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Abstract

Yield per recruit analysis on squid (Loligo and Illax) in Subareas 5 and 6 indicate a 55%
and 65% exploitation ratio (F/Z} on the respective species would maximize yield, The parameters used -
were estimated from. growth'and longevity.information, A neaxly proportional pegationship between stock
and recruitment is further pwoposed, -This relaticriship. requires thatushvet:lived species #ith high
natural mortality such -as- squid; be fished moderately.

Introduction

Squid are rapid growing, productive animals whose life span.is typically short, often one
year. The concept of a productive annual crop that should be harvested at high exploitation levels
therefore has justification. In 1973 the ICNAF Assessments Subcommittee recommended & Total Allowable
Catch (TAC) for squid (Lolige pealei and Illex {llacebrosus) from Subaress 5 and & off the northeastern
Inited States of between 50,000 and 80,000 MT (ICNAF Redbook, 1973, Part 1). A TAC of 71,000 MT was
established for 1974 and 1975 by ICNAF. The recommendations were based largely upon the analysis by
Ikeda et al.(1973) of the offshore winter fishery (primarily Loligo) in which an exploitation rate of
80% was considered acceptable. This rate will be reexamined here, considering the life hi|story of the
species and, in particular, considering the type of stock-recruitment relationships that should hold
for squid.

Life span and natural mortality

Estimates of mortality rate Z can be obtained from information on the population structure
of the stock. Thus information on the mean length of the exploited stock and mean length at recruit-
ment, combined with the von Bertalanffy parameters, can give an estimate of Z (Beverton and Holt, 1957,
P. 41). Similarly, the mean age of the exploited stock can be used to estimate Z, These methods
depend upon an accurate aging procedure, lacking for squid, or require following the length frequencies
of a squid year class throughout its fishable life to obtain the annual mean length. A further
difficulty is that small differences in mean length or age are generated by a large range in Z because
of the short life span of the squid. Thus these methods are subject to large errors. A more direct
approach would be to use the life span alone to estimate mortality, 7.e., to use Physiological inform-
ation rather than population measurements,
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It is not at present possible to age squid, but comparing growth rate estimates of Loligo
(Summers, 1971) and Iilex (Squires, 1967) with the largest observed sizes suggests that some Loligo
males (>40 cm in spring) may live 3 years and some I tlex(>30 cm) to 1.5 years. However, the majority
of individuals in each species probably live not more than one year, a physiological life expectancy
associated with spawning. Post spawning mortality was an assumption basic to the growth schemes pro-
posed by these authors. Where such mortalities are known they are usually associated with rapid
maturing, short lived species of animals, Post-spawning mortalities have been observed in Lolige
opalesoens off California (McGowan, 1954; Fields, 1965) and in Todaredes pacifious (Hamabe and
Shimizu, 1966) the common Japanese squid related to Illaex (both of the family Ommastrephidase), Thus

information on spawning age provides estimates of the life oxpectancy or mean life span, T, of these
species,

The 1life expectancy of Loligo pealei must be about 1-1.5 years. The majority of individuals
spawn at 12 months, although a significant number may spawn at 17-19 months (Summers, 1971). However
he felt that the latter constituted less than 25% of the breeding stock. Examination of length
frequencies (Tibbetts, 1975; Ikeda et ql.,1973; Paulmier, 1974; commercial sample data reported to
ICNAF) indicates few squid live beyond 18 months and probably most die after spawning at 12 months.

Similarly, Illex illecebrosus is expected to live only to 1 year at which time spawning occurs
(Squires, 1967), although length frequencies (Tibbetts, 1975; Paulmier, 1974; commercial sample data
reported ta ICNAF) indicate that some may live to 1.5 years. There is no evidence of mature squid
surviving a spawning season as in Loligo pgalei, so mean T for Illex, considering other forms of
natural mortality, should be even less than that of Loligo.

The actual seasonal distribution of natural mortality is of course unknown, although presumably
it is heaviest during the spawning period, If the true survival curve is such that the life expectancy
always remains at 12 months, i.s. the ege at first spawning, then the squid population can be approxi-
mately represented by an effective population characterized by a constant natural mortality rate M
that also generates a 12-month life expectancy. Then with survival exponential

Z:Mn%—-

in the unexploited state (Allen, 1971). M so calculated would be an effective natural mortality rate
during the life span. In both Loligo and Illex, T is probably %12 months, the expected age at spawn-
ing. Then effective

!
M ‘E"i- 11-00.
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Note that other short-lived species, €.g. capelin, smelt, and certain minnows (Beverton and Holt, 1959)
generally have M estimated larger than 1.00, For purposes of this discussion M between 1.00 and 1,50
will be considered with M <1.25 applied to Loligo and M >1.25 applied to Illex. Note that M = 1,25
corresponds to a mean life expectancy of 9.6 months while M = 1,50 corresponds to 8 months.,

Growth Rates

Growth and maturation of both Ioligo (Summers, 1971) and Illex (Squires, 1967) is rapid
(Fig, 1), maturity being reached in one year. IZlex grows about twice as fast as Loligo, Note that
Loligo males grow larger than females whereas the opposite is true for Iilex.

Loligo growth declines very slowly with age with no indication of an approach to asymptotic

length. A von Bertalanffy curve fit to the growth data by Summers gives L_ values of 65.6 and
44.9 cm for males and females Tespectively with corresponding X values of .330 and -452, describing
- growth curves with very slight downward curvature. Such L,'s are wuch larger than the largest
observed Loligo and so canmot be interpreted as asymptotic length, Therefore to obtain biologically
meaningful growth perameters for Loligo L, was set at the largest mean sizes of each sex, at 34-36
months for males and 24 months for females, The growth parameters so obtained are thus effective

values that reflect the biological features of Loligo growth even though the predictive value of the
growth equation is lessened,
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The growth curves for Illex were fit, using the procedures given by Gulland (1969}, to the
calculated lengths given by Squires for Newfoundland squid. IZlex growth in SA 5 and 6 may differ
but presently there are no published growth curves for this area. The following von Bertalanffy
growth parameters were obtained:

Sex L, K/year

Loligo M 45 . 606
F 27 1.235

Illex M 30.05 2,491
F 32.27 2.442

The mean value, sexes combined, of the developmental rate paramster, K, is .920 for Loligo
and 2.46 for Illex.

Production/Biomass Ratio

Assuming exponential survival snd von Bertalanffy growth, the ratie of production per mean
biomass, P/B, is equal to M (Allen, 1971} in the unexploited state, so that this ratio should be
greater than 1,00 in both species. If M between 1,00 and 1,25 for Loligo and between 1,25 and 1.50
for Iller is accepted, then P/B ratios should lie between the same values for the respective species,
Because M used here is the effective natural mortality during the life span, whereas the actual M
during the exploited stage, when the squid are older on average, may be less, these P/B ratios may
be considered too high. But the P/B ratio during the exploited stage may also be estimated from the
average weight gain in that period, Z.e. P/B = g, the instantaneous rate of weight growth, = In _L
(see also Allen, 1971). With Zoligo the mean length of the ascending portion of graphs of Wo
length-frequency from the fishery (see Ikeda et al., 1973; Tibbetts, 1975) is about 8 cm, or 5 months
of age, an estimate of mean recruitment size. At one year of age mean length has increased to 17 cm,
the weight increasing from 19,7 to 112.6 g (length-weight conversion given by lkeda et al., 1973).

Then P/B = g = 1,74 during the 7 months. For Illex Squires (1967) reports a sixfold increase in weight,
from 54 to 324 g between May and October in the Newfoundland fishery. This corresponds to a P/B ratio of
1.79 for those 5 months, It thus appears that P/B is quite high in both species. If these ratios or
growth rates held throughout the life span and survival continued at constant exponential rate, it would
mean that the estimates of M given above are too low, But there is no need for further speculation on
this point until more is known about the seasonal distribution ofilcrtality. The proportion of this
production that can be harvested on a sustained basis depends both upon the nature of expléitation and
upon the minimum stock size necessary for continued and adequate recruitment.

Exploitation rates

The exploitation rate to obtzin maximum yields from this production can be estimated using the
FAC yield tables (Beverton and Holt, 1966). Entry into these tables requires estimates of the M/K ratio
and c, the age at entry to the exploited stage, measured as a fraction of the species' potential growth.

The M/K ratio is obtained as follows, using the parameter values discussed above:

Species M K M/K
Loligo 1.00-1.25 920 1.09-1.36 R
Illex 1.25-1.50 2.46 0.51-0,61

The parameter ¢ is normally estimated by the ratio 1./1, where 1. is the mean length at entry to
the exploited stage. For both species, however, it is presumed that post-spawning mortality precludes
significant further growth toward L,. Therefore in this analysis b‘ is substituted for L to obtain a
more realistic estimate of the fraction of potential growth reache é% age of entry to the fishery. Iyy
is taken as the mean size, sexes combined, of 18-month Lolige and of 12-month Illex, these being the
highest values to mean life expectancy that might be encountered, The length at entry to the fishery, 1,

is taken at 8 cm for Loligo (previous section). For Iillexr it is seasonal availability rather than mesh
selecticn that governs 1,. In SA 5 and 6 the mean length of the main group of Illex first appearing

in the spring is between 10 and 20 cm, similar to the 14 cm described by Squires (1967). Fourteen cm
was therefore taken as 1. for Illex. The values of c are then calculated as:

SECieS L I.MAx N E

Loligo 8 cm 23.5 cm (18 mo.) . 340

Illex 14 cm 28.5 cm (12 mo.) .491
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The following statistics are thus obtained from the yield tables using for each species M/K
and ¢ increments that span the estimated values:

Relative stock size

Species c M/K Enax at Eygy

Loligo .34 1.0 .55 .241
1.50 .55 .232

Itlex .50 0.5 .65 .216
1.0 .65 .201

Thus for Loligo Eyay = F = the exploitation ratio that maximizes yield/recruit, is
’ Z

estimated at 55%, the stock size being reduced to 23-24% of the unfished level., Illex should be fished
harder since it becomes available to the fishery relatively late in its growth history, the estimate of
EMax being 65% with the mean stock size reduced to 22-22% of initial level.

E is also a measure of the ecotrophic coefficient, the proportion of prey production taken by
a predator (Dickie, 1972). In this case, it is the proportion of prey production taken by an additional
predator, man. Then on a sustained basis waximum yield is E X Production = E X MB, where MB, is the
production estimate of the unexploited biomass By (since M estimates production/biomass). Taking the

values of E calculated above, the following proportion of initial biomass might be obtainable at the
MSY level:

Species EMAX Production Yield
Loligo .55 (1-1.25)B, (.55-.69)B,
Illex .65 {1.25-1.50)B,  (.81-.98)B,

This calculation assumes that production is not impaired by the reduced population size resulting
from exploitation. Note that the method is essentially the same as used by Alverson and Pereyra (1969)
who used a similar relaticnship derived by a slightly different argument. These results suggest that a
very high proportion of the initial mean biomass can be taken as yield, obviously a result of the very
rapid growth of these squid.

The above calculations on sustained yield all further assume that the recruitment level is
unimpaired by exploitation. It was calculated above that at MSY fishing levels Loligo would be reduced
to 23-24% and Illex to 20-22% of initial abundance. For both species then a pertinent question would be
whether impaired recruitment could be expected.

Stock-recruitment relationships

The kind of stock-recruitment relationship applicable to these squid may be deduced ffom consi-
derations of their biology. Their fecundity is relatively low, 3500-6000 eggs in Loligo pealei (Summers,
1971} and perhaps a general level of 10,000 eggs in Illex (M. Lipinski, Sea Fisheries Institute, Gdynia;
pers. comm.}. Ommastrephids generally have a higher fecundity than Loliginids. Zujew and Nesis (1971)
have given a range of 70,000 to 150,000 eggs for the related Todarodes pacificus. Obviously, the rapid
maturation rate is of the greatest importance to squid reproductive potential. The earliness of the age
at maturity has long been recognized as heing one of the most important parameters governing the rate of
increase in animal populations {Cole, 1954)}. A further consequence of their short life span is that the
overlap between generations, hence intraspecific competition, is minimized. These features point to an
opportunistic type species, characterized by high turnover rate and production/biomass ratios, and with
short life histories and relatively simple population structure. Such species have been termed "r-
strategists" (MacArthur and Wilson, 1967) because their populations are characterized by high relative
rates of increase (r) with little density dependent regulation. Ecosystems tend to evelve with such
productive species being of paramount importance in the food web (Odum, 1967). Because the rate of
reproductive increase is strongly dependent upon the numbers of mature individuals and their rapid turn-
over, rather than fecundity, such species tend to show geometric increase when conditions are suitable,
and their stock-recruitment relation would tend to be proportional, <.e. recruits should increase grad-
ually with stock size such that the stock-recruitment curve is only slightly convex downward. This_is in
contrast to the domed stock-recruitment curves of Ricker (1954) or the horizontal type curves, showing )
constant recruitment over most stock densities, of Beverton and Holt (1957). Domed curves are most easily
understood as resulting from strong, negative interaction between adult stock and larvae, juveniles, or
even with the reproductive process itself,at higher stock densities. The abbreviated age structure of
squid would suggest that this density dependent mechanism is relatively unimportant. Independence bereen
Tecruitment and parent stock, as in the standard yield per recruit model, results from increased demsity
dependent mortality among larvae and pre-recruits, which could be mediated through qualitative changes in
stock structure in long-lined species. The less importent this mechanism, the more dependent is recruitment

A5



-5-

on parental stock size (Beverton and Holt, 1957, p. 51). Cushing (1971) has argued that the domed
Ricker curves are characteristic of fish species with high fecundity, generally greater than 100,000
eggs, that is correlated with density-dependent population control (see also Murphy, 1968), and that
species with lower fecundity have a gradually increasing, non-domed, stock-recruitment curve, More
fundamentally, it is the rate of reproductive increase that is involved, for which maturation rate is
most important. Thus those species with lower fecundity but rapid maturation have sacrificed some popu-
lation stability for increased reproductive potential, and their stock-recruitment curve would tend toward
a proportional relationship. Similar relationships between stock, recruitment, and surplus production as
a function of the reproductive potential of species have been discussed by Pianka (1972) who shows that
opportunistic species would tend to have symmetrical yield-biomsss curves. Thus the stock-recruitment
relationship applicable to squid should be the non-domed type of the Ricker family of curves or the
slightly convex type of the one parameter form of the Beverton-Holt, asymptotic curve (Ricker, 1958,

p. 269).

A corollary to these arguments is that species with slightly convex, stock-recruitment curves are
relatively strongly influenced by their abiotic environment. This effect is evident in the Newfoundland
Illex fishery (Squires, 1957) and is well known in the Japanese Todarodes fishery (reviewed by Clarke,
1966}, Similarly, abundance indexes of Loligo pealei{ from the US Pall Groundfish Survey in Subareas 5
and 6 show large annual variations (Tibbetts, 1975; Serchuk and Rathjen, 1974).

Exploitation curves with stock recruitment effects

To explore the effects of recruitment changes on yield, and hence upon the recommended exploita-
tion level, the yield functions previously used will be modified by appropriate stock-recruitment relation-
ships. For this purpose the Ricker one-parameter form of the recruitment function of Beverton and Holt
will be used. It was argued above that the domed stock-recruitment curves were not to be expected for
squid, so the model to be used here describes curves ranging from a near direct relationship between
progeny and parent stocks to complete independence. It was further argued that the latter condition of
constant recruitment over a wide range of stock abundance was not to be expected in squid, The relation-
ship by Ricker (1958) is:

W

R = 12D

where W and R are parent and progeny stock abundances respectively, in terms of replacement level
(equilibrium abundance of unfished stock), and A is a parameter varying between 0 and 1 that determines
the shape of each individual curve., As A approaches 1 the curve described approaches the constant re-
cruitment curve. Theoretically A is proportional to density dependent mortality so that the model
demonstrates how the increasing importance of this form of mortality changes the curves from the direct
to the zero (horizontal) relationship between recruitment and parental stock size. When A is less than
0.8 or 0.9,the curves are very similar to the gradually rising stock-recruitment curves of Ricker (1954)
with parameter values at <1, In this paper W and R in the model will be replaced by By and Bg+i, the mean
biomass of the parent and progeny generations respectively. By is obtainable from the FAO yield tahles
(Beverton and Holt, 1966) as a relative stock size index at any level of exploitation,and By,y will be
determined by the stock-recruitment function. Now in this model B, and By,1 are in the same units such

that at replacement level By = B, ,. But since the biomass of the model population is assumed to be
changing only by the effects of fishing mortality and recruitment, the decrease in By,j is an index of
recruitment level, varying from 1 at zero exploitation to zero at 100% exploitation. Then the relative
¥ield per recruit function from the FAQ tables, multiplied by this index, gives a new index of relative
yield with stock recruitment effects incorporated.

Figure 2 shows the recruitment function for various levels of stock size and for different values
of the parameter A, and Figures 3 and 4 show the resulting recruitment-adjusted, yield-biomass curves for
the range of M/K ratios appropriate to Loligo and Illex. The lower half of these latter figures show the
relationship between mean stock size and exploitation ratio, E. This last relationship is derived from the
constant recruitment case so that when considering the curves characterized by parameter A < .8, 1.e,
those corresponding to reduced recruitment by the expected stock-recruitment relationship, it must be
remembered that a given mean stock size will have resulted from a lesser exploitation level than indicated
in the figures. Therefore the exploitation-biomass relationship presented should be considered as maximal
for any relative stock size,

Finally, it should be noted when the perameter A equals 1.0, recruitment level becomes constant.
Therefore, the uppermost curves (A = 1) in each M/K family in Figures 3 and 4 correspond to the standard
yield/recruit function directly obtainable from the FAQ tables.

As is to be expected, theoretical yield levels decline sharply at higher effort levels when
stock-recruitment effects are considered as has been shown by Beverton and Holt (1957, p. 330-370). The
general result is to make the yield-biomass curves more symmetrical. This effect becomes more significant
with yield-biomass curves that are strongly asymmetrical because of high M/K ratios.
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Inspection of Figures 3 and 4 again show that for the constant recruitment case (A = 1.0)
exploitation for maximum yield should be 55% for Loligo and 65% for Illexr as previously discussed. But
when stock recruitment effects are incorporated (.2<A<.8), the exploitation levels to maximize yield
should be no more than 40% for Lolige and 50% for ITlex.

Returning to the earlier estimate of yield from production and using these recruitment-adjusted
exploitation rates we obtain:

Species Adjusted Eyay Production Yield
Lolige .40 (1-1,25)B, (.40-.50)B,
Illex .50 (1.25-1.50) By {.62-.75)B,

where B, is the initial, unexploited biomass. lkeda ez al. (1973) used the area-density method to calculate
the numbers of squid on the winter fishing grounds each year between 1968 and 1972. The mean for this
period was 650x108 squid, and their 1970-71 value, 642 x 109 squid, was estimated to be 50% of an approxi-
mate 100,000 MT biémass. These squid would be mostly Leligo, so that by the relationship of yield to
biomass given above, approximately 50,000 MT or 50% could be harvested on a sustained basis,

The relationship given for Illex cannot be used for estimating sustainable yields until more is
known of the degree to which availability governs the seasonal abundance of this squid. Until then assess-
ments in terms of stock biomass will be difficult because seasonal availability is probably mest important
in the Illex fishery.

Discussion

The degree to which these results hold depends upon the robustness of the model. The estimates
of natural mortality are very preliminary as are the growth rate parameters. The ecology of these animals
is relatively little known and significant variations in life history patterns may be expected in different
regions as a consequence of their rapid biological turnover, However, the results are in fact quite robust.

Thus for Loligo the appropriate M/K ratios may be as low as 0.5 (for mean life span of 1.5 years
and K =1,3) or as high as 4,0 (mean life span of 0.5 years and K = 0.5)., These extreme ratios are unlikely
because M and K are parameters that tend to vary together in the same direction. However, if the M/K ratio
is < 1.0, the optimal exploitation level would be relatively low so that stock-recruitment effects should
not be of concern. On the other hand if the M/K ratios are high, the yield biomass curves rapidly become
asymmetrical, but still with stock-recruitment effects incorporated, optimal exploitation levels remain near
50% (see Figure 5 for M/K ratios of 3.0 and 4.0).

In Illex both M and K are probably more precise because the population is more uniformly aged.
But what if length at 50% availability to the fishery were 20 cm instead of 14 cm so that ¢ = 0.707 The
following table shows that for M/K = 1.0 and 2,0 (for extremely asymmetrical yield-biomass curves) that the
recomnended exploitation ratios would still be close to 50%.

c M/K Emax Eyax With stock-recruitment effect
78 1.0 .70 .55
.70 .0 1.00 .60

Summary

The population parameters of both Loligo and Illex have been estimated using information on growth
rates and lengevity. Yield per recruit analysis then showed that optimal exploitation ratios should be
about 55% for Loligo and 65% for Illex, considerably lower than the 80% previously recommended. In general
the growth rates of squid are so rapid that to allow for increased population growth through a reduced
exploitation rate is good fishing strategy. When appropriate stock-recruitment effects are taken into
account, the exploitation ratios should be even lower, down to 40 and 50% respectively. It is often sug-
gested that productive species such as squid should be exploited heavily on a sustained basis. But it is .
precisely for such species that recruitment can be expected to fall proportionately with stock size.
Furthermore such species are normally of great importance in the community food web so that any heavy
exploitation may be detrimental to other species stocks.
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Fig. 1. Growth of Loligo (data from Summers, 1971) and Illex (from Squires, 1967).
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Yield-biomass and exploitation curves for Illez.
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Fig. 5. Examples of extreme yleld-biomass and exploitation curves for Loligo.
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