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Abstract 

MULTSPEC is an area-structured multispecies simulation model for the species 

capefin, herring, cod, harp seal and minke whale in the Barents Sea. Information 

on food preferences and food requirements obtained from the Norwegian research 

programme on marine mammals is used to quantify the predation by marine mam-

mals on fish. The importance of harp seals and minke whales as predators relative 

to the main fish predator in the ecosystem, cod, is discussed. The sensitivity of the 

model to the food preferences and stock sizes of harp seals and minke whales is 

investigated. 

1 Introduction 

In Bogstad et at (MS 1992) results of some simulation studies with a multispecies model for the 

Barents Sea (MULTSPEC) were given with the aim of studying the sensitivity of the model to 

assumptions on food preferences and stock sizes of minke whales and harp seals. At that time, 

herring (Mucci harengus) was not included in MULTSPEC as a separate species, and results of 

the scientific whaling operations conducted in 1992-1994 were not available. 

The present paper gives results of new simulation studies with herring included. When choosing 

food preference parameters for minke whales and harp seals, results of the diet studies reported in 

Haug et at (MS 1995), Skaug a at (MS 1995) and Nilssen (1995) have been used for setting 

likely ranges of parameter values. Also new data on total energy requirements of seals and whales 

have been utilized when setting the parameters determining total consumption. No fine tuning of 

the model parameters to the new data has been aimed at. The main aim of the paper is to demon-

strate the model's behaviour when herring as an important prey item is included and study the 



sensitivity of the model to food preference parameters and stock sizes of minke whales and harp 

seals. Also, the relative importance of harp seals and minke whales as predators relative to the 

main fish predator in the ecosystem, cod, is discussed. 

A preliminary version of this paper (Bogstad et at. MS 1995) was presented at the IWC meeting 

in May 1995. The most important change in the model since that paper was written is that cod 

now may prey on all stock components of herring in the MULTSPEC area. Also, some of the 

parameters for cod and capelin have been changed based on parameter estimations presented at 

the last meeting of the ICES Multispecies Assessment Working Group (Anon., MS 1995c). 

MULTSPEC has so far mainly been used for estimating predation mortalities of mature capelin 

generated by cod (Bogstad and Tjelmeland MS 1990, 1992). Basic philosophy and modelling 

approach is described in Ulltang (1995). In Bogstad et at (MS 1992) a description of model struc-

ture and basic equations determining the population dynamics of each species included were 

given. The present paper includes an updated description of the model. 

2 Model structure 

The multispecies model for the Barents Sea (MULTSPEC) is an area-structured simulation model 

which includes the species capelin (Ma!lotus villosus), herring (Clupea harengus), cod (Gadus 

morhua), harp seal (Phoca groenlandica) and minke whale (Balanoptera acutorostrata). 

The stocks which are included in MULTSPEC are represented by tree structures where each level 

denotes sub-populations distributed over a given dimension, which may be area, sex, age or 

length. The area division used in the model is shown in Figure 1. 

As the minke whale stock, depending upon the time of the year, to a large extent is distributed out-

side the Barents Sea, we have included an 'area 0' in addition to the seven areas in the Barents 

Sea. The model comprises discontinuous processes like reproduction, which is handled on a 

yearly basis, and continuous processes like predation and natural mortality, which are performed 

for each time step. The ordering of these processes is as follows: Migration - Fishing- Predation - 

Growth. The time step used in these simulations is one month. 

The basic units in the model are: 
• Number of fish and larvae: Millions. 
• Weight of individual fish and mammals: kg 
• Temperature: deg C 
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• Time : month 
• Length of individual fish : cm 

We use the subscripts A for area, s for sex (1: female, 2: male), and a for age. W denotes individ-

ual weight, I individual length and N stock size in numbers. 

The main changes in the MULTSPEC model since the paper by Bogstad a aL (MS 1992) was 

written are: 

1.Heriing is included, as MULTSPEC can now be linked to the single-species model HERMOD 

(Dommasnes and Hiis Hauge, MS 1994). 

2. 0-group dynamics for fish is now 

young herring on 0-group capelin., 

modelled. Especially important here is the predation by , 

3. Changes have been made in the equations describing growth and food requirements for harp 

seals and minke whales. 

4. A new temperature model has been implemented. 

The parameter files are given in Appendix. 

3 Oceanography 

Sea temperature is included in the equations for growth and maximal food consumption by fish. It 

also enters the equation for cod stomach evacuation rate (Bogstad and Tjelmeland, 1992), and 

will certainly be included in energet cs models for marine mammals. Temperature may also prove 

to be important in a future development of migration models . 

We use climatological data (Ottersen and Adlandsvik, 1993), adjusted by the yearly variations in 

the Kola section (Bochkov, 1982 an PINRO, Murmansk, pers. comm.). The following positions 

are used to represent areas 1-7: 

6800N, 1200 E; 7030N, 2000E; 7100N, 3400E; 7230N, 2000E; 7200N, 4500E; 

7430N, 2200E; 7600N, 4000E 

A depth of 100m is used. The adjustment to the yearly variation is done in the following way: 

T(year, month, position)= T(position ) from climatology + T(year, month) from Kola section - 

T(month) from climatology at Kola section. The temperature in the years after 1994has been set 

equal to the temperature from the climatology. 



4 Plankton 

The plankton parameters are here denoted by P (Ppl in the parameter file). The food supply for 

capelin and herring is given by the following function: 

(P,(A)- 

F (A, t) a Pt(A) x 	p.30) 	 1.2 
(E0 1) 

where 

the plankton abundance in grams dry weight per square meter, 

time (month number (1-12)) 

Pi01), 	the maximum plankton abundance in area A 

P20/1 	the time for maximum plankton abundance in area A 

Pp), 	Duration of the time period when the plankton abundance exceeds half the maximum abundance in 

area A_ 

The value of P 1  is set to 15.0 grams dry weight per square meter, which is somewhat higher than 

the values given by Skjoldal et al. (1992). 

5 Capelin 

The capelin parameters are here denoted by C i  (Pcp in the Parameter file). The capelin stock is 

divided into 6 age groups (0-5), 50 length groups of 0.5 cm (0-25 cm) and 2 sexes. In addition, the 

stock is divided into a mature and an immature part. 

The migration parameters for capelin are the same for all age groups, but they differ between 

immature and - mature capelin. The migration parameters for mature capelin are set so that all the 

mature capelin will be in areas 2 and 3 at April - 1, when spawning takes place. In October the 

capelin stock is divided into a mature and an immature part by the following function (Forberg - 

and Tjelmeland, 1985):. 

m(/) — 	
(a. 	

(EP 2) 

Here: 

m((): 	Proportion of stock maturing at length I 

C i(a,s) 	Change in maturation with length when I = C 2(a,$) 

C2(a,$): 	Fish length at 50% maturity, referred to as "length at maturity" 

The values of C 1  and C2 are taken from Tjelmeland and Bogstad (1993). 

The following spawning stock biomass - recruitment relationship, for capelin is used (Beverton 

and Holt, 1957): 

R (B) —
C 14
"

+ B 	
(E03) 



where 

recruitment at age 0 in lune 

B: 	Spawning stock biomass 

C13: Maximum recruitment (number of larvae in lune) 

C14: The value of B giving half of maximum recruitment. 

This relationship is applied for each of the areas 2 and 3, where spawning takes place. 

The spawning stock- recruitment relationship given by Hamre and Tjelmeland (MS 1982) is of 

the same form, but applied to recruitment at age 2 in September for the whole stock (no area dis-

tribution). They give the values 440 million for C 13  and 450 thousand tonnes for C14 . This rela-

tionship was calculated based on a single-species model, and can thus not be assumed to be valid 

in a multispecies context. The values of C13 and C14 are adjusted so that we get a reasonable 

development of the capelin stock. C14 was set to 30 thousand tonnes, as it has been observed that 

good capelin year classes (e.g. the 1989 year class) can be produced by relatively small spawning 

stocks. 

The feeding level (Andersen and lJrsin, 1977) is defined in the following way: 

 

f ($) C3 + 4) (Ea 4) 

where 

0: 	Relative food abundance (plankton biomass divided by capelin biomass) 

C3: 	The value of cti when a capelin consumes half of maximum. 

The individual growth is made dependent on the size of the fish, the feeding level, and the temper-
ature: 

dl 

	

tit  = C4  (s) x Lc,  x./ (4)) x (C6 x T+ 	 (Ea s) 

dW = C8  (s) x WC" X We - Cm) x 	x 	C, 2 ) 	 (RI 6) 
dt 

The parameters C4 and Cg are sex-dependent, because the growth of male capelin is faster than 

the growth of female capelin. The parameters C6 and C 11  have been set to 1.0, and the parameters 

C7  and C12 to 1.9, resulting in no growth when the temperature T in the sea is equal to -1.9 C 

(freezing). The growth in length is implemented so that a fish in a given length group will grow 

into the next length group with a probability proportional to the growth. 

We assume that fishing is carried out only on mature capelin in the period October-March. The 

fishing mortality of mature capelin is the same in all areas and months, and for all age groups, 

sizes and sexes. A monthly fishing mortality of 0.10 is used (all mortalities are given as instanta- 
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neous mortality coefficients)„ which corresponds to a relatively modest fishery. 

For capelin, it is assumed that there is no other natural mortality than predation mortality gener-

ated by the species included in the model. 0-3 group herring are predators on 0-group capelin, and 

may significantly hamper the capelin recruitment, (Huse and Toresen, MS 1994). This is 

accounted for by introdUcing an additional predation mortality on 0-group capelin in each area: 

Mocap  = C 15  X Ho  + C i6  X H 1 +C 1  X f 2 + C, s x H3  

where 11, is the number of herring of age i. We assume that all capelin die after spawning. 

6 Herring 

The Norwegian Spring Spawning Herring Stock is included by running MULTSPEC together 

with HERMOD, a single species model for the herring stock (Dommasnes and Hiis Hauge, MS 

1994). The HERMOD areas include the Norwegian Sea, the Norwegian Coast and the Barents 

Sea. While the herring is immature it stays mainly either in the Barents Sea or in coastal areas. In 

the Barents Sea growth and natural mortality are taken care of by MULTSPEC while HERMOD 

simulates all other processes. 

The herring parameters are denoted by H (Phe in the parameter file). 

The herring stock is divided into 6 stock components, 16 age groups (0-15+) and 42 length groups 

of 1.0 cm (4-45 cm). It is not divided by sex. The reason for dividing the stock into stock compo- 

nents is Me complexity of the inigralion imiiert; within the sleek. 

Six different sets of migration parameters are implemented each corresponding to a stock compo-

nent. The parameters are set so that the spawning areas are placed along the Norwegian coast 

from Ramo),  to Ofolfjord. The 0-group then drifts Mirth to the Barents Sea where it stays for 

about two years before the herring heads west and south to coastal areas. Here it stays until it 

matures. The mature stock migrates to the Norwegian Sea after spawning. An additional parame-

ter makes it possible to choose another migration pattern for the mature stock. This parameter 



describes the pattern of the mature stock in the 1950s. The reason for this additional option is that 

parts of the stock tend to readopt this old migration pattern. This option is not used in the current 

paper. 

The function that determines the number of each age group that matures is dependent on length 

only: 

n (a)  
m (a, 0 - 	11,x (H, -Mk)) 

I + e 

where 

m(a,I): 	Number that matures at age a. 
Fish-length at 50% maturity, referred as "length at maturity". 

H2: Change in maturation when / = H i  
n(a): 	Number of herring at age a. 

ml(a): 	Mean length at age a. 

Spawning takes place in March, and the resulting number of larvae is calculated from the biomass 

of the spawning stock at that time. 

R(B) = 113 (1- e (e 	 ") 
	

(Ea 7) 

where 

Recruitment in lune. 
8: 	Spawning stock biomass. 

H3: Maximum recruitment. 

This is a depensatory stock-recruitment curve (Ulltang, 1980) with inflection point at B = 2.5 mil-

lion tonnes. In order to model the fluctuations in the recruitment, 114  is set higher two succeeding 

years every 8 years. 

Inside the MULTSPEC areas the growth function for herring is the same as for capelin. Outside 

the MULTSPEC areas the growth is expressed as follows: 

di 
(17 - H4 1+ 114. 

H4  and Ht  are constant for all age groups. 

We assume that fishing is carried out only during September, October, February and March. The 

yearly fishing mortality is set to 0.15 and is the same in all areas. The herring starts to recruit to 

the fishery at 25 cm length and is fully recruited at 35 cm length. 



In order to account for predation by other predators, we assume that there is a natural mortality of 

0.02/month in the MULTSPEC areas . in addition to the mortality generated by predation by cod, 

harp seals and minke whales. Outside the MULTSPEC areas natural mortality is set to 0.23/ year, 

which is the natural mortality used for age 3 and older herring in the ICES stock assessments 

(Arlon., MS 19956). 

7 Cod 

The cod parameters are denoted by G. 

The cod stock is divided into 11 age groups (0-10+) and 20 5 cm length groups (0-100 cm). 

The migration parameters for cod are set so that the larvae drift into the Barents Sea, and the cod 

then moves westwards as it becomes older. Thereis also a migration southwards to the coast in 

the months October-March, and a migration to the north and east in the months April-September. 

In particular, the migration parameters are set so that a part of the age groups 6 and 7 and all cod 

of age 8+, will be in area I (Lofoten/ Vesteralen) by April 1, when spawning takes place. All cod 

found in area 1 at April I, is assumed to be mature. 

The spawning stock biomass - recruitment relationship used is of the same form as for capelin: 

G i3  xB 
R - 	 

G m +B 
(EQ 8) 

The value 6000 million for the maximum recruitment G13 at age 0 (in June) should be seen in 

relation to the maximum recruitment at age 3 for the year classes 1966 and onwards (Anon., 

1995a) which is 1818 million fish (the 1970 year class). The second strongest year class is the 

1969 year class (1015 million). G 14  the value of the spawning stock biomass giving half of maid-

morn recruitment, has been set to 150 thousand tonnes, which is close to the lowest level in the 

period from 1946 onwards. 

The feeding level concept (Andersen and Ursin, 1977) . s . defined in the following way for cod: 



RI)  (L)) 	$ (L) +G 3 (1) 
(L) 	

(E0 9) 

where (L) is the total food abundance (capelin + herring + cod + other food, 1000 tonnes per 

square nautical mile) and G 3 (I) is the value of OW when a cod eats half of maximum consump-

tion. The amount of prey (capelin, herring and cod) of length 1 eaten per unit time by a cod of 

length L is given by: 

L, prey) = Heed 	(L))
y0(t. L, prey) 

 (L.) 
	 (EO 10) 

where 	is is the maximum food uptake and 0 (t, (,) is the availability of prey of length I as food 

for cod of length L. 

Iced is made size- and temperature dependent: 

H cod 	Ggg  (I) "0.104 x T-0.000112 71  x  wcord, (2) 	
(E0 11) 

and 0(4 1.) is defined by: 

= 	x N(t)  W 	 (EC( 12) 

The size- and temperature dependency in this formula is taken from Jobling (1988). The values 

for G 3 (1) and 022(1) and for other food are the same as those estimated at the last meeting of the 

Multispecies Assessment Working Group (Anon., MS 1995c) for cod preying on mature capelin, 

using mainly the same methodology as in Bogstad and Tjelmeland (MS 1990, 1992). The suitabil-

ity S(l,L) is implemented as a piecewise linear function. The suitabilities of diffeient sizes of 

capelin, herring and cod as prey for different sizes of cod as predator are based on studies of the 

diet of North-East Arctic cod (Mehl, 1989, Bogstad et al. (1994)). The amount of other food has 

been set equal in all areas, but decreasing with cod age. Because the herring in area 1 stays in the 

Tysfjord/Ofottjord area for some months in late autumn and early winter, where it is not available 

as food for Northeast Arctic cod , we assume that in Area 1 there is predation by cod on herring 

only in February, March and April. 

The growth of cod is modelled in the same way as the growth of capelin. 

di — G x 1 G5  x100 x (G6  x T + 
dt 

dW G g  x WG° X (f(111) - GO X (G x T + G 12 ) dt 

The parameters describing the relationship between growth and temperature, G6, 07, Gil and. 

G 12 , have the same values as for capelin. The values for 04 , Gs, Gs and G9 are the same as those 

used in the studies of cod growth pregented in Anon. (1995c), where it was shown that MULL-

SPEC could reproduce the observed changes in growth quite well. 

(E0 13) 

(EO 10) 
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The fishing pattern (G32(a)) is the same as the one estimated for 1993 by the ICES Arctic Fisher-

ies Working Group at its 1994 meeting (Anon., MS 1995a). The fishing mortality (G2 1 ) is set so 

that the yearly fishing mortality becomes 0.46 (mean over ages 5-10, unweighted). This corre-

sponds to F med  , which is used by ICES as a biological reference point for this stock (Anon., MS 

1995a). The fishing mortality is the same for all months and areas. No length selectivity of the 

catch within an age group is included, giving the same weight at age in the catch as in the stock, 

and consequently the catch in weight corresponding to a given fishing mortality becomes too low. 

The ICES Arctic Fisheries Working Group uses a natural mortality of 0.2 per year (0.0167 per 

month) for cod. When predation from mammals is calculated by the model and is no longer 

included in the natural mortality, a lower value should be used. We have chosen 0.012 per month. 

8 Sea Mammals 

The submodels for harp seals and minke whales are basically area-structured one-species models. 

Interactions with the fish species are limited to the effects of mammal predation on the fish stocks. 

Tentative formulations of how the fluctuations of prey stocks are likely to affect the behaviour and 

condition of the sea mammal populations have been made, but are not included in the present 

paper. 

The minke whale and harp seal parameters have prefixespmi and pha, respectively. See Appendix 

for details oniparameters.. • 

The minke whale stock is divided into 8 areas, MULTSPEC areas 1 - 7 and an area 0 (see Intro-

duction), 2 sexes and 21 age groups (0-20+). 

The harp seal stock is divided into 7 areas and 17 age groups (0-16+). 

At present, the migration procedures for sea mammals make no distinction with respect to sex or 

age group. 

The minke whale stock spends most of the time south of the model areas 1 - 7. The model pro-

vides for a northward migration during spring and early summer, and a southward migration dur-

ing late summer and autumn. The distribution is an extrapolation from the findings of the July 

1989 sighting survey (Olen, 1991). The fraction of ihe stock present in the model areas 1-7 never 

exceeds 55% . 

The harp seal stock spends late winter and spring in coastal areas (mainly 3 and 5), and migrates 

northward during summer and autumn (Haug et al. 1994). In this context the White Sea is 

regarded as belonging to area 5. 
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The distribution patterns resulting from the migration procedures are shown in Tables 1 and 2. 

The tables specify the friction of the population being present in a given area at a given month. 

The migration parameters have been chosen so as to give this distribution. The pattern for minke 

whales is the same as used in Bogstad a at (MS 1992), while the migration pattern for harp seals 

has been somewhat adjusted. 

Recruitment takes place once a year, during January in the whale model, and during March in the 

seal model. Equal numbers of males and females are born. The number of 0-year olds of sex s 

recruited to the stock is given as: 

 = x ri  RaxNA.,.° 

==i 

where tea  =(P_repro) =reproductivity for females age a; equals the fraction of age groups a 

recruited to the breeding stock, multiplied by a fertility parameter specifying the average number 

of recruits born by a mature female (0.95 for whales and 0.94 for seals). 

The weight of sea mammals is an essential variable for computing their food consumption. At 

present the weight is treated as a function of age in whole years only. The weight at age for minke 

whales is calculated using a von Bertalanffy function for length at age from Christensen (1981), 

combined with a length-weight relationship obtained by Folkow and Blix (1992). The length at 

age function is 

L, = 833 (1 - e-° 169 (3+4 3) ) 

for males and 

L, = 907 (1 — r9147 47 1) 

for females, and the length-weight relationship is 

w = 8 148? 163  

This gives the following formulas for the weight at age at July I (used as a representative weight 

for the part of the year when the minke whales stays in the Barents Sea): 
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W= 6654 (1 —e 
_0169(a +4 8 )  3 163 

for males and 

W = 8709(1 — e
4042(0+40

) 31°3 

for females. 

According to Innes'er al. (1981) the average weight of a normally growing harp seal is set to 

W = 129.9xe 
-1 ass x rum)) ...).”) 	 (ECI 15) 

For both seals and whales, the model has a tentative formulation for how the condition factor 

depends on the food supply, but this feature has not been included in the runs presented in this 

paper. 

Catches of minke whales are subtracted from the population of age 1 and older whales present in 

MULTSPEC areas in June 

For harp seals the distinction is made between pups (0 years old) and age 1 and older seals. The 

catches are subtracteOin March, after the breeding season. 

In the reference run, the'ciitches are set so that the populations stay approximately constant. 

Different natural mortality parameters apply for age group 0 and older animals (see Appendix). 

The computation of predation by sea mammals is based upon their energy requirement. The 

model assumes that the normal energy requirement of an individual during a time step of length 

At is either a function of the predator's weight alone (whales present only in summer) or a func-

tion of weight and month (seals). The normal energy requirement of a predator subpopulation 

„ during a time step of duration At is set to 

Fr 	= NP  x P x W 
	 (ED 16) 

where Pp  is a parameter expressing the average rate of energy consumption of the species at the 

time. This consumption is distributed over the various prey populations, including exogenous 

"other food", in proportion to the mass density of the prey weighted by its suitability for the pred-

ator. Provided that the time step is sufficiently short, the consumption of each prey will be small 

compared to prey stock size, and we set the consumption from the predator subpopulation pp  

on prey species i in area A to 
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.Jr 	 s' B" 

	

(Ea 17) 
Bl.A 

where 

sp„: 	suitability of prey i to predator p 

BiA: 	biomass of prey i in area A 

energy density of prey i 

As for whales, Blix and Folkow (1995) have estimated the daily energy expenditure or field meta-

bolic rate to to 80 Id kg -1  day* Nord0y er al. (1995a) estimate the gross energy intake of the 

entire whale population during the summer to 8.64 10 12  kJ, of which the field metabolic rate 

accounts for 5.51 10 12  U.• Taking this ratio between gross energy intake and field metabolic rate 

into account, we get a gross energy intake of 125 U kg 11  day 1  or 1.45 W kg-1 . 

• 

The energy consumption rate parameter for seal, pha_ereq, is an array with one value for each 

month, The average gross energy intake is 343 U kg' l  day 1  or 3.97 W kg' 1 , according to Nofd0Y 

et al. (19956). The monthly values have been set so that the yearly average becomes equal to this 

value, and so that most of the feeding takes place from July to September. 

9 Running the model 

9.1 Initiation. 

The initial data for capelin used in the runs reported on in this paper are data from the joint Nor-

wegian-Russian acoustic survey in September-October 1993 (Anon., MS 1994). These data give 

the number of fish by area, sex, age and length, and also the mean weight for each length group. 

The cod stock numbers by age and size at age at January 1, 1994 are taken from the ICES Arctic • 

Fisheries Working Group report (Anon., MS 1995a). The numbers of 1-and 2-year old fish have 

been calculated by back-calculating the prognosticated number at age 3 by a yearly natural mor-

tality M=0.2 (this is probably too low, but has been used by Mehl (1989) and Bogstad and Mehl 

(1992) when calculating the cod stock's consumption of various prey species). The area distribu-

tion of immature fish is based on data from the Norwegian winter survey in the Barents Sea and 

the autumn Svalbard survey, and it is assumed that all the mature fish are in area 1 in January. The 

size distribution has been calculated from the weights in the stock at January I taken from the 

working group report, as described by Bogstad and Tjelmeland (MS 1990, 1992). 

The model was started in October 1992, with capelin data from the 1992 autumn survey (Anon., 

MS 1993) and cod data for January 1993 from the working group report (Anon., MS 1995a), 



prognosticated forward in time from January to October. The model was then run to January 

1993, when it was updated with 1993 cod data. In April 1993, cod and capelin spawn, so that a 

1993 year class is generated. The capelin stock in the model was updated with 1993 capelin sur-

vey data in October 1993. 

The herring stock number at age is taken from the assessment made by the ICES Atlanto-Scan-

dian Herring and Capelin Working Group (Anon., MS 1995b), and the area distribution and 

length at age is calculated based on data from several Norwegian surveys (all described in Anon., 

MS 1995b). 

The harp seal population at age 0 and at age 3 and older at March 1, 1991, was calculated from a 

pup production estimate of 142 000 (Russian aerial survey ), age composition data from samples 

of Norwegian catches, and reproductivity parameters given in Appendix. This resulted in a popu-

lation of 3 year and older seals of 377 000, with a very low number of 3-5 year old seals and also 

reduced numbers of 6-9 year old seals compared to older age groups. This is in agreement with 

the expected high mortality suffered by young seals during the 'seal invasions' to the Norwegian 

coast in the 1980s, especially the years 1986-1988. 

The pup production in 1989-1990 was assumed to be at the 1991 level. The number of 1 and 2 

year old seals in 1991 was calculated by subtracting pup catches from the production and correct-

ing for later natural mortality and catches of 1 year old seals. This gave a total population of 1 

year and older seals of 537 000 at March 1, 1991. The harp seal stock size at October 1, 1993 was 

then calculated by projecting the stock at March I, 1991, forward in time correcting for catches 

and natural mortality. The number of pups produced in 1992 and later has been calculated Blom 

the model reproductivity rates. The total harp seal stock number at the start of the simulations is 

about 50% larger than in the simulations carried out by Bogstad et al. (MS 1992). 

As in Hogslad el al. (MS I 9921, Hie ininke whale 'population has heen scaled to a initial popula- 

tion totalling 80000 whales in 1990, and then projected forward in time correcting for catches and 

natural mortality. The number of calves produced in 1992 and later has been calculated from the 

model reproductiVity parameters. 

10 Results 

10.1 Reference run. 

As reference run (run I) was chosen the simulation using the parameter values given in the 

parameter files in the Appendix for fish, seals and whales. A period of 20 years was used for all 
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runs. A summary table of the stock sizes, catches and consumption figures in the reference run is 

jab. 3 given in Table 3. In Figure 2 is plotted biomass development of immature capelin, cod, herring in 
r • no. cic the Barents Sea and total herring stock. 

Differences between results of the present reference run and the reference run in Bogstad et al. 

(MS 1995) are mainly due to that predation by cod on maturing and adult herring in MULTSPEC 

area 1 now is taken account of and that the recruitment function for herring has been changed. 

Further, a fishing mortality of 0.15 has now been applied on the herring stock compared to 0.05 in 

Bogstad et al. (MS 1995). 

The variation in the biomass of cod, herring and capelin is generally within the range observed for 

the period where stock estimates are available. The herring spawning biomass, which is not 

shown in Table 3, reaches a peak of about 9.4 mill. tonnes in 1998, and this is at the same level as 

estimated by VPA for the 1950s (Dragesund et al. 1980). The fluctuations in stock size indicate 

that the main features in the herring-capelin dynamics have been captured (strong decrease in 

capelin stock when the strong 1999 and 2000 year classes of herring enter the Barents Sea), and 

the influence of capelin on the cod stock can also be seen relatively clearly. The total consumption 

by cod and fraction of capelin, herring and cod in the diet of cod also seems reasonable when 

compared to the results of Mehl (1989) and Bogstad and Mehl (1992). The total consumption of 

seals and whales has been changed due to the new models for food requirement. This gave an 

increase in the total consumption by harp seals of about 50 % (equal to the increase in stock 

number) and a decrease of 25 % in the consumption by minke whales compared to the figures 

given in Bogstad et al. (MS 1992). The minke whale's food preferences were set at levels which 

gave results consistent with the general pattern in the whale diet as reported in Haug et aL (MS 

1995). The biomass of capelin, herring, cod and other food consumed by minke whales during 

1993 and 1994 broken down by areas and months was shown in Bogstad et al. (MS 1995) and 

compared with the diet reported in Haug et al. (MS 1995). 

10.2 Effects of varying stock size of minke whales and harp seals, and food preferences of 

minke whales, harp seals and cod 

The effects of varying stock size of minke whales and harp seals were studied by completely 

removing both stock of marine mammals from the ecosystem (run 2), removing only minke 

whales (run 3) or harp seals (run 4), alternatively assuming no whale catch (run 5), seal catch (run 

6) or marine mammal catch (run 7), the latter three runs leading to increase in one or both of the 
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marine mammal populations. Effects of varying food preferences were studied by doubling the 

suitability of cod for whales (run 8) or other food for whales (run 9), doubling the suitability of 

herring for seals (run 10), and finally by reducing suitability of herring for cod by 50 % (run 11). 

The results of the simulation's are given in Tables 4-13. In Table 14 some results are summarized. 

Some effects were as intuitively expected, while others were not equally obvious. For example, 

removing the two mammal stocks (run 2) led as expected to a higher herring stock and in most 

years a higher cod stock. However, except for the first years (1993-1997), it led to a lower capelin 

stock which must be seen as a result of the effect an increasing herring stock has on capelin 

recruitment. The reduced capelin stock led in turn to a reduced cod stock in two years (2008 - 

.3 2009). The complexity of the system is illustrated in Figure 3 where results of increasing the suit-

ability of cod for whales (run 8), keeping all other parameters as in the reference run, are shown. 

Initially, a higher suitability of cod led to a lower cod biomass.and higher capelin and herring bio-

masses. Herring biomass continued to increase compared to the reference run throughout the 

whole simulation period. Because of the detrimental effect this had on capelin recruitment, cape-

lin biomass got below its reference run values in some years (years 2004 and 2010 - 2012). 

Increases in herring and capelin biomasses led in turn to a higher cod biomass in some years • 

(years 2000 - 2002 and 2008 - 2010). 

The main effects may be summarized as follows: 

The herring stock increases or decreases as predation from marine mammals decreases (runs 2-4) 

or increases (runs 5-7). With suitabilities as in reference run, the herring stock is much more sen-

sitive to changes in the minke whale stock (runs 3 and 5) than to changes in the harp seal stock 

(runs 4 and 6). This is illustrated in Figure 4 comparing runs 3 and 4. - 

The development in the capelin stock is mainly determined by changes in the herring and cod 

stock. The effect on capelin of changes in these stocks generally goes in the opposite direction of 

effects from changes in marine mammals predation on capelin. This results in an increase or 

decrease in the capelin stock when the minke whale stock increases (run 5) or decreases (run 3) 

i.e. a counterintuitive effect. Since herring is less sensitive to changes in the seal stock than to 

changes in the minke whale stock, and since predation on capelin from seals is high, an increase 

(run 6) or decrease (run 4) in the seal stock lead to a decrease or increase in the capelin stock, i.e. 

the effect intuitively expected. 

The effects on the cod stock from changes in the marine mammal stocks are more difficult to sum-

marize in few words. Generally, the cod stock will increase or decrease when marine mammal 
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stocks decrease or increase, as intuitively expected. For example, if the seal population is not 

exploited and is allowed to increase (run 6), mean annual cod catch will decrease by 32000 tonnes 

over the simulation period (Table 14), and the catch in the last year will be 112000 tonnes lower 

than in the reference run. This would be a substantial loss to the fishery taking into account the 

high value of cod. However, because of the strong cod-capelin interactions, resulting in a ten-

dency of cyclic variations in the two stocks with a time lag between the two stock trajectories, the 

changes in the cod stock may in some years be in the opposite direction than expected when com-

pared to the reference run. 

One interesting feature which again reflects the complexity of the system is that there would be 

larger gains on average in the cod fishery by removing the seals than by removing the whales, 

despite the fact that whales eat more cod than seals do in the reference run. The explanation lies in 

the herring-capelin-cod dynamics: Removing whales have a large effect on the herring stock, 

leading to strongly reduced capelin stock and thereby reduced cod growth. 

Run 11 was included for illustrating how sensitive the whole system is to changes in assumed 

food preferences of cod. Decreasing the suitability of herring as food for cod had much larger 

effects than changing some of the marine mammal preferences (runs 8-10) and even more dra-

matic effects than removing both marine mammal stocks from the system (Figure 5). The herring 

stock increased above historic levels, with resulting detrimental effects on the capelin stock Also 

the cod stock decreased due to low capelin stock. 

11 Discussion and conclusions 

The role of marine mammals in the ecosystems can not be described by any single, or indeed any 

finite number of features. All we can do is to describe and possibly quantify some effects of the 

mammals' presence on parts of the ecosystem. This paper considers effects of predation. Preda-

tion is at least in theory quantifiable and is also considered to be of potentially high importance 

with respect to effects on long term fishery yield. 

However, even when restricting the considerations to predation, drastic simplifications have to be 

made in the model compared to the processes going on in nature. For example, the concept of 

constant food suitabilities is such a simplification. 

The selection of species in the multispecies model is based on the hypothesis that total fish pro-

duction in the Barents Sea area (including Norwegian coastal waters) to a large extent is deter-

mined by the development in the stocks of North-East Arctic cod, Norwegian Spring-Spawning 

herring and Barents Sea capelin. Accordingly, main emphasis has been placed on modelling the 
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population dynamics of these species, the interaction between them and parts of the biological 

and physical environment having a direct and significant impact on their development. The apex . 

 predators are an important part of this environment. There are other apex predators than minke 

whales and harp seals (other marine mammal stocks and birds) , and there are other fish stocks 

which could influence the development of the three modelled species (e.g. polar cod). More spe- 

cies may be added to the model later (polar cod is already formally included in the model but has . . 

been turned off in the simulations presented because of poor knowledge of its population dynam-

ics), but it is considered very unlikely that this could reverse the directions of effects on fish yield 

from increasing or decreasing stocks of minke whales and harp seals. However, the size of the 

effects could be affected (in both directions). 

Concerning the modelled interactions, both errors in the marine mammals' total food composition 

and food preferences and inaccurate modelling of the interactions at the fish level could affect the 

size of the estimated effects. Also with respect to such errors, it is considered very unlikely that 

they could reverse the direction of main effects. Extensive investigations to estimate the minke 

whales and harp seals' total food consumption have been conducted (Blix and Folkow, 1995; Nor-

d0y et M., 1995 a,b) , and the available estimates are probably among the best compared with esti-

mates for marine mammal stocks in other parts of the world. This does not preclude that errors 

still may be considerable due to methodological difficulties in estimation. Concerning food pref-

erences, methodological problems exist in estimating these from available data (see for example 

Skaug et al., MS 1995). For the minke whale stock, the stomach sampling during 1992-1994 

(Haug et al., MS 1995) has shown a high proportion of fish in the diet except for the Bear Island-

Spitsbergen area where krill dominated in 1993-1994, and there is also some consistency between 

years with respect to areas with large contribution from the modelled species.-For harp seals, 

larger uncertainties exist with regard to the proportion of commercially important fish species in 

the diet. 

Of the interactions at the fish level, the cod-capelin interactions have been most extensively stud-

ied (see e.g Bogstad and Tjelmeland, 1992; Tjelmeland and Bogstad, 1993), and the model calcu-

lation of cod's consumption of capelin is in general agreement with direct calculation from 

stomach sampling data (Anon., MS 1995c). Cod's consumption of herring in 1993-1994 in the 

simulation runs is high compared to direct calculations from stomach content data. However, it 

has been shown by regression techniques that cod may generate a very high mortality on 0-group 

herring in years with low capelin stock (Barros, 1995), and it is possible that the stomach data do 

not properly relict the predation by cod on herring because cod in the pelagic layers are under-rep- 
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resented in the stomach samples. Quantitatively, the largest uncertainty is probably connected to 

the herring-capelin interactions. Historical time series of herring and capelin recruitment support 

the hypothesis that presence of strong year classes of herring in the Barents Sea have a detrimen-

tal effect on caplein recruitment (Harare, 1991) , and sampling of herring stomachs has confirmed 

that young herring feed extensively on capelin larvae (Huse and Toresen, MS 1994). However, 

the modelled predation needs further evaluation. 

The simulation results presented are of a preliminary nature since too little time has been availa-

ble for experimenting with the model after herring was included. In addition to further studies of 

herring's predation on capelin larvae, more work has to be done on the recruitment functions and 

the suitability of herring as prey for cod. Also the functions used for individual growth of herring 

need further considerations. 

Concerning herring, it should be recognized that only part of the minke whale-herring interactions 

are at present taken account of. The mature component of the herring stock has its main spawning 

and feeding area south of the MULTSPEC area and in the Norwegian Sea. The effect of this pre-

dation could not be included in the present study. The coupling of MULTSPEC to the herring 

model HERMOD should be regarded as a first step towards extending the MULTSPEC model 

itself to the Norwegian Sea and thereby making it possible to study predation processes in that 

area. 

In the simulations, strong herring recruitment has been assumed to occur at regular intervals. 

Strong herring year classes seem to be connected with warm periods in the Barents Sea, and 

strong cod and herring year classes have shown a tendency to appear in the same years (Sxtersdal 

and Loeng, 1987). In further simulations this should be taken account of. The model allows for 

stochasticity in recruitment (although still using a spawning stock-recruitment relationship) for all 

fish species, and the effects of this should be investigated by carrying out a large number of simu-

lations. A 20-year run requires about 2 hours of computer time (on a HP 9000/755), which may 

limit the number of simulations somewhat. 

Mammal predation on cod and capelin has been assumed to be non-selective with respect to prey 

size. This assumption is probably not valid and should be modified based on data on prey size 

selection. The effects of predation on the prey stocks will depend on the size or age composition 

of the consumed prey. Particularly the predation on 0-group fish should be calculated by separate 

suitabilities. 
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Constant migration patterns have been assumed in the simulations, and the sensitivity to varia-

tions in migration patterns has not been tested. It is, however, obvious that the model results will 

depend heavily on the degree of overlap between the species, and proper modelling of migration 

is equally important as estimating a predator's preferences given a certain menu card in a local 

area. Models of migration and food preferences have to be combined. If for example part of the 

minke whale stock actively search for herring or hill over large areas, the model should reflect 

this. If some minke whales go for herring, they will probably not be in the Barents Sea in years 

with no herring in that area. For capelin and cod, we know that there have been large changes in 

the geographical distributions, and there is a connection between temperature changes and 

changes in migration pattern. 

In the simulations, adjustments have been made to values of natural mortality for the fish stocks 

compared to traditional values in single stock assessments to take account of that mortalities gen-

erated by main predators are now explicitely calculated. These adjustments have been kept 

unchanged in all simulations. Runs 2-4 therefore do not simulate a situation where marine mam-

mals are not taken account of in the assessments, but a situation where they are actually removed. 

The main purpose of including runs 2-4 was to see how the model behaved under a wide range of 

marine mammal abundances, taking zero abundance as one extreme. The results were as expected 

compared with results of those runs where marine mammals were allowed to increase above their 

present level, giving effects in opposite direction. The size of effects illustrates the importance of 

marine mammals, but compared to run II it also illustrates that cod is the key predator on fish in 

the Barents Sea system. It is important to include marine mammals in a multispecies model, but 

proper modelling of cod's predation should still have the highest priority. 

The fishing mortalities on capelin, cod and herring have been assumed constant between runs and 

years and not dependent on the state of the stocks. In practice, an adaptive management policy 

will be aimed at. When for example cod is available in larger quantities due to decreased preda-

tion from minke whales, this could be taken out as fish catch instead of being left in the sea and 

creating extra predation pressure on the capelin and herring. This could possibly increase the total 

gain from reduced minks whale predation and also contribute to avoid a situation where substan- 

tial gains in one fishery were achieved at the expence of losses in other fisheries. For estimating 

the potential gains of such an adaptive strategy, simulations should be carried out where fishing 

mortality on each stock next year is decided upon using decision rules where expected stock 

development of all three fish species over the coming years is taken account of. 

, 
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A tentative conclusion on likely effects of an increasing whale stock on important fish stocks is 

that the herring stock will be most heavily affected . All effects demonstrated on herring in the 

present simulations will be substantially enlarged when rninke whale's predation on subadult and 

adult herring in Norwegian coastal waters south of the MULTSPEC area and in the Norwegian 

Sea is included. An increasing harp seal stock will most heavily affect the capelin and cod stock. 

The estimated size of the effects in the present study may be underestimated due to the assumed 

large proportion of other food in seals' diet. 
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Table 1. Distribution of harp seals 

Month Areal Area2 Area3 Area4 A reaS Arena Area? 
I 0.00 0.00 0.20 0.00 0.80 0.00 0.00 
2 0.00 0.00 0.30 0.10 0.60 0.00 0.00 
3 0.00 0.00 0.25 0.00 0.75 0.00 0.00 
4 0.00 0.00 0.25 0.00 0.75 0,00 0.00 
5 0.00 0.00 0.00 0.00 0.75 0.25 0.00 
6 0.00 0.00 aoo 0.00 0.30 0.50 0.20 
7 0.00 0.00 0.00 0.00 0.20 0.50 0.30 
8 0.00 0.00 0.00 0,00 0.00 0.20 0.80 
9 0.00 0.00 	. 0.00 0.00 0.00 0.10 0.90 
10 0.00 0.00 0.00 0.00 0.10 0.00 0.90 
11 0.00 0.00 0.10 0.05 0.15 0.00 • 0.70 
12 0.00 0.00 0.30 0.10 0.60 0.00 0.00 

Table 2. Distribution of minke whales 

Month Area° Areal Area2 Area3 Area4 Area5 Area6 Areal 

1 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 

2 0.92 0.04 0.04 0.00 0.00 0.00 0.00 0.00 

3 0.74 0.04 0.05 0.12 0.00 0.00 0.06 0.00 

4 0.60 0.04 0.05 0.18 0.03 0.00 0.11 0.00 

5 0.49 0.04 0.05 0.21 0.03 0.03 0.13 0.02 

6 0.45 0.05 0.07 0.19 0.02 0.05 0.14 0.03 

7 0.45 0.05 0.07 0.22 0.02 0.02 0.16 0.02 

8 0.56 0.06 0.10 0.13 0.05 0.00 0.10 0.00 

9 0.82 0.05 0.11 0.00 0.03 0.00 0.00 0.00 

10 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

11 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

12 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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1 Appendix 

1.1 Parameter files 

Parts of parameter files used by MULTSPEC and HERMOD are given below : 

MULTSPEC parameters 

Oceanographic parameters 

Effective area size (square nautical miles) 

Area 1 Area 2 Area 3 Area 4 Area 5 Area 6 Area 7 

14000.0 21000.0 50000.0 34000.0 90000.0 60000.0 90000.0 

Food availability for plankton feeders. Upper line : grammes pr square meter 

Area 

Ppl 1 
Pp12 
Pp13 

1 

15.0 
6.5 
4.0 

2 

15.0 
6.5 
4.0 

3 

15.0 
7.0 
4.0 

4• 	5 	6 	7 

	

15.0 	15.0 	15.0 

	

7.0 	8.0 	8.0 	8.0 

	

4.0 	4.0 	4.0 	4.0 

15.0 

Capelin parameters 

Maturing 

Age 	2 	3 	4 

Sex female male female male female male 

Pcp 1 	0.60 0.60 0.60 0.60 0.60 0.60 
Pcp2 13.65 14.04 13.65 14.04 13.65 14.04 

Feeding level parameter 

Pcp3 1.20 Feeding level half value relative food abundance 
(plankton biomass/plankton feeder biomass) 

Growth parameters 

Pcp4 0.285 0.305 Maximum length change (female/male) 
Pcp5 -0.10 -0.10 Length dependence of length change 
Pcp6 1.00 	Temperature dependence of length change 
Pcp7 1.90 	Temperature offset of length change 
Pcp8 0.0133 0.0142 Maximum weight change(femaleintale) 
Pcp9 0.6700 0.6700 Weight dependence of weight change 
Pcp10 0.00 	Feeding level offset of weight change 
Pcp11 1.00 	Temperature dependence of weight change 
Pcpl2 1.90 	Temperature offset of weight change 

Larval production 

Pcp13 12000000.0 Maximum recruitment 
Pcpl4 	30.0 Value of spawning biomass giving half of maximum 

recruitment 
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Larval death rates 

Pcpl5 	0.00001 Larvae mortality induced by 0-group herring 
Pcp16 	0.00006 Larvae mortality induced by I-group herring 
Pcp17 	0.00006 Larvae mortality induced by 2-group herring 
Pcp18 	0.00006 Larvae mortality induced by 3-group herring 
Pcp 19 	0.00000 Larvae mortality induced by 0-group cod 

Natural mortality 
Age modf 

Pcp20 	0.00 0.00 

Fishing mortality 
Immature mature 

Pcp21 	0.00 0.10 

Initializing parameters 
3 

Pcp30 	0.0000024 	Initial condition factor(kg/cm ) 
Pcp31 	3.30 	Initial weight/length exponent 

Energy content 

Pcp40 	6.9 	kJ/g 

Herring parameters 

Feeding level parameter 

Phe3 0.20 	Feeding level half value relative food abundance 
(plankton biomass/plankton feeder biomass) 

Growth parameters 

Phe4 0.23 	Maximum length change 
Phe5 -0.10 	Length dependence of length change 
Phe6 1.00 	Temperature dependence of length change 
Phe7 1.90 	Temperature offset of length change 
Phe8 0.011 	Maximum weight change 
Phe9 0.67 	Weight dependence of weight change 
PhelO 0.00 	Feeding level offset of weight change 
Phel1 1.00 	Temperature dependence of weight change 
Phel 2 1.90 	Temperature offset of weight change 

Natural mortality 
Age modf 

Phe20 	0.01 0.00 

Fishing mortality 

Phe21 	0.00 

Initializing parameters 
3 

Phe30 	0.0000024 Initial condition factor(kg/cm ) 
Phe3I 	3.30 	Initial weight/length exponent 

Energy content 

Phe40 	7.1 	kJ/g 
Cod parameters 

Feeding level parameter 
Age modf 
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Pcd3 0.0054 0.00 Feeding level half value(1000 tonnes/sq. nmi) 

Growth parameters 

Pcd4 0.860 	. Maximum length change 
PcdS -0.300 	Length dependence of length change 
Pcd6 1.00 	Temperature dependence of length change 
Pcd7 1.90 	Tempeiature offset of length change 
PcdS 0.018 	Maximum weight change 
Pcd9 0.480 	Weight dependence of weight change 
Pcd10 0.03 	Feeding level offset of weight change 
Pcdl l 1.00 	Temperature dependence of weight change 
Pcdt2 1.90 	Temperature offset of weight change 

Larvae production 

Pcd13 6000.0 	Maximum recruitment 
Pcd14 	200.0 	Value of spawning biomass giving half of maximum 

recruitment 

Larval death rates 

Pcdl5 	0.00 	Larvae mortality induced by 0-group herring 

Pcd16 	0.00 	Larvae mortality induced by 1-group herring 
Pcd17 	0.00 	Larvae mortality induced by 2-group herring 
Pcdl 8 	0.00 	Larvae mortality induced by 3-group herring 
Pcd19 	0.00 	Larvae mortality induced by 0-group cod 

Natural mortality 
Age modf 

Pcd20 	0.012 	0.00 

Fishing mortality 

Pcd21 	0.089 

Feeding parameters 
Weight modf 

Pcd22 1.21 0.802 	Max feeding pr cod, kg pr month 
Pcd23 -0.0005 0.007 0.007 0.007 0.007 0.007 0007 0 007 

Other food, 1000 tonnes pr sqr nmi by area and age dependence 

Initializing parameters 

3 
Pcd30 0.000009 Initial condition factor(kg/cm ) 
Pcd3I 3.00 	Initial weight/length exponent 

Fishing pattern 

Pcd32 0.000 0.000 0.000 0.016 0.102 0.377 0.749 0.511 0.327 0.299 0.328 

Energy content 

Pcd40 	5.3 	kl/g 

Suitability of capelin 

Cod lengths 10.0 20.0 30.0 40.0 50.0 
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Capelin lengths Suitabilities 

5.0 0.10 0.50 1.00 1.00 1.00 
10.0 0.00 0.10 1.00 1.00 1.00 
15.0 0.00 0.00 1.00 1.00 1.00 
20.0 0.00 0.00 1.00 1.00 1.00 

Suitability of herring 

Cod lengths 12.0 25.0 40.0 55.0 70.0 

Herring lengths Suitabilities 

5.0 0.00 0.20 0.20 0.20 0.20 
15.0 0.00 0.00 0.20 0.20 0.20 
25.0 0.00 0.00 0.00 0.20 0.20 
35.0 0.00 0.00 0.00 0.00 0.20 

Suitability of cod 

Cod lengths 15.0 30.0 40.0 50.0 70.0 

Cod lengths Suitabilities (prey) 

5.0 0.00 0.05 0.15 0.25 0.25 
15.0 0.00 0.00 0.08 0.25 0.25 

25.0 0.00 0.00 0.00 0.13 0.25 
40.0 0.00 0.00 0.00 0.00 0.00 

Harp seal parameters 

pha_mort0 0.025 instantaneous natural mortality pr month, age = 0 
pha_mort 0.0083 instantaneous natural mortality pr month, age > 0 
pha_mortl 0.3 	high mortality in areas 1 & 2 during invations 
pha.catch0 21.5 	% default catch, age = 0 
pha_catch 1.8 	% default catch, age > 0 
pha_ereq 1.985 1.985 1.985 1,985 1.985 1.985 9.425 9.425 9.425 1.985 1.985 1.985 * energy requirement, W/kg 
pha_repro 0 0 0 0 0 0.0188 0.0846 0.1504 0.3478 0.564 0.6768 0.8742 0.94 0.94 0.94 0.94 0.94 * reproductivity 
pha_eoth 5.0 energy content of other food, klig 
pha_doth 0.02 0.02 0.02 0.02 0.02 0.02 0.02 * ktonnes/sq.naut.mile 
pha_scap 1.0 	suitability of capelin as prey 
pha_sher 1.0 	suitability of herring as prey 
pha_spol 0.2 	suitability of polar cod as prey 
pha_scod 0.2 	suitability of cod as prey 
pha_doth 0.5 	suitability of other food 
plm_dprcy 0.08 	prey energy density required, Tlisq.naut. mile 
pha_flev 0.95 	feeding level at normal growth 
pha_equiv 50 	energy/weight, king 

Minks whale parameters. 

pmi_mort0 0.0583 instantaneous natural mortality pr month, age = 0 
pmi_mort 0.0075 instantaneous natural mortality pr month, age > 0 
prni_catch 2.7 To default catch 
pmi_ereq 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 1.45 energy requirement, W/kg 
pmi_repro 0 0 0 0 0 0 0 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 * reproductivity 
pmi_eoth 5.0 	energy content of other food, klig 
pmi_doth 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 * ktonnes/sq.naut.mile 
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pull—snap 1.0 suitability of capelin as prey 

pmi_sher 1.0 	suitability of herring as prey 

pmi_spol 0.2 	suitability of polar cod as prey 

pmi_scod 0.2 	suitability of cod as prey 

pmi_soth 0.1 	suitability of other food 

pmi_dprey 0.01 	prey energy density required, TJ/sq.naut.mile 

pmi_fley 0.95 	feeding level at normal growth 

pmi_equiv 50 	energy/ weight, UR 

Hermod parameters 

2.2 ( matchange 	Determines steepness of maturation curve ) 

31.2 ( mat1m50 	Length where 50% are maturation ) 

8.0 ( maxrecruitment 	Maximum recruitment ) 

100.0 [ maxmaxrecruitment Maximum of maximum recruitment 

0.5 ( recruitparl 	Recruitment parameter 

2.5 	recruitpar2 	Recruitment parameter 
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