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Abstract

Stepwise multiple linear regression analysis was used to analyze data on the growth of Gulf of St.
Lawrence cod up to age 11 during the period 1949 to 1973. Temperature, stock size and the size of a
fish were found to be significantly correlated with growth rate; temperature was positively correlated
while stock size and the size of & fish were negatively correlated with growth rate. The importance
of each variable changed with time and is probably ultimately attributable to changes in the fishery in
the Gulf of St. Lawrence. Predictions of length-at-age in the regression equations showed generally
good correspondence with empirical measurements.

Introduction

Many of the population attributes that fishermen and fishery biologists are concerned with are
dependent upon the growth rates of fishes., The size composition of a fish stock is of major importance
since mortality rates (Gulland 1965; Ponomarenko 1965, 1973), fecundity, maturity and quality of eggs
(Dementyeva and Mankevich 1965; Hempel 1965; Iles 1965; Woodhead and Woodhead 1965; Bagnel 1973;
Nikolsky et aZ.1973; Schopka and Hempel 1973}, and the degree of interspecific and intraspecific compe-
tition have been shown to a greater, or lesser, extent to be size-dependent.

Tt is known that growth rates, often used synonymously with length-at-age or the rate (k) of
approaching von Bertalanffy's L vary greatly both between and within populations of a given species
(Taylor 1958; May et al. 1965; May 1966; Wiles and May 1968; Pinhorn 1969; Schopka and Hempel 1973).
Fleming (1960}, Kohler (1964), Postolaky {1967}, Paloheimo and Kohler (1968), and Halliday (1972),to
list a few, have reported substantial year to year variation in growth rates. For comparison with other
estimates, we have calculated X, L,, and ¢t for the 4T cod stock by sampling year (Table 1), and by
year class (Table 2). It is clear that valfies of ¥ and L, for the 4T cod stock span the range of values
calculated by other authors for different cod stocks, with the possible exception of 2 very large values
of r, calculated by Taylor (1958) using Saemundsson's (1923 data: cited by Taylor). May et ai. (1965)
rejected the latter 2 values on the grounds of the method of calculation and the limited age data used.
While we question the usefulness of the von Bertalanffy equation in characterizing growth it is useful
in demonstrating that length-at-age is highly variable.

There are many abiotic and biotic factors which can potentially affect growth. The two which
have been investigated most often, partly because of the relative ease of measurement, and partly
because of some a priori knowledge of their effect in the laboratory, are temperature (Fleming 19603
Dementyeva and Mankevich 1965; Hermann and Hansen 1965; Jonsson 1965; May et al. 1965; Mankowski 1965;
Ponomarenko 1965, 1973; Postolaky 1967; Wiles and May 1968) and stock density (Kohler 1964;

Dementyeva and Mankevich 1965; Sonina 1965; May 1966; Meyer 1967; Postolaky 1967; Wiles and May 1968;
Paloheimo and Kohler 1968; Halliday 1972). However, there has been much speculation (in the absence
of quantitat:ve information) and controversy concerning the importance of particular variables in
field situations.

The year-to-year variability in these two factors, particularly temperature is such that many
years of data are usually required to determine if a variable is statistically significant. As the

F2



- ¥

relative contribution of a varible to the variance of the parameter in question decreases the
number of degrees of freedom must increase if we are to state with a given level of confidence
that the effect of the variable is statistically sfanificant. For example, if temperature truely
accounts for 50% (i.e. rz0.7)} of the observed variability in growth rates then we need at least

8 observations to confirm at the 5% level of significance that growth rate is significantly cor-
related with growth. On the other hand, if the contribution of temperature is only 25% then at
least 16 observations are necessary for the same significance level. Considering the large number
of potential factors involved it is reasonable to expect that a large data set is required.

Further, throughout the field of biology we observe thresholds of and non-linear responses
to stimuli. These reduce the probability of identifying, by simple correlation or linear regrassion
analysis, a variable as an important factor in a particular data set especially, where the data are
few. :

Fortunately, there exists for the southwestern Gulf of St. Lawrence (4T) cod stock an ex-
ceptional data set of natural growth rates. Studies by Kaohler (1964) and later Paloheimo and Kohler
{1968) were concerned with the period from 1949-65, white Halliday (1972) has examined the more
recent period, from 1960-72, during which the fishing intensity increased markedly.

Kohler (1964) performed laboratory feeding experiments with cod in an attempt to interpret field
observations on the changing length-at-age. He concluded that temperature increased appetite and food
consumption, and hence, finally growth in an unlimited feeding situation. However, apparently due to
the indirect affect of temperature and, the small number of experimental animals used, he was unable
to demonstrate a significant correlation between temperature and growth. Thus, he dismissed the
possibility that variations in water temperature in the Gul¥ of St. Lawrence can significantly effect
the growth rate of 4T cod. In fact, he concluded that "much greater fluctuations in water temperatures
(than those observed by Lauzier) would be required to produce grawth variations of the magnitude"
observed.

Kohler (1964) also compared growth rates with catch/effort statistics from the commercial fishery.
He concluded that stock density as a whole and the proportion of cod over 70 cm had an inverse effect
on the growth rates of these larger fish presumably because of changing competition for food. The
increased availability of food, resuTting from an epidemic herring mortality, was postulated as being
the major factor producing a marked increase in the growth rates of large cod in the mid-1950's.

Paloheimo and Kohler (1968) analyzed the effect of stock density on the growth rate up to age 6
and, from 6 to 10 years of age. The former correlation was found to be significant at the 5% level
while the latter was not. Halliday (1972) also attributed changes in specific growth rates of 6-7 and
%;8 ye?;-g}ds to changes in stock density as estimated from catch/effort statistics and cohort analysis

ope 1972).

The purpose of this preliminary communication is to examine changes in growth rates of fish up
to age 11, and to determine whether these changes are correlated with the abundance of individual
age classes and water temperature over the period from 1949-73.

Methods

Length at age data for 4 to 10 year olds for 1949-1959 were derived from May-October commercial
otter trawl data ?Koh1er 1964: Table 2; and Paloheimo and Kohler 1968: Table 8). A length-weight
relationship!for each year was calculated by using Kohler's length data, and Paioheimo and Kohler's
weight data for age-classes in common. The lengths-at-age for other age groups were then calculated
from these equations and Paloheimo and Kohler's weight data.

The length-at-age estimates for 1960-72 were taken from annual summary statistics and for 1972-73
from September survey cruise statistics compiled and kindly provided by Dr. R.G. Halliday.

Large numbers of 4 and 5 year olds were discarded up to and including 1964 {Paloheimo and Kohler
1968; Halliday 1972). Thus, it was deemed necessary to adjust the lengths-at-age measurements for
these age classes from 1949-1964. The following assumptions were made: (1) that the size frequency of a
particular age class follows a normal distribution (Fig. 1); and (2) that the Tanded fish in these
age classes represents the largest members. The shaded area under the curve in Fig. 1 represents the
fraction (L/c) of those fish caught (C) which are actually landed (L). The mean length (X} of landed
fish will lie at the point which divides this area into 2 equal parts. The area to the left of ¥
is equal the area to the left of u + «g in a normal distribution. Hence ¥ =y + =0, If we know
o lor have an unbiased estimate &) and (1 - 5.12),@ can be looked up tn a table for a cummulative

'Length data for 1954 were obtained from the mean length weight relationship from 1953 and 1955
and Paloheimo and Kohler's (1968) weight data which they report was based on inadequate sampling.
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normal dfstributfon. Then u can be calculated according to u =¥ - =0, An estimate, &, of g
was obtained for 1964-72 and 1965-72 for 4 and 5 year olds respectively from Halliday's annual
summary statistics. These adjusted lengths were used in all subsequent analyses.

Abundance estimates of each age-class for 1949-73 were made using cohort analysis (Pope 1972).
Estimates for 1960-73 were provided by Dr. R.G. Halliday, while those for 1949-59 were calculated
by multiplying Paloheimo and Kohler's (1968) catch/effort data (their Table 2) by the units of effort
(“Total all years"; their Table 3). An initial F = 0.50 for 16+ year-old fish and # = 0,19 were
assumed.

Grande-Rividre monthly mean temperature {denoted, for example, by 7sfor the mean June temperature
in any particular year) data for 1938-1970 are summarized by Boudreault et «Z. {1972); data for 1971-
72 were kindly provided by the Quebec government.

Since length-at-age statistics were from May-October samples in 7949-59, from annual summary
data in 1960-72, and September survey cruise data in 1972-73 we assumed that these data represented
the length for the next age-class at the beginning of the next growing season. Thus, for example,
the adjusted sample estimate of the length-at-age 4 in 1949 represents the length of a 4 year-old at
%he end of the 1949 growing season, which is assumed to be equal to the size of a 5 year-old in June

950,

The specific growth rate for each age class (5-10) in each year was calculated according to
the formula

it
M Ltl

g=tz—i:|

where I» is the natural Togarithm. Since length-at-age data for 3 year-olds and younger were not
available, the length of a 4 year-old at the end of the first 5 growing seasons (i.e. Lu) was used
as a starting point for the calculation of specific growth rates.

Estimates of the number of 3 year-olds (83} to 9 year-olds (5s) and for fish 10 years or older
{SiyMere used for the analyses involving specific growth rates and, S, to Sg4 for the analysis of
Ly.

The 4T cod stock has a peak spawning time towards the end of June (Powles 1958; Templeman 1962).
This is followed by a feeding period which Wiles and May (1968) found lasts for about & months in the
northeastern Gulf of 5t. Lawrence eod stock. Kohler (1964) found that otoliths with opaque edges
predominated 1n the months of June to September, suggesting that the growing season of 4T cod also
lasts about 4 months. Hence, June to September mean monthly Grande-Riviére surface temperatures were
used as an indicator of the temperature conditions experienced by 47 cod 5 years and older during the
feeding season. May temperatures were included for younger fish since they presumably commence feed-
ing earlier (Stanek 19749.

We note in many length-at-age plots that there is a tendency towards an asymptote. Whether
this is caused by "aging", or is a function of the maximum size of available food (Kerr 1971) étc.
1s not known. In any event, it has been widely accepted that the specific growth rate is a function
of body size (Parker and Larkin 1959). For this reason, the length of the fish at the beginning of
the growing season {L,) was also considered in the analysis.

Beginning with the 1949 data, we conducted a stepwise multiple Tinear regression of L. against
the mean monthly temperature over the 5 preceding growing {i.e. 1949 77 temperature was an average
July temperature over 1945-1949) seasons for the months of May to September, and against S. to Se,.
For all other ages Ss - Si0+ , Té -~ Ta, and L1 were used as independent variables in the analysis of

g

Recognizing the inherent problems discussed by Ricker (1958) and Gulland (1965) concerning
correlation analysis involving a Targe number of independent variables, we adopted the following
selection criteria. First, variables were only accepted if they significantly reduced the residual
sum of squares about the regression. Second, only the first three variables entering the equation
are included. While there is no firm statistical basis for this latter procedure, it seems justified,
since it reduces the chance of introducing spurious correlations with independent variables which
may pick up some of the residual 'noise'. Analyses affected by this second criterion are identified
in Table3 .

'The maximum adjustment was 5cm for Ls and Tcm for Ls. F4
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The introduction of otter trawling had marked effects on the 4T cod stock especially in
the late 1950's. The most outstanding effects are the reduction in the propertion of large cod,
and the decrease in the biomass of fish 4 years and older. In the late 1960's the stock biomass
was about half the level calculated for the early 1950's. For this reason we performed the analysis
on the combined data for the 1950-1973 growing seasons, and also separately for the 1950-61 and
the 1962-73 periods.

Resylts

Multiple linear regression equations for the length at the end of the 5th growing season,
Ly, for the 1949-72, 1949-60, and 1961-72 periods, and for the specific growth rates (gs to gioe)
of 5 to 10 year-olds in the 1950-73, 1950-61, and 1962-73 periods are presented in Table3 . The
muitiple-R values and the degrees of freedom are given for each equation

For comparison, the observed and predicted L, (usfng Equation 1a) are given in Fig. 2. The
lengths of 5 thru 10 year-olds at the end of each year have been predicted in 2 ways. First, the
observed length at the beginning of the year together with the predicted specific growth rates were
used to calculate the length at the end of the growing season; these predicted values are joined
by the broken lines in Fig. 3-8. Second, Tengths-at-age were predicted using only the predicted
Ly and the predicted gs - g1o from equations la-7a (dashed 1ines Fig. 3-8). That 1s, empirical
length-at-age data beyond L. were not used to predict successive lengths-at-age. In both cases
virtual population estimates of stock size and Grande-Riviére monthly mean surface water tempera-
tures were used as independent variables in the model.

Discussion

Correlations between growth rates, temperature and stock abundance have been found for several
populations. However, it 1s probably safe to say that there are as many or more examples of a lack
of such correlations. Thus, the objectives of this study were two fold. Firstly, we wished to
determine whether or not such correlations do exist for the 4T cod stock. Secondly, we wished to
identify the relative importance of temperature and stock density, before and after the introduction
of otter trawling.

In this preliminary communication we will not attempt to explain the derived equations in
detail. Moreover, while we acknowledge that none of the correlations discussed here are beyond
question, we feel that a reasonable biological explanation can be given for the majority of variables
which enter the equations.

0f the regression equations {la-7a) describing the period from 1949-1973, 4 were found to be
highly significant, while 2 were almost significant at the 5% level. The R-value for the remaining
equation (2a) was non-significant.

It is instructive to compare the equation describing the entire 24 year period with those
describing the first 12 and last 12 years. First, perhaps we can generalize by saying that from 1950-
61 temperature, and more specifically mean July temperature, appears to be the most important factor
determining the growth rate of 5 to 10 year-olds? In the most recent period, however, the stock
density becomes a more important factor for 5 to 8 year-olds, while the initial size of 9 and 10 year-
olds becomes the single most important variable. The increased significance of stock size and length
of a fish is perhaps attributable to effects of the fishery not only on the size structure of the 4T
cod population, but also on other fish populations such as herring which are of major importance in
the diet of large cod {Powles 1958; Kohler and Fitzgerald 1969; among others}.

A comparison between the empirical length-at-age data and the predicted values joined by the
dashed 1ine in Fig. 2 and the broken Tines in Fig. 3-8 shows few serious discrepancies. The possible
exception to this 1s for L, from 1954 to 1957.

A similar comparison between the empirical length-at-age data and the predicted values joined
by the broken 1ines in Fig. 3-8 indicates generally good correspondence except from 1955-58. This
disparity may be due to the mass herring mortality discussed by Kohler (1964). In any event, con-
sidering the large number of potential sources of variation in growth and sources of errer in our
measurements, the good fit for 10 year-olds is encouraging since older age-classes undergo greater
fluctuations in length than younger ones.

“The absence of a temperature effect in equations 1b and 1c for L, 15 perhaps due to the
averaging over 5 years; some welghting for different growing seasohs might have been desirable to
emphasize the importance of the first couple of years of growth.
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Summa ry

1) Temperature, stock density and the size of a fish have been shown to be correlated with
growth rate. Further, these factors can change in their importance due perhaps to such things as
a change in the intenstty and selection of the fishery.

2} Lengths-at-age for 4 through 10 year-old cod were predicted in two ways. First, the
empirical length at time ¢ was used in conjunction with predicted specific growth rates to predict
the length a year later (¢ + 1). Second, predicted lengths at the end of the fifth growing season
(L) and predicted specific growth rates were used to calculate subsequent lengths-at-age.

Acknowledgements

The authors wish to gratefully acknowledge Dr. R.G. Halliday's assistance in providing length-
at-age data and updated virtual population estimates for the Gulf of St. Lawrence cod stock from
1960 to 1973.

References

Bagne],’T.B. 1973. Fish fecundity and its relations with stock and recruitment. Rapp. P.-v.
Réun. Cons. perm. int. Explor. Mer, 164: 186-198.

Boudreault, F.R., H. Desfosses, and J. Oube: 1972. Température et salinite’ de surface quotidiennes
a Grande-Riviere (1938-70) et hebdomadaires & Pointe-au-Pare (1953-57). Ministére de 1
Industrie et du Commerce. Direction geherale des Péches maritimes. Direction de la Recherche
Cahiers d' Information No. 56, 59 p.

Dementyeva, T.F., and E.M. Mankevich. 71965. Changes in the growth rate of the Barents Sea cod as
affected by environmental factors. Spec. Publ. int. Comm. Northw., Atlant. Fish., No. 6: §71-577.

Fleming, A.M. 1960. Age, growth and sexual maturity of cod (Gadus morhuz L.) in the Newfoundland,
1947-1950. J. Fish. Res. Board Canada, 17: 775-809.

Gulland, J.A. 1965. Survival of the youngest stages of fish, and 1ts relation to year-class
strength. Spec. Publ. int. Comm. Northw. Atlant. Fish., No. 6: 363-371.

Halliday, R.G. 1972. The fishery on the southern Gulf of St. Lawrence cod stock, 1960-70. Res.
Bull. int. Comm. Northw. Atlant. Fish., 9: 51-64,

Hempel, G. 1965. Fecundity and egg size in relation to the environment. Spec. Publ. int. Comm.
Northw. Atlant. Fish., No. 6: B687-690.

Hermann, F. and P.M. Hansen. 1965. Possible influence of water temperature aon the growth of the
West Greenland cod. Spec. Publ. int. Comm. Northw. Atiant. Fish., No. 6: 557-563.

Iles, T.D. 1965. Factors determining er limiting the physiological reaction of herring to
environmental changes. Spec. Publ. int. Comm. Northw, Atlant. Fish., No. 6: 735-741.

Jonsson, J. 1965. Temperature and growth of cod in Icelandic waters. Spec. Publ. int. Comm.
Northw. Atlant. Fish., No. 6: 537-539.

Kerr, S.R. 1971. A simulation model of lake trout growth. J. Fish. Res. Board Canada, 28: 815-
819,

Kohler, A.C. 1964. Varfations in the growth of Atlantic cod (Gadus morhua L.) J. Fish. Res. Board
Canada, 21: 57-100.

Kohler, A.C. and D.N. Fitzgerald. 1969. Comparisons of food of cod and haddock in the Gulf of St.
Lawrence and on the Nova Scotia Banks. J. Fish. Res. Board Canada, 26: 1273-1287.

Mankowski, W. 1965. Some problems of zooplankton production and some problems of fisheries. Spec.
Publ. int. Comm. Northw. Atlant. Fish., No. 6: 521-544,

May, A.W. MS 1966. Increase in growth of Labrador cod. Annu. Meet. int. Com. Northw. Atlant. Fish.,
1966, Res. Doc. No. 24, Serial No. 1632, p. 1-10.

May, A.W., A.T. Pinhorn, R. Wells and A.M. Fleming. 1965. Cod growth and temperature in the
Newfoundland area. Spec. Publ. int. Comm. Nerthw. Atlant. Fish., No, 6: 545-555.

F6



-6 -

Meyer, A. 1967, The estimation of efficient use of West Greenland cod stocks, a simple method of
showing how a fishery should be carried out to get the highest output from the fish stocks.
Int. Comm. Nerthw. Atlant. Fish. Redbook Part III, 1967, p. 3-21.

Nikolsky, G., A. Bogdanov and Yu. Lapin. 1973. On fecundity as a regulatory mechanism in fish
population dynamics. Rapp. P.-v. Reun. Cons. perm. int. Explor. Mer, 164: 174-177.

Paloheimo, J.E. and A.C. Kohler, 1968. Analysis of the southern Guif of St. Lawrence cod
population. J. Fish, Res. Board Canada, 25: 555-578.

Parker, R.R., and P.A. Larkin, 1959. A concept of growth in fishes. J. Fish. Res. Board Canada,
16: 721-745.

Pinhorn, A.T. 1969.‘ Fishery and biology of Atlantic cod (Gadus morhua) off the southwest coast
of Newfoundland. J. Fish. Res. Board Canada, 26: 3133-3164.

Ponomarenko, 1. Ya. T1965. Comparative characteristics of some biological indices of the bottom
stages of D-group cod belonging to the 1956, 1958, 1959, 1960 and 1961 year-classes. Spec.
Publ. int. Comm. Northw. Atlant. Fish., No. 6: 349-354.

Ponomarenko, I.Ya. 1973. The effects of food and temperature conditions on the survival of young
bottom;dge;é;ng cod in the Barents Sea. Rapp. P.-v. Reln. Cons. perm. int. Explor. Mer,
164: 199-207.

Pope, J.G. 1972. An investigation of the accuracy of virtual population analysis. Res. Bull-
int. Comm. Northw. Atlant. Fish., 9: 65-74,

Postolaky, A.I. 1967. On the growth of the Labrador cod. Int. Comm. Northw. Atlant. Fish.,
Redbeck, Part I1I, 1967, p. 22-25.

Powles, P.M. 1958. Studies of reproduction and feeding of Atlantic cod {Gadus eallarius L.) in the
southwestern Gulf of St. Lawrence. J. Fish. Res. Board Canada, 15: 1383-1402.

Ricker, W.E. 1958. Handbook of computations for biulogical statistics of fish populations.
Fish. Res. Board Canada, Bull., 119: 1-299.

Schopka, S.A. and G. Hempel. 1973. The spawning potential of populations of herring (Clupez
harengus L.) and cod (Gadus moriua L.} in relation to the rate of exploitation. Rapp. P.-v.
Rein. Cons. perm. int. Explor. Mer, 164: 178-185.

Sonina, M.A. 1965. Relationship between the growth rate and population density of haddock in the
Barents Sea. Spec. Publ. Int. Corm. Northw. Atlant. Fish., No. 6: 565-570.

Stanek, E. Observations on food and diet of cod {Gadus morhua L.) in the waters of Labrador,
Newfoundland and Nova Scotia. Prace Morskiego Instytutu, Rybackiego, Gdynia Ser. A, 17
7-26 (Translated from Polish by U.S. Dept. of Commerce: TT 74-54060).

Taylor, C.C. 1958. Cod growth and temperature. J. Cons. Expl. Mer, 23: 366-370.

Templeman, W. 1962. Divisions of cod stocks in the notkhwest Atlantic. Int. Comm. Northw.
Atlant. Fish. Redbook, Part III, 1962, p. 79-123.

Wiles M. and R.W. May. 1968. Biology and fishery of the west Newfoundland cod stock. Res.
Bull. int. Comm. Northw. Atiant. Fish., 6: 5-43.

Woodhead, A.B. and P.M.J. Woodhead. 1965. Seasonal changes in the physiology of the Barents Sea cod,

Gadus morbua L., 1n relation to its environment. I. Endocrine changes particularly affecting
migration and maturation. Spec. Publ. int. Comm. Northw. Atlant. Fish., No. 6: 691-715.

F7



-7 -

Table 1 - Von Bertalanffy growth parameters by sampling year for the 4T cod stock. Parameters

computed on 4 to 10 year-olds.

Sampling K L,

Year e
1949 0.07 130 -2.45
1950 0.08 102 -3.73
1951 0.10 103 -1.88
1952 0.19 a2 ~0.42
1953 0.29 80 1.24
1954 0.28 74 0.85
1955 0.06 159 -2.58
1956 0.12 119 -0.06
1957 0.07 152 -1.30
1958 0.09 123 -0.95
1959 0.1 106 -0.56
1960 0.14 98 -0.01
1961 0.07 153 -0.58
1962 0.06 154 -0.42
1963 0.06 153 -0.25
1964 0.06 156 -0.60
1665 0.05 135 -3.78
1866 0.05 138 -3.7M
1967 0.06 134 -i.n
19868 0.07 133 -1.65
1969 0.05 153 -3.45
1970 0.06 168 -0.54
1971 0.06 156 -1.13
1972 0.06 160 -0.87
Min 0.05 74
Max 0.2% 160

Table 2 - Von Bertalanffy growth parameters by year-class for the

on 4 to 10 year-olds.

4T cod stock.

Year X L, ¢,

Class

1945 0.05 154 -2.75
1946 0.06 166 -1.15
1947 0.07 164 -0.77
1948 0.15 107 0.43
1949 0.42 77 2.29
1950 0.34 77 1.47
1951 0.05 143 -4.90
1952 0.05 154 -2.49
1953 0.05 152 -2.70
1954 0.05 156 -1.49
1955 0.05 135 -4.36
1956 0.05 139 =2.91
1957 0.08 143 -1.80
1958 0.07 147 -0.23
1959 0.06 136 -1.54
1960 0.07 158 -0.43
1961 0.06 156 -1.22
1962 0.06 160 -1.35
Min 0.05 77

Max 0.42 166
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Fig. 1. Normal population size frequency distribution. THe shaded area repressents
the size fraquency of landed fish (L) with mean X=piwswhsre M is the mean
size of fish caught (C).
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Figz. 2. A comparison of cbserved I; {solid line) and 1, predicted from equation la--
(dash&i lina). .
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Fig. 3. A comparison of observed L. (solid line) edicted from equation 2a
and the obsertved (brokeg line), and LZ prediéted from equation 2a and
the predicted 1‘1} {dashed line) in Fig. 2.
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Fig. 4. A comparison of obsarved Lg (301id line) Lg predicted from equation 3a Fll

and the cbserved L. (broken line), and L’ prediéted from equation Ja and
the predicted L5 (éashed line) in Fig. g-
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Fig. 5. A comparison of ohserved L7 (solid 1ine) L
ard the observed L: {brokeh 1int and IZ predz
gashud lins) in Fig.

predicted from equation ha

cted from equation 4a and
the predicted Lg {
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Fig. 6. A comparison of chasrved {solid line),
and the cbssrved (broken l:Lna) and L

Lg predicted from equation S5a

predicted from equation 5a and F 12
the predictad L? {dashed lina) P Fig. g
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Fig. 8. A comparison of observet I.10 {so0lid line) L1 predicted from equation 7a
and the cbserved {broksn line) and Lig predicgad from equation 7a apd
the predicted 19 (dashed line) in Fig, 7.
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