioral switchg'  from the other causes to 
qparent switching. However, if the obsewd switching 
was of behavioral nahre, it would probably be positive. 

Among the alternative explanations mentioned in the 
introduction, the apparent switching might first of all be 
the result of changes in spatial coincidence bemeen the 
predator and the prey or be a mthemtical artefact. 
Fudher development in area based models might eluci- 
date that. 

En t e r n  s f  prdickion of rwmibmnt in the histo~cal 
malysis, the introduction of switching gave no improve- 
ment. 

For the Baltic the MSVPA will not improve by the 
intrduction of switchg.  h e  explmation could be that 
I m l  variations in a b m h c e  at I w t  partly is  en into 
account by the division of herring into two separate 
stocks. 

5 OF DATA SETS FOR 
B;'EEBrnG S T r n E S  

Apart from modelling approachw used to test hypotheses 
of f d i n g  interactions, there is much potential insight to 
be gained from empirical analyses of stomach content 
data. Several propedies of the feeding data are critical to 
the MSVPA modelling project: is the total f=eding levd 
constant? Are the variance properties stable, md of such 
a m w i b d e  that tests of changing feeding levels are 
estimable? Do results from empirical analyses shed any 
light on tests of the assumptions of constant suitability? 

For all systems, the intercomparison of f d i n g  data may 
be impoMt in revealing underlying prwesses that m y  
be generalizable and thus form the basis of models that 
m y  be used widely. In boreal systems, the scope for 
compensatory feeding on other prey types when capelin 
biomss is low is of primary concern. Likewise, the 
effects of year, temperabre and quarter (as aliasing 
spatial overlap among predators and prey) on total stom- 
ach constant are important, but have not been quantitat- 
ively evaluated, in most cases. Additionally, there are 
technical questions on the effects of bukng  of stomach 
mnnples on the estimation of statistical properties of 
f d i n g  data. 

The Shady Group on the Analysis of F d i n g  Data 
(Aaron. 1992a) proposed a wide range of teshble hypoth- 
eses to be considered with intra-and inter-system data 
sets. Because of its ubiquitous distaibubion and economic 
impomce, cod, Gdus  morhua, was consider& the 
gralnarpr spe~ies for cornnpanson. '?&at group also ident- 
ified data sets on North Sea VilBritdng and m o  h&e stocks 
as being aasehl for corngaaison. Be~ause of the diversity 
and intensity of ;analyses undehken for cod, it was not 
possible to extend these arnalyses to the other stocks. 
These data are describd however, in Section 5.8. 

F d i n g  data sets constructed for these analyses are 
reviewed in detail in Sections 5.2-5.8. For cod, six data 
sets were available (Figure 5.1 ; Table 5.1). These data 
sets include three that are collected in a bulking scheme 
(North Sea, Baltic Sea, Iceland) are three collected as 
individual predator stomachs (Barents Sea, Newfound- 



tmd, Northeast USA). Data were made available in a 
c o m o n  aggregdd form1 as providd by the Study 
Gmup on halysis  of F d i n g  Data ( h o n .  1992a). A 
tohl of 96,1928 f d i n g  r ~ o r d s ,  representing 2m,635 
cod p d t o r  stomchs were bc ludd  in the c o m o n  
dah set. 

The No& Sea is relatively shallow. The muthmtem 
pa& is generdly less than 50 m, whereas the northern 
Nodh Sea is b w w n  60 m d  200 rn up to the shelf edge. 
The IIIW quarberly temperahares rmge bemeen 6-10" in 
the nodhem and 3 - 16" in the southern No&h Sea. 

Cod is widely distributd over the entire Nofih Sea. 
However, distribution patterns vary with age and 
bemeen years. Spawning tibkes place in jmwry though 
m r c h  over wide arms including the southern Bight. 
However, the large cod s e m  to avoid high teqerakures 
m d  leave this area in s u m e r .  Tagging experiments 
have s h o w  that nugrations within the Nor&h Sea are 
l i ~ t d  in extent mcl that there is little exchange beween 
the southern md nodhem North Sea. Some rnixlng 
wcurs Bn the Channel, Skagenrak and around the coast 
of Scotlmd. Although pelagic 0-group cod are widely 
dispersed, the highest concentrations of 1-group cod are 
generally found along the continenkt coast. 

Stomchs have been collected during a l  qua&ers of 
1980, 1981 and 1982 aPld in the 1st and 3rd qualr&ers of 
1985-1987 (T&le 5.2.1-3). Most of these samples have 
k n  co l l~ t ed  during resmrch vessel cruises aimed at 
estimating the spatial distribution md abundance of 
demrsal fish. However, these collections have been 
supplemented by samples &ken on board of comercial 
vessels. In 1980 and 1982, ~ m p l i n g  was only carried 
out by the Netherlands md the suweys were restrict& to 
the southern Modh Sea, vvkerea.~ in 1981 and 1985 - 
1987 the sampling was internationally coordinated over 
the entire North Sea. In addition data are available fmm 
a die1 mmpling program within a r e s t ~ c t d  area in the 
2nd qmder of 1984. Tlese data are not represenktive 
for the No& Sm cod population. 

The surveys follow& a stratified rmdom sampling 
sclrem, where the strata were defsnd as ICES 
recbgles of 30*30 msiles. The catches were saqlead for 
length and age disb~butions md sorted by predefmd 
size categories. XPI 1985, the size classification was 
chmgd.  'Full dehils of the sampling procdures have 
been d e s c ~ w  by D m  (eil. 1989) and Amon. (f992b). 

Evert& stomchs were disnussd straight away. If there 
were more thm 10 fish in a size category, a maximm 
of 10 fish were selxtehf at rmdom. Otherwise all fish 
were included in the sample. AII fish were open& and 
the stomch contents were presenvd as a bulls& s a q l e  

in a jar with fomaBhpn, Although the number of kan-imls 
in the mmpfe showing evidence of regugihtion were 
recorded, there contents were not hclasdd in the 
ample. The number of regurgitatd fish (whch had 
obviously been f d i n g )  were used as a cone~tlon factor 
for eskimting the average amount of fish ach l ly  fwd- 
k g  aad tbe average stomach content weights. Mso the 
numbers of entirely e q t y  stomchs were r ~ o r i d d ~  h 
19134, all fish caught were mnapld aard the stomch 
contents stored in kmadidlaal jars with records of the cm 
class. The size frquency distribution of all the speci- 
mens includd in the &h base is given in Fimre 5-2. 

The contents of the jars were wash4 and scrk&n&C: 
before they were soft& by prey categorgr and size cat- 
egov in the labratory. All fish were identified to the 
species level if pssible m d  for other prey also as far as 
practical. Weights (in 0.1 g) and nraamkrs were rmorded 
by prey size category. 

Most count~es co%lect hydrographical data duslng their 
surveys, but these data were not m d e  available for 
incovoration in tbe sloraack content data base. Mow- 
ever, they have been stored in the ICES hydrographical 
slah base and i t  should be possible to extract these data 
in due course and combine them in the data base. 

From the internationally coordinatd surveys, the aver- 
age catches of the nunntsers by size class by sktlstical 
recMgle have been calculatd and incovoratd in the 
s b m c h  content data base in order to weight the amplee; 
collect& according lo the catch rates. 

5.3 Baltic Sm 

An international cod stomch data base has been estab- 
lished at the Daaish institute for 'Fishe~es and M a h e  
Research (DIFMAR) on the initiative of the WorEng 
Group on Multlsp~ies assessment of Bahtic Fish. 

The puTose of the $ah base is to facilikte the compila- 
lion of cod stomach ciah for use in the MSVPA model 
for the Baltic Sea. ( h o n .  1989b; 199Ob). However, the 
data base conhins more infomtion than needed by the 
MSVPA model anid cm be of value in other c o m ~ t i o n s  
too, 

The $a& base conhins stomach &Pa mmp1d by Den- 
mark, Finlmd, Germny, Polmd, Sweden, and USSR 
from Sub-divisions 22, 24-30, and 32 foe the gpexiod 
1977-1990, h total, about 5 0 , O  stoan;aclas knave been 
;rrmal,lyd and are repodd to the data base. hound 
4 0 , W  of these have been repodd from Sub-divisions 
25, 26, and 28 (Central Baltic Sea; Tables 5.3.1 to 
5.3.3). %he data in the &lia base are aggregatd by 
country, year, qlaader, subdivision, md cod length 
group (Anon, 1992~; Degnbsl 1992). 



Digestion sbge A items are repssrrtd in I-cm units and 
digestion stage B in the length groups 9 11 em, 11-19 
cm, and > 19 cm. 

Unfo:orhtnately, the data are not toblly shndard id  and 
compilation of data is therefore difficult. Differences 
between countries exists as regards the length grouping 
of cod, the length ullit used for preys, and the identifi- 
cation level used for the digested preys. Today the s h -  
dardization has ilnrproved so that the data from later 
years and, hopefully, also the data, which in the haahare 
will be reported to the data base, will be m c h  ebbsier to 
compile. The size distribution of cod sampled for stom- 
ach contents is given in Figure 5.3. 

Often more than one gear type have been used for col- 
lection of the material. Bottom trawls are the most com- 
monly used sampling gear, followed by peiagic trawl. 
Gill nets have only been used for sampling of a minor 
propor(ion of the stornachs. 

Some preliminary analyses have been made (Sparbolt et 
al. 1991) with the primary aim of showing the possibil- 
ities in the data, of giving a broad description of the 
food habits of cod in the Baltic Sea, and of detecting 
problems in the data such as systematic differences 
between countries due to, for instance, differences in the 
working up procedure used when analyAng the stomach 
contents. 

Details about formatting of the data base for the present 
purpose are given in Anon. (199%). 

has %sen to sample most size OF age groups of cod over 
the man area of distfibution throughout the year. Nor- 
way and Russia have cmperatd in rirampling and 
exchmgiaag stomch data since 1987 (MeM arrd "Pamgha 
1991). Qwder 1 and 3 are best cover& with ample§ 
(Table 5.4). [Most of the stomchs a q l d  in qaaa~er 4 
were inadver$enlly placed in qwder 3 when transfend 
from the Nomegiran data base, It was not possible to 
coneet this durkg the meetkg, and therefore m a I y ~ s  of 
quarterly effects using these &ta should not be con- 
sidered defillitive.] The last par( of qwrter 1 and the 
first pa& of qu&er 2 is the spawing -on for b t h  
cod and caplirm. Mabre cod will be outside the system 
for a part of this period, and m h r e  capesdh will lnigrate 
though the area where i hare c d  is distributed, d 
is therefor eaten in Iarge amounts by medium sized (30- 
60 cm) cod. In the second half of the y a r  the capelin 
stock is feeding in the northern part of the Barenb Sea, 
and mature cod to some extent migrates northwards to 
f e d  on capelin. I m a h r e  cod have wt-west migra- 
tions, bekg fudher to the east d u h g  sunauaer-autum. 

Source of stomachs 

All the samples have been collwted on board Norwegian 
rand Russian research vessels during routine surveys mt 
the Barents Sea and the Svdbard area. The gears used 
are both pelagic and bottom trawl, but the bulk ( > 95 %) 
of the samples are taken by the latter. The stations anright 
be fixed, stratified random or made on basis of acoustic 
infbmation (Bogstad and Mehi 1992). 

Descri~tion of svstem 

The Barents Sea is a high latifrude Eosystem, extending 
frorn the coast of Nodhem Noway (70°N 20°E) north 
to the western coast of Svalbard (80°N 10°E) md east to 
Novaya Zedya  (55 "E). It covers &out 1.5 ~YIIIIIon km2. 
The system is characteP.lzdd by relatively warn cunents 
with Atlantic water from southwest md cold cumrents 
with temperal-hlres below 0 frorn nodhast. The main 
depth-range is 100-400 m. There are relatively few spe- 
cies in the system, cod being one of the major prdakors 
and capelin the most i m p o m t  fish prey, both for cod 
and some other predators, e.g. harp seal, Cod and 
capelisr are also the two most impomnt comeretaliy 
species in the system. 

A multispwies model for the Barents Sea (MULTSPEC) 
is being constructed with basis in the cod-capelin system. 
An essential requirement for the model is quantitative 
dab on the cod sto~k's food selection, md a stomach 
sampling program has been mming since 19244. The aim 

The stomach sampling strategy has been adjusted to the 
two countries' survey programs. On Norwegian surveys, 
the aim has been to collect up to 5 individml stornachs 
of cod for each 5-cm length group on stations with other 
biological sampling (otoliths etc.). At I w t  1 sbtion 
within each stratum is sampled, but normally 2-3 stations 
are annplerl. Figure 5.4 shows the length frequency by 
prdator length group naidpoint. Fish which shows s i p s  
of regurgihtion is replacd by non-regurgihting f d i n g  
fish. Based on the w o k  by Bogshd et al. (199%) now 
(from winter 1992) only 2 slomcks are s m p l d  within 
each 5-cm length group, but more sbtions (4-5) are 
s a q l d  within mch stratum. 

The methods used for stomach analysis and dab record- 
ing are lnainly the %me as for the ICES 'Stomch 
Sampling Projwt 19241' in the Nodh Sea ( h o n .  1980; 
198 1). Nowegim and Russim modifications are 
described in Anon. (19'94), Westgard (1982), Mehl 
(1986) and Tretyak el: al. (1990). All stomachs are ma- 
i i y d  individually, md for most Nofwegim $a& tb 
predator's length, age, weight, sex and maturity stage is 



rwosdd. Fish grey and c m s h c a s  are identifid b 

species level when pssible. Each prey categoggr is split 
into size classes md then for each size class the weight 
(to the naresb nrsrlligrarn for small prey), numbermd 
digestion degree is r ~ o r d d .  

On Nomegim sumeys tempratures are n o m l l y  taken 
at individual trawl sbtionrs, but k i n g  s tord in a differ- 
ent data base thm the stowch contents data, it has up to 
m w  been difficult to merge the two dah sets. The tem- 
perahres in the present dab set is therefor calcuiatd in 
the same way as in the MULTSPEC model, b& on 
data from smdard hydrographical se~tions (Alvarez md 
Tjelmelmd 1989; Bogskd md Mehl 1992). The tem- 
perature rmge is 1.5-3.4" C .  

CPUE 

The CBUE for the Noruregian data is calculatd as the 
number of fish caught per hour of the actraal 1-cm 
group. The CPUE for the Russian data is u d n o w .  

The Icelmdic cod stock is distriburd more or less over 
the entire eonlinenhi shelf around Icelmd to depths of 
approximately 50f3 meters. The m i n  part of the stock 
spaws at the SW-coast dusing March-May and Pnigrlates 
from other a r a s  a ro~~nd Iceland md Grenlarnd to this 
area. Tksese ~ g r a t i o n s  coincide roughly in lime md 
space with migrations of spawing capelin. The main 
nursery grounds are off the nodhem and the astern 
coasts. The growth of cod varies considerably with 
respect to the hydrographic regime, 
showing lower growth rates in the nurseey arms com- 
pa rd  to the southern arms. 

The bulk of the material was sampld on resmrch 
vessels and some additionai mterial on comercial 
trawlers. Sampling was most extensive in area and most 
continuous in time in the 1st quarter of the year. A total 
of 38210 stomchs were sanrgld in 9364 smples in 
1979-91 (Tables 5.5.1 md 5.5.2; PQlsson 1992). 

Source of stomachs 

The stomach mate~al  was obbind  by bottom-trawl 
from a p rde f i ad  ground fish sufliey scheme. Prior to 
1985 this was a fix& sbtion scheme (Piisson 19114), 
whereas since 1985 a serni-stratifid rmdom approach 
was used (PBlsson et al. 1989). 

Stomch saql ing  was stratifid with respect to 
sub-arm. Durang 
1980-84 9 sub-areas were defind in the mmpling area 
norlb a d  a t  of Icelmd. During 1985-91 18 sub-areas 
were defme8 for the continenki shelf waters around 
Icelnnd. 

The dwision to smgle on a specific shtion has not &%a 

a rmdom one, but rather related to where an entry into 
a new smpling area mcun&, the amomt of fish in a 
hml as well as the numkr of stomchs b be sampld. 
Other work to be c a ~ d  out on a swi f i c  sbtion has 
also influeneerl the s b m c h  samplkg pwlocol. 

The presc91W numbi: of stornebs per sub-arm has 
k n  10 slomchs per cod length group. Prior to 1989 
this number was mmpled on one shation if the amount of 
fish was sufficient. Othewise the lacking numbas were 
sampld on following sbtions. Since 1989 a mximum 
of 5 stomchs has been a m p l d  on any one station in 
order to i n c r a  the spatial coverage of the s;3mpling. 
Additional satarples have been  en from hwjs larger 
than approximtely 250 kg of cod per nautical mile 
low&. 

The length groups sannpld are as follows in centirnetres: 
5-4, 7-9, 10-14, 15-19, 20-24, 25-29, 30-39, 40-49, 
50-59,6049, '70-79, 80-89,90-99, 1063-k. The stonnachs 
in each pre$ator length g r o q  have been bulk& on each 
slation. Fig. 5.5 shows the sampling intensity by length 
groups. 

Fish prey md comercia1 species are identifid to spe- 
cies level when possible. Number of each prey is 
count& md the tohl weight of each prey type in a 
sample is r ~ o r d d  to the nwrest decigram. The length 
of fish prey md commercial species is rwordd md 
stord in a separate file, Shge of digestion has not been 
rmorded. 

Prior to 1985 near-btlom temperahre was mmsurd on 
most stations sampld by m m s  of reversing themom- 
eters. The temperature was calculatd by s h h r d i d  
hydrographical methods. Since B 985, however, tempera- 
ture has been obkind  by m m s  of Scanmr sonde 
m u n t d  on the headline of the trawl. The Scmmr  
sondes were calibratd with respect to reverskg ther- 
mometers. 



'The CPUE for a given length group (1) was calculatd 
for a skarrkrd haul of 4 nautical miles follows: 

Nm = Number of fish measurd in a haul 
Nc = Number of fish cotmtd in a haul 
n.m. = nautical ~ l e s  towed 

General comments 

The cod stock occupying the southern hbrador Shelf 
and the Nodbeast Newfomdlrand Shelf (Nodhwesl Atlan- 
tic Fisheries Brganiaation Div. %T+3=) tends to be 
aggregated on the outer part of the shelf and the upper 
continental slope in whBr and early spring, and moves 
over the shelf in late spring and summer. A portion of 
the stock znigrates into shallow coastal waters to feed 
intensively on capelin for 6-8 weeks in s u m e r .  The 
stock is usually spread over the shelf in autum. F d i n g  
intensity at this time is thought to be intemediate 
between the intensive feeding experienced by a pordion 
of the stock in s u m e r  and a very low Level of feeding 
experienced by most of the fish in winter and early 
spring (Lilly 1987). Spawning occurs primarily near the 
shelf break in March-April. Many young spend the first 
2-3 years of life in shallow coastal waters before moving 
onto the banks. GroWh rate is a little higher in Div. 3K 
than in Div. 2J. The continental shelf in this area is 
broad and deep. The Labrador Cunent, which flows 
southeasward along the shelf, is coldest toward the 
coast. Teqerahres  below 0' C are found to depths of 
about 200 m in most years. Maximum bottom tempera- 
hres in the survey area are a b u t  4'. 

Stomachs were collect& in the northern divisions 
(%ri,3K) daaeirag resmrch bottom-trawl suwreys in the 
fourth quader (generaily early Nollember to I?rsid-Decern- 
ber) in 1978 md 1980-1991 (Tarble 5.6; Lilly and 
Shelton 1992). 

Fishing shtions were a%locatd rmdornly within depth 
strata with a new stration selection being conducted each 
year. Doubleday (d. 1981) provides illustrations of the 
strah and infomeion on their sizes and depth ranges. 
Prior to 1991, the number of sealions allocated to each 
strabm was roughly proportional to the size of the stra- 
tum, but in 1991 the number of stations assigned to each 
stratum was selected so as to minimize variance as 
observed during surveys in earlier years. Thus, the 

number of sbtioes per unit area varied considerably 
among strata. Additional detail on the sumey pattern is 
providd in LLilly (1991). Bn all yars ,  fisEnp was con- 
duc t4  on a 24-kz basis. The stomch mmpltng rquest in 
1978 call& for a stratifid-rmdom mmple of up to 5 
cod per 10-cm length group to be seen from the catch 
at every shtion. The sample size wm reduce$ lo 3 per 
10-cm length group for 1980- 1982, md changed to 3 per 
9-cm IengCb group in 1983-1991 so that the size 
categories would be rznulkiples of the 3-cm size categorim 
u d  to descfib the length frequency of the catch. The 
length frequency distribution of the swimens included 
ia the p r e ~ n l  &trP base is provided in Fig. 5.6. Stom- 
achs were not co l l~ t ed  from fish which show& sims of 
regurgitation. Stomachs were individually tagged and 
excised, and fixed and preserved in 4% fomidehyde 
solution in seawater. 

Stomach analysis 

Stomachs were opened in the labratory. Fisk md 
d ~ a p o d  crustaceans were identifiecii to species, but most 
other groups were cornbind into higher order taxa. 
I tem in each taxon were placed briefly on absorbent 
paper to remove excess liquid, rand then count& and 
weighed to the nearest 0.1 g. 

The temperature provided is the near-bttom teqerature 
measured at the stration at whch the specific fish was 
caught. There are some missing values. 

CPUE 

There were two levels of sampling. Fishing stations 
were selected on a stratified-random basis, rand fish were 
sdec td  for stomach co l l~ t ion  and malysis on a stral- 
ifid-random basis within stations. The CPUE provided 
with the stomach content data was the catch (numbr) 
per shda rd  30 rnin tow in the sbtion and 9-cm length 
group from which the speeifid fish was &en. This 
index lacks kformation on nil catches arnd size of stra- 
krn. An alternate CPUE, available in a separate data 
set, is an index of population size by year, strahm, and 
prdator 9-can length group, where the ppuIation kdex 
was e s t imtd  by areal expmsion of the m m  catch 
(nuanhr) per tow. Two such indices were provided: one 
denavr?sb from the arithmetic means catch per tow and the 
other from the m a  of log,,(catch i- 0.5). 

5.7 N o d h m t  USA 

The Northeast USA is a low latitude system, extending 
along the continental shelf from 35"-45" longitude, a d  
65"-76"W latitude. Two m i n  Atlantic cod stocks are 



r m o g n i d  in this system: Gmrges Bank and Gulf of 
Maine. Some smpBes from the Scotim Shelf stock have 
also k n  includd, aple system undergms wide seasonal 
tempemhre Ruc(arations (Murawski md Mounhin, 
19901, resulting in changkg distbibueion patte~ns of 
varaous prey s p i e s  in relation to cod distribution. Ppior 
shdies of feeding of Atlantic cod in the region are wm- 
=pized in Tangton and B o w m  (1980). 

F d i n g  dab  have been colfectd off the no r tha t  USA 
in a variety of fornnats since the 1960s (how.  1992a). 
For the pur~poses of comparative malysis, the most 
consistent sub-set are those slab available fmm 1981 to 
prwnt.  However, since data from 1989-1992 have not 
been co~llpletely audited, &e set includes the y a r s  1981- 
1988. Numbers of fish ciarnpIed by year and quafter are 
given in Table 5.7 ((Pverholtz and Murawski 1992). 

Padl dab were collect& aboard resmrch vessels. In the 
spring (generally March-May) and a u b m  (September- 
November), routine b t tom trawl surveys are condhacted, 
and food habits collections are a part of the standard 
protocol. Additionally, in four years (1984-1987), 
special food habits collections were m d e  in the sasmer 
months (July-August) on Gmrges B d ,  as part of a 
juventlfe fish e~ology program. 

these cmlses were dPr$;~ted at feeding ecology studies. 
For some early years, a number of cod stomchs from 
Gmrges Bank was presewd for later malysis ashore, 
and are not includd iirr &he data sets, 

Ira d% cases, data were rwordd at sea, uskg a series of 
volumelnc mmurernenls of stomck contenb. m e r e  
feasible, individml prey items were enumeratd, and the 
volume (in cc3) deterrazanrd with the aid sf gradwtes8 
dowels. In all cases &$a were obhind  on an hdividlaal 
p r d t o r  basis: no bulking of samples was e q l o y d .  In 
order to conved stomch content volumes to weights, we 
used the following empineal conversion: weight (gram) 
= 1. 1 * volume (cc3). This conversion is b s d  on data 
for silver hake (Bow 1982), asad is suppoded by 
recent information providd by 6. Lilly @ers. corn . ) .  
M m  weight:volume ratios for variclus prey consumer$ 
by cod were: capelln = 1.07, crab = 1 .08, shsimp = 

1.07. 

Teengrerahre data were collect& from most trawl tows 
using a bucket themomtea for surface, and m XBT for 
bottom temperatures. In ps;ncipal, CPllE from the 
research vessel catches associated with the sbomch 
sampling could be use$ to weight the mmpld to the 
proper sampling intensities. However, since some qusar- 
ters were not sampled with slanhrd sumey protocols 
(e.g., during s u m e r  sampling), CPUE &(a were not 
includd in the cumen$ data set. 

$3 Other Feediq D a h  Sek 
During s h d a r d i d  spring sand a u b m  suweys, fish 
were collected within the stratifid rmdom sampling 
plan. Sampling quolas were eshblished for each 6-hour 
watch, by fish size. More recently these quoks have 
been chmged to a station-by-shtion, rather than watch- 
by-watch basis. FolIowing are the sampling quoks in 
force for spring md a u m m  trawl surveys dufing 1981- 
1988: 

Atlantic cod 

%engtb Minimum number 
categories per watch 

1-30 cm 5 

31-50 cm 10 

51-78 cm 15 

71-90 cm 15 

> 90 cm All 

The size comgosition of cod sampled for stomach con- 
tent is given in Figure 5.7. Sarnpling during s u m e r  
surveys was done on a station-by-sktion basis, since 

Aparl from the six cod f d i n g  data sets d e s c n w  
above, two f d i n g  d;ahbaes were available at the met -  
ing: North Sea whiting and silver hake from the N.E. 
USA shelf. A &tLI set on hake samplecl from ICES Area 
VIII was paftialIy analywd outside the meeting. 

Although not fmsible at the meting, malysis of the 
Nofth Sea whiting data set is consider& i m p o a t  in the 
development of MSVPA. Disparities in the m a  lolal 
stomch content weight betwb=en the 1901 and 1987 
f d i n g  data sets were down to have potentially large 
effwts on m u a l  e s t imtd  consuqtion by the whiting 
stock (Anon. 1991a). However, dab for years other than 
1981 cover& only a few yarlpl leer  cells. The 1991 
stomch data, when available, will allow more complete 
investigation of this problem. The f d i n g  &k set avail- 
able for Nodh Sea whiting consists of 2,755 bulk& 
rwords, representing 24,342 individwl pr&tor stom- 
achs. The average total stomch content was 3.14 gram 
(CV = 1.78). Average fish length (weight&) is 23 cm. 
The average prey composition of whiting stomchs 
consists of 88% fish, 7 %  cmsbce;aPls, and 596 of 
=sorted other prey types. The average percent empby 
stomachs was 28 %; subshtially higher thm for North 
Sea Cod (14%). 



Hake data sets rques td  by Study Group on Analysis sf 
f d i n g  data are those for silver hake from the nodhast 
USA, and hake from ICES Arm VHI (F ipre  5.8). The 
silver Drake &h set is includd in the aggregatd data set 
and some maIyses of the h&e dab set were providd by 
I. Olaso (pers.com.). 

The size compsition of animls sample8 in &a VIII is 
showed to significantly smller manimls than off the 
northmt USA. Ln both cases fish was the p r d o d m t  
prey item, with crustacms and molluscs accoaanting for 
most of the remainder. No fim conclusions cm be 
d r a m  concerning the average stomch content weights 
among the system, due to the lack of sbdardimtion to 
predator size. A c o m o n  f a h r e  of hake stomch a m -  
pling is the large proportion of empty stomachs @resum- 
ably due to reprgitation): 55 % for silver hake and 52% 
for Area VIII. Resultingly, the CVs of tohl stomch 
content weight are higher than observed for cod and 
whiting. In the case of silver hake the CV of non-trms- 
f o m d  total stomach content was 3.55. n e s e  dab 
clearly indicate the need for more appropriate statistical 
estimators for dealing with the problem of structural 
zeros in the analysis of feeding data (Section 9). 

6 TmSIS  TESTHlsJG WmHB m@DmG 
DATA SETS 

6.1 Shtistiml Analysm of Feediq Dab Within 
Ecosystms 

6,I. I Treabent of dah 

Data sets analyzed were all d r a m  from the alldab.ssd 
data sets, as describe8 in Section 5. Mit ing data from 
the North Sea were deleted, as were Norlh Sea data 
from 1984. Othewise no cases were excIudd ' ' 

from all malyses. However, m n y  of the multivaraate 
statistical analyses deleted cases if data were uLissing for 
even one variable. Hence difkrent analyses often used 
different numbers of cases from the hll &h sets. If a 
large fraction of cases were deletd in a ml t i va~a te  
mn, due to anissing values for one variable, the malyses 
were repeated excluding the problematic variable, so the 
pattern of variance in the larger n u d e r  of cases could 
be examund. 

For all MANOVA malyses, md all GEM malyses 
except the ones report4 in 6.1.2.3, dab were used at 
the finest level of disaggregation available: individual 
stomchs for Barents Sea, Newfoundlmd, and wstew 
US; bulked by hml for Iceland, Baltic Sea, md North 
Sea beginning in 1985;and by statistical rmhngle for 
North Sea before 1984. Except in the exploratory GLM 
runs reported in 6.1.2, all cases were trmsfomed prior 
to analysis, to approsb~h assumptions of the sbtistical 
analyses more closely, and to have consistent biological 

mmnimgs, T'be first transfomtion was an a6allomethc 
scaling - dividing the value of each type of fwd  by 
l/length**3. T%is should remove the basic size e f f ~ t  of 
larger fish haatkg larger stomch volume, and by ex- 
pwhlion, greater weighb of slomch contenb. The 
allornetpic scalisag created very s d l  vajues (the d e a o ~ -  
nabr, length ""3 is very large), so allometric a i d  
values were multiplied by 1W,0iX) to rehrm them to the 
general rmge of the or;iginal vapiables. FolIowhg the 
scaling, coasuenption var;iables were transfomd Lo 
reflect the l o p o m 1  distribution generally expect4 in 
diet data. Zero values had 1 mg of food d d d ,  so the In 
value was 0.0. 

For all the phcipal component malyses, &h were 
"bukd" .  That is, for ecosystem where stomach con- 
tents were qmtified individually, the m w  of each 
variable by haul and 10 cm size category was cornputed 
(Appendix program 6.1.1). M e r e  data were collected 
bu&ed, the transfomtion could not be d e  on values 
of isadividml stomchs. nerefore for the other ecosys- 
t e m  buked variables were transfomed MTER bug- 
ing, rather than transforming individual stomachs before 
bulking. 

To facilihte comparisons among resulb, stomchs from 
cod less than 20 cm and greater than 80 cm were 
deleted. For analyses when size was treated as a cat- 
egorical variable the remaining cases were binned in 10 
cm categories. W e n  time of day was used in aa analy- 
sis, it was also categorical (00:W-05:59, 06:00-11:59, 
12:oO-17:59 and 18:00-23:59). 

6-1.2 Selectiw core GLM model - explioriq deer- 
native fornulatiom 

6.1,2.6 Alternative models 

Discussions identified several questions relating to the 
b se  models to use to test the hyptheses identified at the 
Study Group Meting in Newfoundlmd. These included: 

Should the consumption variables by scald by 
aIIomtP-ic s ix? 

Should the consumption va~ables be .@BPI t rmsfomd? 

ShouId p r h t o r  length be treated as a continuous or 
discrete variable? 

If length is t r a t d  as a, catego~cal variable, how m y  
categories? 

The 6 10 cm intervals between 20 and 80 cm give m r e  
opportunity to detect effects, but sample sizes in each 
interval will be smaller, parlicularly when hrther disag- 
gregaled by year, quarter etc. 



The 3 catego~es 269-30, 30-50 md 50-80 would provide 
larger cell sizes, and rPasghe reflect comparable levels of 
change in diet across intepvals. 

If length is continuous, should models corahin one over- 
all tern for size, as well as additional slopes for size 
effects nestd under years, or ody  slopes nested under 
y a r s  with no overall slope? In the first case y a r  effects 
would be mwured by the sipificance of the nest& 
slope" given the c o m o n  size effect had been reaaovd. 
In the latter case, the overall presence of size dependent 
diets would be m a s u r d  by the significmces of the 
kdividual slopes, wheras differences a m n g  ya r s  in 
the size depndency of feeding would be tested by com- 
parisons of differences among slopes. 

The Newfoundlmd and Nodh Sea data. sets were chosen 
for tests of the alternative mdeIs. The Newfoundlmd 
data. come from a borml ecosystem, cover only a single 
quarter but for 13 years, and each record is from m 
individual stomach. The North Sea data are from a more 
temperate ~osys tem,  cover all quarters in at feast some 
years, md each record is bulk& over all amples within 
a length category, sbtistical recmgle, qwrter ;and year. 
If models fit to both data sets show& consistent patterns, 
it was thought that valid general conclusions could be 
made about their relative propedies, 

Within each system, both Tohlfish md Toklfood were 
fit with each model. 

A total of 16 models were fit to each dependent vafiable: 

- dep. var. unlogged, dep. var. unscaled, length continu- 
ous, nested slopes only - 

- dep. var. unlogged, dep. var. unscaled, length continu- 
ous, c o m o n  & nested slopes - 

- dep. var. unlogged, dep. var. scald, length continu- 
ous, nest4 slopes only - 

- dep. var. d o g g d  ,dep. vaa. scaled, length continu- 
ous, comlnon & nest& slopes - 

- dep, var. Logged, dep. var. unsea%&, length continu- 
ous, nest& slopes only - 

- dep. var. loggd, dep* vaa. unscald, length continu- 
ous, common & nest& slopes - 

- dep. var, logged, dep. var. scaled, length continuous9 
nested slopes only - 

- dep. var. logged, dep. var. scaled, Iensgth continuous, 
common $& nest& slopes - 

- dep. var. unloggd, dep, vas. u n x a l d ,  length dis- 
crete, 6 categoies - 

- dep. var. unlsgge62, dep. var. unscald, length dis- 
crete, 3 catego~es - 

- dep. var. d o g g d ,  dep. var. scald, length discrete, 
6 categoraes - 

- dep var. mloggd,  dep. var. scald9 length discrete, 
3 categohim - 

- deg. var. loggdJc$, dep. var. mmld, length discrete, 
6 categories - 

- dep. var. loggd, dep. var. unscald, length dicscrete, 
3 cakgoria - 

- dep. var. logged, dep. var. scald, length discrete, 4 
categories - 

- dep. var. logged, dep. var, scald, length discrete, 3 
categories - 

Results are bbulated in Tssbles 6. 1. l a  and 6.1. lb. Im all 
cases Illore of the varimce was caphrd  k mdels  
GVhlch u s d  In trmsformed dependent variables thm 
models fitted to unlogged values. Models with 6 cat- 
egories perfom& better than models with 3,  and vari- 
ances of parameter estimtes for categories did not 
indicatd inskbilities due to sml l  sample sizes (Table 
6.1.2). The allometric scaling of the dependent variable 
elirainatd a very large amunt  of the variance explain& 
by size, suggesting most of the size effect was simply 
allometric, and could obscure the search for otber types 
of chmges bn diet due to size. PapZicularly for fits lo 
scald dependent vartsdeples, although year, qmder, and 
length effects were often significaarb, little of the v a ~ m c e  
in stomach contents was caglurd by my of the models. 
In the scaled categorical models, it was usually the dieb 
of sml l  sizes (20-30 md occasionally 30-4hm) which 
differd from diets of larger sizes; the larger sizes dif- 
fer& more mrely. The co rnon  md nest& slope 
models captured the =me amurats of v a ~ m c e  when 
match& on other fmhres, but in the allomeb~caHy 
scaled fits, my sml l  differences in size depndent diets 
a m n g  years were more apparent h the nest4 s l o p  
mdel .  

B& on those results, the followkg options were 
select& for model fits md hypothesis testing in all of the 
ecosystem: 

Include allomet~c scaling of dependent variables. 
Log dependent variables. 



Fit a, model with pr&tor size as a continuous variable, 
with slopes nested mder years. 

Fit a model with pr&tor size as a catego~cal va~able  
with 6 levels. 

If ~alhnag or log tms fomt ion  of the depndent vari- 
ables was done, there are statistical rmons to transfom 
before bulkiap. However, that was not pssible for the 
North Sea, Baltic Sea or Iceland ecosyskm, where 
stomchs were bulked as they were collected. Therefore 
the effects of scaling and transfo g &fore and afrer 
biming were investigated with fits to the Newfomdland 
data. A number of differences betvveen the m s  were 
noted (Table 6.1.3). The differences are expected; logs 
of means differ from means of Iogs. 

Scaling the m m s  produces data which are fit slightly 
better by the same models, however, and the residual 
size effects are stronger in both Total Food and Total 
Fish. Had one been foolish enough to conduct all poss- 
ible pair-wise tests of quality of the 13 least-squares 
estimates of means by year, only 1 of 169 decisions 
would have been different had scaling and transfom- 
ation of Total Fish been done on the means rather than 
the individual observations. For Total Food, 6 of 169 
decisions would have been different, with 5 fewer "sig- 
nificant" differences @ < 0.001) detected. Based on 
these contrasts, there seems to be no serious cost to 
scaling and transfo g the means of the bulked data 
rather than the individual observations, whereas there is 
the noteworthy gain that "applesw can be compared to 
"apples" across ecosystem (or cmshcea to cms tac~) ,  
even if the apples are a bit bruised compared to statisti- 
cally perfect fruit. 

6*%*3 GLM Models 

For each system two GLM models were tested, one 
where g r d t o r  length was treat& as a continuous vari- 
able and one as a class variable by 10 crn class intemals. 
SAS code for core GEM mdels  is given in Appendix B. 
Completely ennpty mmples (stomachs) were dde td .  
Samples with no fish but with other food were includd 
as zero's after the log transfomtion. In the case where 
data were routinely ~ 0 1 1 ~ t 4  on the time of day when 
the s a q l e  was co l l~ t ed ,  rwords without this inform- 
tion were deletd. Time of day was t rw td  as a class 
variable of 6 hour intervals. Tne GLM rnodels includd, 
where possible, year, quafier, arrd time of day as inde- 
pendent variables and in addition year was nest& under 
length. W e r e  length was treated as a class variable, it 
was treated as an independent variable but the interaction 
term for year md length class was includd in the 
model. There has been no discrimination behslwn bulked 

samples and individual stomcihs, but a general weight- 
ing by sample size (1 in case of individml stomckrs) 
was appIid. 

The basic GLM models test& were thus: 

StomachWeight .= Year Quarter Timeornay 
f>redatorLength(Year) 
StomachWeight .= Year Quarter Timeofgay 
LengthGlss*Yar 

For the No& Sea no data were availabable on time of dab 
for m s t  of ehe years except for 1984, when samples 
were collected for a s w i a l  study of die1 variation in a 
retricted area. nerefore, the Bata set was split into tvvo 
sets, one to investigate year and quarter effects and one 
to swdy the effect of time of day. In the latter case, time 
of day was nested aander length class. 

For the Baltic, no infomtion on lime of day was avail- 
able for any of the samples and therefore this factor had 
to be deleted from the models. 

All data from Newfoundland were collected in the 4th 
quarter and in this case the quarter was dropped from 
the models. 

rizes the results of the models tested 
in t e r n  of r-squared, F-ratio's and degrees of freedom 
for each of the 6 areas and for total fwd  and fish food 
separately. 

Year, quarter, length class as well as length nested 
under year and the year*length interaction term proved 
significant in all cases investigated. However, with the 
exception of the Baltic and Iceland only small propr- 
rions of the variance @elow 10%) could be explained by 
the models. The values of r-squard for the two models 
within each area are generally very sirmilar, although in 
general the length class modds p e r f o d  slightly better 
than the continuous length models. Pa&icularly in the 
Baltic, the class model explained a good deal anore of 
the vaplmce. Also the time of day e f k t  was sipificmt 
was always sipificml except for the North Sea data set, 
where only the length class model for the amount of fish 
was significmt. n i s  appears also the only case where 
there is a large difference b e m e n  the vaplance 
explained for total fwd (4-6 96) and the amount of fish in 
the stomchs (13-17 %). In all other cases, the differ- 
ences b e m e n  total food md fish food were only ~ r a o r .  

The fact that the models for the Baltic and Iceland 
explain considerably more of the varimce rnight suggest 
that combining stomchs in bulked s a q l e s  could influ- 
ence the results. Although considerably lower, the 
results from the bulked samples from the North Sea are 
also higher than for any of the other systems where 
stomachs have been collected individually. 



The models tested are still unsadsfacdo-igr to the extent 
that empty ~ m p l e s  had to be deleted from the malysis 
and therefore the mean stomch weights do not accusate- 
ly reflmt feeding levels. Appropmate methods to take the 
empty stomchs into account should be hfiher investi- 
gate$. Although scaling stomch content weights by 
prdator length c u W  has retBuc& the explmatory power 
of the models(see section 6.1.2), there is still a sipifi- 
cant length effect left. nerefore, possibilides for more 
appropriate scaling should be investigald. 

In order to hvestigate the effect of temperahre on total 
stomch content weight and fmkion empty combhe$, a 
mltivariate analysis of varimce was carried out for each 
system for which temperature data were includd in the 
databae, ReGords with no infomation on temperature 
were deleted. Stomach content weights were scald to 
predator size according to the method descrtbd in sec- 
tion 6.1.2. Ernpty stomachs (samples) were kc ludd  and 
t rmtd  as mro's aker log transformtion. Because it cm 
be expect& that the quader effect is confound& with 
the temperahre effect, qua&er was excluded from the 
model. Tkrw different ken~perahre models were used. 
Firstly, the a c b l  tetnperathtres were used. Saondly, a 
s m d a r d i d  temperahre by year and quarter was used 
by calculating the dif'erence b e w ~ n  obseasred teangera- 
h r e  and the average temperature in that padicutar year 
and quader dividd by the shda rd  deviation. mird, the 
standardiM temperatures were classifid according to 4 
categories (< -0.67; -0.67 - 0; 0 - 0.67; > 0.67). 

these models for the fraction empty is extremely low 
(less than 7 %  in all eases). The variance rill total fwd 
are also low for the Barents Sea. m d  USA east coast, but 
rather higher for Newfoundlcsnrd and particularly Iceland. 
The fact that including the temperature in the model 
gives much more exglmatory power (c.f. r-sqmrd 
values in the order of 0.03 in Table 6.1.4) and the very 
high F-ratio for temperature appars to indicate $bat the 
teqerature effect is particularly strong for the New- 
fomdland cod. 

Tlae overall effect of year and grdstor length on fmc- 
tion ernply and total food cornbind is slgnificmt in all 
models, whelms bbe overall tenzperature effect is sigsufi- 
cant for all models in all system but the USA gasb  

coast, where ody  the actual temperahre model is sig- 
nificmt. Again the values of r-sqaaard are low in most 
cases, but the values for the overall year effect at Tce- 
land and for the temperature effect at Nwfoundlmd 
s u d  out. 

The results for the three temperature models agplid 
vary bemeen mosysterns. In the Barents Sea and the 
USA east coast, the acbal temperahre m d e l  explains 
generally m r e  of the vabiance than the starnhaardid and 
categorized temperahre models. However, opposite and 
variable trends are present in other system and it is not 
obvious which of these fomulations is in general the 
more appropriate one. 

6.1.5 Rincipa! component analysm 

The basic MANOVA models tested were thus: 

StomachWeight Fractio&mpty = 
Uear Temperature PredatorLength 

These models were tested for no overall year effect, no 
overall Temperature effect and no overall prdator 
length effwt. A su ry of the results is p~.esente$ in 
Table 6.1.5. 

Data on average quaskerly temperahres by year and 
quaales were not available in time to include these sys- 
t e m  in the comparative malysis, but will be extract4 
from the ICES data base. The year and temperahre 
effect on fraction e q t y  and tola% food was significant in 
all lnodels tested. The length effect on tohl food was 
also always significmt but the length effect on fraction 
empty was not sipificant for IceImd and the USA east 
coast. In general, however, the vabiance explained by 

I%(: CLM mdels  asked the sktistical question, how 
much v a ~ m c e  in a dependent variable (amount of fish 
or total food consumed) cm be explain& by bdependent 
variables such as year, time, md p r d t o r  size. Paanelpal 
components malysis does not dlscrillrrrnate a m n g  
dependent and independent variables. It asks the differ- 
ent shbistical question, is the pattern of varnaeion in 
variable x (say, a diet varaable) s i ~ l a r  to the pattern of 
vaPaation in variable y (my, temperature) - for all of the 
input vafiables. Witla the low 8 values of the GLM 
mdels  variation in the dependent variables is not associ- 
ated closely with the independent vaplables in the 
models. PCA should be infornative in identi@hg what 
conelat4 patterns of vaP.Iation do occur in the data. 

The malysis comes with a USER WARNING, however, 
Principal components analysis is a powerhl but coarse 

rizing patterns in mulliva~ste data. 
Results can be distodd by nonlin~batiw in associations, 
outliers in data sets, and other attnlsutes of input dab 
sets urhich aren't multivariate n o m l .  Results can be 
infomtive, but should be used with discretion. 



For each wosysbm, all hdividual diet vap-iables were 
hcluded. Tobl Fish and Total Fwd were not used, 
because they are lines~r combinations of other va~ables 
and would crnuse sinplarities isn the data mtrix. M e n  
available, depth, temperahre, CPUE and m a  length of 
the bulk wit were all included as well. The environ- 
mental variables were not transfomed. Depth and km- 
perature were not available for the Norgh Sea. Depth, 
temperahre, and CPUE were not available for Ihe Baltic 
Sea. Temperahre was not usable for astern USA cod. 
For the other system all ewironmenhI variables were 
available. Weight of Capelin was only available for the 
boreal ecosystems. 

ry of the PCA results for all system is pres- 
ent& in Table 6.1.6, with more infomtion on the 
coqonent  stmcmre of each system in Tables 6.1.7a-f. 
Although m h  system had 3 or 4 eigenvalues > 1.0, the 
largest eigenvalues were not particularly large,and 
together the eigenvalues > 1.0 rarely captured even half 
the variance in the system. Comunalities of the diet 
variables are generally modest (< 0.3, pafiicularly for 
ecosystems where all the variables were available. A 
great deal of the variability in the diet variables is appar- 
ently noise, consistent with the GLM results, and results 
of fitting suihbilities to diet data at previous metings of 
the Working Group. 

Of the patterns which were present in the higher compo- 
nents, there were marked s i~ lar i t ies  among ecosystem. 
When depth and temperature were both available, they 
generally weighted together, and usually on PC 1. Row- 
ever, diet variables were quite wealcly associated with 
the temp-dep& axis and the patterns differed among 
Barents Sea (werak positive association with capelin), 
IceIand (even weraker negative association with 
capelin,and Newfoundland (modest negative association 
with crustaceans). 

In every wosystem except Newfoundlmd and the Baltic, 
there was a strong inverse association betwen p r d t o r  
length and f d i n g  on cmsbcws .  In Newfoundlmd the 
cmshcea~n diet was more strongly sassociatd with tern- 
perature, but the other diet variables reflecting f d i n g  
on inve&ebrates were all inversely msociaterri with 
Iength. In the Baltic i t  was Other Food that was associ- 
ated with predator size, and cmstace;ms in the diet 
varied inversely with fish in the diet. Only on the North 
Sea was prdator size associated with f d i n g  on fish, as 
well as (inversely) on cmshceans. In the other ecosys- 
tems, the variables reflwting fish in diets generally 
covaried among khemelves, but generally lacked strong 
associations (positive or negadve) with other aspwts of 
diet or environmental variables. 

Each case (haul or sbtistical unit by quarter and year) 
can be psition& on each compraent, md the sores  
maralyd Cradher. Figures 6.1.1 show m w  (a,c) and 
sm&rd deviations @,bS) of ccasm avercagd over 10 cm 
hkmals. f i r  fa & b the factor in mekt system relating 
size to lasvedbrate f d i n g  is graph&; for c & d the 
factor best reflmting f d k g  on fish. Several notewo&hy 
patterns are apparent. h each ~osystern %or= were 
anultiplied by the sign of the compnent weight of p r d -  
alor length, so my influence of size should kcrease 
along the y axis. This m a s  f d h g  oe cmskceans (or 
other invedbrates for Newfomdland and Baltic) is 
highmt when scores are low. 

The strong effect of size on feeding on invertebrates is 
apparent in 6.1. la. a?le size effect is much stronger in 
the relatively Lernperale ecosystem (North Sea, Baltic 
Sea, eastern US), than for boreal system (Bareats Sea, 
Iceland, Newfoundland). Although the m a  scores 
change less for the boreal system, the varimce in 
scores goes up m r k d l y  with size, particularly for 
Newfoundld and the Barents Sea. The scores of the 
largest size group in the Baltic are much more variable 
than ail the other sizes groups of that system. 

M m  scores of the component best reflectkg fish in 
stomachs increase with predator size for most of the 
system, but generally at a much slower rate (Fig. 
6.1.16). The exception is the North Sea, where it is the 
same con;lponent on h t h  6.1. la and c. The tendency for 
variance to increase with size is also present in the 
compnent reflecting feeding on fish, but again, gen- 
erally more weakly than in the component reflecting 
feeding on invertebrates. 

Figures 4.1.2a-f display the scatter plot of cases on the 
fish (X) and hve~ebrate  (U) feeding axes, stratifid by 
size category for Newfoundland . Viewed in squence, 
the series of figures display clearly how the average 
diets (whatever "average diet" is) of cod in Newfoahad- 
Imd changes with size, md overall fdisng domin 
expmds. 

M a  scores can also be graph& by year (Figs 6.1.3111-b 
- note the s i p s  are arranged so highcores reflect 
strong f d i n g  on fish [a] or invedebmbs [b]). Some 
noteworthy patterns are apparent. For early years of the 
time series in Newfoundland cod appar to have had 
poor f d i n g  overall, with relatively 'low scores on b t h  
axes, cornpard to more rwent years. A s i ~ l a r  pepid 
of poor feeding is apparent in Iceland in the mid-1980's, 
with improvements, particularly in fish late in the dm- 
ade.. A change away h m  fish and toward invefiebrates 
early in the dmade is suggested for cod diets in the 
Baltic Sea with the change tending back towards fish in 
recent years. From component scores in Barents Sea, it 
appmrs that in the mid 1980's f d i n g  was largely on 
invertebrates. 



6,1,5,4 Summary 

The PCA a p p r s  to be quite successh% in padibionning 
bdependent trends in diet from the f d i n g  &ta sets. 
Mmy s i~ laf i t ies  in these patterns appear across the 4 
ecosystem. It is notewodhy than, except for the Baltic 
md North Seas, it s e m  that f d i n g  on kvedebrabs, 
particufarly cmshcms,  and f d i n g  on fish are not 
inversely wsmiatd, but are independent trends. The 
fomer is m r e  strongly size dependent than the latter. 
The psincipal component aanalyses are a b rod  explora- 
tory tooi, and results could not receive debail4 exa&n- 
ation at the worEng group. The resullr: do hdicate 
hrther, more deh i ld  analyses of these data are jus- 
tified, and are likely to provide usehl tests of m y  of 
the hypotheses fornulaled at the nneeting of the Study 
Group. 

6,2,1 Growth dab 

Survey data were available giving length at age for each 
of the areas discussed in S ~ t i o n  5. Table 6.2.1 
describes the year and age ribzlge of each length data set 
used and their sources. For the Baltic Sea, Gulf of 
Maine and Gmrges B d ,  onfy mmn %engths at age 
across several years were available. For the other arms, 
lengths at age were mailable by year. A11 age dah were 
correct& for the time of year when the respective sur- 
veys took place. 

W e r e  necesary, lengths at age across all years were 
calculated by area and plotted against age for ail areas 
(Figure 6.3.1). This was done to contract gross, average 
growth across system and is not intended as a dynalinic 
model of cod growth for any of the arms. No effort was 
made to fit smwbhd or parametfically esbimtd cuwes 
to the data. Instead, systems were contrasted by dividing 
the data into 10 cm length classes, conespoading to 
those defind in Sections 4.1 md 6.2- The m a  age of 
fish within each length class was calculatd md us& as 
a =sure of the average length of time taken by cod 
within each area to reach the rsilad-length of each length 
class. Resulk are givm in Table 6.2.2. On a few occa- 
sions i t  was necesBry to infevolate &Ween ~ d - l e n g t h  
values in order to fill in for ~ s s i n g  values. In these 
cases the relationship &Wear Paud-length md age was 
taken to be linear for adjacent length classes. The m a  
age per length class was then used as a categorical vari- 
able in subsquent maly ses. 

6,2,2 Comparative prey weigh& 

The six c5d sfomch dak sets providd m opporhnity to 
look at effects among ecosystem, for example using 
G M .  halyses were carried out prilmrily on the naha- 

ra1 logarithm of the m a n  bulked total stomach weight 
after scaling by lengthA3 over a cod length range of 20- 
80cm. Samples were bulked according b BCDcm cod 
length c618sses w i t h  hauls or strah and the natural 
Ioga~thm of the m a  total stonnaach weight scaled. by 
lengthA3 was calculatd (see Section 5 for deklls) in 
order b o b h h  m independent va~able  for malysis 
using genemli bbarar mdels. T h s  prmess result& in an 
kdepndent variable that was rwonaba\s%y s y m e t ~ c a l l y  
distGbuted for the Barents Sea, Newfomdlmd and NB 
USA (iniliafly uaaE?ulBrd data sets), wherw the distribu- 
tion of value for the Nodh Sea., Baltic Sea and Icelmd 
(Iflltially padidly bulk& dab sets), r e m i n d  psidvely 
skew& (Figure 6.2.2-4). The effect of the b u b g  
c a ~ e d  out on hitially padially "aged data to eombke 
samples into IOcm length classes in cslses whew the 
hitial bulkrang was on a fmer scale, to group mmples not 
alrady group& iinko strah for the Nodh Sea md Baltic 
Sea, md to group hauls not alrady bulk& for a trawl 
for Pce'lmd (this is non-trivial and should be chakd) .  

Several w i n  effects models were exa&ed to explabn 
variability in rnetva tokl stomch weight. Two models of 
the logits of the propodion of ernrgty stomchs were also 
considered. An aosystem effect (Model 1) wsls sipifi- 
cant md accomter$ for 18 5% of the va~ability in the &h 

(Table 6.2,2). The predict& value are shorn in F i ~ r e  
6.2.8. The m w  tohl stomch weight is lowest for the 
Baltic Sea and highest for Newfoundlmd. An ecosyskm 
effect on the logits of the propaion of empty stomchs 
was also slgnificaslt (Model 2, F i p r e  6.2.9). Tbe 
expected values ~ m o r  those obhined for Model 1, with 
the exception of values for The Barents Sea and Iceland. 
The expected stomach wight was higher for the Baren& 
Sea thibzl for Iceland, whereas the e x p ~ t d  proporlion of 
ennpty stomchs was also higher. 

Although the masure of stomcb wight used in the 
analyses is scald by lengtbA3, it is pssible that a resid- 
ual Iengtb effect remins. This was examin& in M d e l  
3.  hng th  explains less thm I 94 of the vahability in 
m a  scald stomch weight, but k a u s e  of the large 
ample mmber, is a sipificmt effect. bng th  had the 
bigge" effect on scaled m a  total weight for the 40- 
60Gm cod length range (Figure 6.2.80). 

Using meaa age at 45cm for each aosystem ((Mcr$e% $1, 
i.e. an wosystem efkct, obviously explain& the =me 
a m w t  of va~ability as Model I.  M a t  is of interest is 
the relationship between the e x p a t d  value md mean 
age at 45cm (Figure 4.2.11). n e r e  is a tendency for the 
m a  weight to be hhlher in system in which cod grow 
slower (Newfoundlmd, Barents Sm) and lower k sys- 
t e m  in which cod growth faster ( N o ~ h  Sea, Bcelibzld). 
The value for the Baltic Sea is not in kmping with this 
pattern - here slow growing fish have a low stomcb 
weight. It is possible that this discrepmcy could be 
accounted for by including teqerahre  at the trawl or 



strahm, however temperahlre data were not available 
for either the Baltic Sea or the North Sea. at the mmting. 

Temperahre effects were e x a ~ a d  for those ecosystem 
for wGch values were available at the meetkg. With 
respect to mean stomch weight (Model 5) there was a 
signifiwt negative slope with temprabre (Fipre 
6.2.12), wherms with logits of the proopo~ion errapty 
(Model 6) the slope was s ig~ f i cmt  and psitive (Fipre 
6.2.13). 

If the temperahre effect is first removed from the mean 
total stomach weight, then a large proportion of the 
residual variability can be explained by a growh effect 
(mean age at 45cm) for those system for which tem- 
perahre was available (Model 7). Further, the pattern of 
increasing stomach weight with decreasing growh rate is 
clarified (Figure 6.2.14). It will be of considerable 
interest to be able to account for the tennperabre effect 
in the North Sea and the Baltic Sea s td  b add these &la 
p in t s  to the plot. Removing the length effect from the 
mean btal stornach weight (Model 8) results in only a 
weak ecosystem effect in the residuals, rather than a 
stronger effect as that which occurred in the case of 
temperahre (see text table below). The pattern of eco- 
system eflieGts is similar to that which was obtrtined in 
Model 1, with the exception that the expected m a  total 
stomach weight for the North Sea is now lover relative 
to before, and the value for the Baltic Sea is sornewhat 
higher (Figure 6.2.15). 

GLM model fits are su rid below. Note, 'Tot wt' 
refers to the loga~thm of the mean bulked stomach 
weight scaled by lengthA3 in 10cm cod length classes; 
'Logit' is the logit of the proportion of e q t y  stomchs 
in the bulk& sample within lOcm cod length classes. 

# Variable Model 

1. Tot wt 
2. Logit 
3. Tot wt 
4, Tot wt 
5, Tot wt 
6. Logit 
7. Tot wt 

8. Tot we 

Ecosystem 
Ecosystem 
kength 
Growth rate 
Temperahire 
Temperature 
Temperature, 

Growth rate 
Length, 

Ecosystem 

In addition to the GLM models anaIyA above, the 
relative effect of change in size of cod on the composi- 
tion by mean weight of the diet across ecosystem was 
examined graphically. First ecosystem differences in 
mean total stomach content of samples (unbulked for 
Barents Sea, Newfoundland and USA East Coast, empty 

stomchs rehiand) were plotted by 1Bcm length class of 
cod 30 and 76m (Fipre  6.2. 1 6). The aosys- 
tern effect k o m e s  m r e  apparent with kcrmsbg size 
class of ccd. Above 40cm the m a  weight of the total 
stomck content is 'lowest in the Baltic Sea. A b v e  5Ocm 
it is clear that the m a  tolal stomch content weight is 
highat in the North Sea, folIoweQii by Newfoundland. 
labove 60cm m a  stomach weight for the remaining 
ecosystem is order4 (descending) Barenls Sea, USA 
East Coast, Iceland, Baltic Sea. 711e ecosystem effecb 
descriw above differ from those s h o w  in logaritbsn of 
the mean of the bulked total stomach weighb scaled by 
IengthA3 (note:- need to come up with a n a m  for this 
thing to use in the report) (Figure 6.2.8) in several 
ways. In the log mean total stomach weight data, the 
expected value for Newfoundland is higher than that for 
the North Sea, the later value being lower than that for 
both the Bareah Sea and USA East Coast. The expected 
value for the Baltic Sea is the lowest in b t h  analysis. 
The above cornpaison emphas i~s  the siMficance of the 
initial treatment of the samples on the outcom of the 
subsequent analyses. 

The mean weight of fish in the smples from the USA 
East Coast is the lowest. In the 20-29cm length class 
(Figure 6.2.17) the arnount of fish in the diet increases 
in all ecosystem with the exception of the Baltic Sea, 
although the mean weight of fish from the USA East 
Coast remains low - the major po&ion of the diet being 
composed of crustaceans. In the 30-39cm length class. 
In the 30-39cm length class it is apparent that the change 
over to a predominantly fish diet is underway although 
in the Baltic Sea and the USA East Coast diet data the 
weight of cmstaceans in the diet remains relatively high, 
in keeping with the pattern in the 20-29cm length class 
(Figure 6.2.18). Comparing the mean weight by prey 
categony in the 40-49cm, 50-59cm and 60-69cm length 
classes among ecosystem shows that the ontogenetic 
change over from an invertebrate diet to a fish diet 
occurs later of the USA East Coast than in the other 
ecosystem (Figures 6.2.19-2 1). Mollusks appear to 
f o m  m impl-earmt compnent of the diet of ccd mainly 
in the intemdiate size classes (30-60cm), and then only 
in the North Sea arad USA East Coast ecosystems. 
Above 70cm fish is clearly the p r d o ~ n a n t  cornponenl 
of the diet, although in aH mosystem cmskceans 
remin m impodmt component (Figatre 6.2.22). 

The comparison of growth rate, total sbomch weight, 
proportion empty m d  the weight of individual prey 
components desc ibd  using the GLM models md 
graphical stalyses suggests considerable difference 
among ecosystem, and in relation to vas;ables such as 
temperahre and growth rate. Ln general the patterns are 
coherent - mosystem with a high mean stomach weight 
tend to have a low proportion of empty stomchs. Ln 
ecosystem with slow growing cod, the mean stomach 
weight tends to be higher and the proportion empty 



lower. Although temperahre dah were not available for 
all wosyslem, ~ i n g  temperabaare into account appear& 
to clari@ the effwt of growth rate - there k i n g  a nega- 
tive relalioersEg &Ween tempramre and amem stomch 
weight and a psitive relationship be&= proportion 
empty md temprahre. Relationskps with temperahre 
n d  to be clahfid after kcovoration of data for the 
No&la Sea and the Baltic Sea into the data base. In par- 
ticular the Baltic Sea cod have a slow growth rate (corn- 
pamble to Borwl mosystem) but has a Bow m a n  stom- 
ach weight - this m y  be explainest by higher ambient 
temprahrm. Conversely, the high e x w t d  stomch 
weight at slow groavkh rates in the USA East Cowt is 
amounated for by relatively high teqerahres (am 1 
getting confiad here?). M a  total stomch weight 
bas& on the ma lym here indicates a relationship of eA- 
0.0129T. This m m s  that dkesdon rates are relatd to 
temperahre i l ~  eA4.0119T = l.OIAT. The value 1.01 is 
lower thm what is obkined from experimental work on 
digestion rates md mekbolic rates, which is typically 
1.10 (+- 0.05). 

Figures 4.1.1 - 7.1.3 pmsent 3-D plots of scaled and 
loggd seomch content weights vs. year rand predator 
length group for cod from the Barents Sea, Iceiimd and 
Newfoundland. The stomcla contents plolld are tohl 
content a d  the content of capelin (without re$ist~&ution 
of unidentified fish) for predator length groups from 20- 
29cm to 70-79cm. 

For the Barents Sea and Iceland data from quarler 1 are 
used since the mjo r  part of the cod's p rd t ion  on 
caplin ~ e s  place during the first pad of the year. For 
Newforandland ody  Bata from quarler 4 is available. 

The tobl content plot for the Barents Sea (Figure 7.1. la) 
looks very smooth h w m n  length groups, but there are 
strong year effects. In 1986 the content started to 
d a r w e  and was very low in 1985-1988 md than 
shfierl to i n c r a ~  again. The capelin content plot (Fig- 
ure 7.1.2b) looks very much the same, except for the 
smallest length groups where the year effat is iess 
prtmouncd. For cod > 40cm most of the yar-to-ymr 
vaAations in tohl stomach content is explain& by the 
vaiations in the content of capelin. Smaller cod is less 
dependent on caplin during the first part of the year md 
preys m r e  upon cmshcms.  The Wile plots also indicate 
that the cod's ability to fill up the stomach incrmses with 
increasing length up to about 50-60cm. 

The plots for Icelandic cod (Figure 7.1.2a md b) look a 
little bit more rough ;and spiky, both bemeen length 

groups m d  between years. As for the Barents Sea the 
two plots have a quite similar surface. There seems to be 
a year effect caused by va~ations in the content of 
cap lk .  This content d a r m s d  after 1979, stayed low in 
1981, incre8lsed again up to 1988, then d w r m d  md 
was low in 1490 md finally s h f i d  to increase again. 
n e  effmbs are not as strong as in the Barents Sea 
k a u s e  capelin makes up a smller part of the total 
stomch content in years when both con tab  are  ow. 

For Newfowdlmd the total content plot (Figure 4.1.3a) 
is quite smooth and flab, except for the largest length 
group where few fish are sampId. This bdicates that 
the f d i n g  level of the cod stock here is relatively con- 
s h t ,  at I m t  in qmder 4. The capelin content plot 
(Figure 7.1.3b) however shows some yar-to-ymr vari- 
ations, but capeBin contributes much less to the total 
stomch content than in the two other system 

7 2  Capelin Biomm vs, Cod Stomach Content of 
Capelin 

The f d i n g  relationships bewwn cod md capelk were 
investigatd by plotting the biomss of capelk versus 
average, scaled and logged values (indices) of capelin 
weight in cod stomchs of length groups 30-69 cm. For 
the Barenes Sea and Newfoundland biomss estimtes of 
total (catchable) capelin stocks were used, v\lherm 
spawing stock biomss was used for Iceland waters. 
These were plotted against capelin stomch indices in the 
1. qtlarler for the Barents Sea md Icelmd rand in the 4. 
q m ~ e r  for Newfoundlmd. The data are su 
Table 9.2. 

For the Barents Sea there is a rapid incrase in the 
c;9pelin stomch index for capelin b i o m s  values up to 
1 million tomes. Oslly t h r e  obgmations are available 
for higher capelin biomss values yielding highly van- 
able capelin stomch indices (Figure 4.2). For Iceland 
there is also a clear incrmse in capelk stomch kdex 
with incrmsing capelin biomss (Figure '7.2). A binear 
regression is p2ottd on each Figure for reference, but a 
nonlinear regression would be more qprop~ake.  Both 
plots are suggestive of a type 2 (3) hnctional response. 

For Newfoundland waters bioagtass indices for the Div. 
2+3R capelin shock are available from two series of 
hydroacoustic sumeys (Table 7.2,). The two series are 
not well comelald (Lilly 199 1). The Cmadim series is 
r ~ o g n i d  to have yield& monymusly Low results in 
some yars. The unreliable estimates of capelin biomss 
d e  description of the cod f d i n g  respnse very diffi- 
cult (Figure 9.2). Additional coqlexity is added by 
changes in biomss and distribution of b r B s  cod arad 
capelin in recent years. 

These plots are not d i r ~ t l y  comparable to the ones in 
Mamusson and Palsson (1991) where capelin consump- 



tion per unit weight of cod was plotted against biomss 
of m a r e  capelin . Here, on the other hand, the average 
of the logarithm of the scaled weight of capelin in the 
stomch is used. Fufilrermore, the capelin catches in the 
intewal &ween the acoustic masuremen$ of the caplin 
stock and the collection of the f d h g  data have not 
been taken into account. 'Fhe consumption of capelk In 
the Magnusson and Palsson paper included olity 3-t- 
capelin, as opposed to tohl capelin in the present analy- 
sis. the years 1982-84 when the capelin stock was at 
its lowest level the cod switchd to s o m  extent to im- 
mature capelin (Mapusson and Palsson 1989). 

7.3 Caga God Find AItemate Rey Wear Capelin 
Availability is Low? 

The qumtity of capelin in the sbmchs  of cod varied 
considerably among years, particularly in the Barents 
Sea and off Newfoundland (Section 7.1). To test for 
compensation during p e ~ o d s  of low availability of 
capelin, the mean quantity of food other than capelin 
was compared with the mean qwt i ty  of capelin alone 
(Figure 7.3). There was no compensation (b = -0.05; 
p=0.67) in the Barents Sea, a suggestion of compensa- 
tion at Iceland (b = -0.22; p= O.O$), and partial compen- 
sation at Newfoundlmd (b= -0.54; p= < 0.001). 

The evidence for partial compensation at Newfoundlmd 
is in disagreement with m earlier study (Lilly 19911, 
which concluded that cod in that area in the au tum did 
not compensate at times of low capelin availability by 
feeding more intensively on other prey. The disagree- 
ment may be related in part to changes in f d i n g  beha- 
vior since 1986, the most recent year includd in the 
former analysis. However, the former analysis was 
conducted on scaled stomch content weights kvkich were 
not logged. The effect md appropriateness of the log 
trmsfom desewes additional study. 

7.4 Redation ow Fish and Alternate Rey  in Non- 
Borml Sgstms 

h analysis sima%ar to that describd above for the boreal 
system was conductd for the other three system, with 
the weight of prey other than fish being cornpard to the 
weight of fish alone (Figure 7,4.1). A negative relation- 
ship was evident in all three system: North Sea (b=- 
0.78; p<0.001), Baltic Sea (b=-0.44; p<0.001), USA 
(b=-0.49; p<O.W1). 

8 FOOD FOR THOUGgp% 

8.1 Some (more) Tho~hBs  on the Inclmion of 
Marine M m m a l  F e d i q  

spifically e s t i m t d  witn9in muItispies mdels. This 
issue had been broach4 several times in the conbxt of 
accowting for g r d t i o a  by v a ~ o u s  pr&tors hcludhg 
ray" sabirds, horse mckerel, md m ~ n e  s i n  
the Nodh Sea MSVPA. The context f w  the 
review providd by select& members of the MSWG of 
a national program to investigate =aspects of mrine 

1 f d i n g  ecology in the contat of mltispeciee; 
fishery models. 

Four slgnificmt issues arise when attemptkg to kcor- 

1) first-order calculations of likely impack, 

2) the spatial scale of mrine m 
behaviour in relation to prey field densities, 

3) the conduct of process-oriented versur surveys of 
f d i n g  volumes and species compositions, and 

4) the general predictability of the outcorns of raulti- 
species interactions in relation to the complexity of 
trophic interactions within ecosystem. 

First-order calculations of makne ma 
to define the scope for resolving the predatory i q a c t  of 

Is, relative to other sourcw of mrtality 
on prey consumption (feeding level 
lation size) can be illustrative in dete 
ity of resolving components of the 
of prey. That the variances on the estimates of the above 
three components are generally high would indicate that 
only high levels of predation by marine ma 
detectssble. 'Fhe spatial scale of mrine 
interactions is likely to be key in de t e rd ing  the func- 
tional response of these predators to prey abundance. 
B u s ,  studies at spatial scales appropriate to investigak 
non-neutrd switching a m n g  prey are necessaq to 
resolve these processes. In this context, the MSWG 
views process-o~ented shtdies rather than general sur- 
veys of food composition as having more i m d i a l e  
irnpoagaglce to mafine ma 1 prdation §&dies. Final- 
ly, the Woking Group bniefly considered the generd 
topic of the prectictability of outcomes of individual 
spsies interaction versus the complexity of fwd web 
stmcture (e.g., highly nemorkd temperate water sys- 
t e m  versus system wherein pr&tion is f m u d  on by 
a few key prey. A more complete evatuatiow of this 
issue is to be found in the report of the Sbdy Group cs%a 
the Ecosystem Effects of Fishing (Anon. 1992d). Ln 
general, the issue of predichbility of ecosystem is 
umesolved, and clearly a topic wo& considerang in 
more detail not only in this context, but for providing 
long-tern advice for fisheries agement in general. 

The Working Group considered again the issue of the 
incorporation of predation by predators biomasses not 



8 2  08 the Asaqment of Nomay Pout and 
Sandel 

For 1990, it was not pssible for the Industrial Fishe~es 
Working Group ( N G )  to obhin the age distribution of 
the catches for Noway pout in the North Sea and for 
the nohthem rend southem m d m l  stocks in the North 
Sea (Anon. 1992e). The r m o n  was a brmkdown in the 
sampling system. Since then, sampling has improvd, 
md Is now at a fairly satisfactory level. 

The lack of catch-at-age &b causes problem b t h  for 
the assessments in the IWG and for hture m m k g  of the 
MSVPA. The approach  en by the IWG to overcome 
this problem, was to a t t e q t  to construct age distnbu- 
tions in the catches, which wouid convey as far as poss- 
ible the information available a h u t  the 1990 fisheries, 
and lake into account all other information about the 
cohohts hvolvecl. 

The rtlrG atterngtd two approaches. One was a newly 
developed seasonal separable VPA (SSV) (Cook 1992a), 
the other arr extend& sumivors analysis (XSA) suppiiid 
with a routhe lo find an optimal age distribution sf the 
catches. These mthods are further describd below. For 
both approaches, the W G  experaencd problem that 
could not be solved at its mmting. Tlhe XSA approach 
hmed out to give different results for different choices 
of initial numbers used to start the smrch for optimal 
catches at age, while the SSV on some occasions gave 
unrealistically large population numbers. Therefore, no 
catch-at-age results could be provided by the ZWG. 

Since then, fudher work has been done on the SSV, 
whlch was present& as a working document to the 
MSWG (Cook 1992b). It appars that m y  of the prob- 
lems can be re rndid  by carehi weighting of tuning 
Bah. 

8,2.2 Quality of the input dsh for the indwstrhl 
spwie 

The w o k  with the missing catches at age illustrate many 
of the problem encountered when the assumptions 
underlying an assessment mnethd are violat&. T%ese 
problems m y  be amplifiwt when short lived species are 
consider&. The W G  has described in some depth prob- 
l e m  inflraencbg its assessmnts of Noway p u t  md 
m d e l .  (hora, 1992e) These include va~ations in age 
compositions and growth rates betwen d i f fe~nt  fishing 
grounds, a hamesting strategy which may violate the 
propofiionality bemen  CPUE m d  stock size, and a 
relatively low exploiktion rate. Due to the high nahral 
m o ~ l i t y ,  the assessmnts also tend to be very sensitive 
to errors in the age readings, and lo the representihtive- 

ness sf the samples, Both these problem9 are relevant b 
the hdustsial species, 

82.3 The XSA approach to m i s i q  atche-at-@$ge 

As it was used by the IWG, the XSA was a slightly 
simplifid v a ~ m t  of the hwestoft version. DuAng the 
present meting, the hwestofi version was implement& 
as a aning proceadure for the MSVPA, as i s  describd in 
more dehil wider that hading. Essd:ntially, the parame- 
ters (sumivor numbers and catchabihitia) are sel~tetP to 
~ ~ s n i m  the weight& q w r &  Bog ratio &Wen ppuls- 
tion numkrs ~ t i m t d  from the hning data and those 
general4 by the VPA, s u m &  over all obsemations. 
%is W B  a%so used B cribplum for the ~ s s i n g  catches 
at age. This was done using a simple routhe setarching 
for chraages in the age cornpsition wEch would reduce 
the total sum of q w r a ,  with the constraint that the SOP 
for each season should qwt the ach l ly  h o w n  sasonal 
total catch. aple method was tested quite extensively by 
the IWG, md, as not& above, it isrrneii out that in some 
inshces the final result was very sensitive to the choice 
of initial &$;a, indicating local & i m  for the sum of 
squares. The reason for this s e m  to be that v a ~ o u s  
sources of irmfomation about the cohods p i n t  in difkr- 
ent directions. 

An alternative to the optirm~lion prmdure, h i c h  .was 
tried dup-ing this naeeting, is to lase the catchabilities at 
age in the commercial fleet as a selwtion pattern, and 
lune the exploigation level in the saqons with ~ s s i n g  
catches to the right SOP. Apparently, this elisninatd the 
problem witb sensitivity to the initial &h. 

This approach was tested in a similar way as done by 
the IWG, gaking the data for Noway p u t  from 1982 to 
1989 md assume that one years catches were rrPnssii;lg for 
each of these years except 1989. The data u d  were the 
catches, effox$s and weights as used by the W G  ( h o n .  
1992e). As research vessel &tit, only the IYFS series 
for ages 1 and 2 in the first quarlea was used. The esei- 
mtes  of the Ynissing catches and the actmB catches for 
each year are s h o w  in Table 8-2. 

8,2,4 Swonal separable VPA (SSW 

As noted above, this approach which Is a CAGEAN- 
type model (Degiso et al. 1985), was suggest& by Cook 
(899% a; b). The primary intention was to provide an 
msessment for the Shetfmd maad Division VIa mdmt 
stocks, where the fishePies have been gratly r d u c d  or 
t o ~ l l y  stogpd due b ~magement  actions and mrket 
conditions resg~tively, but where ssumey Ah are avail- 
able in the absence of a fishery in the fomer case. The 
method was used by the W G  for its ras~ssment of these 
stocks. 



The metho8 Lqsurnes that the fishing mofility is separ- 
able, i.e. 

where s is the ~Iec t ion  pattern and f the exploibtion 
level. Using the catch eqwtion, a f i t td  catch in each 
[age,swon,yearjl - cell can be written as a function of 
catches and natural mortalities, with the s- and f-vectors 

gopulation euumkrs as parameters. 
rt data are eaaten as m a u r e s  of the 

f's, and the survey hdices as measures of the population 
numbers, with catchabilities as parameters. Assunaing 
lognomlly distributed errors, this cm he trmted as a 
parameter estimtion problem, which leads to the 
mini~zat ion of the total weighted sum of squares of the 
logarithmic residurals of the fitted catches, efforts and 
survey indices. This rnisation can be solved using 
standard numerical tools, if specified constraints are 
iiinposed, eg. selectivity at age is c o n s h l  a h v e  a given 
reference age. 

Accordingly, this method combines the separability 
assumption with the utilization of traditional tuning data, 
without treating any of them as exact. Being a statistical 
parameter estimtion approach, this method also has the 
advantage that variance estimates for the fitted values 
can be providd. 

As far as there are sufficient data to estimte all parame- 
ters, the method provides fitted catches for all years, 
seasons and ages, which can be used as estimtes for the 
rnissing catches. The SOP (sum of mmn weight*catch at 
age) of these catches is not constrained by the actual 
total catches. If the SOP are far away from the actual 
carch, the actual catch levels represent additional infor- 
mation about the involved cohorts, wbch at present is 
not taken into account in the SSV modd. 

Test runs were provided with this model in the same 
way as for the XSA, using the same set of data. The 
results are s h o w  in hbIe 8.2.1. It should be noted, that 
the present tming data are not the best ones available for 
this method (Cook 1992b) 

8.2.5 General cornideratiom about rnisi% mtcbe 

The problem of filling in missing catch data is in m n y  
ways comectd to the problems with assessment of 
shod-livd species. In both cases, the result will be more 
sensitive to inaccuracies in the input data and to the 
validity of the assumptions underlying the model thm 
usual. In this respect, the SSV approach should be 
advantagmus, since it does not assume that any of the 
data are exact, and because it offers the oppomnity to 
consider the statistical properties of the estimates. The 
experience with the industrial spwies is, however, that it 
m y  give very misleading results if the input data are 

sufficiently p r .  The wcarmence of large residwls m y  
give a w d g .  Apart from that, there is at p~-e=n& few 
clues to the validity of" the &h. Further shdies of the 
dyoarrPlcs b h h d  the pathological results and of the 
robustness of the anethd would be usfial. The XSA , 
on the other hmd, takes the catch &ta as exact. a%e 
win difference bhveen this md conventional tblning is 

g data are treat& as no better than 
previous years'. Pn c o m o n  with other d hoc hlning 
procdures, it has the drawback that it gives no wtimtes 
of the variancw of the parameters. 

A thrd approach, wbich was tried during this meeting, 
was fit the cakhes to a general linear model. Various 
d e l  fomlations were §@died, again using the 1982- 
89 Noway pout data set. The most prornishg seemed to 
be to &el the catches with a Poisson distributed error 
h c t i o n  and a Iogarithnzic link function. The explanatory 
variables entered were age, Reet, quarter and year-class, 
and in addition either log effort or year were enter&. 
No attempt was m d e  lo constraint the catches to give an 
SOP equal to the a c w l  total catch. This approach 
seemed to predict the missing catches with the same 
level of accuracy as the two other approaches. 

One may address the question whether the carch esti- 
mates should be constrained by the k n o w  total catch or 
not. Suppose that the fitted catches give an SOP above 
the actual catch. Thus may be because that year, the 
catchability was below normal, because the stock in fact 
was smaller than indicated by the available infomtion, 
or because the catch Bata are inaccurate. Tn the latter 
case, one should probably accept the fitted catches as a 
better estimate of what happen& than the reported data. 
If one rather would accept year-to-year variations in the 
catchabilities, it may be appropriate to scale the fitted 
catches down to the exploihtion level indicated by the 
total catch. If one would rather stick to the hypothesis 
underlying the model, estimting the ~ s s i n g  catches ;bs 

additional model parameters, with the constraint given 
by the SOP equalling the catch would be the most appro- 
priate ;bpproach. 

Finally it should be not& that, even if catch-ai-age 
numbers can be providd that are optimal in a single- 
species framework, they may not be so in a multispecies 
model because of the vanable natural rrrofilities 
Involvd. It m y  be possible, however, at Imst with the 
XSA approach, to adjust the natural mo&lities accord- 
ing to the MSVPA results iteratively, or perhaps to 
incovrate  the catch estimtion part into the newly 
develop& bning module for the MSVPA. 

8.3 A Simple Length-Baed Mmltispgeis Modd 

A conceptual simple length based multispecies (LBMS) 
model for the central Baltic was presented to the Work- 
ing Group (Bundgaard and Sparholt 1992). The model 



was based on mbimtes of the length distributions of the 
prey consum& by cod md on estimates of the length 
distributions of the prey in the sea (Figure 8.4.1-2). Cod 
is the only pr&tor in the system and kening md sprat 
rare prey. The cod c a ~ b a l i s m  is smll.  'Fkae estimtes 
were m d e  on a qwderly basis. The pr&lion mortal- 
ities, M2, by iength values are simply obbind  by divid- 
ing the numbr p r d t e d  with the number in the sea for 
each prey species length group. 

The length distribution of the prey stocks in the sea are 
obbined by cornePining stmk numhrs at age from an 
MSVPA ( h o n .  19920 md ALKs. The length distrrbu- 
lion of the prey consumed by cod are obtained by com- 
blning && on cod storaach content with data on cod 
stock tsumbrs from VPA md cod consumption rations. 

The M2s can in principle be obhind  independently of 
the MSVM by using other infomtion of stock num- 
bers at age or length, for i n shce  from hydroacoustic 
surveys. For the Baltic acoustic dab ~ g h t  be con- 
sidered, although it has been shown that the acoustic 
suwey for this area underestimates the abundmce of 
young herring (Sparholt 1990a). 

The Ms estimhes from the LBMS are simalar to those 
from the MSVPA for sprat in Sub-divisions 25-28 and 
for h e ~ n g  in Sub-divisions 28-298 for qua1 size of 
fish. However, for hert-ing in Sub-divisions 25-27 the 
LBMS values are somewhat higher. The reason for this 
is unlkaom. Eight GLM analysis have been used for 
these compaPisons, one for each speciesiquader coxlbi- 
nation and the =suits can be seen in Table 8.4.1. The 
difference is m s t  significant (about a factor of Wo) in 
the first and foua.&h. qwrter. 

The LBMS model can be regarded as a sirnple altema- 
tive to the MSVPA, especially if comercial catch data 
are lacking a d  acoustic estimates of stock numbers at 
length are available. 

The LBMS m d e l  can also be used for ckwking the 
internal consistency of the MSVPA if the MSVPA stock 
lrramber estimtes are used as ingllt to the EBMS. 

Finally, the LBMS rntght be a useful tool for examining 
the pr&br/prey size preference, b ~ a u s e  there is no 
trmsicormtion back and forth between length and age as 
need& in the MSVPA if the MSVPA is used for these 
kinds of malysis, 

The LBMS was used to examine the prey size preference 
by cod for the central Baltic. By applying the above 
procdure for each cod Iength group the padial M2s for 
each prey Iength group are obtained. Parabolas were 
fitted to plots of log badial M2) vs log (predator 

weightiprey weight) for each cod length group (Figure 
8.5). 

It can be seen that the optimal pr&kor prey size ratio is 
not madependent of the predator size. There is a. c%wr 
kdicarion that larger cod prefer relatively smller prey. 
W e n  the present Wokinag Group in previous reprts 
has attempt& to smotkn the suibbilities from the 
MSVPA, it has always been assumd that the optiml 
size ratio is hdependent of p a d t o r  s i ~ .  This L14ight be 
the r m o n  for the high vaPaability obhind  previously of 
the smclothkg. 

A pssible biological explmalion of the phenomena 
nrighh be that large cod do not waste t i m  searching for 
large prey as they are very scarce, but rather shy in 
a r w  with plenty of sml l  prey. From an energetics 
pht of view this nright be a more favorable strategy. 
Energy budget calculations ~ g h t  be ppaarsud in order to 
check whether this fits with the above observations. 

8.5 EEeh of Alternatiq Rmruibent Levels on 
La%-Tern Bedictiom 

MSFOR predictions are higMy sensitive La the level of 
fuhre recruitment (Finn et al. 1991). In last years repod 
it was thus concluded that my long-term advice &ould 
be regard& as contingat upon the validity of the under- 
lying stock-r~mitment relationship assume$ ( h o a .  
19918). Since recruitment is extremely difficult to pre- 
dict and since few, if my, of the attempts to do so have 
been successful, this is a mjo r  obshcle to the applica- 
tion of MSFOR in fisheries management (Gislason 
1992). 

Re~mitment changes take place over vanaous tempral 
scales, from year to year variations to chmges which 
spm several decades. 

Gislason (1991) show& that year to year chmges in 
recruitment, m d e l l d  by drawing rmmilment at random 
from lognomal distributions, producd prdictions of 
average long term biomss and yield identical to those 
pr&icte$ with conshnt remitmenb. B e  conclusion was 
that even though the species interactions in the MSFOR 
are modellegt by non-liramr quations this non - ' l ka~ ty  
does not appmr to be strong enough to generate a differ- 
ence b e m e n  the results of stochastic and consh t  
recmitment nuns, providd the average rwmikment is the 
same in both cases. This is colgtfo~lng as it sipifies that 
it is possible to neglmt year to year variations in the 
prdietions and concentrate on the effect of chmges in 
the average level of recmitment. As an example of how 
such changes may affect the results we have estimted 
the percentage difference betwen a sbtus quo prdiction 
md a prediction in which the fishing mortrrIity general& 
by the roundfish fleet was r&ucd by 30%. 



The results of a run in which rwmitment was assarmed 
to remin at s level identical to the average rwmitnrrent 
in the period from 1944 to 1988 are shorn in Tables 
8.6.1 and 8.4.2. 

Table 8.6.1 shows the percenhge difference in the pre- 
dicted catch from the roundfish fleet. All Imdings are 
predicted to decrease. The largest prcentage chmge is 
seen to take place in the discards of wh-;tkg and haddock 
which decrease by 25 and 34 percent, respectively. 

Tspble 8.6.2 shows the percentage changes in total 
g stock biomass (SSB), tohl catch 

(including discards) and value of landings. The SSBs of 
cod, d i t i ng ,  haddock and saithe are predicted to 
increase, while the SSBs of h e ~ g  and Noway gout 
decrease. For cod, the SSB will increase by 61%, for 
the other species the changes are smller. With the 
exception of saithe, the value of the landings will 
decrease. In total, a 4 percent reduction in the value of 
the landings is predict&. 

In order to investigate the sensitivity to recruitment 
changes, the difference between the and the 
30% reducton in roundfish effort was estimted in a 
series of additional runs in which recruitment to each 
species was set to either +50 or -50% of the average 
historic recruitment estimatd by the MSVPA for the 
period 1974 to 1988. 

A factorial design in which all combinations of high and 
low recruitment levels to each of the 11 stocks are 
covered requires a total of 2" comparisons bettveen the 
status QUO and the 30% reduction in fishing mortality. 
However, since sole and plaice do not interact with other 
species and are caught only by the Ratfish fleet, the 
results for these two species will not be affect& by 
changes in roundfish effort. The recruitment to sole and 
plaice was, therefore, kept unchangd. With two levels 
for each of the remaining 9 interacting species included 
in the model, a total of Z9 (512) combinations of levels 
are possible. For each of these combinations, the percen- 
tage difkrence betwen the sktus situation and a 
30% rduction in roundfish effort was estimate$. 

Table 8 . 4 . 3  shows the distribution of the percenkge 
change in Imdings and discards by species in the round- 
fish fleet. Out of the 512 recmitment scenarios, 27.3 % 
resuit& in a 10 to 20 % reduction in the long tern 
Imdings of cod, 66.2 % in a .01 to 10 % rdarction and 
6.4% in a -01 to 10% increase. It must therefore be 
concluded that the 8 % dde~rease in cod landings p rd i c id  
assuming average recmitment (hble 8.6.1), is sensitive 
to changes in recruitment level. In 6.4 percent of the 
investigated scenarios, the predicted long term loss is 
even converted into a long term gain. In the case of 
whiting, the landings from the roundfish fleet are pre- 
dicted to decrease between .01 and 20 % and the discards 

%semen 20 md 30 5% Saithe, which is not pr&td upon 
in the mde1 and for wEch the traditional single s p i e s  
Y/R model m y  be applid, is, as eexpkd,  ksg.nsitive 
to changes in rmmitment level. Ml mns result in a 9 5% 
d e c r a e  in sai tk landings. Haddock, on the other hand, 
is exbrenlely sensitive to chranges in recruitment level. 
Within the levels of recruitment defined above, the 
resulk range from a 40 to 50% reduction to a .O1 b 
10 % i n c r w  irn larrdbgs and to a 20 to 60 % decrwe i-a3 
discards. 

The distribution of the percenlage change in sp 
stock biomass is shorn in Table 8.6.4. For cod, whiting 
and saithe, a relative increase in SSB is expected in all 
cases. The SSBs of herring and Norway pout show a 
relative decrease for all combinations of recruitment 
levels, while the reduction in the fishing effort of the 
roundfish fleet m y  result either in a relative decrease or 
in a relative increase in SSBs of haddock, sandeel and 
sprat. Sole and plaice are not caught by the roundfish 
fleet and do not serve as prey for any of the 5 predators. 
They are, therefore, unaffected by the effort reduction. 

The results for cod, whiting, herring and Norway pout 
are promising as they show that definite statements about 
the sign of a long term percentage change in SSB, land- 
ings and discards can be made even though the future 
level of recruitment is uncertain. However, in other 
cases such statements cannot be made and for haddock, 
in particular, distribution of the percenlage change is 
surprisingly wide. 

In order to investigate whether this is caused by changes 
in the recruitment level to haddock itself or by changes 
in recruitment level to the other stocks, an ANOVA was 
m d e  in which the percentage changes in landings, dis- 
cards and SSBs were considered as the response vari- 
ables and the recruitment levels as classification vari- 
ables. Tke ANOVA explains the vaPiation in percenlage 
change as due to differences in recruitment level with 
random error to account for all remining variation. 

The parameter estimates are s h o w  in Table 8.6.5. The 
intercept, i.e. -9.7% for cod, m y  be i n t e ~ r e t d  as the 
expected percenrhge chmge in landings resulting from 
the reduction in effort in the roundfish fleet if recruit- 
ment is at a high level for all species. The other parame- 
ters show the effe~t of a change in mmitmenb level 
from a high to a low level. T$ey m y  be d d d  to the 
intercept in order to estimbe the expected response. 
Consider, for example, the sihtation where cod recmit- 
marent is at a low level and recmitment to all other stocks 
at a high level. The expected percentage change in Iand- 
ings of cod can then be estinnated as -9.7 +6.8= -2.3 
percent. The parameters thus su 
expected direction and the magnitude of the percentage 
change in lmdings upon changes in the level of rmmit- 
ment. 



The only sihation in which a decrease (In roundfish 
e f h t  may result in va increase in cod landings is when 
the r~ssr i tmnts  to both mithe and cod are at a low 
level. In all other cases, the percenbge chmge will be 
negative. The change in whiting landings md discards is 
negative imespective of r~mitmenk level. However, the 
chmge in haddock Itandings may be positive if mithe 
rwmitment is at a Bow level, The percerrtage changes in 
haddock Imdhgs and discards are very sensitive to 
changes in the level of r~mi tmen t  to saithe and Nomay 
pout. \Anten r~mi tmen t  to sailhe is at a low level, the 
nahrd momlity of haddock is r d u c d .  In this sitwtion, 
growth overfishing is possible, in which case the lmd- 
ings will incrase when fishing modlity is r d u c d .  

The results of ara ANOVA of the percenbge SSB 
chmges are shown in Table 8.6.4. Saithe, mckerel, 
plaice and sole which are not p r d a t d  u p n  and for 
which a chmge in recmitment Ievel does not chmge the 
percenkge increaseld~rease in SSB have not been 
hc ludd in the Table. 

The p r d i c t d  changes in SSB for cod and whiting are 
m s t  sensitive to chmges in the level of recmitment to 
the species themelves. For haddock, the results show 
that the very wide rmge of prdicteht SSB charage, ie. 
the large sprmd of the values ira Table 8.6.5, is due 
mainly to chmges in the recmitment level of saithe and 
Noway pout. Cbmging the recmitment level of whiting 
from a high to a low level would add 3.6% to the pre- 
dicted SSB change, while a sianitar decrease in saithe 
recnaitment would add 30. I R . These results point lo the 
i rngomce of s i the as a prdator and stress the signifi- 
cance of i q r o v k g  the estimtes of food composition 
and stock size for saithe in padicular. 

The conelation, R2, expresses the proportion of the totali 
varaance which is explain& by the malysis. Since we 
have one obsewation per cell md only include main 
e f k t s  in the ANOVA, R2 may also be iinteqretd as a 
measure of the ianpo-ce of second and higher order 
interactions. With the exception of sprat and =dm1 
SSB the effects of chaanges in recruitment level on the 
percenhge change in catch and SSB swm to be well 
explained by the m i n  effects (R2 around -90)- In the 
case of sprat and sandml SSBs, R2 is lower and, for 
these species, second-order interactions seem nwessasgr 
to explain the changes. 

Even though the approach appears promisirrg there are 
liraaitations to its applicability. 

First of all the results should m t  be inlepretd as 
reflecting the probability distPibution of the percenhge 
long tern chmges. For nosh fish stocks, only a very 
sho& time series of recntitment data is available. With 
only a sho& time series at hand, it is very difficult to use 
historic data to determine the probability of a change in 

secmitment level. Fusehemore, even if a longer time 
series had been wailable, it would still be unlikely that 
an malysis of historic data would help us in d e t e ~ n i n g  
the probability dist~bution of future rwmibment bevels. 
We do not h o w  enough a b u t  the factors deteknlllg 
the Ievel of r~mi tment ,  and even if we did these factors 
would most likely depend on gtshre environmenhl and 
ecological conditions which would be difficult, if not 
impssible, to prdict. 

Swondly, although the results suggest that some of the 
prdictions are independent of chmgm in r~mi tment  
level, it is i m p o ~ t  to remember that the MSFBR can 
only be u s 4  to d e  prdictions w i t h  cep&ain Iliaaib. 
The m i n  rmson being that it assumes conseaat growth, 
consmt other m&lity and rwmitmeat to be iradepn- 
dent of d u l l  stwk sizes. All of these msumprions s a m  
lo rquire that the p r d i c t d  stock s i m  (and s p a w h g  
stock sizzs) are kept within cefcain Iin~ts.  16 no"che 
outcome from the mde l  cannot be tmstd. 

The lower of these I i ~ t s  should probably correspond to 
the stock size above which it is likely that recmitment is 
nnaffectecl by changes in adult stock size. Below this 
stock size, recruitment m y  depend on adult s t ~ k  size, 
and one of the assumptions behind the mde l  breaks 
dom.  fi the same way, the upper lianits m y  be defind 
as the stock sizes above which it is likely that recmit- 
ment, growth and morhlity are kfluencd by chmges in 
competition and p r d t i o n  not accounted for by the 
model. 

At present, the SSB is below the "minimram bioBogically 
acceplahle Ieveb" defined by ACFM k a numkr of 
cases. The spaming stock biomss of mckerel sem to 
have been below the "Eninimum biologically accephble 
level" since the beginning of the 1970s when the Bast 
large year classes were produced. The spawing stock 
sizes of cod md haddock are pregntly the lowest on 
record and below the aninimurn levels indicakd by 
ACFM ( h o n .  1992g). In these cases, the pssibility 
that h h r e  rwmitment depends y o n  charages in SSB 
cannot be excludd and if this is the case one of the 
assumptions of the model breaks down. The prdictioass 
for cod md haddock should, therefore, be t rmtd  with 
caution. At present recmitment m y  depend upon spaw- 
ing stock biomss for these species in which case results, 
such as those which prdict ;rp% increase h yield from the 
roundfish flex% upon an increase in effort (and a further 
rduction in SSB's) cannot be trusted. Likewise a 30% 
rductiona in mundfish effod m y  result in more thm a 
60% lrncrease in spawing stock b i o m s  of cod ((If this 
incrase results in an incrase in the level of rwmitmeint 
compard to the nuo prdiction). 



8-45 The North Sea Food Web - Revisited 

The Working Group at its m e t k g  in 1989 digaassd two 
pssibbie pathways for flow of energy in the Nor&h Sea. 
These dacriptions were b a d  on Jon= (1984) m d  an 
update, which kcluded data from the MSVPA. The two 
descriptions were compared, and the Lrophic s tmcbra  
of the major groupings in the No&h Sea in the late 
1960s and early 1970s were discussed. 

In addition the Working Group elahrat& on the bio- 
masses of and interactions &tween the MS fish species 
in the mid 1 9 7 0 ~ ~  the noid 1980s, and the far future. 
This was done in form of graphical representations 

rizing some of the main data of the MSVPA md 
MSFOR programs. 

The present Working Group reexamined the North Sea 
food web in a more detailed form. Adopting the 
ECOPATR I1 methdology and software describedB by 
Christensen and Pauly (1992) the Nodh Sea ecosystem 
was described as consisting of 22 groups of living organ- 
i s m  plus detritus. 

For each of the living groups it was attempted to 
describe as many as possible of the following parame- 
ters: biomass, productionlbiomass ratio, consump- 
tiontbiomss ratio, and average diet co~llpositions. 

The description focused on 1981, the first "year of the 
stomach." Based on a run of the MSVPA data on pro- 
duction (estimated as biomass at the end of the year 
minus biomass at the start of the year plus catch plus 
amount lost due to predation and other momlity), con- 
sumption and average biomasses were obtained for the 
MS fish species. Diet cornpositions for the MS species 
were mainly based on informtion in Dam (ed. 19891, 
Dam et al. (1990), while diets for other fish species 
were bas& on an array of sources (e.g., DeSilva 1973, 
Baden 1986, Dahl rand Kirkegard 1987). 

Tbe paramekrs for 'other prdatory fish' were minly 
bas& on Trachum tmchurus, while 'other prey fish9 
minly were focus& on LimanQa f imada.  0-groups of 
the MS fish spe~ies were not include$ in ahis prelifinary 
analysis. Biomasses for the "othern fish species were 
based on average dah for 1983-1985 e s t imld  by 
Sparholt (1 990b). 

Only very linnitd informtion on the invertebrate groups 
was available to the Workkg Group. The production, 
biomass and consumption of these groups were therefore 
estimated using a top-down modelling approach based on 
the consumption by the predators, md an a s s u d  gross 
food conversion efficiency of the invertebrates (of 15 %). 
The diet compositions of the invertebrates were mainly 
guesswork based on qualitative information from various 
sources. 

Foe toh% p i m s y  production an esaimte of 1514 & wet 
weight km-2 year-% was used based on Jones (1984). 

Ml rates and biomsses were expresd  on an arm1 bmis 
to facilihle compa~sons with other system. The btai 
area of the Noeh Sea was assum& to be 570,CKM) k d  
(Jones 1982) Some of the mjo r  resulks from this pre- 
l i h a ~  estimation of the 1981 Noah Sea food web 
stmcture are presented in Table 8.7.1. The total p ~ m r y  
production, and the total flow to md from the detritus 
box served as check in the model. 

A notewo&hy result is that the primny production as 
naodelld here is able to sustain the consumption in the 
system. It is estimted that 82% of the primry produc- 
tion is used in the system. It is clear though that inclu- 
sion of 0-group fish would shift this balance, and lead to 
an b c r w e d  estimate for m p l d t o n  production, and 
hence also of ut i l i~t ion of phytoplankton production. 
Because of this it m y  be appropriate to r e x a ~ n e  the 
primry produclion estimate. Fransz and Gieskes (1984) 
found Jones estimte to be too low, as they estirmted the 
production to around 200 t C km-2 year-1, or some 
2300 t wet weight h - 2  year-1 (Conversion: 1 g C = 15 
kcal; 1 g wet weight = 1.3 kcal). 

Table 8.7.1 also points to very high (32-45%) food 
conversion efficiencies ("Gross eff. ") for the four gadoid 
MS species. An efficiency in the range of 10-20% seems 
more realistic which means that the feeding rates of the 
gadoids in the MS program are very conservative esti- 
mates. The result of this is that the effect of predation is 
more likely to be underestimated than overestimted. 
A graphical representation of the quantified food web for 
the Norh Sea in 1981 is shown in Figure 8.7.1. All 
groups are balanced so that input equals output, and the 
graphs shows one possible representation of the food 
web. Other assumptions would lead to somewhat, but 
probably not grossly, different representations. One m y  
notice though that better parameter estimates for the 
invertebrates would help to restrain the range of possible 
descriptions of the system. 

A major propedy of the represenhtion in Figure 8.7.1 is 
that it makes trophic interactions in the food web very 
visible. Tbe represenhtion also opens pssibilities for 
using a wide anay of nework andysis methods. Note- 
wodhy here is the ~ x d  trophic impact routine illus- 
tratd in Figure 8.7.2. 

The mixed trophic impact is a data exploratory method 
d e ~ v d  from eonontical input-output analysis 
(Ulanowicz and Puccia X990), here used in the form it is 
implemented in the ECBPATH II s o b a r e .  The analysis 
reveals all direct and indirect trophic impacts of all 
groups in the system. The impact routine is not a predic- 
tive tool, one cannot say what will happen if the condi- 
tions in the system change, only describe how the groups 



in the given sihation impact each other through trophic 
interactions. 

The ~ x d  trophic tnxnpact routine caha also be seen as a 
simple sensitivity malysis. Xt gives an idea of how 
impoMt  the different groups in the system are for the 
f r o p ~ c  d y n a ~ c s ,  and therefore of where gains from 
i q r o v d  parameter estimation can be expected. 

The Working Group found that the described nemork 
malysis providd sn easily accesstbie m d  usehl tool for 
exploratory &h malysis, md reomendei l  that fuhre 
attempts to use the methodology for more refind 
desc~ptions should be encouragd. It. was notic& that 
the methdology could be useslul for cowarative 
descriptions of the results from the 198 1 and 199 1 No& 
Sea 'years of the stomchs'. 

9,6 Trwaiw Zeros 

As with trawl suwey dah, a r w u ~ n g  problem with 
stonnach content data is the proper interq~retion of e q t y  
stomchs ('zeros'). In tEs section, slatistical approaches 
to developing models of hctors contributing to empty 
stornachs are consider&, as a basis for deveaoping better 
methods to hmdle such &la. 

In this part of the analysis only data from the No&h Sea 
have been investigate$. All maiysis was perform& with 
SPSS-PClV4.O. From these data all records were 
excludd, wkick r e f e d  to apn individwaal stomach. Alt 
data for 1984 were excludd, which were - except from 
k ing  unbukd samples - not comparable at a11 with the 
other subsek due to very restrict& spatial coverage. 
Subsets for the ymrs 1981 mind 1985-87 cover the tohl 
Nodh Sea, wherws subsets for 1980 md 1982 refer only 
to the southem North Sea ((area 6). 

The number of empty stomchs was divided by the total 
numhr of fish in the mn~ple including regurgikted 
stomchs. M a  values of the percenhge of empty 
stomchs are weight& by the sample size of the oh-igina% 
b u k d  sample in the dah set. 

The m a  stomch content of those stomchs in a bulk4 
sample, whch contained food, was divided by the length 
cub& of the predator (lower length class) mind then 
multiplied by 1100,W (=SMSCFOOD). For some 
graphs nahral log was laken from these 'scald' values 

(=LSMSCFOD). A11 m a n  values were again weight& 
by umple size. 

The logit m d e l  was fitted to the data pairs: naamhr of 
empty, number of total stomachs in the mmple, The 
m m  stomch content of the non-empty sbmachs 
(SMSCFOBD) or the pr&&or ltzlagtka were used as 
continuous variables in this n~odel. 

There is no general agrement on the tresbtment of regur- 
g i h t d  stomchs ia the malysis, since this tern can refer 
to different things, Either it s h d s  for a 'real' reprgi- 
h t d  stomch, were food pieces have k e n  detwtd in 
the gill rakers or the mouth of the fish, or it shnds for 
evedd  stomchs with no food rests at dl. In the first 
case the stomch would have b a n  not e q t y  md there- 
fore had to be hcludd in the caicaa%a%iosr. In the second 
case it could have been either empty or not and should 
thep-eforora: not be includd in any analysis. This classifica- 
tion (regurgihtd = with food 1 everted = with or 
without food) was not a%ways fo'ollowd strictly on board 
of the rsearch vessels ( h o n .  1992b). 

To estimate the effwt of including or not including the 
regurgihtd stomchs in logit analysis, the ma4alysis was 
for one exarnple done with both approaches. 

Total Nodh Sea: 

The weighted m m s  for the tokl North Sea (Fimre 
9.1.1) vary beween 0.14 (Qraarder IS1 in 1984) and 0.10 
(Quarter II and IV in 1981). The third quader has the 
highest proprlion of empty stomchs on average, fol- 
low& by the first qwrler, the lowest proprtions occm 
in tke s ~ o n d  mind foudh quarter. The largest difkrence 
bemen  years shows up in the third qwrber, with 0.17 
in 1981 md 0.13 in 1985. 

The southern North Sea: 

The propostion of empty stom~chs in the total North Sea 
was relatively high in 1980 (0.2 in Quafiers I-Ill), This 
result, could however not be cornpard with other years 
(except from 1982), because ampling was rest~cted to 
the southern Norlh Sea in 1988. In order to see, av8aekher 
this mjo r  discrepancy was an area rather than a year 
effat,  subsets for the southern North Sea were gener- 
ated from the data sets of the other years for compa~-  
son. The results (Figure 9.1.2) show, that in fac"b1980 
was an momolous year, the differences among the other 
years are within the rmge of those in the dah of the 
total North Sea. 

The majority of the data kindieate no subsbtial differ- 
ences in the f d h g  level (reflat& by the propodion of 
empty stomachs) between ymrs. This is in line with the 



data on mean slomch content, which do neither show a 
cornpanable deviation between 1980 and other years nor 
a m n g  other years (Figure 9.1.3), It can therefore well 
k, that the difference in the propodion of empty storn- 
achs did not correspnd with any depression in con- 
sumption rate in 1980. 

The statistical analysis of the demonstrated year and 
quarter effects on the proportion of empty stomachs is 
not straight fornard. Ch the one hand the sifificance of 
a certain effect does not tell much, since with the given 
amount of data even very rninor differences will turn out 
to be statistically significant. On the other hand tools like 
ANOVA, which could quantify the propodion of the 
explained variance, can only be used with great caution, 
since the distribution of the data is far away from being 
normal (Figure 9. 1 .4). 

The extrem peak at the left end of the distribution 
consists of bulked =;ample§ which contained no empty 
stomachs. This maximum is not unlikely to occur, with 
an overall proportion empty of 0.14 and a relatively 
sml l  sample size. Since an arcsine-sqwre root trans- 
formation failed to produce a more symmetrical distribu- 
tion, wmples were aggregatd, from which then the 
propodion of empty stomachs was d e ~ v e d  per grouped 
(bulked) sample. As a first step a11 size groups within a 
stratum were aggregated. The distribution pattern of the 
proportion empty, however, was not affected at all by 
this procedure. 

A possible interpretation for this is, that the occurrence 
of samples without of any empty fish is a spatial effect. 
On grounds with sufficient food the probability for the 
occusrence of e q t y  stomchs is very low. 

The peak at the left tail was, however, sipificantly 
reducd, if all ample§ with less tlam 20 stomachs were 
excluded from the dabbase. This indicates that the 
distribution pattern is also influencd by the sampling 
strategy. On the other hand those excludd sml l  
samples could refer to situations with low grdator den- 
sity (at a particular size class), where all fish find suffi- 
cient food. In this case the exclusion of these s a q l e s  
introduces a systematical bias. 

with regc = regression coefficient 
int = intercept 

P gives the Probability for the occumnce of an empty 
stomch as a bnction of the contkuous variable %. The 
pr&tor length md the mearm stonsa~h content of stom- 
achs with f d  (SMSCIFOOB) were used as continuous 
vahiables. The underlying hypotheses are: (1) for larger 
fish there is less fwd  of the appropriab size available, 
so the prop*tion of eaagty should hcrpase with size and 
(2) if within a b u k d  m q l e  from the s a w  station (or 
strahm) the mean stomach content of fish with f d  is 
high, it is likely, that proprtion of e q t y  fish is low, so 
a negative correlation is to be expected. 

The effect of the stomach content (of fish with 
f d )  is tested by year, quarter and 10 em length class 
separately. The resulk (Table 9.1.1 and Table 9.1.2) 
show on average a negative regression coefficient which 
suppo&s the hypothesis. The scatter of the regression 
coefficients however, is Iarge, ranging from -3.8 (Ql, 
1981, 60-70cm) and -1.9 (Q4, 1981, 504Ocm) up to 
c0 .5  (Q3, 1981, 40-50cm) and 10 .7  (Q3, 1981, 
30-40cm). In general the negative correlation is reversed 
in the third quarter, when the proprtion of elnpty stom- 
achs is at mximum. Thus, although the mean stomch 
content of fish with food is high, there is a high propor- 
tion of empty s e ~ ~ c h s  in the sample. 

For one example (Q1, 1981, 30-40cm) with a clear 
negative regression coefficient (-0.7), a scatter plot of 
the proportion of empty stornachs is given (Figure 
9.1.5), with the logit model superimposed on the data. 
This example shows that the fraction of the total vari- 
ance in the stah which can be explained by the model, is 
low, even though the fit of the model is statistically 
significant. For this example also the effect of including 
or not including the regurgilaled stomachs has been 
tested, which hmed out to be non-sipiiiificant. 

The effect of prdator length on the propdion of empty 
stomchs is in general negative (mean regression eoeffi- 
cient: -0.2), in spite of the simple hypthesis s k t d  
above. However, the scatter is again large. Regression 
coefficients vary from -0.9 (Q3, 1985) to +O.S(QI md 
Q3 1981). It can be assume$, that the spatial e f f ~ t s  will 
govern the s ibt ion,  since there m y  be locations with 
plenty suitable food for sml l  fish md less suikble food 
for Iarge food and vice versa. 

The problem of the distribution can be circumvente$ by 
the use of logit analysis. Some preliminary analysis were 
conducted with the following logit model: 

exp(2* (int $. regc * X - 5))  
P = 

1 + exp(2* (inl t regc * X - 5)) 

Would the proportion of empty stomchs have rn e f f ~ t  
on consurnpiion estimates in 1980? 

Is the year-to-year variation larger in other species (e.g. 
whiting)? 



What is the effect of the distibution of sample sizes on 
the disthbution of propodion empty? 

Are effwts clearer if only small subarws are investi- 
gate$? 

W c h  methods could k t te r  q w t i e  the fraction of the 
explain4 varjmce by all continuous and categoheal 
varjables? 

Sampling from fish ppulations often gives rise to rather 
skewd p.d.f.'s. Two imp&nt variables contributhg to 
the skew in stomach content weight are the sampling 
density of fish and stomch content weight. Both these 
distributions usmlly also includes a propn%ion of zeros 
(e.g. no fish or empty stomch). This is due to the 
patchy distributions of fish populations and their prey. 
Both estimatd m m  and variance can be driven by large 
observations (sometimes very few). Estimating m m  and 
variance within a sbation is straightfoward, but although 
one get unbiasd estinaates (conditional on the trawl 
slation) increasing sample sizes also increases the prob- 
ability of hitting extremely high values. Plotting esti- 
m i d  mem vs. number of samples will show a discon- 
tinuity whenever an extreme sample occurs. The follow- 
ing minly lists considerations to be m d e  when estiml- 
ing the variance of stomach content data. 

The mean and variance of stomach content data are 
usually consider& to be dependent (close to propor- 
tional) on the gr&tor wight. The m a  weight of the 
pr&tor changes sipificantly through 'large9 length 
intervals. Either the length intewals has to be semiall 
enough to give a 'reasonably9 sml l  range of preslaeor 
weights, or the stornach content weights has to be scaled 
to give cornparfdble mearns within the Iersgth inkpal .  
This is qraally imprlanh when estimting the varimce. 
(The CV seem to be quite shble bemen  length classes, 
Figure 9.2) 

The degree of patchiness (both of predator and prey) 
may vary from season to sason, area to artxi and year 
to year. S i ~ l a r  Ilbundmce of pr&tor (md prey) can 
give large differences in the va%aance if the degre of 
patchiness v a ~ e s .  

Inhitively, samples taken at one station are more come- 
lated thm samples from different sbtions (Bogskd et al. 
1991). 'This m a s  that to gain graision in b t h  krmn 
and variance estimte, there is less to gain by increasirtg 
the number of samples within a shlion, thm to lacrase 
the number of shlions where stomachs rare sampld- 

To de~ide on an optimum sample strategy (within an 
tohl survey effod) one also has to take into consider- 

ation the cost of extra stations compared to extra stom- 
ach samples. 

9.3 Weighti% in Analyziw Stomach D a h  

If estimkes/kformiion should be consider& represenb- 
tive for a popuIation/psopulation within an area, ircorrat 
weightkg will I a d  to bias& results. Weights used k 
calculafionslestimtions will depnd on the mmpliag 
strategy appliid. hything else than pure rmdom mmp- 
ling l ads  to more c o q l e x  procdures kcluding the use 
of difkrent weighting factors anad combination of these 
at different levels. The weighting factor a g r d  on for 
this meeting wm a CPUE factor (CPUE or a related 
mmsure). The Russian-Nomegim stomck Bata sup- 
plies a weighting factor q w l  to the total catch @r 1 
hour trawling) in the same t cm length group as the 
individual obsemation. The data from Newfomdland 
has n o m i i d  catch per length-stratum as the CPUE 
vaaaable. The Icelandic stomach data uses the numkrs 
sampld in the length-strahm + a normarlid catch in 
the same stratum as the CPUE variable. No CPUE 
variable for stomch dab from the Baltic or for USA 
cod was available at the m ~ t i n g .  

8.3.2 Posibie weighti% hc tsm within a trawl-sb- 
tion 

The set of weighting factors depends on the amplkg  
strategy. Usually one smples stomchs either by repre- 
sentative (purely rmdom) sampling from a catch, or the 
samples are taken from the difkrent length-strah (5 or 
10 em length intesvals). In addition slomchs are either 
m a l y d  individul by individwl or they are bulk&. 

List of weighting factors 

Individual random sampling : 

- total catch in numkrs ( n o m i i d  to per. nm, per- 
IOnm, per. B hour towing or a similar normaliation) 
dividd by ample size. 

- A length based masure of shipltrawl efficiency (as 
c o q a r d  to a ' shdard vessel'), 

Individual and bulk& stratifid rmdom mmpling : 

- total catch within length-strah ( n o m i i d )  dividd by 
within length-strah srample s ix .  

- shipltrawl efficiency (by length-straba). 

Rule of thumb: Weights should sum up to total ( n o m ~ l -  
i d )  catch. If l a d &  the weights can be n o m i i d  so 
that their sum quals  1. 



Fairly straightfornard estimtes of mmns (witEn an 
arm-strakm) can be obtain& dirmtly fmm using each 
obsemation within the strahm with the weigbe men- 
tioned in Section 9.3.2. Both overall estimles and sep- 
arate estimtes for the different length-strata are obtained 
in the same er. Population paramebirs should be 
estimated by using the a b u n h c e  estimates for each 
area-strakum md length-strakurn divided by total numkr 
of obsemations in the same area-strakurn md length- 
s t r a m  as weights. N Q ~  that if one chooses to use the 
abundlance estimates (indices) from the same sumey that 
sampled the stomachs, the data can possibly be corre- 
lated in peculiar ways. 

9.4 The Use of Covariabs 

Stomach data are quite expensive to collect, sand one is 
usually restricted to quite low number of samples. The 
use of covariates could be a way of increasing precision 
in the estimates. The most efficient covariates will be 
those that are sampled with a higher density (denser 
grid) than the stomach-sampling trawl stations. Such 
covariates could include environmennd data having effect 
on the predators f d i n g .  This includes also environ- 
mental data affecting different grey species. It is also 
reasonable to beliwe that additional sampled data could 
help. Examples are prey densities measured either with 
traditional sampling gear or by acoustics. 

I@ CONCLUSIONS 
TIONS 

Conclusions 

1) Dwelopment of the next generation of s o h a r e  
tools for Multi-species, Multi-fleet malyses is a 
complex underhking. This complexity results from, 
on one haad, the requirement of ACFM to m k e  
these tmls 'user friendly" while at the same time 
aeconamodating the needs for incrwsbg conrplexlly 
in the analysis (e.g., spatial dynamics in prdation 
md fleets). Tlne rquiremenls and fakres  for such 
new s o ~ a r e  are reviewed. It is envisage$ that a 
'core' mdeI  be m d e  available to area-based work- 
ing groups, while a more speculdive 'research 
version" developed to test v a ~ o u s  hypotheses 
regarding Multispecies, Multi-flat interactions. 

2) Given the complexity of the tasks of developing new 
software, an international cooperative approach to 
the development, coding, testing and documentation 
of the tools is deemed critical. These tasks are best 
shared among various interested parties, with a 
coordinating group created to guide the software 
development program. 

3 )  Results of long-tern prdickions of the impacts of 
effort rductions applid to the v a ~ o u s  Nodh Sea 
fleets was used Cs fit a ~~ i i s t l ca1  model lo the 
response surface of yields ma" SSBs, contbgent on 
fleet effo& chmge. n i s  simplifid version of the 
prediction model can be wed to hvmtigate, to a 
first approximeion, the influences of 
effort within the context of interactin 
md fleets. The model exists on a &crwomputer 
spreadsbet, &us allowing its distribution to ACFM 
mid various other technological nmdeabals for 
explopirmg the consequences of magernent scen- 
arios. Users are, however, cautioned that resulb are 
only an approximation to the exact results from 
MSFBR predictions, and that ing scenarios with 
effort changes 250% in any fleets or drive stocks 
to extreme abundance levels (e.g, below MBAL). 

4) The incorporation of objective hning methods with- 
in the MSVPA model was initiated, with trial m s  
indicating that the extend4 survivors (XSA) 
algorithm was generally feasible for this purpose. 
Further development and testing of this method is 
desirable and necessary before the next meeting of 
the MSWG. 

5)  The potential for 'switching' among alternative prey 
by predators, as a function of prey abundaace, was 
investigated with a flexible fonn of the MSVPA 
suitability eqraation. Trial analyses indicated that 
invocation of moderate 'negative switching' (i.e., 
prey under-representation in predator diets at high 
prey stock sizes, and vice-versa) generatd m r -  
ginally better fits to predict& stomach contents and 
fitted suitabilities, than neutral or positive switching. 
This result, although tenuous, was evident in trial 
m s  rande~ken both for the North Sea but was less 
evident in the Baltic. The 1991 stomch &ta for 
the North Sea will be i m p r m t  in h l ly  evalwtbg 
this result. Likewise, comparisons among all 
predatorlprey cornbinations are necessargr to evaluate 
the generality of the result. 

6) analyses of cod growth in h r a l  systems, initiatd 
at. the last meting of the MSWG, lndicatd a sig- 
nificmt YEAR effect in growth, aker p r d t o r  and 
prey abundance raad temperahre effects were 
remove$. The existence of this YEAR e f k t  was 
hrther kvestigatd at this meting, though the 
evaluation of cod f d i n g  data in 6 widely ranging 
mosystem (three eastern and three western Atlan- 
tic; three boreal and three temperate waters). 
Results although prelimanary, shed significant light 
on processes feding, growth, prey availability md 
environmental variability. 

7) Within the six cod ecosystem, general Iinar 
models were used to investigate factors influencing 



tohB stomch content weight (all prey types aggre- 
gat&), the toea1 fish component of food, amand the 
fraction of stomckrs empty. Stomch content data 
were length scaled (l/L**3) to remove the effect of 
predsltor size, and transfomd to corngly betkr with 
assuqtions of malyses. Because of the large num- 
ber of degrees of f r d o m  in these maly*s, the 
MAIN effects of Y E m ,  QUMTER, TIME OF 
DAY md PREDATOR LENGTH were generally 
significant, although the relative significance of 
these factors varid among system. hteraction 
effects e x a ~ n d  at the meting were generally 
smller thm min effects. 

8) Multivariate analyses of varimce of the effects of 
YEAR, TEMPERATURE and PWDATOW 
LENGTH on fraction of e q t y  stomachs md tohl 
fwd were examined for four of the ecosystem 
where temperahre measurements associated with 
stomch mmpling were available (Warents Sea, 
Icelmd, Newfoundland, Northeast 'USA). In most 
cases the TEMPERPnTUE effects explain the 
greatest residual variance in total food. For the thee 
hreal system, the YEAR effect was more import- 
ant thm LENGTH. For the temperate water system, 
length effects were more impohnt in predicting 
total food thm was the reesidual YEAR effect. Sima- 
lady, the fraction of e q t y  stomchs was more 
relatd to TEMPERATURE and YEaR effeGts in 
the boreal system than in the temperate ecosystem. 

9) Principal component analyses of the occurrence of 
various dieQry item, environmenbl variables 
(depth, temperahre) and predator attributes (GPUE, 
length) were u n d e e e n  to scan these large data sets 
for associatd factors. Several c o m o n  patterns 
appeared in analyses of all ecosystem. Tbe 
ontogenetic pattern of decrasing dependence on 
kvedebrates, pariicularly cnts&cws, with size was 
clearly apparent in all system, Inerasing represen- 
htion of fish in the diets was inversely relald to 
hvertebrate f d i n g  in the No&b and Baltic Seas, 
but was largely independent of the level of feeding 
on invedebrates in the other sosystem. The PCA 
bdicatd most variation in depth and temperature 
was not associated with ckmges in diets. Also, the 
PCA show& caarly how the i fding 'niche space' 
of cod kcreas& markedly with fish size. 

10) Inter-ecosystem compaPlsons aimed at testing 
hypotlxeses set at the mmting of the Shdy Group on 
Analysis of F d i n g  Data were undehken. Signifi- 
cant and coherent ecosystem effects were found. 
Ecosystem exhibiting higher average stomach con- 
tent weights tended to lower proportions of empty 
stomachs. In four of the systems examin& 
(Barents, Iceland, Newfoundlmd, USA) there was 
an inverse relationship between average stomach 

content weight and temperature, and a direct relation 
h i w e n  growth and tempcrabre. The effects of 
temperahre need to be examin& further when data 
for all wosystem are availabke. 

I 1) Significmt differences in tohi food content, fraction 
of empty slomchs md prey cornpsition were 
evident among system. Borml system generally 
had the Egkest percenhge of fish prey, md vari- 
ation in fohl stomch content was large. Mean 
stomcla content weight was lowest in the Baltic. 
n e  USA cod consum4 the largest fraction of paon- 
fish food, and this conclusion w a  consistent across 
size klemals. Tbe relative position of the six g o -  
sysklns with regards bta.1 stonrach content was 
consistent among size classes of cod e x a ~ n d .  

12) Cod growth data sets were as*mbld in order to 
compare feeding levels with measures of 
ineremenlill change in age-at-length among system. 
n e s e  comparisons are int~guing, as there are large 
differences in growth and feeding rates among the 
system. However, at present, the relationskp 
between growth and feeding remains confound4 by 
the inter-dependencies of growth, temperahre- 
dependent stomach evacuation, and differences in 
environmenhl temperature. Initial ordering of stom- 
ach content weights on growth, comectd for tem- 
perahre effwts, suggests a. negative relation, con- 
sistent with higher MEAN stomch content weights 
k cooler systems. Mowwer, these results are con- 
tingent on more thorough analyses unconfouadkg 
the above-associatd vaPlables. 

13) The potential for cod to compensate for low caplibP 
abuncjiance k boreal systems with alternate fwd 
i tem was evaluatd. The apparent scope for com- 
pensation among the system was different. 

14) Ernplrical malyses of cod growth, feeding md 
r~mi tment  conduct4 at this md the previous 
MSWG meting, suggest that boreal system are 
hnctionally different from highly-network& feeding 
webs such as the NorQh Sea. Thus, the %sumpstion 
of consmcy of toti31 food conwmpkioa, growth, man8 
perhaps prda%or/prey suibbility, which are incor- 
porated into the MSVPA stmcbure, do not seem to 
apply to boreal system. Neve&heless, more appro- 
priate models could be develop& that hcovorate 
retrospective stock size, F, and pr&tion mo&lily 
(M2) estimtion and allow for prey-mdiate8 pred- 
ator growth and environmenklly-inducd variation 
in predalor/prey overlap. Development of such a 
retrospective mde l  m y  capture the MMN f a h r e s  
of cod-capelin interactions, and allow testing of 
MMOR assumptions. Tkus, the development and 
testing of a simple relrospwlive analysis of fishing 



and prdation srporhlities for boreal systems is a 
promising approach. 

15) The Woking Group consider& aspects of the statis- 
tical treatment of stornach mrnlgling data, but a 
comp~hensive evaluation of the subject was beyond 
the scope of the m t i n g .  Proper estimtors of pmi -  
sion of stomch content and prey composition are 
contingent on accountkg for the effects of smpling 
design from which abun&nce is estimted, the 
sampling scheme for the gleclion of stomchs, and 
the treatment of zero stomch content observations. 
Trial analyses indicate that the development of logit 
models of the fraction of empty stomachs was feas- 
ible. The fraction of empty stomachs generally 
varied inversely with (time since lunch) [was it 
good!] food content, consistent with a negative 
binomial model. A more thorough treatment of this 
topic is nKessary, padicularly as the complete 
feeding data set for the 1991 stomach saql ing  
program becomes available. 

16) The Working Group is confronted with the practical 
problem of estimting catch-at-age for one year of 
the industrial fish catch for which sampling was 
inadequate (1990). Given that these estimates are 
impowe  for determining stock sizes of prey spe- 
cieslages in 1991 (the year of intensive stomach 
sampling), the 'fix-up' of missing data takes on 
added significance. Thee  potential approaches, 
including integrated nnodels and a general linear 
model were tested. 

17) Estimates of the total amount of sprat and herring 
(by length group) eaten by Baltic cod was c o w a r d  
to prey stock sizes by length group. Preliminal-y 
analyses of prdtorlprey size ratios suggest that 
large cod select relatively smaller fish prey com- 
pared to their size, than do smaller cod. 

18) The effect of changes in recruitment level on 
MSFOW f o r ~ a s t s  was again investigate$ through 
simulation methods. A fctorial design of rwmit- 
ment variation %) combinations of aII MSVPA 
species was simulated, along with a 30% effort 
reduction scenario for the roundfish humm com- 
sumption fishery. The distpibution of percentage 
changes in spawning stock biomass of each stock in 
5 12 model runs (con~binations of species r~mi tment  
changes) was assessed. The range of SSB outcomes 
from the predictions was more variable for some 
species (e.g., haddock) than for others (cod, whit- 
ing). However, no probabilities can be associatd 
with long-term recruitment prospects for any stock 
forecasts, either single- or Multi-species. 

14) A food-web malysis was applid to MSVPA results 
and data om Iower trophic levds gatherd from the 
literahre. The malysis allows tracking of the 
trophic linkages arnsng s p i e s  (as the MSWG has 
undertaacen in the past) but including a wider spec- 
tmm of producers and consumers. laitial resulb 
kdicatd discrepancies in the prductiorm characteris- 
tics a m n g  some MSVPA species. The value of the 
approach as m alternative check on fisheq-based 
models of comercia1 cornponenls of the ecosystem 
is clear. 

1) The next meeting of the Mlaltispecies Assessment 
Working Group should be convened in 18 month's 
time (November, 1993) at the ICES hdquarters for 
10 days with suggested terms of references to 
include: 

a) continue the development of multispecies mthods 
of assessment, and report on progress in develop- 
ment, testing and distribution of updated so&are 
for multi-species, multi-fleet assessments; 

b) integrate the results of the 1991 Stomch Sampl- 
ing Program and produce an updated MSVPA for 
the N o ~ h  Sea, including further testing of the 
assumption of constant suitability; 

c) evaluate the statistical properties of stoma~h 
sampiing schemes, and continue the statistical 
analysis of feeding data; 

d) initiate data preparation and model construction to 
apply retrospective multispecies assessment tech- 
niques to boreal systems, including variable pred- 
ator growth and spatial overlap in predabrs md 

prey 

2) Tt is recommended that a set of two Cooprative 
Research Repods be prepared, ausder the editorships 
of J. Pope and S. Murawski, documenting progress 
made in advancing mltispecies assessments at the 
seven meetings of the Mullispies Assessment 
Working Group. 

3) 711e Multispecies Assessmnt Working Group 
endorses the reconnnnenhtion of the Plaming Group 
for the 1991 Stornach Sampling Program to hold a 
meeting in September, 1993 to prepare the f d i n g  
data, in advance of the next meeting of the 
Multispecies Assessment Working Group. 

4) Incorporation of a fully-tested tuning algorithm in 
the current version of MSVPA is considered critical 
to the next meeting of the Multispe~ies Assessment 
Working Group, and completing the testing is a 



priority for the development of new 
Rerefo,, it is r ~ o m e l a d d  that w o k  on the 
development of tuning a l g o ~ t h m  continuep with 
appropfiate exchmges of persomel, at national 
expense. This work should be completd well in 
dvarnce of the next r n ~ t i n g  of the Mullispies 
Assessanlent Woking Group. 

5 )  The development of new s o h a r e  packages 6 0  
extend multi-species, multi-fleet assessaneat tmls, 
md to deliver such products in "user f~endly" for- 
rnraats to ara-bas& Working Groups is consider& a 
p~or i ty ,  not only by ACFM, but by the WorEng 
Group as well. To this end, the Working Group 
sees grmt utility in the eseablishmnk of a 
Coordinating Group for the Development of Multi- 
Species, Multi-Fleet Assessment Tools (CWMAT). 
Composition of CWMAT should kclude m m b r s  
of the Multisp~ies Assessment and the Long-Term 
Mmagernent Measures Working Groups, with repre- 
senheion from the ultimate users of products: the 
area-bad working groups. The eshblishment of 
COGMAT is recornended lo ACFM. It is pro- 
posed that the Coordinating Group meet for four 
days in March, 1993 (one month after the first 
meeting of the hng-Term Mmagement Masures 
Woking Group). 

6) The \iVorkng Group was able to complete its com- 
puhtions utiliaing the UNIX workshtions of the 
ICES headquaders with netwok& PC's. Additional 
computing was accomplish& at DTFMAR, asld at 
various national instihies using internet protocols, 
The Working Group foresws great difficulty in 
completing its hsks at its next meeting with but one 
UNIX workshtion at the ICES headquaders. Re- 

ng of the Multi-species Multi-feet maly- 
sis models will be accomplish& so that working 
groups can mn these lnodels on the ICES 
workshtion. Therefore, the Multispmies Assess- 
ment Working Group strongly rexomends that 
ICES purchrnse a second UNIX workstation and 
additional PCs for scientific computing, 

7) The schdulkg of mother assessment working group 
meting coilnciding for four days with that of the 
Multispaies WC was pmblemtic for both. In the 
future such practices should be strongly discouragd, 
since the MSWG has the nasty habit of laying waste 
to aimst  all computing resources md support ser- 
vices available to it. 
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Table 4.1. An hyptheticd example of the effwt of grey biomass on estimates of overdl 
suilability in the case where the predator dms not share the =me distPibutiow aa as the 
prey. Half the predator ppulation is found in each a=. Suihbility of grey = 0.5 m d  
suihbility of other E d =  0.5 within each am. 

Situation 1 

Area Prey biom. Biom. 0th- food Rel, St, cont. 

north 
south 

Average prop, sf prey in %tom cant,: -25 

Estimate of overall suitability of prey from 
observed av. stomach content (.25/(.25+.95/2)=) : . 4 0  

Situation 2 

Area Prey biom. Biom, Oth, food Reb, St, csnt, 

north 
south 

Average prop, of prey in stom conk.: .33 
Estimate of overall suitability af prey from 
observed av, stomach content (,33/2/(.33/2+.67/2)=): .33 



Table 4.3. Gonelation betwgn age I stmk sizes e s~rmatd  using MSVPA, with varying levels 
of the switching cwfficient, a d  the IYFS abundance indices for the North S e a .  The 
m d e l  test& is: In(MSVPA) = a*tn(liYFS)+b. Data are R2 values for various s p i e s  
and d e g r ~ s  of switching (-0.6 to di-0.4). 
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Table 5.2.1. Distribution of Norlh Sea cod samples us& in feeding andyses studies. 
Data are numbers of cod samples by year and quarter. Percentages in 
each cell are the percent of the row total, percent of the annual total, and 
percent of the quarterly total (over all years). 

3 I 41 Total 

1037 
13.17 

---------+--------+--------+--------+------a- + 



Table 5.2.2. Distribution of NoPlh Sea cod (as individual fish, excluding regurgibted 
stomachs) used in feeding analyses studies. Data are numbers of cod 
samples by year and quarter. Percentages in each cell are the percent of 
the row total, percent of the annual total, and percent of the qumerly t o a  
(over all years). 

Y QUARTER 

Frequency 
Percent 
Row Pct 
Col Pct I 2  I 3  I 4  1 

+ 
2653 2864  2562  
6 . 4 5  6 - 9 6  6 .22  

29 .43  3 1 - 7 7  28.42 
17 .94  36 .35  1 7 . 3 8  

--------+--------+-------- 
3872  2202  2019  
9 . 4 1  5 . 3 5  4 . 9 1  

36 .94  2 1 . 0 1  1 9 . 2 6  
2 6 - 1 9  2 7 - 9 4  1 3 . 7 0  

--------+--------+-------- 
1 0 0 0  1 6 1 2  1 1 6 1  
2 .43  3 .92  2,82 

23 .82  38 .39  27 .65  
6.76 20 .46  7 .88  

---------+--------+--------+--------+-------- 4- 

Total 1 4 7 8 7  7 8 8 0  1 4 7 4 1  3753 
35 .92  1 9 . 1 4  3 5 . 8 1  9 ,12  

Tota l  

9616 
21.90 



Table 5.2.3. Disinbution of Nonh Sea cod (as individual fish, including regurgitated 
stomachs) used in feeding analyses studies. Data are numbers of cod 
samples by year and quarter. Percentages in each cell are the percent of 
the row total, percent of the annual total, and percent of the quarterly total 
(over all years). 

Frequency 
Percent 
Wow PC% 
Cob PC% 1 l 2 1 1 4 1 
---------+--------+--------+--------+-------- + 

1170 431 
2.64 0.97 

27.18 10.01 
7,23 11.11 

--------+-------- 4- 

0 0 
0,OO 0.00 
0-00 0.00 
8,OO 0.00 

-C 

---------+--------+--------+--------+-------- + 
T o t a l  16166 8 1 2  1 16182 3881 

36.45 18,31 36-49 8.75 



Table 5.3.1. Distribution of Baltic Sea cod samples used in f&ing andyses studies. 
Data are numbers of cod samples by year and qua~e r .  Percenlages in 
each cell are the percent of the row total, percent of the annual total, and 
percent of the quaterly total (over all years). 

I 3 I 4 1 
i- 

- ~ ~ - - ~ - - ~ + ~ - ~ ~ - ~ ~ - + - - ~ - - - - - + - P - - P - - P - - P - - P - - P - - P - - P - + - ~ - - - - ~ -  -i- 

Totab 5635  5 2 6  530 2 2 7 5  
62.85 5,87 5 - 9 1  25,37 

(Continued) 

Total 



Table 5.3. I (continued). 

Total 



Table 5.3.2. Distribution of Baltic Sea cod (as individual fish, excluding regurgiQted 
stomachs) used in feeding analyses studies. Data are numbers sf cod 
samples by year and quarter. PercenQges in each cell are the percent of 
the row total, percent of the annud total, md percenmf the quzterly t oM 
(over d1 yexs) . 

Frequency 
Percent 
Row Pct 
Col Pct 1 l 2 1 3 I 1 
---------+-------a+--------+--------+-------- + 

---------+--------+--------+--------+-------- 4- 

Total 18733 11546 4300 16158 
36,532 2 2 - 7 6  8 48 31.85 

(Continued) 



Total 



Table 5.3,3. Distribution sf Badtic Sea cod (as individual fish, including regurgibtd 
stomachs) used in feeding andyses studies. Data t.e numbers of cad 
amples by yea and quaseer. Perceanbges in each cell are the prcent  of 
the row total, percent sf the mnud tobl, and percent of the qumerly tad 
(over aH y w s ) .  

-+ 

---------+--------+--------+--------+-------- 4- 

T o t a l  1 8 7 3 3  11546 4386  16158 
36,92 2 2 . 7 6  8 - 4 8  31.85 

(Continued) 

Total 

3303 
6.51 



Table 5.3.3 (continued). 

Total 



Table 5.4, Distribution of Barents Sea cod ampies us& in feeding mdyses studies. 
Dak are numbers of cad samples by year and quaP-ter. PeacenQges in 
each cell are the percent of the row total, percent of the mnud total, and 
percent s f  the qumerly toM (over all years). All samples are of individual 
fish, md no regurgitatd stomachs are included in the data. 

Frewency 
Percent 
Row Pct 
(30% Pct 1 I 2 I 3 I 4 l 
---------+--------+--------+--------+-------- C 

---------+--------+--------+--------+-------- 4- 

Total $5188 5658 14733 174 
42,48 kS,83 41,21 Q , 4 9  



Table 5.5.1. Distribution of Iceiandic cod rampies used in feeding analyses studies. 
Data ;ire numbers of cod samples by year and quarter. Percentages in 
each cell are the percent of the row total, percent of the annual total, and 
percent of the quarterly total (over all years). 

1 I 2 I 3 1 4 1 --------+--------+--------+-------- 4- 

---------+--------+--------+--------+-------- 4- 

Total 4976 1 4 0 1  2 9 2 1  66 
53,14 B4,96 31.19 0 - 7 6 )  

(Continued) 

Total 



Table 5-5.1 (continu&). 

Row Pct 

---------+--------+--------+--------+-------- 4- 

Total 4976 1401 292% 66 
5 3 - 1 4  14 * 96 31,153 0,76 



Table 5.5.2. Distribution s f  Icefmdic cod (as indiwidud fish) us& in feding mdaltyses 
studies. Data are numbers sf cod samples by year and quapler. 
Percenbges in each cell are the percent sf the row total, percent of the 
mnual total, and percent of the qumerly total (over yms) .  

*--------+*-------+--------+--------+-------- + 

---------+--------+--------+--------+-------- 4- 

Total 194463 6501 1 2 0 0 6  263  
5 0 - 8 8  1"9 01 31 .42  0 - 6 9  

(Continued) 



Table 5.5 .% (continued). 



Table 5.6. Distribution of Newl"ouncl1md cod samples us& in f d i n g  analyses studies. 
Dat;b are numbers of cod samples by yeax md quaeer. Percentages in 
each cell are the percent of the row total, percent of the annud toM, md  
percent of the quarterly total (over all yeas). All samples are of individud 
fish, and no regurgitated stomachs are included in the data. 

Total Total 

Frequency 
Percent 
Row Pet 
6sl Pet 1 ----.'-----+-.------- C 

-------'-%.-+--.-.----- + 
T o t a l  2 6 2 7 3  

%OCB,OO 



Table 5.X Distribution of Norlheast USA cod samples used in feeding mdyses studies. 
DaB are numbers of cod samples by year and quarter. Bercenbges in 
each cell are the percent of the row total, percent of the annual total, md 
percent of the quarterly total (over all yars) .  All samples are sf individual 
fish, and no regurgihted stomachs are included in the dab* 

---------+--------+--------+--------+-------- -4- 

---------+--------+--------+--------+-------- + 
Total 1163 3274 2274 1790 

13.68 38.51. 26-75 21.06 



Table 5 1 ia Compar i son  o i  d i f r e r e n t  3LPi  mndeis  t o  est lmale mean smoun? 31  iota!  foot: and amount jr ~ i s h  
1- ! -  length, {ear- .itAid q ~ ~ a r t e r  d'fects ( r - i j u a i - e ~  ,jnij  v a r ~ a r ~ c e  ra:io ; j  

1 .  NORTH SEA 

TRANSFORMED F - N o g t /  

r * * 2  :-Year F-Ouar F - r a i n  F-YXL 
LOG TRANSFORMED F-Nesr, '  
r Q * 2  F-'tear F-guar  F - r a i r ~  F-V"L 

Total  food; continuous length 



5 .  NEWFOUNDLANG 

F - I , - s v  / LOG TRANSFORMED ~ - r j ~ . -  t 

P31n  ? i e ~ - t e d 5 c a l ~ d  c3t. i 7 ~ - 4 . ~ ~  F - Y ~ , ?  c-\;*' ,-** - " '-"'s!? F - ' < l L  -. 
T o t a l  food ;  con t inuous  leng th  



h:'~ i ,  1 ?e:r l-< I;? I?I?~-e JLP? rnci ir 5 1.3 i : , t .m31? f e a r ,  j c a r t i i r ,  - i m ?  j r  jay [ireijati~r engrn et fects  
;:-! y,t,3i { - -  >'JL,I? ' j r i u  - 4 t - - - .  J t , n  I :. ' = , I  r,:r + f ie  r!, ~ , : ~ > j , , : , : ~ : ~ ~ ~  I< : - : , , j ~ z r  sj arl,j gal i311i;e : - , 3 t l ~  5) 

3 .  BARENTS SEA 
0 C5;4 58 84 2!E $3 7 55 - -. 5(J  02 

:31"3: 2 I 66-1 2905 1235 
5 35 

4. ICELAND 
3!19 I 0 3 2  1377 NS - 7 ! 1  

i; 192 54 9 13 09 biS -1487 2 48 
5 gr, 

5 .  NEWFOUNDLAND 

1 g g i 

TOTAL FOOD C-h l  . t  e /FISH FOOD F - b e t  

6. USA EAST COAST . - -  
b c ' - ; 2 8 6  / ~ o n ! .  / \ j j+ll  2 5 6  :'i& 5 33 - 11941 

r"*z F-ie.r- ;-',me F - L , : ? ~ ~ ,  :-'.'*i r"": i - V e s r  F-Ouar F-Timr:  F-Ln91h F-';*L 
1 .  NORTH SEA 
? j 2.5 , 
1 S F 7 :  1485 - -  - 6 f - 
1'3eEi 1987 6 #rat  

d f  
I 9 6 ~  i o n :  

lj f - 
6 c l r  

ri f 

2 .  BALTIC 



FRACTION EMPTY TOTAL FOOD MANOVA 

1 .  N W T H  SEA 1980-1 987 

d i 

3 .  BARENTS SEA 1984- 199 1 

d f 

d f 

4. ICELAND 1979-1991 

d f 

d f 

d f 

5 .  NEWFOUNDLAND 1978, 1980-1991 

d: 

d: 

d i 

6. USA EAST COAST 1981-1988 

d f 
1559 1285 30 

d f 

d f 



i a 5 i e  6 1 6 Summary  ,;f hig ' i ly  corre1a:i.c f a c t o r 5  >,vn:nin i.co-;ys;errs accorc : r , . j  ' ' 2  PC,& 

blotes 
Entries designate cor re la t ion  coefficients ;jO 31 between var iab le  ( r o w )  ano p r i nc lpa i  component n r  In t35 'e i  
Negative signs designate negative correiat ions 

W'ien a var iab le  was corre!ated w!th more than one component, these are  !:sted i n  desceni:!'ig order 12I correlal i r i r  
An X !nc!lcates the var iab le  was missing i n  the data set 



Table 6,1.7, Results sf P.C.A, for 6 ecosystems, Subtables 
include : 
i) Eigenvalues of first 4 principal components, cumulative 
variance explained by eigeravalues, and variance explained by each 
rotated factor (where an orthogonal variable has a value of 1-0) . 
ii) Gsrrelatisns of each. variable with Varimax rotated axes, and 
communality sf each variable given the 4 retained factors- 

6.1-7a - North Sea 
i) Structure 
Component Eigenvaiue Cumulative Variance Explained 

variance by rotated PC, 
I 1.408 0.176 1.340 
11 1,223 0.329 1.213 
$11 2,032 0,458 1.87% 
IV 0, 973 0,580 1.812 

ii) Pattern 
Variable Factor I %I f 11 EV 
Other Fish .718 --,014 .076 .091 
Crustacean -.GI4 --,284 -135 .012 
Mollusc -, 207 -424 -517 , 147 
Polychaete .024 -.I27 -873 -,075 
Echinoderm -, 009 ,414 -,I03 -.183 
Other Food -060 .635 -077 .a33 
CPUE -,Q49 -.a47 -.006 ,967 
Length .655 -,I41 -.0%3 -,I74 

Communality 
.529 . 477 
-480 
.785 
- 5 3 3 .  
.414 
,939 
.480 

6.2.7b - Baltic Sea 
i) Structure 
Component Eigenvalue Cumulative Variance Explained 

variance by rotated PC,  
I 1.463 0,209 1,246 
11 1,039 6,358 1.232 
I11 1.031 0,505 1 , 0 2 9  
PV 0,998 0 , 6 4 7  1.023 

ii) Pattern 
Variable Factor I I1 %I IV Communality 
Unident. Fish -,618 -018 -009 .951 . 905  
Other Fish -.I55 -.717 .a83 - . 2 2 6  .596 
Crustacean .024 -82% -869 -.I79 -711 
Mollusc -162 -.I05 .721 -.03% -557 
Polychaete .I77 -,a96 -,7Q$ -.835 .537 
Other Food .793 .015 .8%9 .I19 .644 
Length -,732 -,I54 .044 .I41 -580 



6.1.7~ - Barents Sea 
i) Structure 
Component Eigenvalue Cumulative Variance Explained 

variance by rotated PC. 
16 1.511 0.126 1,453 
I1 1.272 0.232 1.279 
IPI 1,205 0.332 1.198 
IV 1,138 0.427 1.194 

ii) Pattern 
Variable Factor I I1 III IV 
Capelin .417 -.239 -479 ,049 
Unident. Fish .357 .317 .495 .I06 
Other Fish -,033 .229 .018 .607 
Crustacean -, 148 -751 -.093 -085 
Mollusc .405 -.092 .01l -.a70 
Polychaete -646 -.040 -.I12 -.070 
Echinoderm .367 .PI1 .005 -.029 
Other Food -426 -364 -.038 .290 
Temperature -,235 -.I63 -6'36 .050 
Depth -372 -.I79 -.467 -304 
CPUE .051 ,096 -.026 -.626 
Length -.185 -.53Z -,013 .474 

Comunality 
-463 
.483 
.422 
.598 
-177 
-437 
.148 
-400 
-569 
.482 
.404 
.542 

6.1.7d - Iceland 
i) Structure 
Component Eigenvalue Cumulative Variance Explained 

variance by rotated PC. 
I: 1.915 0.160 1.709 
II: 1.563 0.290 1.405 
III 1.241 0.393 1.352 
IV 1.020 0.478 1.272 

ii) Pattern 
Variable Factor I I1 111 IV 
Capelin - , 3 6 6  . 5 2 2  -.I61 .222 
Unident, Fish - . 0 % 6  .I66 .061 -653 
Other Fish -268 -.a25 -.a08 .400 
Crustacean -10.4. -.024 . 8 3 " 7 - - ,  056 
Mollusc - 8 6 2  - 5 6 8  .01% .046 
Polycbaete .291 .683 .028 .035 
Echinoderm .a61 .451 .I31 -096 
Other Food -,843 .I26 -070 .668 
Temperature ,816 .I34 -.036 .I29 
Depth .838 -891 -004 .056 
CPUE -.202 .381 . I 2 5  -.359 
Length ,131 -.I65 -.763 -.I63 



6,1,7e - Newfoundland 

i) Structure 
Component Eigenvalue Cumulative Variance Explained 

variance by rotated PC. 
X 2 , 0 2 7  8- 169 1.867 
1% 1,543 0.298 1,510 
111 1.182 0,396 1.319 
IV 1.861 8,484 1.116 

ii) Pattern 
Variable Factor I II 111 EV 
capelin -.006 .110 .599 . 118 
Unident. Fish -.022 -179 .621 -175 
Other Fish -,115 -.064 .598 --,I38 
Crustacean -,588 -127 -,I40 .I56 
Mollusc -,009 -648 .I06 -,1?L9 
Polychaete .I17 -583 . 130 -151 
Echinodem -,0%5 .517 .I35 -.I33 
Other Food -. 187 .083 .056 .723 
Temperature . 8 4 2  -,012 -,226 -,028 
Depth -851 .096 -.I13 ,062 
CPUE ---061 .Q23 -,055 -.643 
Length -140 -.640 .284 -.187 

Communality 
.383 
-449 
-393 
-406 
-444 
-394 
.307 
-561 
-76% 
-750 
* 420 
.545 

6,1,7f - Eastern USA 

i) Structure 
Component Eigenvalue Cumulative Variance Explained 

variance by rotated PC. 
I a. 459 o,asa 1,417 
11 1,104 0.285 1.113 
XI1 1.082 0,405 1.082 
IV 1.040 0.520 1,073 

ii) Pattern 
Variable Factor I 11 111 
Unident, Fish . 255  *044 . 668  
Other Fish - 2 7 8  - 6 0 1  - 0 3 7  
Crustacean - , 7 2 7  .Q5% -.Of44 
klob%usc -,813 .541 -,Q49 
Pshychaete - 4  -,Oil .356 
Echinoderm -075 .a27 -,200 
Other Food -,230 -.021 .676 
Depth . 380  -.671 -,045 
Length .7%7 -06% -,063 



Table G e l ,  2 Parameter estimates and standard errors of 
estimates fss YE= and PREDLEN effects from fit to model with 6 
categories for predator size, with North Sea and Newfoundland 
data sets, 

NORTH SEA 

In TOTAL FISH 
Estimate Std. Error 

0.83  0 - 2 6  
-0 .10  0 .28  

0 .17  0 .32  
0 . 2 1  0 . 3 1  
0 .39  0 .33  

reference 
0 . 1 5  0.28 
0 .72  0 . 2 7  
0 . 6 7  0 .28  
0 . 3 5  0 . 3 3  
0 . 4 9  0 . 3 4  
ref erence 

-0 .60  
-1 .44  
-1 .10  
-1 ,58  
- 1 . 0 1  
-1 .12  
-0 .34  

0 . 1 9  
-0 .20  

0 .26  
0 .53  
0 - 2 3  

ref erenee 
-3 .88  
- 2 . 3 4  
- 1 . 8 7  
-1 ,Q5  
- o , 9 a  
reference 

In 
Estimate 
0,79 
0 .35  
0 .33  
0 .19  
0 .08  

TOTAL FOOD 
Std. Error 
0 . 2 6  
0 .23  
0 .28  
0 .27  
0 . 2 9  



Table 6 ,  I. 3 Statistics of fit to the model with predator 
length as continuous covariate nested under years, f i t  to 
Newfoundland data scaled and t ransformed BEFORE and AFTER bulk ing  
to mean value per haul, 

STATISTIC la TOTAL FISH an TOTAL FOOD 
BEFORE AFTER BEFORE AFTER 



Table 6.%,1 Cod g r o w t h  d a t a  a v a i l a b l e  f o r  a n a l y s i s .  

Area P e r i o d  Aaes  O u a r t e e  S o u r c e  

i) L e n g t h  a t  age for a l l  y e a r s  

I c e l a n d  85-91  1-9 1 

B a r e n t s  S e a  79-92 1-8 I 

I c e l a n d ;  n a t i o n a l  
d a t a  

Norway; n a t i o n a l  
d a t a  

N o r t h  S e a  77-91. 0-9 I I1 E n g l a n d ;  n a t i o n a l  
d a t a  

Newfoundland  78-89 2-11. I V Canada ;  n a t i o n a l  
d a t a  

ii) Mean length at age across years: 

B a l t i c  S e a  81-88 0-9 I-IV Anon. 1 9 9 0 a  

G u l f  o f  Maine  70-74 1-17 I ,  I V  P e n t t i l a  et a l .  
1 9 7 6  

G e o r g e s  Bank 70-74 1-15 I, I V  P e n t t i l a  et a l .  
1 9 7 6  





Table 8.4. Results of eight GLM analyses, one for each combination of prey species and 
quarter, for comparing the M% estimates from the LBMS with those from the MSWA. 

-- - - - 
GI24 model for analysis: 

ln(E42) = Model En(Length) 
by quarter species 

parameters %.Quarter 2.QuarCer 3.Quarter 4.Quarter 

Sprat : 
R2 
Intercept 
W V P A  ( 2 5 , 2 6 , 2 8 )  
L B m  
Slope 

Herring : 
R2 0 - 8 0  0 . 7 5  0. '95 0 ,74  
Intercept 8,296 6 214 4.665 3 .910 
m V P A  ( 2 5 - 2 7 )  - 0 , 8 0 1  0 , 0 7 1  n,s, -0 ,496  -0 ,858  
gvlSVPA (28-29s) 0.143 0 .435 n.s. 0.253 -0 ,075  
L B W  0,800 0 ,000 0  a 000 0 .000  
Slope - 3 , 9 9 7  -3 .412  -2 ,465 -2 .318  



Table 6 Percentage change in long term equilibrium yield 
predicted by the MSFOR by reducing the fishing mortality generated 
by the roundfish fishery by 3 0 % -  Recruitment kept constant at 
average 2974-1988 level, 

Species 

Cod 
Whiting 
Saithe 
Haddock 

Landings Discards 

Table 8.6-2, Percentage change in long term equilibrium biomass, 
spawning stock biomass, catch and value of landings predicted by 
the MSFOR following a 30 % reduction of the fishing mortality 
generated by the soundfish fishery. Recruitment kept constant at 
average 1974-1988 level. 

Species Total Biom. SSB 

Cod 
Whiting 
Saithe 
Mackerel 
Haddock 
Herring 
Sprat 
Norway pout 
Sandeeb 
Plaice 
Sole  

Catch Value 



Tabbe 8 , 6 , 3 ,  Distribution of percentage Pang term changes i n  
landings and discards from the North Sea roundfish fleet subject to 
changes in levels sf recruitment. Status quo compared to 30% 
reduction in fishing mortality, Results from 512 comparisons. 

Landings Discards 

Species Cod Whiting Saithe Haddock Whiting Haddock 
% Change 

Sum 100.0 100.0 100.0 100.0 100.0 100.0 



Table 8 ,6 .4 ,  Distribution (sf percentage long term changes in 
spawning stock biomass subject to changes in levels of recruitment, 
Status quo compared to 30% reduction in the fishing mortality 
generated by the North Sea roundfish fleet. Results from 5112 
comparisons. 

Spec1 es Cod W h i t i n g  S a l t h e  Mack Haddock H e r r i n g  Spra t  N Pout Sandeel A l l  spec ies  
% Change 



Table 8 - 6 - 5 ,  Results sf an ANOVA sf the percentage change in 
landings and discards from the roundfish fleet upon a 30% reduction 
in the f ishing mortality generated by the North Sea roundfish fleet 
at high and Isw levels of recruitment. The intercept is the 
expected change if all recruitments are at a high level, 

Landings Discards 

Species Cod Whiting Haddock Whiting Haddock 

Parameter 

Recruitment low for: 

Cod 
Whiting 
Saithe 
Nackerel 
Haddock 
Herring 
Sprat 
Norway pout 
Sandeel 



Table 8 , 6 , 6 ,  Results sf an ANOVA sf the percentage change in 
spawning stock biomas upon a 30% reduction in the fishing mortality 
generated by the North Sea roundfish fleet at high and bow levels 
of recruitment, The intercept is the expected change i f  all 
recruitments are at a high level, Only species for which a change 
in recruitment level produces a change in the percentage 
increaseidecrease sf spawning stock biomass has been included, 

Spec i es 600 WHITING I4ADDOCK HERRING SPRAT N. POUT SAMBEEL 

Parameter 

Intercept 

Recruitment Low for: 

Coci  
Whiting 
Saithe 
Mackerel 
Haddock 
Herring 
Sprat 
Norway pout 
Sandeet 



Table (3.7. Parameters used for describing the Nor"sh Sea food web in "1881. All estimates 
are expressed in t wet weight km2 year'. P/B is the production/biamass ratio, Q/B is 
the eonsumption/biomass ratio, both an an annual basis. The ecotrophic efficiency 
expresses the propo~ion sf the production that is utilized for predation or catches, while 
the gross efficiency is the ratio between production and consumption. 

GROUP 

COD 
WHITING 
SAITHE 
MACKEREL 
HADDOCK 
HERRING 
SPRAT 
NORWAY POUT 
SANDEEL 
PLAICE 
SOLE 
RAY 
Q. PRED. FISH 
8 PREY FISH 
ANNEblDA 
CEPHALOPODA 
COPEQODA 
EUPHAUSIACEA 
8. CRUSTACEA 
ECWINOBERMATA 
8. INVERTS. 
PMMTS 
DET RITUS 

CATCHES BIOMASS Q/B ECOTROPH. EFF. GROSS EFF. 



Table 9.l.1 Results from probit analysis. Regression coefficients are given for the effed of the 
SMSGFBOIB as a continuous variable on the prhspo~ion of empb stomachs in the 
same bulked sample. SMSCFOBD = mean stsmack content of non empw stomach 
contents, scaled (S/b**3 * 1 00,Q000). 

Year 81 85 86 87 mean Year 81 85 86 87 mean 
Quarl. Quad. 

mean -0.07 -0.14 -0.51 -0.06 -0.14 mean -0.16 -0.75 -0.08 -0.26 -0.24 

Year 81 85 86 87 mean Year 8-5 86 87 mean 
Quarl. Quarl. 

~ e a n  -0.28 -0.06 -0.51 -0.52 -0.43 mean -0.36 0.016 -8.43 0.04 -6.45 

Year 8 1 85 86 87 
Quad. 

mean -0.78 



Table 9.1.2 Results from probit analysis. The effect of predator length and SMSCFBOD on the 
propsr"6isn of emp'ey stomachs is analysed. SMSCFBOD =: mean stomach content 
of non empty stomachs in one bul sample. 

regress. coeff. for the effect of SMSCFOOD 

Year 8 I 85 86 87 mean 
Quart. 

mean -0.02 -6.3 -0.3 -0.3 -0.3 

Year 8 1 85 863 87 mean 
Quafl. 
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COD @%8 WHITING a SAITHE 

NORTH SEA 

DEGREE OF SWITCHING 

Figure 4.1. Sums of squared deviations between o b s e ~ e d  and estimated stomach 
content for three predator species in the North Sea, for various levels of prey 
switching coefficients (deviarions are between absolute weight values). 



I 

i " COD + WHIT * WAD69 0 HERR 

y~ SPRAT 0 N.PBYT A SANDEEL 

3 j 
NORTH SEA 

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.20 0.3 0.4 

DEGREE OF SWITCHING 

DEGREE OF SWJTCHlNG 

F i e r e  4.2. S u m  of squaed dedatiom bemeen obsemed and estimated stomach 
content for each prey species in the NoP.tk Sea (a). Results are for all predator 
species combined. In plot (b) the contribution of each prey species is normalized 
by dividing by the contribution over all values of the switching coefficient. 



-0.2 -0.12 -0.04 0.04 0.12 0.20 

DEVIATION IN WEL AnVE WEIGH P 

-0.2 -0.12 -0.04 0.04 0.12 0.20 

DE VIA RON IN REL A TI VE WEIGH 9" 
2 1 

-0.2 -0.12 -0.04 0.04 0. ?2 0.20 

DE VIbirlQltd IN RELA Tj VE WEIGH T 

Figure 4.3. Disvibufion of relative deviations behveen estimated and observed stomach 
conteat weight for dl Nsflh Sea predators. Data ase presented for three values 
of the switching coes'ficiernt: (a) -0.4, (b) 0.0, (c) 0.4. 



-1.0 -0.8 -0.6 -0.4 -0.2 8.0 0.20 9.4 

DEGREE OF SWlTCHjdBBG 

8.8, 

w I HERRING (25-271 @@ HERRING (28-29) SPRAT (25-28) 

Fisre  4.4. S u m  sf squaed d e ~ a t i o m  beween obsemed md es tha ted  stomach 
content for each prey species in the Bdtic Sea (a), Results we for cad as 
predator, In plot ($1 the cant~but ion sf each prey s p e ~ e s  is aomdiaed  by 
dividing by the cont~buoion over dl values of the swi t chg  coefficient, 

8.61 3 
@ (b) 
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F i w e  4.5. Distribution of relative d e ~ a t i o m  beween esthated and obsewed stomach 
content weight for Baltic Sea cod a predator. Data are presented for three 
values of the s ~ t c h i n g  coelfiident: (a) -0.4, (b) 0.0, (c) 0.4. 



Figure 5.1. Geographic distributions of cod feeding data sets, and numbering 
sequence used in statistical analyses. 



Fig.5.2. Length frequency destribution (%) of cod sample for feeding studies for North sea. 
0.2 



Fi9.5.3. Length frequency deslributisn (%) of cod sample for feeding studies for Baltic sea. 

Length, cm 



Fig.5.4. Length frequency destribution (%) of cod sample for feeding studies for Barents sea. 
0.12 



Fig.%.%. Length frequency destribution (%) of cod sample far feeding studies for leeland ecosystem. 
0.2 



Fig.5.6. Length frequency destribution (%) sf cod sample for feeding studies for Nedoundland. 
0.12 



Fig.5.7. Length frequency destribution (%) of cod sample for feeding studies for USA ecosystem. 
0.12 

Length, cm 





Figure 6 , l . la  Plot of mean PCX score by pred:irur size caiegoq Bk4r L& ecosysben~, 

1 2 3 4 5 6 7 8 
Size category 

N.sea Baltic A ;Baren& Iceland + Nfld A USA 
PCA selected is one with highest correlation with size and crustacean variabla 
Mean scores were multiplied by sign of correlation predator lengh. 

Figure 6.1.lb. Plot of standard deviation of PCA score by predator size categoiy for six 
ecosysleIns. 

1 2 3 4 5 6 7 8 
Size category 

Ed.sea Baltic A Barents Iwland + Nfld USA 

PCA selection is the same as above 

104 



1 2 3 4 5 6 7 8 
Size c;itcgoiy 

N.sea + Baltic A Barents Iceland + Nfld IjSA 
PGA selection based on corrclatioris with fish usicg cnnvertions 

Figure 6.1.ld. Plot of standard deviation of PCA score by predator size c::ii.gOv for six 
ecosy\terns. 

Size category 

N.sea Baltic Barents 5s Tczland + Nfld A LJSA 
PCA selection is the  same as for Fig.6.1.5~. 
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NOTE! 46 obs had a i s s i n g  v a l u e s .  8 8 1  obs hidden .  
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NOTE1 7 1  obs had missinq values. I025 obs  hidden 

Figure 6.1.2 (continued). 
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TOTAL STOMACH CONTENT WEIGHT 

TQTAL CONTENT (GRAMS) 

1 1 30-39 CM 48-49 GM COD 1 

NORTH 

ECOSYSTEM 

Figure 6.2.16. Mean total prey weight by 1Ocm cod length class and ecosystem. 



COD 20-29 CM LENGTH 

FISH CRUST ti MOLLUSK 

POb6dd)H ECHlNO . . . . . . . . / OTHERS 

TOTAL CONTENT (GI MEAN L EAIGTH (CM] 
I 30 
I 

w 

NORTH BALTjC SARENTS BCEL. NFLD. USA 

ECOSYSTEM 

Fipre 6.2.17. Mean prey weight by species category for cod in the 20-29cm length class 
by ecosystem. 



COD 30-39 CM LENGTH 

FISH CRUST MOLLUSK 

w POLYCH ECH,NO OTHERS 

TOTAL CONTENT fGl MEAN LENG TH fCMj 
70 40 

NORTH BA%Ti"%C A BCEL. NFL D. USA 

ECOSYSTEM 

F i p r e  6.2.18. Mean prey weight by species categoq for cod in the 30-39cm length class 
by ecosystem. 



COD 40-49 CM LENGTH 

FISH CRUST ! MOLLUSK 

rn POLYCH E C H I N ~  / OTHERS 

TOTAL CONTENT (GI MEAN 6 ENG PH a/Cikl) 
20 1 50 

i 
I 
! 

BI 

NORTH BALTIC BARENTS ICEL. NFLD. USA 

ECOSYSTEM 

Figure 6.2.19. Mean prey weight by species category for cod in the 40-49cm length class 
by ecosystem. 



COD 50-59 CM LENGTH 

FISH CRUST MOLLUSK 

POL'PGH E C H I N ~  OTHERS 

T"8TAb CONTENT (G) MEAN LENGTH (GM) 

r 1 60 

NORTH BALTIC BARENTS ICEL. NFLD, 

ECOSYSTEM 

F i p r e  6.2.20. Mean prey weight by species categorgr for cod in the 50-59cm lenth class 
by ecosystem. 



COD 60-69 CM LENGTH 

FISH @@8 CRUST MOLLUSK 

m P 0 L K t - l  ECb-(INO / OTHERS 

T o m b  CONBENT (GI MEAN LENGTH (CMI 
60 70 

\M 

NORTH BALTIC BARENPS ICE%,. NFLD. USA 

ECOSYSTEM 

Figure 6.2.22. Mean prey weight by species categoq for cod in the 60-69cm length class 
by ecosystem. 



COD )/= 70 CM LENGTH 

FISH i!iE@ CRUST MOLLUSK 

POLYCH EG;HINQ OWHERS 

TOTAL CONTENT (GI MEAN LENGTH (Cd4) 
140 1 1 100 

- 
N O R W  HMTICBARENTS ICEL, NFLD. USA 

ECOSYSTEM 
F i p r e  6.2.22. Mean prey weight by species category for cod in the > / = 70cm length 

class by ecosystem. 



Figure 7.1. la-b. Scaled and logged toea1 stomach content (a) and content sf capelin @) vs. 
year and predator ler~gth for cod sampleci in  the Barents Sea in 1984-1991- 



3 

N G T H  

Figure 7.1.23-b. Scaled and logged total stomach content (a) and content of capelin @) vs. 
YW and prdator length for c d  a r n p f d  in Icelmdic waters in 1979-1991. 



Figure 7.1.3a-b. Scaled and logged total stomach content (a) and content of capelin (b) 
vs. year and predator length for cod sarnpled off Newfoundland in 1979- 
1997. 135 



4 ICELAND 

' 1 NEWFOUNDLAND 

CAPELIN BIOMASS 

Figure 7.2. Capelin biomass vs. indices of capelin in cod stomachs (stomach fullness 
indices) for the Barents Sea, Iceland and Newfoundland. 
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0 Ik 2 3 

CAPEUN 
7.3. Mean scaled and logged weight of prey d h e r  than capelin vs. capelin 
for cod in (A) the Barents Sea, (B) at Iceland, and (C) off Newfoundland. 
A mean was calcuiated for each year and 10-cm length group, for length 
groups from 30-69 cm. Capelin includes prorated portion of the 
u~dent i f ied  fish. 

alone, 



FISH 
Figure 7.4. Mean scaled and logged weight of prey other than fish vs. fish alone, 

for cod in (A) the Worth Sea, (B) the Baltic Sea, and (G) off the Northeast 
USA. A mean was calcuIated for each year and 10-cm length group, for 
Length groups from 30-68 cm. ursidentified fish. 



Figure 8.4.1. Baltic Sea herring in Sub-divisions 25, 26 and 28. Length distributions of 
the stock and those eaten by cod, by quarter. Data are a mean over 1977-1989. 



F i ~ r e  8.4.2. Baltic Sea sprat in Sub-divisiom 25, 26 and 28. k n g t h  distributions of the 
stock and of those eaten by cod, by quarter. Data are a mean taken over 1974-1989. 
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Figure 8.5. Prey size preference of Baltic Sea cod: (a) normal distributions of partial M2 
for each cod length group for prey species - herring and sprat.(b) optimal size ratio 
plotted agaimt cod size. 



NORTH SW 198-8 

Figure 8.7.1. A quantifid nework of trophic interadions in the Noah Sea in I % $ .  The su&ce areas d 
the boxes are proporfional to the biomasses of the groups. The boxes are arranged on the y-axis aRer 
trophic levels as esnimatd by ECOPATH 1 1 .  All groups are b l l a n c d  so that input equals output. Flows 
exiting a group do so from the upper half, while flows enter the lower half of the groups. Flows exiting a 
box cannot branch, but can unite with Rows exiting other groups. Rows are express& in t wet weight km" 
y ear-'. 
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Figure 8.7.2. Mix& tropkic impcts in the 1981 Nsl"rh Sea ecosystem. The bars quag-stw the dired and 
indirect trophic irnpets that the groups on the I& of the histograms have on the groups mention& at the 
top. The impacts are relative but csmwrabie bemeen groups. Pos#he impels protrLecle above "re 
baseline while negative are below. 
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Figure 9.2. Coefficients of variation (sd/mean) for total stomach content weight of four size 
classes of cod sampled in six ecosystems. 



Appendix A. Pseudo-computer code for inclusion of the extended 
survivors method into multispecies virtual population analysis, 

Read MSVPA files including an initial estimate sf terminal 
F for all species and carry out the initialisation 
procedures 

Perform one MSVPW VPA to initialise the population 
arrays and M2 arrays 

Do while SUET current <> SUIT previous 

Perform 5 iterations of XSA to generate fleet data tuned 
terminal F% and read to MSVPW array (for species with 
tuning data), 

MSVPA VPW 

Calculate new suitabilities 

The pseudocode for the XSA section is : 

For each species with catch at age tuning data 
Read MSVPA populations, M1,M2 and catches 
Use (M1+M2) and the catches to generate Pc 
Use the populations generated by MSVPA to 
calculate F, ECF , Z,  E G Z  

Do 5 iterations or less if convergence is achieved 

For each fleet 

Calculate weighted reciprocal catchability and 
its variance 

For each fleet, age, year 

Calculate Pest 

Endde fleet, age, year 

For each cohor t  

Calculate weighted mean survivors (Pt) 

Galculate new Pvpa values from the Pt values 



Enddo cohort 

End of iteration $sop. 

Copy terminal populations to MSVPA array 

Next species 



* S a s  code for the Agreed Core Run 
* Monday 22 June, It includes: * Scaled data only (inverse w t  cubed) * l O O O o O  
* Lsgged data only 
* No completely empty stomachs/samples 
* Weighted by sample size * Y  QUMTER WMD TIME OF DAY EFFEmS 
* A categorical analysis with 6 categories 
+ Jake Rice 22 June 1992 ; 
options ls=80 ps=66; 

libname save '/usr/lib/multi92/sasdata~; 
data dl; 
* set save.nsea; 
* set save.ba1ti.e; 
set save-norway; 
* set save-iceland; 
* set save-nfld; 
* set save.usacod; 
scale = ( 1. / (predlen + * 3 ) )  + I O O O O O  ; 

GURG + N W T Y  ; 
W E N  DELEa'E ; 
IFI%H+WOmF%SN ; 

mTFOOD = mTFISH 9 WCRUST+WMOELUSC+&JPOLYCK+WECHINOD+WOTHF80D ; 
totfood = totfood * scale ; 
totfish = totfish * scale ; 
I F  "PBTFPSH NE 0 TKEEJ; %"OTF%SH= %oe (%QTFISH) ; 
I F  WTFWD NE O THm "%OTFOQD= LOG (mTP68D) ; 
ToFDAY = I N %  ( TIME / 600. ) ; 
I F  %"OFDAY EQ 4 THW DELmE ; 
P L m a T  = IW (PmDLW / 108.) ; 

I F  PLW@BT LT 2 mW DELmE ; 
I F  PLm6WT GT 7 mEN DELmE ; 

P W  G M  ; 
% QUMTER Y M  WFDAY ; 
L m a F r s a =  u w  ~ u m m  ~ F D A Y  P W E D L ~ ( Y  

ON SS1 SS3 SSB ; 
LE; U M W S  Y W  QUmTm WFDWPI / PDIFF I 

ED L m  NESTED BY Y - B S m  ; 
PROC G M  ; 

C U S S  QUmTm Y m  mFD 
HODEL mTmD - "am QU 

4 SOEWION SS1 
WEICm N S m L E ;  QUmTm W F D A  PDI d 

TITLE @ = m F W  NESTED BY Y - B d 

QUmTm mFDWY PLW-T ; 
FISH = 'ilm QUmm "$"$dFDAY P L m a T  Y W * P L m a T  
SOLWIQN SS1 SSZ 

WEBGm N S W L E ;  I S  QUMTm WFDAY PL / PDIFF ST 
TITLE # U T - M W  Y P% Q is P L m a T  - S SmS 8, 

QUmTm m P D  
HODEL m%%n(%)D = Y m  QU 

'! I0 1 
m ~ B S  E; Q U ~ T ~  ~ F B A Y  PL / PDXFP sa 
TB m Y Y Q T PLmaa - s s m  I ;  


