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INTRODUCTION 

The abalone Haliotis midae is commercially exploited 
in South Africa. A maximum production of canned abalone 
was attained in 1965, when about one point five million 

lbs. were produced. Subsequently the catch has declined, 

due to overfishing, and in 1968 canned production fell to 
about seven hundred thousand lbs. 

The Division of Sea Fisheries is responsible for 
managing the exploitation of marine stocks in South Africa. 

To do this effectively, data are required on the general 

biology and population dynamics of the stocks concerned. 

Apart from some notes on distribution (Stephenson 1944) 

no information was available on Haliotis midae. In 

1962 the Di.vision therefore started research on the 

biology of Haliotis midae, to provide an essential basis 
for later stock assessment. 

This thesis dee.ls with three aspects of the above 

programme, that is reproduction, growth and movement. 

The first two topics are presented in the form of 

Investigational Reports published by the Division of Sea 

Fisheries. The section on movement is based on the 
findings of a more detailed paper by the candidate which 

was also published as an Investigational Report. 

Included in the thesis is a review of mathematical 

growth functions. A growth model was required for abalone, 

and perusal of the literature revealed a range of growth 
equations which were widespread throughout the literature. 

The candidate therefore reviewed the mor~ important papers 
dealing with growth functions. This was done to facilitate 

an ap~reciation of the differences between growth curves, 

and thus ensure that the most suitable curve was selected to 



Published in 1967 by the Division of Sea Fisheries, Beach Road, Sea Point, Cape Town 

Invest] Rep. Div. Sea Fish. S. Afr. 64: 1-

(This report is also available in Afrikaans gratis from the Division of Sea Fisheries) 

Printed in Cape Town by Gothic Printing Company Limited, Observatory, Cape Town 



CONTENTS 

PAGE 

I. INTRODUCTION 1 

2. GONAD STRUCTURE .. 1 

3. SEX RATIO 5 

4. THE ONSET OF SEXUAL MATURITY 6 

5. SPAWNING 6 

6. FECUNDITY 14 

7. DISCUSSION 18 

8. ACKNOWLEDGEMENTS 22 

9. LITERATURE CITED 22 

APPENDIX 23 



BAY • RESEARCH SITES 

REPUBLIC 
OF 

SOUTH AFRICA 

/ , 
NY POINT" 

30 MILES 

\_1,~.~- ,/ 

• ANUS 

F,a. I. Abalone research sites 



ABSTRACT 

The structure of the testis and ovary of the South African abalone is described and the mechanism of 
spawning is discussed. Male and female abalone are represented equally in the population and at St~ny 
Point one hundred per cent sexual maturity can be expected at a shell breadth of 10.5 cm. Sp~w~mg 
occurs twice per year in certain areas, namely during spring and autumn. There are, however, vanat10ns 
due to locality. At Stony Point spawning is associated with a well-defined increase in water temperature 
but in areas with less marked seasonal temperature fluctuations spawning was found to be less intense. 

A linear relationship between fecundity and animal weight has been established. Within a ripe ovary 
two discrete groups of eggs are found and these are released on consecutive spawnings. Egg production 
is of the order of several million per individual and is a function of ovary volume due to the arrangement 
of the germinal surfaces. 

l. INTRODUCTION 

This paper describes the reproductive biology of 
the South African abalone Haliotis midae. The 
gonad structure, sex ratio, sexual maturity, spawn­
ing cycle and fecundity are discussed and conclu­
sions are drawn about the stimulus and mechanism 
of spawning. The investigation was conducted at 
three localities within the Republic's abalone fish­
ing grounds. These are shown on Fig. 1. 

The gonad structure of abalone, especially that 
of the male, has not received much attention from 
research workers. Crofts (1929) described and 
illustrated a young female Haliotis tuberculata 
while Jno & Harada (1961) presented photomicro­
graphs of female Haliotis discus at various stages 
of the spawning cycle. Reproductive cycles for 
abalone have been described with varying degrees 
of confidence and are all summarized by Boo­
lootian et al. {1962). These authors conclude that 
haliotids are generally summer breeders. Labora­
tory experiments have been done to investigate 
spawning stimuli, and temperature changes as well 
as shed gametes have been shown to be important 
{Ino, 1952; Carlisle, 1962; Oba, 1964). ln addition 
Ino observed in the field that a temperature of 
20° C. is required to promote the spawning of 
Japanese abalone. The onset of sexual maturity of 
Haliotis tuberculata is briefly dealt with by Stephen­
son (1924) and Crofts (1929) and apart from one 
fecundity estimate for the above species (Fretter & 
Graham, 1964), no fecundity studies are reported 
in the literature. 

2. GONAD STRUCTURE 

Methods: 
Male and female abalone in various stages of 

sexual maturity were collected at three research 
stations by S.C. U .B.A. divers. The structure of the 
gonads was then examined by means of histological 
sections stained with eosin and Mayer's haemulum. 

Results: 
Haliotis midae is dioecious and has an extensive 

superficial gonad. This lies around the digestive 
gland which forms the bulk of the visceral mass. 
Basically the gonad consists simply of a large 
lumen which is bounded by germinal epithelium 
with a connective tissue base. 

The lumen of the testis is traversed by tubes of 
connective tissue which are normally vertical in 
well-developed organs. A vertical section through 
a fairly mature testis is illustrated by Fig. 2. The 
connective tissue tubes are clearly evident and one 
in particular bifurcates in three places. Within the 
tubes lacunae or blood sinuses are present and 
these are often connected to branches of the 
visceral arteries or veins. In this respect Crofts 
{1929) has fully described the circulatory system of 
Haliotis tuberculata and has shown that the con­
nective tissue between the gonad and the digestive 
gland is relatively well supplied with blood vessels. 
In some lacunae amoebocytes are found. These 
are large cells (8-10µ,) which stain lightly and have 
a fairly regular form. A well-defined nucleus is also 
present. Amoebocytes are typically found in 
molluscan haemolymph and their presence would 
confirm the circulatory function of the tube canals 
or lacunae. 

The outer surfaces of the connective tissue tubes 
are lined with a germinal epithelium, similar to 
that of the walls of the testis. The arrangement of 
these tubes, which run vertically between the inner 
and outer testis walls, is shown by Fig. 3, a photo­
micrograph of a well-developed testis sectioned 
horizontally. The lacunae within the tubes are also 
clearly shown. 

The germinal cells of the epithelium of the testis 
are approximately 4 µ, in diameter and give rise to 
spermatocytes of about the same size. Within the 
latter, chromosomes can clearly be seen under high 
magnification (x 1,860). From the spermatocytes 
smaller spermatids (about 2 µ, in diameter) develop 
and these have darkly staining nuclei. The sper-
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Fro. 2. Vertical section of a testis recovering after spawning 
(int. integument; sp.=sperm; spc., spt.=spermatocytes, spermatids; tub. tubule; d.gl.=digestive gland) 

matids in turn produce sperm which are about 6 µ, 
long, excluding the tail. The cell content is very 
clearly defined, with an anterior acidophilic section 
and a posterior basiophilic part. In addition, the 
tail is strongly vibratile in fresh smears. 

Fig. 2 illustrates a testis in the process of recover­
ing after spawning. Sperm occupy a relatively small 
part of the lumen in the section but spermatocytes 
and spermatids are abundant. When fully mature, 
however, the whole testis lumen is packed with 
sperm. 

A spawned testis in vertical section is illus­
trated by Fig. 4. The whole organ is considerably 
reduced in size and within the lumen relatively few 
darkly staining sperm occur, presumably a residue 
from the previous spawning. The connective tissue 
tubes are more convoluted due to the collapsed 
testis and are sectioned both along and across 
their length. A connection between a tubule and a 
visceral blood vessel can also very clearly be seen 
in the figure. Germinal cells are apparent in the 
epithelium but little spermatogenesis is taking 
place. 

The ovary is similar to the testis in that it is a 
simple organ lying around the digestive gland. 

A fully developed ovary is illustrated by Fig. 5. 
The lumen is filled with large eggs, which have a 
maximum diameter of about 200 µ,. These eggs are 
imbedded in a gelatinous matrix, the form of which 
is clearly seen when separating eggs from an ovary 
hardened in formalin. Within the ovary trabeculae 
occur. These are sheets of connective tissue which 
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support a germinal epithelium. The trabeculae 
appear to run parallel to one another except near 
the digestive gland where this pattern is not so 
well defined. Here the eggs are less closely packed 
than those near the integument and their shape is 
less distorted. Horizontal sections through the 
ovaries reveal that near the integument the trabc­
culae are in fact arranged as a series of well-defined 
polyhedral columns within which the eggs occur 
(Fig. 6). Nearer the digestive gland the pattern 
changes and the intervening walls break down so 
that the eggs can move relatively unhampered 

Fro. 3: Photomicrograph of a horizontal section of a weU. 
developed testis (tub=tubule) 



F1a. 4. Vertical section of a spawned 
testis (int. intergument; 
sp. = sperm; tub. tubule; 
vis. bv. = visceral blood vessel) 
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FIG. S. Vertical section of a fully developed 
ovary (int.=intergument; trab.=tra­
becula) 



Fms. 6 AND 7: Photomicrographs of a fully developed ovary sectioned horizontally near the integument and near the digesfr 
gland (trab.=trabecula) 
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Fm. 8. Vertical section ofa spawned ovary (int.=integument; lu.=lumen; trab.=trabecula; ooc. = oocyte; 
vis. bv.=visceral blood vessel; d.gl.=digestive gland) 
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durii1g spawning. This arrangement is shown by 
Fig. 7. 

Apart from the fully developed eggs, smaller 
eggs seem to be relatively common in the ripe 
ovary and are attached to the trabeculae. There is 
evidence to suggest that this group of smaller eggs 
will form the basis of the next but one spawning, 
and this will be fully discussed in Section 6. 

A spent ovary is illustrated by Fig. 8. The organ 
is considerably reduced in size and the trabeculae 
are inclined due to the collapsed state of the lumen. 
The germinal cells of the germinal epithelium are 
easily seen and are about IOµ in diameter. Attached 
to the trabeculae by means of delicate stalks are 
numbers of small eggs with diameters of approxi­
mately 50 µ. These have well-defined vitelline 
membranes and prominent nuclei, for the egg is 
not yet filled with yolk. A spherical nucleolus can 
also be seen. Lacunae are ·present in the trabeculae 
and their junction with blood vessels in the con­
nective tissue wall of the digestive gland is apparent 
from the section. Within the lacunae amoebocytes 
are often found. 

An ovary stage intermediate between spent and 
fully recovered is illustrated by Fig. 9. Here eggs 
of various sizes are attached to the trabeculae 
within which lacunae are still found. In fully re­
covered ovaries no lacunae are, however, apparent 
(Fig. 5) and it is assumed that these have been 
compressed by the egg mass. 

3. SEX RATIO 

Fretter & Graham (1964) note that in dioecious 
molluscs females tend to be more numerous than 

males and this is especially evident in older popula­
tions. Such a tendency was not found in H. midae. 
In fact, from Table I it appears that males are in 
the majority. The difference between the observed 
sex ratio and that expected under the hypothesis of 
equal representation was therefore tested. As large 
samples were available the normal approximation 
to the binomial distribution was used. In this 
manner the observations at each station as well as 
the overall ratio was tested. With the exception of 
Sea Point (P ·05) no significant differences 
could be shown and it would seem that generally 
the sexes are equally represented. 

TABLE I: FREQUENCY OF MALE AND FEMALE ABALONE AT 
THREE RESEARCH STATIONS 

Station 
Number Number of 

Total males of females 

Stony Point 233 238 471 
Sea Point 295 255 550 
Dassen Is. 331 302 633 

The sex ratios of two other haliotids have been 
reported. Stephenson ( 1924) examined 121 H. 
tuberculata and found 50 males. The probability 
of obtaining this result under the hypothesis of 
equal representation is less than 5 per cent. A 
larger sample of 280 H. tuberculata was examined 
by Crofts (1937) who found that the sexes were 
almost equally distributed. Sinclair ( l 963) examined 
598 H. iris (the New Zealand paua) and found 352 
males. The probability of obtaining such a result 
under conditions of equal representation amounts 
to less than 1 per cent and this is convincing 
evidence of a disparity in Lhe sex ratio of H. iris. 

trab. 

lu. 

d.gl. 

FIG. 9. Vertical section of an ovary recovering after spawning 
(trab. trabecula: Ju. lumen; d.gl. digestive gland) 
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4. THE ONSET OF SEXUAL MATURITY 

The size at which abalone first spawn has not 
been determined, but some idea of sexual maturity 
may be obtained by noting the size at which 
gametes are first produced . The results of such 
observations are shown in Table II. This collection 
was made at Stony Point in July, when adult 
abalone had recovered completely from the last 
season's spawning. As males and females developed 
their first gametes at similar sizes, the sexes have 
been combined in the table . On plotting the data 
it is apparent that 50 per cent of the population 
can be expected to have gametes at a body weight 
of 140 g. At 275 g all members of the population 
have gametes. 

TABLE II: BooY WEIGHT AT SEXUAL MATURITY AS INDICATED 
BY THE PRESENCE OF RECOGNISABLE MALE OR FEMALE GONADS 

Body Weight Total Percentage 
(g) examined mature 

- - - ··-

1- 50 45 0 
51-100 45 20 

101 - 150 33 42 
151-200 20 !!5 
201-250 15 87 
251 - 300 16 100 
301- 350 9 100 
351-400 11 100 

Similarly, by establishing I cm shell breadth 
intervals, the data on Table JII were obtained. 
When plotted these data showed that at a shell 
breadth of 8 ·0 cm and 10 · 5 cm respectively, 
gametes were found in 50 and I 00 per cent of the 
abalone examined . 

TABLE Jll : SHELL BREADTH AT SEXUAL MATURITY AS INOICATED 
BY THE PRESENCE OF RECOGNIZABLE MALE OR FEMALE GONADS 

Shell breldth Total Percentage 
(cm) examined mature 

3·0-3 ·9 IO 0 
4·0-4 ·9 IO 0 
5·0-5 ·9 II I 
6·0-6 ·9 23 26 
7·0-7 ·9 18 23 
8 ·0-8 ·9 23 61 
9 ·0-9·9 14 79 

l0·0-10 ·9 25 100 
I 1 ·0-11 ·9 30 100 

The sexual maturity of the populations at Sea 
Point and Dassen Island could not be determined, 
as it was difficult to obtain sufficiently large samples 
of small abalone in these areas. 

6 

5. SPAWNING 

Methods: 

The annual spawning cycle was investigated at 
three research sites, namely, Stony Point, Sea 
Point and Dassen Island, where monthly sampling 
was carried out by S.C. U. B.A. divers . At Dassen 
Island and Stony Point abalone were obtained 
from dense populations within relatively small 
areas of about 30 sq . yards . The Sea Point popula­
tion was less extensive and abalone were found in 
smaller groups of up to a few dozen . During the 
period April 1962 to May 1963 at least 20 abalone 
per month were examined from Dassen Island and 
Sea Point , but these sample sizes were increased 
during the period June 1963toJune 1964. Sampling 
at Stony Point commenced in August 1963 and 
continued until October 1964. All abalone were 
randomly selected above 11 cm shell breadth to 
ensure that only sexually mature specimens were 
considered. Each animal was removed from its 
shell , weighed and the shell dimensions were re­
corded . The abalone were sexed by noting the 
colour of the gonad, which is cream in males and 
green in females. The conical portion of the 
visceral mass was then removed by sectioning 
immediately behind the shell apex. During the 
first twelve months of the investigation the appear­
ance of each section was recorded by means of 
accurate scale drawings. This method proved slow 
if accuracy was to be maintained and thus for the 
second part of the study photographic methods 
were used. In this case the dissected cone of the 
visceral mass was hardened in 5 per cent formalin 
or Bouin's fluid. It was then sectioned again about 
3 mm from the original cut. The freshly cut sur­
face, which consisted of areas of digestive gland 
and gonad, was then photographed at a constant 
reduction . 

From the negatives enlarged (x 4) pencil outlines 
of the surface areas were made. In both the hand­
drawn and the photographic records the total area 
as well as the gonad area was measured plani­
metrically and a gonad bulk index was calculated 
as follows : 

G d b 
lk . d gonad area x I 00 

ona u in ex = total area 
The period of spawning was then determined 

from changes in the distribution of the indices in 
the monthly samples. 

The a bove approach is essentially similar to that 
used by lno & Harada (1961) and Boolootian et al. 
(1962), who described the spawning cycle of 
Japanese and Californian abalone. I no in particular 
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illustrates the method of sectioning the visceral 
mass. 

To qualify the above quantitative observations, 
notes were made on the colour and consistency of 
the gonads but these characteristics were not found 
to vary in a manner which facilitated description 
of the reproductive cycle. 

Results: 
The gonad bulk index incorporates a factor 

''total section area" to standardize the gonad size 
with respect to animal size. To assess the stan­
dardizations' effectiveness, the relationship between 
gonad bulk index and size was drawn up for a 
large collection of females made at Stony Point in 
July 1964. During this month gonads were fully 
recovered after spawning. The mean indices were 
established for I cm shell breadth size classes 
throughout the whole size range and are plotted 
against their class marks on Fig. I 0. It is apparent 
that the indices are independent of animal size 
above about 11 cm shell breadth. As abalone 
within the monthly samples were generally larger 
than the above minimum, no account need be 
taken of fluctuations in the size composition of the 
samples. This independence was applied to males 
as well, for fluctuations of male indices generally 
followed those for females. 

The spawning cycle at Stony Point was most 
clearly defined and this will be dealt with first. 

For the period August 1963 to October 1964 
mean indices were calculated separately each 
month for male~ and females (Fig. 11). It is clear 
that the two variables are closely associated and 
that both undergo marked fluctuations. After a 
constant high phase (August-October 1963) 
indices fell abruptly, indicating that spawning took 
place between October and December. The gonads 
remained reduced in December, January and 
February but showed a rapid recovery by March . 
Another rapid decline in April suggests that spawn­
ing again took place. After this there is a fairly 
rapid recovery to the previous year's high level. 
Except for the mean value for July 1964, the level 
during the period May 1964 to October I 964 was 
similar to that during the same period of the pre­
vious year. 

The above interpretation was further examined 
by determining the statistical significance of changes 
in the index distributions of certain consecutive 
months. Non-parametric median tests were used, 
the method being that of Siegel (1956). The tests 
were conducted with pairs of samples consisting 
of males and females combined. Equal represen ta­
tion of both sexes was assured in these samples by 

discarding excess male or female abalone by means 
of a table of random digits. 

The actual distributions arc shown on Fig. 12 and 
the results of the relevant tests are listed in Table IV . 

TABLE IV : RESULTS OF MEDIAN TESTS, STONY POINT 

8 

Test Samples N x• p 
------

I Oct. '63- Nov. "63 68 3.79 · 100 
2 Oct. "63-Dec. '63 64 43·80 ·001 
3 Nov. '63-Dec. '63 68 17 ·00 ·001 
4 Feb. '64-Mar. "64 66 37·90 ·001 
5 Mar. '64-Apr. '64 54 9·28 · 002 
6 Apr. '64-May '64 48 24 ·30 ·001 
7 June '64-July ·64 56 12 · 10 ·001 
8 July '64-Sept. '64 58 8 · 35 ·004 

In each case the null hypothesis that no differ­
ence exists between the medians of two samples 
was tested. The median test was therefore used as 
a two-way test. The tests show that the decline 
between October and December 1963 was signi­
ficant. The upward fluctuation of the index during 
February and March 1964 was also significant. 
Likewise the decline in March and April 1964 was 
significant and spawning must have taken place 
during this period. (This second spawning will be 
confirmed by the results for Dassen Island.) The 
very obvious increase during April and May 1964 
can also be shown to be significant. The un­
expectedly high value for July 1964 was examined 
and differed significantly from those for June and 
September of the same year. No explanation of 
thi s can be offered. 

The above results Lhus qualify the original inter­
pretation of monthly means and it appears that 
spawning at Stony Point takes place twice during 
a twelve-month period, namely during late spring 
and early summer and during autumn. 

Spawning at Sea Point was observed over a two­
year period. From May 1962 to May 1963 gonad 

TABLE V: RESULTS Of MEDIAN TESTS, SEA POINT 

--
Test Samples N x• p 

- --
I Sept. '62-0ct. '62 34 5·78 ·020 
2 Oct. '62-Nov. '62 34 2.95 ·080 
3 Sept. '62-Nov. '62 36 18·78 ·001 
4 July "63-Sept. '63 54 13·00 ·001 
5 Jan. '64--Feb. '64 48 10·37 ·002 
6 Apr. '64-May '64 56 8·64 ·003 

bulk indices were calculated from scale drawings 
as described under "methods" '. Mean monthly 
male and female indices are plotted on Fig. I 3. 

It is apparent that during May to September 
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1962 gonad bulk indices were relatively constant 
at a high level. Between September and November 
1962 a fairly\\ ell-defined decrease occurred indicat­
ing some spawning activity. The female values 
remained at a low level until an abrupt increase 

. took place in April/May 1963. The male indices 
increased gradually after Cecember I 962 and in 
March I 963 they attained a high level comparable 
to that of the previous year. 

The median test results for this station appear in 
Table V and the distribi..tions are illustrated by 
Fig. 14. The decline during September/November 
can be shown to be significant. There are, however, 
no signs of a second spawning within the period. 

During June 1963 to June 1964 the size of the 
monthly samples was increased and indices were 
calcdated from photographic records. The mean 
monthly values api:;ear in Fig. I 3 which shows that 
male and female indices are closely associated and 
that fluctuations are apparent in the cycle. 

Between July and September 1963 the mean 
indices declined and this decline is statistically 
significant. The indices then remained fairly 
constant until January 1964 after which an abrupt 
recovery took place to a level which was main­
tained during February, March and April. In 
April/May a further increase took place and in 
June 1964 the level found in June 1963 was re­
gained. The statistical significance of these two 
increases may be confirmed from Table V. As in 
the previous cycle, there was no evidence of a 
second spawning at this station. Both cycles 
indicate, however, that spawning at Sea Point takes 
place in late winter/early spring. 

The reproductive cycle at Dassen Island was 
investigated over 27 months, from May 1962 to 
July 1964. Fluctuations of indices during the period 

TABLE VI: RESULTS OF MEDIAN TESTS, OASSEN ISLAND 

Test Samples N x• p 

1 Sept. '62-0ct. '62 32 21 · 12 ·001 
2 Oct. '62-Nov. '62 34 5·78 ·020 
3 Feb. '63-Apr. '63 30 6·56 ·010 
4 Apr. '63-Jun. '63 42 8· 18 ·004 
5 Jun. '63-Sept. '63 52 1 ·90 · 170 
6 Dec. '63-Jan. '64 62 5·20 ·020 
7 Jan. '64-Feb. '64 62 5·23 ·020 
8 Feb. '64-Mar. '64 66 7·34 ·006 
9 Apr. '64-May '64 76 6·72 ·009 

May I 962 to June I 963 were calculated from scale 
drawings and will be considered first. 

During the period May to September 1962 the 
mean monthly indices remained relatively constant, 
although male indices were appreciably higher 
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( Fig. I 6 ). During September/October a marked 
decrease in the indices for both sexes took place 
and this is shown to be significant by Table VI. 
Recovery after spawning was immediate and 
significant, and after remaining relatively constant 
during December 1962 and February 1963 female 
indices again declined. This decline was sufficient 
to cause a significant difference between the 
samples for February and April 1963. Spawning 
may well have occurred during this period suggest­
ing that the Dassen Island population spawns twice 
in twelve months. 

In the second year of the investigation the June 
1963 sample serves as the start of the new series at 
Dassen Island. 

In August/October 1963 the male indices fell 
markedly but the decline in females was more 
gradual (Fig. 16). The decline of the sexes combined 
during June/September I 963 could not be shown 
to be significant (Table VI). From October 1963 
male and female indices fluctuated in unison until 
December 1963 when they increased gradually 
reaching a high level in February I 964. This 
increase was statistically significant. A well-defined 
and significant decrease then occurred followed by 
a constant period during March and April 1964. 
Both indices then increased abruptly and signi­
ficantly and the level of the previous year's June 
index was attained. 

Although a statistically significant change cannot 
be shown to have taken place during August/ 
September 1963 two spawning periods are sug­
gested by the Dassen Island data. These are in 
early spring and early autumn. 

6. FECUNDITY 

Spawning in abalone occurs simply as the release 
of gametes into the surrounding water and fertiliza­
tion takes place externally. The larval develop­
ment of European and Japanese species has been 
described (Murayama, 1935; Crofts, 1937; lno 
1952 and Oba, 1964) and it is apparent that the 
planktonic larval stage in Haliotis is fairly short. 
This has been reported to last for three to eleven 
days for different species. Abalone can be ex­
pected to produce large numbers of eggs, and 
Fretter & Graham ( 1964) recorded that Haliotis 
tuberculata carries IO• eggs but no animal size is 
associated with this value. Crofts (I 937) also notes 
that large numbers of eggs are spawned by the 
same species. The fecundity of Haliotis midae was 
investigated at Stony Point and a relationship 
between the number of eggs carried and animal 
size has been established. 
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Methods: 
Abalone within the size range 200 g to 1,100 g 

were collected by S.C.U.B.A. divers in July 1964 
when the population had recovered fully from 
spawning. After recording shell dimensions and 
body weights, the abalone were preserved in ten 
per cent formalin to harden the ovaries which were 
then separated from the visceral mass and weighed. 
A small piece (about .04 g) was removed from the 
anterior, middle and posterior part of the gonad 
for egg counting. After being accurately weighed, 
this material was stored in five per cent formalin . 

Before counting, the eggs were easily separated 
from the ovary trabeculae by means of dissecting 
needles and a stiff paint brush. Counts were done 
under fifty times magnification and a grid system 
was used to ensure accuracy. From the egg count 
and the proportion of ovary weight to subsample 
weight the total number of eggs was calculated. 

Results: 
Examination of eggs prior to counting suggested 

that these fell into two broad size categories. The 
maximum diameters of random samples of eggs 
from a few abalone were therefore measured and 
size frequency diagrams were drawn. Two such 
diagrams are shown in Fig. 19 and the bimodal 
nature of the two samples can clearly be seen. As 
no increase in gonad size took place between col­
lection of the material and spawning (the collection 
was made in July when gonads were fully developed) 
it is assumed that only the larger eggs will be re­
leased at the next spawning. This is confirmed by 
the histological sections discussed earlier where it 
was seen that in recently spawned ovaries (Fig. 8) 
a large number of small eggs, with diameters of 
about 50 fl- remained attached to the trabeculae and 
these were also found in ripe ovaries. Accordingly, 
only eggs within the large size range were counted. 
Counts of the smaller size ranges would have 
confirmed the numbers of eggs to be released at the 
next but one spawning. These counts were extre­
mely difficult as the small eggs were still firmly 
attached to the trabeculae and difficult to separate 
without damage. Under the circumstances it is 
unlikely that accurate counts could have been 
made. 

Sample 
code 

number 
2 

91 

Number of large 
eggs per g 

(diam. I 70-310 1-1-) 
)6 X 10' 
20 X )0' 

Number of small 
eggs per g 

(diam. 30-110 1-1-) 
12 X IQ• 
12 X 10• 

An attempt was made, however, to count small 
eggs and the results, which are listed, indicate that 
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small eggs are well represented. It must be borne 
in mind that due to their fragile nature their 
numbers are probably underestimated. 

The ovary is an extensive organ with a fairly 
uniform structure. It was, however, necessary to 
test the variation in egg density in different parts 
of the gonad, to determine whether representative 
egg counts could be made from any one place. This 
was done by analysis of variance. 

Ten abalone with approximately the same body 
weight (i.e. 500 g) were selected and three egg 
counts were made with each individual from the 
anterior, posterior and middle gonad. Each count 
was converted to an estimate of the number of eggs 
per gram of ovary weight and these details are 
listed in the Appendix together with other relevant 
details of the sample. The two-way analysis of 
variance is shown on Table VI I. The F value for 
the variance between ovary locations amounts to 
I · 98 which with 2 and 18 degrees of freedom is not 
significant at the ten per cent level. There is there­
fore no significant difference in the number of eggs 
per gram in different parts of the ovary and thus 
with the remaining material only one count per 
specimen was made. This was usually done with a 
sample from the middle of the ovary. 

For the investigation a further 29 counts were 
made with abalone selected so as to ensure equal 
representation throughout the size range. These 
data arc also listed in the Appendix and, on a scatter­
gram, the total number of eggs was plotted against 
body weight (Fig. 20). Also shown is the least 
squares estimate of the relationship between fecun­
dity and size which was calculated as: 

F =--- · 0198 W - 2 · I 96 
where F fecundity in millions of eggs 

W = body weight in g. 
It is evident that large but variable numbers of 

TABLE VII : ANALYSIS OF VARIANCE OF EGGS PER GRAM FROM 
DIFFERENT PARTS OF TllE OVARY 

Source of 
variation squares reed om variance 

Sum of pgrees of Estimated 

-Be-tw_ee_n-1--- ---- - -

ovary 2,392,618,281 2 1,196,309,140 
location 

Between 
ovaries 

Residual 

6,565,278,251 

10,850,832,898 

19,808,729,430 

9 
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29 

729,475,360 

602,824,050 

eggs are produced by Ji. midae. In addition the 
linear relationship between eggs and body weight 
means that the growth of the ovary in mature 



TABLE VIII: MEAN MONTHLY TEMPERATURES AT RESEARCH SITES (THE VALUES IN BRACKETS INDICATE THE NUMBER OF Rl:L'ORUS) 

---·--~--- -- ---==-=-------------==~~-:--
Jan. Feb. March Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Stony 
Point 

16·7 
(2) 

15·5 
(2) 

13·0 14·0 13·9 14·5 
(2) 

15·7 
(2) 

15 ·0 15 ·8 18 · I 
(2) (2) (I) ( I) (I) (2) 

Se'1 
Point 

13·7 14·6 12· I 
(26) (14) (12) 

13·8 14·3 13·8 13·7 13·9 13·9 14·1 13 ·7 13 · 8 
(15) (19) (17) (12) (12) (II) (18) ( 12) (18) 

Dassen 
Island 

15 · I 
(3) 

15·6 15·9 14·7 16·0 14·3 14· I 14·9 15·0 15·3 12·9 10·6 
(3) (I) (3) (I) (4) (2) (3) (2) (2) (4) (I) 

abalone is isometric. The ratio of the number of 
eggs to body weight remains constant and is in fact 
the slope coefficient of the linear model. 

The relationship between fecundity and shell 
breadth is exponential and was calculated as: 

F, ·0004257 B3 ·787 

where F = fecundity in millions of eggs 
B shell breadth in cm. 

The above is illustrated by Fig. 21. 

7. DISCVSSIO:\' 

Comparison of the cycles at the three research 
stations reveals that at Stony Point spawning tends 
to occur later than at the stations west of Cape 
Point, i.e. during late spring and early summer as 
opposed to the late winter spawning at Dassen 
Island and Sea Point. In addition spawning at 
Stony Point seems to be more complete. The 
gonad bulk index here decreases to a much lower 
level than at Sea Point and Dassen Island although 
the October 1962 spawning at Dassen Island is a 
possible exception. 

The difference in the intensity of spawning was 
confirmed by comparing the structure of "spent" 
gonads at Stony Point and at Sea Point and Dassen 
Island. At Stony Point reduced gonads were almost 
completely devoid of large mature eggs as is shown 
by Fig. 8. This was not the case at the other two 
stations where, after spawning, many mature eggs 
remained in the gonad, thus accounting for the 
relatively small fluctuations in the gonad bulk 
index. The eggs were also understandably less 
densely packed than in the ripe gonad. Smaller 
eggs, as found in the Stony Point sections, were 
also present. Examination of a series of gonads 
collected after spawning showed no signs of re­
sorption of unspawned eggs, and it must be as­
sumed that these will be emitted at the next spawn­
ing. 

It is apparent that individual abalone spawn 
twice a year at Stony Point and Dassen Island and 
that staggered spawning does not take place within 
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the population. This may be confirmed from Figs. 
12, 17 and 18. To provide a reference point for each 
set of histograms a dashed line is drawn. This 
represents the median of a combination of all 
samples in the series which were judged as having 
fully developed gonads. From the figures it will be 
seen that fluctuations in the indices are generally 
due to shifts of the whole sample distribution and 
not to changes in the indices of only certain sections 
of the population. Spawning therefore involves 
most of the abalone at a particular site and if two 
spawnings per year occur this implies that most 
individuals in the area spawn twice. 

It is well known that the reproductive cycle of 
molluscs is to a large extent governed by environ­
mental factors and that temperature is especially 
important. Apart from acting as a stimulus for 
spawning, changes in temperature may also play 
a part in gonad maturation (Fretter & Graham, 
1964). 

Temperature changes have been shown to cause 
spawning in captive H. discus hannai and H. 
diversicolor supertexta (I no, 1952; Oba, 1964) but 
these observations have not been confirmed in the 
field. The relationship between environmental 
temperature and spawning of H. midae was there­
fore examined. 

Temperature records at Stony Point and Dassen 
Island were collected over a two-year period during 
which monthly abalone tagging and sampling was 
conducted. In addition a large number of tempera­
ture records were available for the Sea Point area, 
which has been intensively investigated by the 
Division for a number of years. From all the above 
data mean monthly temperatures were calculated 
and these are illustrated by Fig. 22 and listed in 
Table VIII. 

Seasonal fluctuations of temperature are apparent 
at Stony Point. Temperatures tend to be high in 
summer and low in winter and it is significant that 
this pattern is similar to that described by Stephen­
son et al. (1937) for False Bay, which is a few miles 
from Stony Point. For comparison, Stephenson's 
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temperature curve is also included on the figure. 
It would appear therefore that the November/ 
December spawning at Stony Point is associated 
with a rise in water temperature. Spawning in 
March/April coincides with an apparent decline in 
temperature. This observation must, however, be 
interpreted with caution as during this period the 
winds are variable at Stony Point. This in turn 
causes fluctuating temperatures due to upwelling 
of cold water or, alternately, inflowing of warm 
surface water. Thus although Oba ( 1964) has shown 
experimentally that a decrease in temperature may 
stimulate H. diversicolor supertexta to spawn, the 
field evidence of this effect of temperature for 
H. midae is not reliable. 

It is revealing to compare the temperature and 
spawning patterns at Stony Point with those at 
Sea Point and Dassen Island. At Sea Point very 
representative temperatures are available and these 
show little seasonal variation. In addition the mean 
monthly temperatures are lower than those at 
Stony Point especially in the summer months. In 
Section 5 it was shown that spawning at Stony 
Point was more intense than at Sea Point and 
from Fig. 22 it would seem that the temperature at 
the latter site remains constant at too low a level 
to promote really effective spawning. The tempera­
tures at Dassen Island are generally higher than 
at Sea Point but show no well-defined seasonal 
trends. With the exception of October 1962 no 
intense spawning was recorded at this station. 

Boolootian et al. ( 1962) have summarised all the 
haliotid spawning cycle results in the literature. 
They found that H. cracherodii, H. lamellosa, 
H. tuberculata, H. kamtschatkana, H. gigantea, 
H. sieboldii and H. discus spawn between late 
spring and early autumn with slight modification~ 
due to local conditions. The above species occur 
in the northern hemisphere. Comparing these 
results to H. midae it appears that at least a spring/ 
<;ummer spawning is common to H. midae and 
haliotids in the northern hemisphere. In this respect 
Fretter & Graham (1964) make the following 
general observation about molluscs: "More fre­
quent summer and spring breeders may be reacting 
to heating of the water or salinity or food changes". 
The fact that H. midae spawns twice a year in 
certain South African localities is interesting, for 
two spawnings per year have only been previously 
reported in one species, namely, H. discus hannai 
from Japan. These occured in spring and winter 
(Ino & Harada, 1961). 

From the structure of the gonads certain con­
clusions can be drawn about the mechanics of 
spawning. In Section 6 it was shown that eggs for 
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the next but one spawning are present tn the ripe 
ovary. These smaller eggs have to be maintained 
during spawning and damage to the ovary by 
rupturing of the trabeculae must therefore be kept 
to a minimum. To achieve this the trabeculae and 
eggs are arranged as follows. The eggs occur w1thm 
polyhedral columns formed by the trabeculae 
which "hang" from the integument. Near the 
digestive gland, however, the intervening trabeculae 
walls disappear and thereby provide a free passage 
for the mature eggs during spawning. In the male 
the lumen is not partitioned by trabeculae and 
sperm develop simply on the outer surface of tubes 
within the lumen. The flow of sperm in the testes 
is therefore unobstructed. 

The gametes in both sexes are discharged from 
the right nephropore via the right nephrocoel, which 
is extensive and lies adjacent to the anterior end of 
the gonad. Crofts ( 1929) reports a longitudinal slit 
through which the gametes pass into the kidney of 
H. tuberculata. The wall of the kidney has many 
invaginations and this opening is not easily found 
in H. midae, but by opening the nephrocoel of a 
fresh specimen and gently massaging the well­
developed gonad, the passage of gonad material 
into the kidney can be seen. 

The walls of the gonad consist of connective 
tissue lined with epithelium and are not contractile. 
Extrusion of eggs is, however, caused by contrac­
tions of the large aductor muscle which compresses 
the visceral mass between the muscular foot and the 
shell. Spawning ha~ not been observed in the field 
but on one occasion at Sea Point a male and a fe­
male were collected in ripe and running condition, 
with eggs and sperm in the mantle cavity. This was 
a rare occurrence and both were transferred to an 
aquarium. The abalone were in poor condition but 
the female released eggs by means of contractions of 
the aductor muscle. The male released no sperm of 
its own accord but when the author raised and 
lowered the shell firmly and quickly, seminal fluid 
was emitted. 

The relationship between fecundity and body 
weight is linear and ovary growth is isometric. This 
is confirmed by the exponential relationship be­
tween shell breadth and fecundity which has a 
power coefficient close to three. The production of 
eggs is a surface phenomenon and should strictly 
be proportional to a length dimension squared. 
Beverton & Holt (1957) suggest that if the germinal 
epithelium is very convoluted, the power coefficient 
of the relationship may be higher, until ultimately 
egg production becomes a function of ovary volume 
and hence weight if the gonad is homogeneous. 
With the uniform arrangement of the trabeculae in 



numerous columns, this is certainly the case with 
H. midae. 
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APPENDIX 
--

Body Gonad Shell 
Gonad Gonad 

Sample sample sample Egg Number of Fecundity 
no. weight weight breadth location weight count eggs per gram X to• g g cm g 

2 463 26·2 13·05 M ·0276 4,530 164,130 4·3 

5 249 13·6 11 ·55 M ·0411 7,772 189,099 2·6 

6 423 25·4 12·00 M ·0316 4,775 151,018 3;8 

7 498 35·6 13·30 A ·0410 8,604 209,853 
M ·0495 7,640 154,343 5·5 
p ·0383 7,709 201,279 

9 427 50·0 12· 10 M ·0613 9,813 160,082 8·0 

11 480 48·1 12·70 A ·0666 15,760 236,636 
M ·0449 5,822 181,893 6·3 
p ·0453 9,374 206,931 

12 277 22·7 11 ·05 M ·0428 7,991 186,705 4·2 

15 234 21·7 11·15 M ·0319 5,707 178,903 3·9 

16 482 31 ·0 12·80 A ·0291 7,129 244,983 
M ·0405 8,816 217,679 6·7 
p ·0439 7,969 181,526 

17 302 28· I 11 ·00 M ·0441 9,509 215,623 6·1 
28 232 22·6 10·30 M ·0469 9,020 192,324 4·3 

36 256 10·2 10·95 M ·0318 7,438 249,623 2·5 

60 996 J08·9 15·60 M ·0482 11,198 232,324 25·3 

61 361 18·1 12· 15 M ·0266 5,707 214,549 3·9 

77 489 45·6 13·30 A ·0524 10,974 209,427 
M ·0334 7,280 217,964 9·9 
p ·0294 7,069 240,442 

78 876 100·3 15·65 M ·0328 7,494 228,476 22·9 

89 592 36·4 14·50 A ·0403 7,148 177,370 
M ·0427 8,350 195,550 7 · I 
p ·0584 11,839 202,723 

91 5]9 53· 1 12·75 A ·0542 13,953 257,435 
M ·0619 12,779 206,446 11·0 
p ·0677 16,358 241,625 

99 843 95· 1 14·75 M ·0453 8,134 179,558 17· I 

141 495 27·6 13·50 A ·0463 9,684 209,157 
M ·0444 10,337 232,815 6·4 
p ·0444 8,356 188,198 
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Sample Body 
no. weight 

g 

142 588 

143 488 

147 895 

150 475 

157 721 

165 1,086 

180 916 

181 867 

189 993 

192 916 
221 755 

223 489 

224 782 

225 648 

226 71 0 

227 728 

232 666 

235 901 

237 925 

A = anterior gonad 

M = middle gonad 

G onad 
weight 

g 

40·8 

25 · 5 

48· 0 

43 ·4 

95 ·9 

150 ·5 

72·3 

77 ·7 

84· l 

51 ·9 
32·0 

39 ·7 

57 ·0 

68 · 2 

95 ·2 

79 ·8 

68 ·5 

52 ·7 

112·6 

D = pos terior gonad 

Shell 
breadth 

cm 

13 ·50 

12· 75 

15 ·60 

13 ·05 

14 ·70 

15 ·80 

16 ·05 

16 ·00 

16·05 

15· 25 
15 · 10 

13 ·60 

15 ·00 

14-30 

14·25 

15 · I0 

14 ·95 

15 -65 

14 ·40 

-- -
Gonad Gonad 
sample sample Egg Number of Fecundity 

loca tion weight co un l eggs per gram X 106 

g 

M ·0273 4,988 182,7 11 7·4 

A ·0454 9,407 206,747 
M ·0217 4,063 187,189 4·8 
p ·0312 6,100 195 ,51 3 

M ·0657 10,784 164,1 40 7·9 

A ·0350 7,039 201, 114 
M ·0534 10,757 201,442 8 ·7 
p ·0322 6,948 215 ,776 

M ·0555 6,667 120,126 11 · 5 

M ·0497 8,39 1 168,833 25 ·4 

M ·0671 11,832 176,334 12 ·7 

M ·0516 7,935 153 ,779 11 · 9 

M ·0522 11,190 214,368 18 ·0 

M ·0452 8,605 190,376 9·9 
M ·0509 9,874 193 ,988 6 ·2 

A ·05 18 10,098 194,942 
M ·05 14 9,583 186,440 7·4 
p ·0745 14,615 196,174 

M ·0576 9,828 170,625 9 · 7 

M ·0270 5,577 206,556 14· l 

M ·05 12 9,686 189,1 79 18 ·0 

M ·042 1 8,938 212,304 16 ·9 

M ·0679 I 1,880 174,963 12 ·0 

M ·0241 4,254 176,5 14 9 · 3 

M ·0474 7,076 149,283 16 ·8 
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ABST RACT 

The gr0\1 th of Ilalio/is midac was inve~Li ·ited by means of tagging and population sampling. Mu ltiple regression an:ily,is 
of Lagging results showed a seasonal \anal1on in rowth rate, which appors to be associated with sp:iwning. T his pattern 
was recorded in both mature and immature abalone. The following von Bertal a11 ffy equation was found to represent the 
growth of H. midae m terms of shell breadth : 

L, 19· 33(1 ~ c0·0593(t ' 1· 8820)) 

Shell shape and shell length/body weight relationships were exam ined at four loca lities. Differences in shell lcngth ldepth 
and shell length/body weight relat ionships were noted in popul,it1ons e:ist and we~l of Cape Pomt. Inflection pomt, were 
found in the o therwise linear shell lenglh/bre1dth and ,hell len gth /depth relationships a nd the signific:ince of these is discw,,ed. 

1. I TROD UCTION 

The growt h of moll uscs is most conveniently 
described in terms of shell increments. The depo­
sition of shell material , which is fully discussed 
by Wilbur ( 1964), is briefly as follow : 
Crys tals of calcium carbonate a re deposited on 
an organic matrix called conchioli n. The tissue 
responsible is the mantle and the rate of increase 
in shell area is therefore a function of mantle 
area. The rate of increase in shell t hick ness and 
weigh t is, however, a func tion of the rate of 
secret io of the calcium carbonate and the organic 
matrix. T his rate is of lesse r importa nce as it 
does not directly reflect the increase in size of 
the abalone. In addit io n it is difficult to measure 
and is the refore seldom described in growth studies . 

There are various methods of de! rmining the 
growth rate of moll uses. 

Ann ual rings provide a convenient method of 
age determinatio n and have been applied to 
Haliotis discus hannai (Sakai, 1962), but in Jlaliotis 
midae t hese ring, a rc no t evident and tagging 
techniques had to be used to in v stigate growt h. 

Population sampling a nd the pl otting of lengt h 
frequency diagram, (Petersen's method) provide 
fur ther means of assessing th growth rates of 
species w ich spawn over a restricted sea on. T he 
method i5 especiall y dfective in an imals with a 
,hort larval life fo llowed by fairl y rapid growth. 
Usi ng this technique Williams (1964 a, 1964 b) 
was able to describe t he growth of th gast ropods 
Liflorina liflorea and Gibbula umhilicalis over 
certai n size ranges. T his method was a lso applied 
in this investigation to determine the growth of 
young H . midae. 

The a nnual rings shown by some aba lone indi­
cate seasonal variations in growth. Jt is unce rtai n 
whether such variations also occur in H. midae. 
where no rings are a pparent . Taggi ng re~ulLs were 
therefore examined to establish possible seasonal 
patterns. 

Having determined growth in terms of a par­
ticular shell dimension, this rate of increase may 
be transformed to increments in body weight or 

other shell dimensions if the rela tio nship bctwee 
the shel l di mens ions concerned is known. In the 
li terature the r presentation of such relationships 
varies from a si mple statement of the mean ra tio 
of two dimensions within a specified 'siLe range 
(Yamamoto, 1949 ; Crofts, 1929) to the use f 
linear and exponential regression equations ( akai , 
I 962). J n addi t ion, a logarit hmic or equia ngular 
spiral equation was suggested as a mea ns of 
represent ing shell shape by T hompson in 19 17 
and was used by Moore ( 1936) to de cribe varia­
tions in the shell sha pe of the gastropod Purpura 
lapillus. In this report on H. midae va riations in 
length/weight rel ationships and shell shape due 
to size and locality were studied by means of 
regression equations . 

2. GROWTH 

2.1 Methods 

TfMATE FROM TAG , I G 

The tagging programme was conducted at tony 
Point (Fig. I) over a two-year period, from January 
1962 to December 1963. A total of 2645 abalone 
were tag~cd a nd the overa ll rate of recove ry for 
the expe ri ment was ten per cent. During the p ro­
gramme tagging act ivi Lies were concent rated over 
a fairly wide size ra nge, ,.e. from 5·0 to 12·0 cm 
shell breadth. In addition, all tagging took plac 
in a fairly res tricted a rea which wa~ intensi,c!y 
searched periodically by SC BA divers from 
the D ivision o f Sea Fisheri es. T his assu red the 
recovery of sufficient Lagged animal s to allow a 
meaningful growth equaLion to be determined fo r 
the species. 

Petersen tags were used to mark abalone. One 
di sc, on which was prin ted a message requesting 
the fi nder to return the animal to the Division 
of Sea Fisheries, was placed insi de the shell and 
fixed to a n ex ternal, numbered disc by means of 
a non-co rrosive nickel pin passing through a 
res piraLory pore. So as not to interfe re with 
normal growth, tags were a ttached at the fourth 
anterior pore, well away from the growing edge 
of the shell. The shell length and breadth were 
then measured to the nearest 0 · 05 cm by means 
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of vernier calipers and recorded against the relevant 
tag number. In order to reduce mortali ty or 
physiological disruption due to exposure to lhe 
air, abalone were kept submerged in rock pools 
between collection and tagging, except for a period 
of two to three minutes duri ng which tagging and 
measuring took place. No abalone damaged duri ng 
collection were used for tagging, and to reduce 
damage by predation or wave action, tagged 
an imals were individually replaced by divers who 
held them against the substratum until they ad­
hered fi rmly to the rock. Recoveries were made 
during systematic searches (Newman, 1966) as 
well as during subsequent tagging operations in 
the area. 

No abalone were used for growth studies if 
they showed signs of any tag interference in the 
growth pattern or had obviously damaged shells 
(and negative increments). Furthermore, no re­
turns obtained wi thin less than 95 days were used, 
because the growth increment during this period 
was small and it was difficult to maintain relative 
accuracy of the measurements. Of the 260 returns 
during the experiment, 135 proved suitable for 
growth est imates . A bout 90 per cent of the total 
rejections were due to short tag-return periods. 

Recoveries were placed in size classes according 
to their ini tial shell breadth at tagging. The inter­
vals in th is case were 1 cm, the range of return 
being from 5 · 00 to I I · 95 cm shell breadth. The 
frequencies of returns within the tag-return classes 
are shown in Table 1. 

T ARLF T: S IZE FREQUENCY or TAGGED ABALOl'.E IJSED FOR 
GROWTH STUDIES AT STONY POINT 

Shell breadth 
(cn1) 

5 - 6 
6 - 7 
7 - 8 
8 - 9 
9 - 10 

10 - II 
I I - 12 

Frequency 

20 
38 
38 
17 
13 
4 
5 

Estimates of t he growth per annum within these 
size classes were made by regression equations. 
In order to determine and adjust for possi ble 
seasonal variations in growth rates, regression 
models with five and then three variables ( depen­
dent and independent) were fitted to the data. 
As the calculations involved were considerab le, 
an I. C.T. 1500 computer was used. A suitable 
programme for this type of analysis was the 
standard multiple regression analysis programme 
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supplied by International Computers and Tabu­
lators (Pty) Ltd. 

2.2 Seasonal growth 

The seasonal representation of taggi ng data wa~ 
examined by calculating the total number of 
autumn, winter, spring and summer days in the 
tag-return periods within part icular size classes. 
These totals appear in Table 11 and it will be ~een 
that the seasons arc no t typically represented in 
the tag-return periods. 
In fact , the number of winter days, and to a 
lesser extent spri ng days, exceed t hose of the other 
seasons. Under the circumstances seasonal vari­
ation of growth would invalidate the assumption 
that representative growth per annum can be 
calculated directly from the tagging data . Thus, 
although the establi shment of seasonal grow th 
variations is in itself interesting, it is important 
that these variations be defined and accounted 
for before calculating growth parameters. Accord­
ingly the following model was first fitted separately 
to the data in each of the clas es Ii ted in Table 
II : 

G = bl X 1 + h2 X 2 + h 3 X3 - h 4 Xi -

Where G = growth 
increment 

number of summer b1 = 
day 

number of autumn h2 ~ 
days 

number of winter 
days 

number of spri ng 
days 

summer growth 
coefficient 

autum n growth 
coeffici ent 

wi nter growth 
coefficient 

spring growth 
coefficient 

The generally 
summer 
autumn 
winter 
spring 

b0 ~ error term 

accepted combination of months, 
December, January and February; 
March, April and May ; 
June, July and August; 
September, October and November, 

was applied to the model. The coefficients of the 
five equations, i.e. one for each size class, are 
listed in Table Ill. The coefficients of each equation 
are also ranked, the rank being indicated by the 
bracketed figure below the particular coefficient. 

It appears that a pattern of growth is present, 
and, with one exception, that growth is most 
rapid in winter. The second season of fas ter growth 
is possibly spring but this is less certain. 

Among poikilotherms seasonal changes in the 
growth rate may be due to temperature (Ursin, 



f ABLE II : THE PRESENTATION OF THE SEASONS WITHIN TAG- RETURN PERIODS 

Shell breadth Spring Summer Autumn Winter 
(cm) days days days days 

- -
5 ·- 6 1,000 808 1,137 1,446 
6 7 2,338 1,070 2,003 3,017 
7 8 2,307 1,276 2.255 2,878 
8 9 1,192 557 773 1,246 
9 10 799 642 652 909 

--
Total . . . . 7,636 4,353 6,820 9,496 

1965; Rounsefell & Everhart, 1953), food supply 
(Pan tulu, 1962: Cox, 1962) or the reproductive 
cycle (Sakai , 1960). With H. midae the repro­
ductive cycle seems to influence seasonal growth, 
whi le fluctuations in temperature and food suppl y 
would seem to have little effect. The latter two 
factors will, however, be dealt with fi rst. 

A mean monthly temperature curve for Stony 
Point is illustrated in Fig. 2. Also appearing on 
the fi gure are more complete monthly mean 
temperatures for False Bay, which is a fe w miles 
from Stony Point. The values for False Bay are 
from Stephenson et al. ( 1937) while the Stony 
Point fi gures were collected by the Division of 
Sea Fisheri es (N ewman, 1967). Both curves show 
tha l temperatures a rc high in summer, when growth 
appears to be slow and that fas ter winter growth 
is in fact accompanied by low temperatures. This 
is unexpected as temperature and growth rate are 
generally positively related within reasonable tem­
perat ure ranges (Taylor, 1958, 1959). It is therefore 
unlikely that temperature has any real effect at 
Stony Point. 

Examinati on of stomach contents has revealed 
that the kelp, Ecklonia maxima, is by far the most 
important food of the Stony Point population. 
Abalone have been observed actively feedi ng on 

- -

kelp fronds and, in the vicini ty of gro ups of 
aba lone, these usually show characteristi c signs 
of feeding activity. T he above alga is fou nd in 
pro lific bed s along the whole Stony Poi nt coast­
line, and its occurrence does not vary seasonally. 
Variations in food supply cannot therefore explain 
the seasonal growth patterns obtained. 

Spawning in Haliotis midar involves the loss 
of large quanti ties of gonad materi al within a 
sho rt period. The replacement of this materi al, 
which in mature females rep resents between five 
and ten per cent of the total body weigh t, occurs 
rapidly and may well interrupt growth processes. 

Changes in gonad size due to spawning are 
reflected by the mean gonad bulk indices appearing 
in Fig. 3. These are fu lly discussed by Newman 
(1967) and show that individuals spawn twice per 
year at Stony Point, i.e . in late spring/ea rly summer 
and in autumn. In summer and autumn abalone 
are therefo re recovering from spawning and growth 
can be expected to be slow. There does in fact 
seem to be a tendency for growth coefficients to 
be lower du ring these seasons and likewise high 
coefficients tend to be associated with winter and 
spring when little gonad recovery is ta king place. 

By varying the regression model this effect 
could be shown more clearly. 

T ABLE III : C OEFFICIENTS OF FIVE-VARIABLE REGRESSIONS FITTED TO TAGGING DATA 

Coefficient b, b2 b, b, bJ 
Size Summer Autumn Winter Spring 
Class 

5- 6 0·00359 -0·0007 1 0 ·005 11 0 ·001 61 - 0 ·01975 
(2) (4) (I) (3) 

6- 7 -0·00085 0·00328 0· 00474 0 ·00290 - 0·21 480 
(4) (2) (I) (3) 

7 - 8 -0·00011 0·00058 0 ·00328 0· 00302 0·03469 
(4) (3) ( I ) (2) 

8 - 9 0 ·00118 0 ·00118 0 ·00309 0·00211 -0· 13472 
(4) (3) (I) (2) 

9 - 10 0 ·0006 1 0·00002 0·002 14 0·00439 - 0 · 11165 
(3) (4) (2) ( I ) 

4 



A three-variable model was used, wi th two six­
month periods being selected in such a way as to 
separate as fa r as possible the gonad recovery 
phase fro m the rest of t he cycle. Du ring the period 
Ju ne to Novem ber the gonads a re either fully 
recovered or sta rt ing to spawn and growth can be 
expec ted to be fas t. In December to May, however, 
the gonads are recovering after two pawni ngs 
and slow growth is likely. 

T he followi ng model was the refore fi tt ed to the 
data: 
G - h1 x 1 - h2 x 2 - h0 
Where G = growth increment 

(2) 

x1 = num ber of days b1 = growth coe fficient 
within period I December-May 
December to 31 period 
May 

x2 - number of days 
within period I 
June to 30 
November 

b2 = growth coe ffi cient 
June- November 
period 

b0 ~ error term 
From the coeffi cients which are lis ted in Table 

IV iL is q uite clea r tha t fas ter growth always 
occur:. du ring periods o f low gonad activity. 

Having established a pattern of seasonal varia-

and Cr, 

c,., 
c,, 

I L =- appro priate elements of the 
I inverse mat rix 

j 

As the computer programme used in this investt­
gat ion makes provision for the printing out of 
the requ irements of (3) the standard erro r could 
conveniently be calcula ted by hand. In addit ion, 
the degrees o f freedom fo r the tests were estimated 
as n ~ 11 - p - I where 11 = number of sets 
of observations and p -- t he number of inde pendent 
variab les in the model. 

Test results with the five-variable models arc 
listed in Table V. It appears that in two siLc 
classc~ the winter growth coefficients (b~) are 
significa ntly higher tha n those for summer (b1) 

(P.,.,.. 0 ·05). 
Similarly fro m Table V J it will be seen that in 

the 7-8 cm cla s the probabili ty that h2 ~ b1 
amo unted to 0· 00 1 which clearl y indicates that 
growth in J une to November was significantly 
highe r than that in December to May. A similar 
di fference is apparent in the case of the 8-9 cm 
size class (P<-- 0·05) and with le s ce rta inty in the 
5-6 cm class (P ---- O· 10). 

Fro m the patterns of coc llicicnt ra nks, a well 

TABLE (V : COE FF!ClcNTS OF THREE- VA RIARLF REGRFSSJONS FITTFD TO TAGGl~G DATA 

Coefficient b, 
Size (Dec.-May) 
Class 

5 - 6 0 ·00153 
(2) 

6 - 7 0·00150 
(2) 

7 - 8 0· 00026 
(2) 

8 - 9 0· 00107 
(2) 

9 - 10 0· 00109 
(2) 

tions in growth rate on the basis of ran ks, the 
significance o f the differences between coefficients 
was examined by means of t-tests. As there are 
theoretical grounds for assuming that coeffi cients 
associa ted with low gonad activity are higher than 
those representing growth rates du ri ng spawning 
and recovery periods, one-tailed te ts could be 
used. The required standard errors of the differ­
ences between coefficients were calculated fro m 
the following equat ion (from Fisher. 1932): 

SEh - b = S 2 
( c,, 2C,s + c ss) . . . . . (3) 

r s 
Where S2 = estimated resid ual variance 

5 

b, bo 
(June- Nov.) 

-
0 ·00346 0 ·03644 

(I) 
0·00279 0 ·02605 

( I ) 
0 ·003 10 0 ·05075 

( I ) 
0 ·00255 -0 · 11730 

(I ) 

I 
0 ·00344 - 0 ·22141 

( I ) 

as tests of significance, it would a ppear that 
seasonal variations of growth rate occur thro ugh­
out the size range investigated, and that t hese 
are associated with t he rep roductive cycle. T his 
is especially interesting when the onset of sexual 
maturity is considered. Newman ( 196 7) ha fou nd 
that at a shell breadth of 8 cm only 50 per cent 
of the popula tion are sexuall y mature . O ne hundred 
per cent maturi ty can only be expected at a shell 
breadth of IO· 5 cm while a t 6 cm only one per cen t 
a re mature. It would seem therefore that immature 
abalone react in sympa thy with la rger mature in­
dividuals with respect to seasonal growth pattern~. 



TABLE V : R ESULTS OF ONF-TAlLED t TESTS TO DETERMIN E THE SIGNIFICANCE OF DI FFERENCES BETWEE 1 COEFFICIENTS OF FIVE­
VARIABLE MODELS 

Degrees Probabili ty 
Size class o f -

freedom ha : h, ha '> b2 h, > b, b, > b, 
- ---- - - ~ I - ---

5 - 6 15 0 -30 
6- 7 33 0 -05 
7 - - 8 33 0-05 
8 9 12 0 -20 
9 - 10 8 0 -30 

TABLE VI: R ESULTS OF ONE-TAILED t TESTS TO DETERMINE 
THE SIGN IFlCA1'CE OF DIFFERENCES BETWEEN COEFFICIENTS 

OF THREE-VARIABLE MODELS 

Size c lass D egrees o f 

I 
P robabi lity 

freed om b2 > b1 
-

5 t, 17 0-10 
6 - 7 35 0-20 
7 - 8 35 0-001 
8 - 9 14 0-05 
9 - 10 10 0-15 

Seasonal variations in the growth rate of other 
species of Haliot is have been reported. Ino (1952) 
confined H. discus and found that food consump­
tion fluctuated in phase with changes in the growth 
rate, which was at minimum in the breeding 
season. He concluded that food consumption and 
growth variations a re due to internal physiological 
conditions rather than environmental effects. Sakai 
( 1960) reared H. discus hannai and found that the 
growth rate fell and a shell ring was formed during 
the breeding season. No ring was, however, formed 
by immature abalone. In a subsequent publicat ion 
(Sakai, 1962) low temperatures were also found to 
cause ring formation but during these experiments 
the temperature range was la rge and not com­
parable to that at Stony Point. The determination 
of seasonal growth fl uctuations with tagging data 
was also attempted by Leighton & Boolootian 
(1963) who concluded that H . cracherodii grows 

0 · 10 I 0.25 
0 -30 0 -15 -
0-20 

I 

0 -15 0 -20 
0 -25 0 -50 0-35 
0 -35 0 -30 0- 15 

faster in summer. 
It is apparent that seasonal fluctuations in 

growth can be shown to occur in H . discus, H . 
discus hannai as well as in H. midae. They may 
well also occur in H. cracherodii. In the case of 
the Japanese abalone, seasonal effects are associ­
ated with the reproductive cycle and are not 
manifested by immature individuals. This was not 
found to be the case with H. midae where re­
gression analysis with individuals which were 
p redominantly immature produced the same 
seasonal patterns as those observed in mature 
abalone. 

2.3 Annual growth 

For the determination of the growth rate per 
annum within each size class, two alternative 
regressions are available. To obtain the best 
estimate of the annual growth rate within each 
size class, the standard errors of estimate of the 
respective regressions were considered. These ap­
pear in Table VIL The standard errors of each 
of the regressions of the five size classes have been 
ranked. With the exception of size class 6-7 cm, 
the standard erro rs of estimate of the three­
variable regressions were the lowest in the series. 
The best estimates of the annual growth increments 
were therefore obtained by substitution in these 
equations. The resultant values are listed in Table 
VIII together with the frequencies within the 
classes. 

TABLE Vll : STANDARD ERRORS OF ESTIMATE OF REGRESSION MODELS 

I 
STANDARD ERROR OF ESTIMATE 

Shell breadth 
cm 

5- 6 6- 7 7- 8 8-9 9-10 
R egression 
series 

5 variables .. .. 0 -10010 0-08714 0 -08570 0 ·0391 7 0·08274 
(1) (2) (1) (1) (1 ) 

3 va r iables .. .. 0 ·09428 0-08991 0-08104 0-03380 0-06952 
(2) (I) (2) (2) (2) 

6 



> 
u 
z 
w 
::) 

C, 
w 
er 
LL. 

50 

40 

30 

20 

10 

50 

30 

20 

10 I 
50 

40 

30 

20 

10 

24/ 25 APR IL 1963 

16/ 17 SEPTE MBER 1963 

I 
/ 

27/28 MAY 1964 

-----
2 3 4 5 6 

SHELL LENGTH (C M ) 

FIG. 4. Size frequency of abalone under rocks at Stony Point 

7 



>­
u 
z 
w 
::i 
C! 
w 
a: 
u.. 

50 

L. 0 

30 

2 0 

10 

50 

30 

20 

50 

40 

30 

20 

10 

A 
I \ 

I 

/ 

I 

\ V 

I 

2 

2'4/ 25 APRIL 1963 

16 / 17 SEPTEMBER 1963 

27 / 28 MAY 1964 

3 4 '5 6 

SHELL LENGTH (CM) 

F1G . 4. Size frequency of abalone under rocks at Stony Point 

7 



[n addition to the above results some tag-returns 
were avai lable for si7e classes within the range 
10-1 2 cm. The frequencies in these cases were 
low, all being below six returns. Under the cir­
cumstances the fitting of a multiple regression 
model was not justified. The best estimate of the 
annual increment was therefore obtai ned from the 
linear model: 
G = b, x, + ho . . (4) 
Where C growth increment 

x 1 = tag return period 
b1 = growth coefficient 

and b0 = error term 

TABLF VIII: ESTIMATES OF THE MEAN ANNUAL G ROWTH 
INCREMENT 

--
Shell breadth Frequency Estimc1ted annual shell 

(cm) bre:idth increment (cm) 

5- 6 20 0·88 
6 - 7 38 0·76 
7 - 8 38 0·67 
8- 9 17 0·54 
9 - 10 13 0·61 

10 - 11 4 (0 · 52)* 
11 - 12 5 (0·51)* 

* Values in brackets are estimates from model 
G = bi x, + bo 

3. GROWTH ESTIMATES FROM 
POPULATION SAMPLING 

Tagging methods cannot be used to estimate 
the growth rate of Haliotis midae below about 
5 cm shell breadth for the delicate shell and body 
structure within th is size range renders taggi ng 
unpractical. In addition, juveniles are found under 
boulders and stones. which complicates both the 
collection and recovery of tagged animals. 

The growth rate of small abalone was therefore 
determined from size frequency polygons of large 
random collections made beneath stones and 
boulders at the Stony Point research site. In the 
course of this analysis probability paper was used 
to define distributions resulting from specific 
spawnings. These plots also enabled the mean 
and variance of the dist ributions to be estimated 
with fair accuracy. 

3.1 Methods 

Three large collections were made at Stony 
Point on 24/25 April 1963, 16/17 September 1963 
and 27/28 May 1964 in depths ranging from one 
to six feet below mean low spri ng t ide. Divers 
overturned likely boulders and all abalone beneath 
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them were collected. As a bottom surge tended 
to wash away smaller individ ua ls, collect ions could 
only be made during dead calm seas. These con­
ditions prevai led on the three occasions mentioned 
above and it may be ass umed that the samples 
are unbiased and represen tative of the populations 
below boulders and stones in the Stony Point 
area. 

The shell length and breadth of all the ma terial 
was measured by means of vernier cal ipers to 
the neares t 0·05 cm. From these data, shell length 
size frequency tables with 0· 2 cm intervals were 
drawn up and represented by the frequency poly­
gons appearing in Fig. 4. The data were also 
plotted on probabil ity paper according to the 
method of Harding ( 1949). For t his purpose fre­
quency tables with intervals of 0 · I cm were used. 
Probabili ty plots of the three collections made 
appear in Fi gs. 5, 6 and 7. 

The unimodal distributions in Fig. 4 could be 
identified by referring to the spawning cycle for 
Stony Point illustrated by Fig. 3. (Reproduction 
at Stony Point is fu lly discussed by Newman, 
1967.) From this it was assumed that spawning 
too k place on I April and 1 December in any 
one year. Defined unimodal distribut ions in the 
frequency polygons were accordingly identified by 
considering the date of collect ion as well as the 
posi tion of the pa rt icular distribut ion in the 
sequence of modes. 

3.2 Analysis of population samples 

24/25 April 1963: 

A tota l of 333 individuals were collected on 
this occasion. The size frequency diagram of the 
sample is illustrated by Fig. 4 and it is apparen t 
that three well-defined distributions occur with 
modes at 0·9, 2· I and 3· 7 cm respectively. A less 
distinct distribution occurs with a mode at 5 · 1 
cm. The data plotted on probability paper appear 
in Fig. 5. Four well-defined straight li nes occur, 
with obvious inflection points between them, and 
the pattern confi rms the existence of four normally 
dist ri buted groups within the whole collection. 
The expanded form of each of the above distri­
butions is also shown on Fig. 5. These lines were 
fitted by eye to points calculated accordi ng to 
the method of Harding ( I 949). From the expanded 
straight lines the dist ribution means were graphi­
cally estimated as being I · 0, 2 · 2, 4 · 0 and 5 · 1 cm 
respectively, values which agree with modal inter­
pretation discussed earl ier. The di stribut ions may 
be ident ified as follows. Collection took place on 
24/25 April 1963, thus unless growth was partic-



ularly fas t it is unl ikely that the results of the 
April spawning would be available for collectio n. 
The first dist ribut ion, with a mean of 1 ·0 cm 
was regarded as the result of spawning activity 
during October-December 1962 . Assuming a hypo­
thetical spawning date of 1 December, this d ist ri ­
bution represents abalone which are approximately 
five months old. Similarly it may be assumed that 
the next dist ribut ion is the result of April 1962 
spawning activity and that individuals within this 
group a re approximately 13 months old, wi th a 
mean shell length of 2 · 2 cm. The subsequent 
dist ributions would then be the results o f December 
1961 a nd Apri l 1961 spawning, being therefo re 
17 and 25 months old respect ively, with mean 
lengths of 4 · 0 and 5 · 1 cm. 

27/28 May 1964 : 

During May I 964 a large co llection was made 
in the vicinity of Stony Point. The size frequency 
curve of the 594 abalone collected appea rs in 
Fig. 4 and five fairly discrete dist ributions occur 
with modes at 0· 7, I · 5, 3 ·0. 4 · I and 4·7 cm. The 
data plotted on probability paper appear in Fig. 
7, where five dist ributions may again be discerned, 
with inflection points at 5·2, 35·0, 60·0. 79·3 and 
98·0 per cent. Mean values for the distributions, 
estimated graphicall y from the expanded straight 
lines appearing in the figure , amounted to O · 8. 
l · 5, 2·9, 4· l and 5·0 cm respect ively. These values 
agree fai rly closely with the modal values on 
Fig. 4. The fi rst dist ribution of the series was 

TA BLE JX : 1DENTIFICATIO N ANO DESCRI PTION OF U NIMODAL DIST RIB UTION WITHIN A SAMPLE OF Haliotis midae, 24/25 APRIL 1963 

Mode 
Distribution Frequency (cm) 

December ' 62 .. .. 125 0 ·9 

Apt;j l ' 62 .. .. 105 2· I 

December '6 1 .. . . 62 3· 7 

April ' 61 . . . . 20 5 · 1 

16 / 17 September 1963: 

The size frequency polygon of 344 a balone 
collected on the above dates appears in Fig. 4, 
and two well-defined un imodal di stribu tions occur, 
with modes a t I · 30 and 2 · 30 cm. T he probabili ty 
plot of this data appears in Fig. 6. Two straight 
lines occur in the figure with inflec tion points 
at 26 · 5 and 73 · 0 per cent. These were expanded 
and found to have means at I · 3 a nd 2 · 5 cm res­
pectively, which coincide closely wi th the modal 
va lues quoted above. As the collection was made 
halfway through September it may be assumed 
that the first dist ribution is the result of spawning 
activity in Apri l 1963, and therefore t hat abalone 
wi thin this group attained a mean shell length 
of I· 3 cm in four and a half months. Sim il arly 
the next dist ribut ion, spawned during D ecember 
1962, has a mean shell length of 2 · 5 cm after a 
peri od of 10· 5 months. 

Me1n Age in Standard 
(cm) months deviation (cm) 

1·0 5 0 · 19 

2 ·2 13 0 ·41 
-----

4 · 0 17 0 ·38 
- - -

5· 1 25 0·09 

identified as the result of April 1964 spawning. 
i.e. it may be assumed to be 2 months old. with a 
mean she I I length of O · 8 cm. The age of the next 
distributio n is estimated as 6 months. with a mean 
length of l · 5 cm. Th is is the result of December 
1963 spawning activ ity. Similarly subsequent dist ri­
butions are iden tified as the results of April 1963 
spawning (14 months; 2·9 cm) December 1962 
spawning (18 months; 4 · l cm) and April 1962 
spawn ing (26 months; 5 · 0 cm). 

The val idi ty of the interpretations of a ll the 
above samples seems to be borne out by the 
similarit y a nd regularity of the distributions iso­
la ted on the three d ifferent collectio n dates. 
Refe rring to Fig. 4, the modal value of the Dec­
ember 1962 spawning group is identifiab le in all 
three co llections and its regular movement along 
the shell length axis with time can clearly be 
seen. Similarly the movement of the April 1962 

TABLE X : 1 DE NTIFICATION ANO D ESCRIPTION OF UN IMODAL DISTRI BUTIONS WITHIN A SAMPLE OF Ha/iot is midae, 16/ 17 S EPTEMBER 
1963 

D istribu tion F requency Mode Me,m Age in Standard 
(cm) (cm) Months deviation 

-
April "63 .. .. 91 I · 3 I · 3 4·5 0 · 21 

-
December '62 . . . . 160 2·3 2·5 10·5 0 · 35 

9 
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TABU XI : I DE',TIFICATIO'I A'ID DFS,R IPTIO'I OF L "<l'1ODAL DJ fRIB UTIO'-S W ITH I A SA\1PLF OF Haliotis midae, 27 :!8 M AY 1964 

Mode 
Di tribut ion Frequency ' ·m) 

- -
pril '64 .. . . 31 0 · 7 

-
Decem ber ' 61 . . . . 177 l.5 

- - -
April '63 . . .. 148 3.0 

- -- --
December '62 .. . . 11 5 4.1 

i\p11l ' 62 .. . . 111 4.7 

and April 1963 components can be 1raced in the 
figure. 

From the data listed in T abl es I , X and XI 
a compo ·ite picture may be built up of the growth 
of Haliotis midae during the fi rs t two year of 
life. The mean shell length values obtained have 
been plotted against their respective ages in F ig. 
8. A cu rve has been fitted by eye to the points 
which seem to be positioned fai r) consistently 
about thi s l ine. An exception is the mean value 
for individuals spawned in April 1962 and collected 
in April 1963. The two means in the region of 
5 · 0 cm were not taken into acco unt, fo r at th is 
size abalone move out from below the boulders. 
These dist ributions, therefore, may be biased as 
the samples were only collected underneath 

11 

Mean Age in tandard 
(cm) months deviat ion 

(cm) 
- - - -

0 · 8 2 0.1 1 
---

I.S (, 0.:!6 

-1 2.9 14 0.44 
- - - -

4. 1 18 -I 0.34 
- -

5.0 26 0.33 
- -

boulders. 
Fro , th growth curve presented in Fig. 8 

it is a pparent that mean shell lengths of 2 · 7 and 
3- 9 cm are attai ned at ages of one and on~ and a 
h alf years respecllvely. Comparison of the e mean 
with data pre. ented by Sa a1 (1962) shm\ s a 
imilarity heh een the growth rate of H. midae 

and H . discus hamwi for the fi rst two years of 
life. akai' data, obtained from observat ion of 
the well-defined annual rings which occur in H . 
discus hannai, showed that after one and two 
years mea n shell lengths of approximately 27 · 0 
and 48 ·0 mm were attained. 

4. GROWTH CURVE FOR Haliotis midae 

The growth rates of small and medium sized 
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H. m,dae ha, be n de termined by two d ifferent 
techniques. T he results will no\ be com bined 
to bui ld up a c mposite picture of growth. 

4. I Shell breadth 

a fi r,t ·tep toward stimating growth para­
meters a cu rve relating growth ra te and shell 
breadth was drawn. Within the size range 5· 5 
to 11 · 5 cm, poi nts o n this curve were easi ly ob­
tai ned from taggi ng resu lts. T hese growth rate 
'values a re li~ted in Table VII I and are plotted o n 
Fig. 9. ln a ll but the two largest size classes the 
rate are adj usted fo r seasona l effect~. An n ual 
increments f the smaller size ranges were obta ined 
by transfo rmi ng the shell length 1age curve of Fig. 
8 to a shell breadth:age curve. Th is was done by 
means of the relatio nship : 

B 0· 68 12 L - 0 ·007 1 
\\here B hell breadth in cm 

L - shell length in cm. 
~ hich will be fu lly d iscu sed in Sect ion 5. T he 

12 

curve lhm, o btained ( Fig. I 0) is linear over mo t 
of its range . T he ~lope a l pa rticu lar , i7e, p ro.., ide.-, 
an estimate o f the growth rate, and at shell breadth~ 
0 · . 1· 5 and 2 · 5 cm th i~ was a constan t 1·7 cm 
per an num . T hi<. information is a lso plotted on 
Fig. 9 and a freehand curve has been drawn. 

Taylor ( 1962) has described a versatile :tnd 
generalized growth rate fu nction. lhat is: 

di, - EL (a b + l) dt - K/_ (5) 

here f, 

F. 

a 

h 

ten~th 
a coefficient sup po~edly related to 

anabolism 
a weffi.cien t supposed! related to 
cataboli sm 

the exponent relat ing length to the 
surface involved in ;,inabolic pro­
ces s 

the exponenl relating lenglh to 
effect ive metabo lic weight 

if a =I= b the solution of the above rate equation is 

/ . , (/, n) _ / , ,,, (h a ) ( ) - {' K( b a ) It 11,\ ) . (6) 

This i\ th gen ralized von Berta lan ffy equation. 
A Walfo rd plot provides a convenient firs t step 

in the estima tion o f the parameters of the above 
curve. With II. midae the requ ired va I ue<, o f L, 
andL, 1 are not directly ava ila ble. These \alue~. 
or good approxi mations t hereof, could be obtai ned 
from the growth rate data a ppearing in Ta ble 
V I 11. T he growth rate pe r an num val ues of th is 
table represent a mean estimate o f L, , 1- L, 
wit h in each of seven size classes . T he size associated 
wi th these mean rate may be assumed to be the 
clas mark in each ca e. Under the c ircumsta nces 
the best estimates of L, 1 and L , (the values of 
/ are unknown) a re 

L, +1 V } g 
and L , - I ' - } g 
where V class mark 

g mean an nual growth increment of a 
part icula r class . 

TABU XII : L , A"<D L 1+1 VA LGES 

Shell Increment Lr L , 1 
breadth (cm) (cm) (cm) 

(cm) 
-- --

. 0 0 · 8 5 ·060 ·940 
6 · 50 0 · 76 6 · 120 6·880 
7·50 0·67 7 · 165 7·835 
8 · 50 0 ·54 ·230 8·770 
9·50 0 ·61 9· 195 9 ·805 

10 ·50 0 · 52 10 ·240 10·760 
11 ·50 0 · 51 I 1 ·245 I l ·755 
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Values fo r L, +1 a nd L , deri ved in this manner 
are shown in Table XII. A plot of L , +1 on L , 
is illustrated by Fig. l l. It is apparent that the 
relatio nship between L, + 1 and L 1 is linear, and 
that the li ne describing t his relationship intercepts 
the 45° diagonal on the figure at an L, value in 
the region 19·5 cm. This va lue is a n estimate of 
the maximum theoretical size wh ich H. midae can 
attain and it coincides fairly closely with fi eld 
observations in the area. The largest animal 
reco rded by the D ivision's divers was 18 · 5 cm in 
bread th, a lthough larger individuals have been 
collected by commercia l d ivers. In view of the 
fact that a plot of L, + 1 on Lt is linear and provides 
a reasonable estimate of the value of L 00 , t he 
coefficient (b- a) of the generalized von Bertalanffy 
eq uat ion may be assumed to be equal to one 
(Taylor, 1962). The generalized equation is there­
for red uced to the familia r form 

L , = L 00 ( 1- e-K(t-t) ) (7) 

derived originally by von Berta lanffy in 1938 . 
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From equa tion (7) it can be shown that 

L,+1 = L 00 (1-e-K) + L, e K. 

2 

(8) 

is a linea r function of L t +1 on L 1 and is essent ially 
the Walford plot of Fig. 11 (Ricker, 1958). This 
expression may therefore be used to estimate the 
parameters of (7). A linear equation was accord­
ingly fitted to the data from T able XII by the 
method of least squares . This was found to be: 

Lt + 1 ~ O · 9425 L 1 ~ I · 1120 (9) 

From the above equation the parameters K and 
L 00 were calculated as 0·0593 and 19 ·33 cm 
respectivel y. 

The remaining parameter to be calculated is 
t0 and it may be obtained from the value of the 
intercept of 

Loge (L 00 - L,) = Loge L 00 + Kt 0 - Kt . . (10) 

which is a linear expression of L oge (L00 - L,) 
on t. 

The estimation of the coefficient s of the above 



exprcf>f>1on require that lengths at tim r be knnwn 
and th,. info rmation is not dir ctly a ai)ablc for 
tagged H . midae. If, however, t he age of any one 
point L , o n the Walfo rd plo t can be determined , 
then th ize at succe ·sive age, can easi ly be 
calculated from equation 9). F rom Fig. 10 it i~ 
apparent that the mean si,e at t he age of one year 
(L,) is l · cm. Unfortunately the hell breadth 
at the ag of 1wo years doe, not fa ll within the 
range of Lhe above curve and th i, is required if 
/ .1 , , L be used to determine the age of succc:-sive 
w ;e~ on the Wal~ rd plot . Th hell bread th L2• 

and fo r tha t matter subsequent va lues of L,. may 
be obtam d indi rectly from Fig. 9. Considering 
that port ion o f the curve between the shell breadth 
value 2 · 5 cm and 6 ·0 cm the 1ollowing g rowth 
rate values may be interpola ted. 

Shell bread th 
(cm) 

2 ·5 
3·0 
3-5 
4 ·0 
4 ·5 
5·0 
5 ·5 
6 0 

G rowth ra te 
(cm per a nnum) 

1 ·70 
1·54 
1 ·39 
1 ·26 
I · 13 
I ·00 
O· 
O· I 

From th above the approximate values of L , 
and Lr I were deri ved a~ fo ll ow<, : t t he si1c 
2 · 50 cm at age 17 month,; (Fig. 10) the "hell 
breadth/age curve waf> xtrapolaled by calculating 
and a umulat ing the time req uired to fulfi l 
, ucccssivc growt h increments at the growth rate 
listed above. This technique requires that t he 
growth rate quoted for a particular shell breadth 
be representative of a mea n ra te thro ughout the 
increment. nder the,e ci rcumstances the smaller 
the sh II br adth in rement u~ed the better. the 
ideal he, ng the integratio n of infinitel y small 
tn remcnt, . In this case intervals of 0· cm were 
m,ed and the age~ of abalon of various ,ize, 
withi n t he range ~ · 50- 6 ·00 cm shell breadth were 

T ADL r X U[ · E XrR APOLAf l (Ji', OF l HI sm L L BR EAD r H/ A [ 
CUR Vl· 

---
hell brec1 dth Penod fo r O · cm Cumulative 

(cm) incremen t ( ear~) period (years) 
-~ 

2·50 1 ·4 
2 ·75 0 · 15 1 ·57 
3·25 0 ·32 l · 9 
3- 75 0 ·36 2 25 
4 ·25 0 ·40 2 ·65 
4 ·75 0 ·44 3 ·09 
5- 25 0 ·50 J -59 
5-75 0 ·57 4 · 16 
6 ·25 0 ·62 4 ·78 
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obtained. Thes si1 s, together wi th the lime 
required lo fulfi l the 0 · 5 cm increment immediately 
preceding them and the cumulative time. are lis ted 
in Table XII I. 
The data of Table HI v.er plotted and the 
fo llowing mea n si1es at particular age. were 
graphically e t i mated : 

A1:e 
(ye:ir~) 

I 
2 
3 
4 

/\,,l ean shell breadth 
(cm) 

I ·8 (From F ig. 10). 
3·4 
4 ·7 
5·7 

These values were in turn plotted on Fig. 11 
and, except for the values 4 · 7 rtnd 5 · 7 cm, they do 
not appear to coincide with the traight line 
describing the data fo r the larger size . This 
phenomenon has been noted by o ther authors 
using Walfo rd plots and is attri buted to the fa ct 
that the growth of smaller individu als of a specie 
does not necessarily conform to the pattern fou d 
in later life (Ricker, 1958). 

From Fig. 11 it will be seen that the poin t of 
the plot of L , (5 · 7 cm) on L 3 (4 · 7 cm) i located 
a lmost exact ly on the extrapolated Walfo rd line. 
The sizes at two ages which conform to the Walford 
pattern ar therefore known. 

The hell breadth at 5 year<; (/_5) could therefore 
be calculated by ,ubstituting 5 · 7 cm in equation 
(9) and the resultant va lue was in turn used to 
calculate L6• 

Ry repeating this operation it wa s poss ible to 
calculate the mean shell breadths at particular 
ages within the :-ize range for which tagg ing data 
were available, 1.e. between 5 and 12 cm. These 
values, which appear in Table XIV, could then 
be used to calculate t0 from the intercept of the 
regressio n of Log,. (Lrxi - L , on t . 

This relat ionship is perfectly linear a the original 
Lr va lues arc calculated from the linear Walfo rd 
equation. l n this case /0 was - l · 8820 and th 
von Berta lanffy equation describing the growth 
of II . midae becomes : 
L , - 19· 3" (1 - ~- o-0;9a<r +1-sstoJ ) . (l l ) 

This function is illustrated by Fig. 12. the 
Walford pl t of Fig. 11 has shown that, belo 
4 ·0 cm, growth does not conform to the pattern 
for la rger animals , this section of t he curve is 
reproduced from ig. 10. Also illustrated is the 
hypothetical growth of individuals larger than 12 
cm, and the theoretically determined maximum 
size Lrxi . These are represented by in terrupted 
lines in t he fi gure. 



T AB LE XIV : ESTIMAT[DC., ROWT H 11' l~ RMS OF ' H~LL llRE -\UrH, 

SH~LL I .E 'GTH A1'D DODY WE10HT 

Age Shell breadth Shell l ength Body \\eigh t 
(year s) (cm ) (cm) (g) 

- - - - -· ---
3 4·7 b 4 26 
4 5·7 7·5 45 
5 6 ·5 8 ·4 6 
6 7·2 9 ·2 86 
7 7·9 9·9 111 
8 ·6 10 ·7 141 
9 9·2 II ·4 170 

10 9 ·8 12·0 202 
I I 10 ·3 12·6 232 
12 10 ·8 I ·I 265 
13 11 · 3 

I 
13·7 301 

14 11 · 8 14·2 339 

4.2 Shell length 

Growth in terms of shell length may easily be 
obta ined by transforming the shell breadths of 
Table XIV to shell lengths by means of the 
rela tionship : 

L 
where L 

B 

1 ·0925 B I l · 2995 
shcl I length in c m 
shell b readth in cm. 

T his funct ion wi ll be full y di scussed in Section 5. 
T he mea n shell length val ues a re also listed in 

Table XIV. ~ 
Sakai ( 1962) has presented mca n shell lengths 

fo r Ha/iotis discus hannai for the first ~ix years 
of life. T hi~ species has well-defined ann ual r ings 
on the shell surface a nd the growth history could 
conveniently be lraccd in individuals from different 
localit ies wit in Onagawa Bay. northern Japan. 
Growth was fou nd to va ry considerably wi th 
locali ty and the res u Its from three sites ha vc been 
extracted fro m akai 's Table 111. These are pre-
ented in Table XV together with some result 

fro m Stony Po int. From the table it appears that 
the growth of H . midae is essentiall y si milar to 
that recorded a t Maeami a nd Tzu~ hima. akai's 
result~ for Hazaka indicate that growth here is 
faste r than that noted for H. midae or H . discus 
hannai at the two abovementioned loca lities. 

4.3 Body weight 

Using the expression 
W ,__ 0.3608 B2•7736 

where W body weight in g 
B shell breadth in cm, 

the mean shell breadth values of Table lV were 
converted to body weights. These a rc a lso li sted 
in the table. 

It is intcre ting to note tha t o, er the ·i7c range 
invcstig tcd the relat ionship be tween age and hody 
weight is exponenti al. he point or inflection of 
the normally sigmoid curve of weight on age as 
not been attained at an age of 14 year a nd a 
body weight of 339 g. This weight is ju t ove r 
30 per cent of the maximum reco rded at tony 
Point, wh ich was 1126 g. 

5. GROWTH RELATIONSHIP 

G rowth in molluscs is most conveniently ex­
p ressed in terms of increases in a particular shell 
dimension with time. These increme nts arc, 
however, manifestat ions of a more comple over­
a ll increase which can be better appreciated if 
the relationships between selected shell di mcn ions 
as \\-ell as that between shell dimensions and 
body weight are known . Such relationships have 
been studied intensively and marked ,ariation<. 
in shell shape have been recorded \\ithin the ,amc 
species. These variations have been attrib uted to 
size and environmenta l factors (Wi lbur & Owen, 
1964). 

Two methods of representing growth relation­
ships are ava ilable. Thom p~on ( 194 ) ha ,hown 
t hat in many moll usc~ the patte rn of g rO\\ th in 
the horizontal plane may he represe nted hy a 
lonarithmic or equiangular spira l and Moore 
(1 936, 1937) us d this method for an mvest1gation 
of variations in shel l ~hape of the gastropod~ 
Purpura lap1llus and Littorina littorea. In addition 

inclair ( 1963) cakulated lhe parameters o f th i:-. 
equation for Jlaliotis iris and Ha/101,s aus1ralis. 

Alternatively, and more direct ly, the change in 
shell shape throu0 hout the size range can be 
expressed hy means of exponential or li near 

T ABLE XV : GROWTH IN SHE LL LENGTH (CM) OF H . midae FROM STONY POINT AND H. discus han11ai FROM T H RH LOCALITl~S 
I N NORTHERN JAPAN 

S PECI ES Am. (YEARS) 

I l 2 3 4 5 6 
--- - --

H . midae, Sto n y Point .. .. . . .. 2·7 4·7 6·5 7· 5 8·4 9·2 
H . discus hannai, M aeami . . . . .. 2·7 4 · 1 6·0 7·5 - -
H . discus lw1111ai, Tzu sh ima .. . . .. 2·9 4 ·7 6·7 8·4 9·5 10 · l 
H . discus ha11nai, H azaka .. .. . . 2·8 5· 0 7·5 9·7 11 · 1 -

15 
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regression equations. This method has proved to 
be more popular than that advocated by Thompson 
(1942) and has been used to describe the shell 
shape of many gastropods and bivalves, incl udi ng 
haliotid~ (Wi lbur & Owen, 1964). Regression 
methods are adva ntageous beca use of the ease 
with which t he di mensions can be recorded and 
later represented by equations. 

As a la rge amount o f data were avai lable fo r 
H. midae o f both sexes in different localities, a 
fa ir numbe r of regression equations could be 
fitted. Pairs of equations had to be tes ted to locate 
statistically significan t differences between them. 
The calculations involved were considerable, so 
use was made o f an I.B.M. 1620 com puter. 

Data for t he above analyses were ava ilable from 
the fo ur research stations, three of which are 
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indicated on Fig. I. These were a t Stony Poin t, 
Dawidskraal (about one mile from Stony Po in t), 
Sea Point a nd Dassen Island. The relationsh ips 
which wi ll be described are : 

shell length/body weight : 
shell length/shell breadth; 
shell lengt h/shell depth; 
shell breadth. body weight. 

5.1 Methods 

Data were collec ted in the course of monthly 
sampling for reproduc tive cycle studies, specia l 
sampling co llections, year class investigations. and 
tagging operations. Shell lengths and breadths were 
measured by means of vernier calipers and, except 
in the case of tagging operations, abalone were 
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removed undamaged from their shells and weighed 
to Lhe nea re,t g. Length /weight c urves were o nly 
calculated from animals collected during.the pe riod 
June to Octobe r in any one yea r, to nsure that 
these curves were based on abalone ,vith fully 
develo ped gonads . 

/\fLer weighing. the shell depth was measured 
by means of an a pparat us designed a t the Di vision 
and illustrated in Fi g. 13. The func tioning of this 
ap paratus may best be described wi th reference 
to the figure. Shells were placed with the ve ntral 
side uppermost benea th the perspex stage which 
was lowered to ma ke con tact wit h the edge of 
the shell. The internal shell depth was then deter­
mi ned as the difference between the horizontal 
plane in contact with the shell edges and the level 
of the shell apex. This di stance was measured 
by means of the depth gauge ill ust rated, which 
could be positioned cor rectly withi n one of three 
slo ts in the perspex stage. 

The shell length /body weigh t rela tio nship, as 
judged fro m pre liminary scattergrams, was o bvi­
o us ly exponential but the re was some doubt as 
to the form of the shell length/breadth an d shell 
length /depth curves. To establish these, the mea n 
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shell breadt ~ a nd de pths within shell length ~i?t: 
classes of o ne cm were Cl) mputed. Both mean 
shell b readt hs and depths we re then plot Led on 
shell ll~n gth and o n thi s basis the form of the 
relationship was obtained. 

For each relationship males and females were 
treated separately to locate possible . exual dimo r­
phism and difference<; between the c dl icienb were 
tested to determine their 'iignificance. As the 
rela tionsh ips examined \Vere either linea r or 
exponential, tests of slo pes and intercept were 
used. the method berng that of Bennett & Frankl in 
( 1954). This te t could be used because the scalier­
grams showed that the varia nce around the log­
transformed or linear leas t squares e~timates was 
more or less co nstant over the size range of matu re 
abalone. No sexual dimorphism, sign ificant at lhe 
five per cent level. could be shown in any of the 
relationships considered a nd separate curves for 
males and female~ a re therefore no t presented. 

5.2 Results 

Stony Point 
T he shell length/body weight relationship through-



FIG. 13. Apparatus for measuring shell depth 

out the \\ hole size range was calculated as: 
w ( 0·0859 L3"1276 

,, here l, shell length in cm 
14 - body weight in g. 

The tandard error was l · 229 and the equation 
is based on 1049 abalone. 

On Fig. 14, mean shell breadths are plotted 
against mean shell lengths throughout the size 
range O · 4 to 19 · 8 cm shell length. These means 
mclude male, female and immature abalone. It 
is interesting to note that two linear equations are 
required to describe the data throughout the whole 
~ize range, for a well-defined change in direction 
occurs at about 4·5 cm shell length . 
For shell length <' 4· 5 cm, 

B - 0·6812 L - 0·0071 
standard error - O · 07780 cm. 

For shell length 4 · 5 cm, 
B = 0·9066 L - l ·0843 
standard error - 0 · 3649 cm. 

Where B - shell breadth in cm 
L shell length in cm. 
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Both length and breadth are expressed in cm 
and the equations are based respectively on 770 
and 146 1 abalone. The above functions are also 
plotted on Fig. 14. 

Similarly to shell length/breadth relationships. 
plots of mean shell depth on mean shell length 
revealed that two linear regressions provided the 
best fit for these data over the size range l · 75 
to 19 · 25 cm shell length. The change in slope in 
this case occurs in the region of 11 cm shell length 
and the equations are as follows: 
For shell length < 11 cm, D - 0·2306L - O· 1577 

standard error = O · 7 I 64 cm. 
For shell length 11 cm, D = 0 · 381 OL -,- I · 9429 

standard error O · 5240 cm. 
Where D ~ shell depth in cm 

L ~ shell length in cm. 
The above are based on 287 and 600 individuals 

respectively and are plotted on Fig. 15. 
An exponential function was required to con­

vert the shell breadth growth curve to units of 
body weight. It was calculated from 1366 male 



and female abalone as: 
W = 0 · 3608 B 2

'
7736 

where W = body weight in g 
B = shell breadth in cm. 

Simila rly, to convert the shell breadth growth 
curve to shell length un its, a func tion was required . 
This was calculated from 1461 individua ls with 
shell lengths o r more than 4 · 5 cm as : 
L = 1·09258 + 1·2995. 

Havin g described the im portant shell di mension 
and body weight relationships for t he intensive ly 
sampled Stony Point research station, it was 
possible to use the somewhat limited data from 
the t hree other research sites for intraspecific 
comparison. The three other sites were situated 
at Dassen Isla nd and Sea Point, both on the 
Atlantic side of Cape Point, and at D awidskraal, 
near Stony Point. At the forme r two localit ies 
the size range of the popul ation was fa irly restric­
ted, and small abalone (below approximately 13 
cm) were extremely rare. At Dawidskraal, however, 
smaller indi vidua ls were availab le from certain 
inshore reefs but sa mpli ng was concentrated on 
the popula tion occurring furt her off shore, with 
the result that few animals below 13 cm were 
collected. Because of the absence of sma ller size 
ranges at these stations, si ngle li near equations 
were used to describe length/breadth and length/ 
depth rela tionsh ips. The relat io nship between sh 11 
length and body weight is an exponential one. 

Dassen Island 

All samples were collected from a shallow reef 
in the middle of House Bay, a large protected bay 
on the east side of the island. A I ux uria nt kelp 
growth covers the reef, a nd a la rge dense popu­
latio n of H . midae occurs on the rocky substratum 
between 10 and 25 fee t. 

The following relationships were calculated for 
this site. 
W = O· 1223L3

•
0819 

B ~ O · 90 I 7 L -- 1 · 2050 

D ~ 0·4658L - 2· 1476 

where N = sample size. 

N = 170, standard 
error = I · 146 

N = 643, standard 
error = 0 · 4248 cm 

N = 395, standard 
error = 0·6901 cm 

The second research si te west of Cape Point was 
at Sea Point, Cape Town. Collect io ns were made 
in depths ra ngi ng from 10 to 25 feet on a rocky 
substrat um well covered by kelp. This particular 
research site was fa irly t hinly pop ulated and ex­
posed to severe wave action during rough weather. 
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Fro . 14. Shell length /shell breadth relationship 
at Stony Point 

Relation ships here were: 
w - 0·27 18L2 ·8227 

B = 0 · 89 1 OL - 0 · 80 17 

D = 0· 4 166L - I · 6284 

D awidskraal 

N = 108, standard 
error = l · 167 

= 436, sta ndard 
error = O· 5247 cm 

N = 227, standard 
erro r = 0 · 76 12 cm 

The D awidskraal station lies within a mile of 
Stony Point . Collection at this site took place 
in a dense and extensive bed of kelp. The depth 
at this station varies between 10 and 30 feet and 
the area is reasonably exposed to southerly swells. 

Relat ionsh ips here were: 
w = 0·0297L3•5039 

B = 0·9206L - I · 1320 

D = 0· 4216L - 2·3306 

N = 169, standa rd 
error = .1 · 247 

N = 234, standard 
error = 0 · 4354 cm 

N = 209, sta nd ard 
error = 0 · 7028 cm 



5.3 Discussion 

Small abalone were not freely available at sites 
other than Stony Point and collections were 
mostly limited to mat ure specimens at these 
stations. For comparison with other sta tions 
therefore, linear and exponential regressions were 
calculated for Stony Point mature males and 
fem ales combined as fo llows : 
W = 0-0474 L 3·33s5 

B ~ 0 ·9124L - 1· 1555 
D = 0 · 3558 L - I · 5330 
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different sta tions were therefo re tested fo r sign ifi­
cance. The results of tests on the slopes and inter­
cepts of paired stations are shown by Table 
XVI. It is apparent that except for the intercepts 
of the Dassen Island and Dawidskraal ex pressions, 
no two parameters could be shown to diffe r at 
the 5 per cent level. The a bove results arc not 
unexpected in view of the relatively large standard 
errors of the funct ions concerned . 

Expressions representing the shell length/shell 
breadth relationships for data fro m t he four 
stations are illustrated by Fig. 17. The four linear 

10 12 16 18 
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FIG. I 5. Shell length/shell depth relationship at Stony Poi nt 

T hese functio ns have been plotted on Figs. 16, 
17 and 18 together with data from the other 
research sites. 

Fig. 16 suggests an interesting difference between 
length/weigh t relationsh ips of di fferen t localit ies. 
The Stony Point and Dawidskraal curves are 
similar fo r much of their length, as could be 
expected wi th data from adjacen t localities. T he 
curves for Dassen Island and Sea Poin t are located 
above those calculated for the stat ions east of 
Cape Point. For example, the best estimates of 
body weight associated with shells 15 cm long are 
400 g and 570 g at Stony Point and Sea Point 
respectively. The differences between the models 
representing the length/weigh t relat ionships at the 
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graphs are essentially very simila r and, unlike the 
length/weight curves, do not suggest a pattern 
which is associated with the si te of collect ion . 
The di fferences between the parameters of pai rs 
of expressions were tested and the probability 
levels, which are listed in Table XVII, are such 
as to indicate no real difference between shell 
length/shell breadth relationships from different 
stations. 

Finall y, the shell lengt h/shell depth relationships 
may be considered. As in t he case of the length/ 
weight relationships a pattern is suggested by Fig. 
18. Shell depths at Stony Point ( and to a lesser 
extent at Dawidskraal) seem to be less at equivalent 
shell lengths than at Dassen Island and Sea Point. 



TABLE XV [: RESULTS OF TESTS OF Tl-I E SIGNIFIC ANCE OF DIFFERENCES IN S!-I ELL LENGT !--1 / BODY W EIG i-iT RELATIONSl-llf'S DUE TO 

LOCALITY 

I 

Loca lity Parameter Degrees of t Prob:ibility I 
tested freedom 

Stony Point - Dawidskraal .. . . Slopes 577 1 · I 2 · 30 
Intercepts 0 ·03 :,, ·90 

Stony Point - Sea Point .. . . Slopes 51 7 0 ·08 ·90 
Intercepts 0 ·02 ·90 

Stony Point - Dassen Island . . .. Slopes 579 l · 30 ·20 
Intercepts 0·45 · 70 

- ---

Dawidskraal - Sea Point .. . . Slopes 274 0· 07 ·90 
Intercepts 0·01 ..> ·90 

Dawidskraal - Dassen Is land . . .. Slopes 336 1 ·8 1 · 10 
In tercepts 2· 21 · 10 

Sea Po in t - Dassen Island . . . . Slopes 276 0 ·02 >· 90 
Intercepts 0 -002 > ·90 

T ABLE XV II : RESULTS OF TESTS OF Tl-I E SIGNIFICANCE OF DIFFERENCES IN SI-IE LL LENGT!--1 / SI-IELL BREADT !--1 RELATIONSI-II PS AT 

DIFFERENT LOCALITIES 

Local ity Parameter Degrees o f I Probabili ty 
tes ted 

Stony Po int - Dawidskraal . . .. Slopes 
Intercepts 

- --
Stony Point - Se:t Point .. . . Slopes 

Intercepts 
-

Stony Point - Dassen Island . . . . Slopes 
Intercepts 

Dawidskraal - Sea Point .. . . Slopes 
Intercepts 

Dawidskraal - Dassen Island . . . . Slopes 
Intercepts 

Sea Point - Dassen Island . . .. Slopes 
In te rcepts 

The results of significance tests are shown on 
Table XVIII. The tests reveal a very significant 
difference between the slope coefficients of the 
Stony Point and Dassen Island data, but the 
difference was less significant between Sea Point 
and Stony Poin t (P = 0 · 10). In addition there 
was also a significant difference between the slopes 
at Stony Point and Dawidskraal. This latter 
result is not unexpected as a marked di fference 
in the slopes of the two sets of data is apparent 
from the fi gure. In all other comparisons no 
significant differences could be shown. 

It is interesting that Barnard ( 1963- page 304), 
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freedom 

903 0 ·38 ·80 
0·42 · 70 

- -- --- - - -- -- -

I 105 1 · 10 · 30 
0 ·01 > ·90 

1212 0 · 58 ·60 
0 · 57 ·50 

666 0 · 99 · 4o 
0 · 31 ·80 

---- --
773 0·72 · 50 

0·89 ·40 
---

975 0· 43 70 
0 ·56 ·60 

when discussing the taxonomy of South African 
Haliotidae, remarks as follows on Haliotis midae: 
"The name e/atior was given to unusua ll y high 
individuals; such forms are reported to be of 
more frequent occurrence at Saldanha Bay than 
elsewhere". 

Saldanha Bay is on the Atlantic coastline, near 
Dassen Island. The subspecies H. midae elatior 
is not, however, recognized by Barna rd. 

Although it cannot be proved statistically, it 
appears that abalone from the Atlantic stations 
weigh more per un it length than those collected 
at stations east of Cape Point. Comparisons of 



TABU XVHI : R Vit JI:I s OF T FS rs TO DETERMI NE THE SIGN IFIC A;s;C [ or DffHRE1'CES IN SHE LL L['.'lG TH,' SIIEL L DEPTH R[LAT IOi'sSHIPS 

AT DHHRH,T LOC LITl~.S 

-
Locali ty Parameter Degrees of I Probabi li ty 

tested freedom 
-

Ston) Point Da" 1d~k raa I . . . . Slopes 800 2·04 ·05 
Intercepts 0· 51 ·70 

- - - - - ----- - - --- -- ~ 

Ston) Poillt Sea Point .. 
--

Stony Point Das,cn Island . . 

- -

Dav. idskraa l Sea Point .. 
--

Dawidskraal - Dassen Island 

Sea Point - Dassen Island 
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F10. 16. Shell length/body weigh t relationships 
at four research sites 

shell relationships indicate t hat this inc reased 
weight is du e rather to greater shell depth per unit 
length than to greater shell breadth. 

An interesting aspect of the shell dimension 
relationships fo r H . midae is the inflec tion poi nt 
occurring in both shell length/shell breadth and 
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F 10 . 17. Shell length 'shell breadth relationships 
at fou r research stations 

-

20 

shell length/shell depth relationships. Considering 
the fo rmer, the constant slope below 4· 5 cm shell 
length means that the ratio of the absolute growth 
rates of the two dimensions remains constant over 
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this size range. Above 4 · 5 cm, a fairly abrupt 
change in this ratio occurs, but thereafter the 
new absolute ratio remains constant. The ratio 
of the relative growth rates remains constant only 
if the relationship is linear and passes through 
the origin of both the shell length and breadth 
axes . In the case of H . midae smaller than 4· 5 
cm, the intercep t coefficient is low (- 0·0071 ) and 
the ratio of relative growth rates may be assumed 
to be constant. This is not t rue fo r individuals 
above 4· 5 cm in length, for, in this case, the inter­
cept coefficient is - I· 0843. The results for the 
shell length/shel l depth relationship are essentially 
similar except that the inflection point occurs at 
about 11 cm. 

The significance of the well-defined inflec tion 
points of the above curves is doubtful. Haliotis 
midae with shell lengths below 5 cm occur very 
commonly beneath loose rocks and boulders. 
Above this size they move to cover shallow reefs, 
for, by vir tue of their size, they are relatively 
safe from predat ion by fish. This change in their 
immediate environment may be associated with 
the abrupt change in the growth pattern, but this 
is only a tentative suggestion. 

No explanation can, however, be offered for 
the inflection point of the shell length/shell depth 
relationship. 
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ABST R ACT 

The South African abalone, Hal i oti s midae can move 
over JOO yards in periods of 104 to 558 days . Within 

just over one month one , three and four individuals 

covered distances of 132 , 176 and 220 yards . The mean 
rate of movement of a sample of 23 individuals wi t hin the 
size range 5 . 60 to 12 . 30 cm shell breadth was about 1000 yds . 
per annum. The incidence of movement was found to be 
high . Of 59 returns found during one search , 38 or 64 
per cent had moved away from the tagging area in 
periods of 27-112 days. 

The movement of H. midae is such that den se groups 
of smaller abalone are capable of replenishing stocks of 
larger animals in their vicinity by movements to 
favourable but exploited reefs . 

IN\BRODUC TION 

This pnper is part of a series which describe the 
resul ts of an ~balone (Haliotis midae) research pr ogr amme 

conducted at the Divi s ion of Sea Fisheries . It deals 
with movement as shown by a tagging experiment . The 

experiment was run for a period of two y~ars , from 

Januar:/ 1962 to December 1963, at Stony Point , a 
peninsula near Herma..~us, Cape . This area is the centre 
of t he South African abalone industry. 

The k inematics of the l ocomotion of Haliotis 

tuberculata were investigated by LI SSMAN (1945) by 
mean s of a series of l abora tor-j experiments . His results 



2. 

showed that locomotion is by means of ditaxic waves of 
characteristic form and frequency . Haliotis tuberculata 
is described by the above author as being "a very active 
creeper with agile tu!'ning movements". 

Although literature Qealing with the movement of 
Haliotis in the field is somewhat limited, there is 
evidence that members of this genus actively move about 
within their habitat. 

STEPHENSON (1924) reports that H. tuberculata is 
extremely ac tive and moves suprisingly fast . A homing 
habit for this species is not sugges t ed, because no 
scar is apparent on the rocks from which these animal s were 
removed. Further evidence of the mobility of this 
European species is cited by CROF·rs ( 1929) who tagged an 
undisclosed number of H. tuberculata. In only two instances 
were these marked abalone recovered where they had been re= 
placed after tagging . In addition , this author observed 
individuals moving at between 8-20 inches per minute. 
In the case of Japanese abalones , changes in the size 
composition of commercial catches are offered as evidence 
of a seasonal influx of large abalone into shallow 
exploited waters during the breeding season (INO 1952). 
Comments on the movements of Californian abalones are 

available from various publications by K. W. COX . The 
Californian red abalone , Haliotis ~ fescens, is reported 
to have moved over a 100 yds . in a horizontal direction 
but has never been observed to move from deep to shallow 
water . Transplanted red abalone have moved from the top 
of a shallow reef to deeper water , while a tagged black 
abalone (Haliotis cracherodii) is reported to have 



3. 

remained in the same place for two years (C OX 1960). 
In a later publication COX (1962) describes how after 1 
to 4 years, tagged H. rufescens were recovered in the 
same general area in which they were replaced. 

SINCLAIR (1963) reports that occasional large specimens 
of the New Zealand paua, Haliotis iris, have been seen 
moving during the day. In a subsequent section of her 
paper she states that at no time during the day was a 
specimen seen moving unless it had been disturbed. From 
these statements it would appear that movement of this 
species rarely occurs during the day. SINCLAIR surmises 
that nocturnal foraging movements must take place, for 
there is often a scarcity of algal food in the vicinity of 
this species . In addition, it is highly probable that 
these animals exhibit a homing instinct. 

In the case of the commercially important South 
African abalone, Haliotis midae, no published observations 
on movement are available . Many commercial divers 
have reported that reefs "cleaned out" during fishing 
operations are often repopulated within periods ranging 
from six months to a few years. As the growth rate 
of H. midae is not sufficiently fast to account for 
larval repopulation within these periods, this must be 
due to movement of the animals from adjacent areas to 
favourable but exploited reefs. It thus becomes important 
from the conservation viewpoint to confirm whether or not 
movement amongst the population commonly occurs, and,if 
so, what distances can be covered by H. midae during 
specified time intervals. 

---
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The tagging experiment was conducted on the eastern 
side of the Stony Point peninsula , along approximately 
400 yds . of c oastline . The location of Stony Point 7 

together with the limits of the commercially exploited 
abalone area , appear in Figure 1 . A de tailed map of 
the experimental area is i llustrated in Figure 2 . 

From the eastern shoreline of the peninsula a rocky 
bottom extends seawards for a distance of about 50 yds . 
forming a band along the whole l ength of Stony Point . 
Beyond this, at depths of 1 5-20 feet , a sandy bottom 

occurs and this effectively bars abalone from moving off­
shore , except at the seaward end of the point where the 
rocky bottom extends over a large area and into deep 
water . The shoreline of this peninsula is comparatively 
sheltered from wave action and supports a dense population 
of small abalone which occur on fairly shallow reefs . 
At the seaward end of the peninsula , exposed to a fair 
amount of wave action , a very dense population of larger 
individuals occurs . This area is fairly typical of many 
similar environments in the vicinity of Hermanus which se 0 m 

to be particularly suitable f or the maintenance and growth 

of large populations of small abalone . An additional 
advantage of this site , from the point of view of a movement 

study, was that the rocky bottom was long (400 yds) but 
narrow (50 yds) with good landmarks on the shore . 
enabled the movement of recoveries to be accurately 
recorded . 

fuillH®S 

This 

During the period January 1962 to June 1963, 2,645 
H. midae were tagged at Stony Point by divers from the 
Divisi on of Sea Jisheries using SCUBA . Weather permitting, 

200 to 300 animals were tagged during two to three days 
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each month. The abalone were carefully removed from 

tte r ocks with levers and placed in collecting bags 

carri ed by divers. After the col] ection of sufficient 
animals, usually about 60 , tagging on the shore commenced. 
Abalone were marked by means of Petersen discs. A 

message disc was placed insice the shell and fixed to 
an external numbered tag by means of a nickel pin passing 

through a respiratory pore. So as not to interfere witb 
normal gro~~h , tags were placed in position opposite the 

fourth anterior respiratory pore , well away from the 

growing edge of shell. A specimen tagged in this manner 
is illustrated in Figure 3. The shell length and breadth 

of each animal was measured by means of vernier calipers. 

After a batch of abalone bad been tagged they were returned 

t o tbe seabed by divers to within a few yards of the site 

of collecti on , the position of return being noted in the 

case of each ba tch . In order t o reduce mortality due 

to exposure to the air abalone were kept submerged in 
rockpools between collection and tagging except for a 
period of two to three minutes during which tagging and 
measuring took place . Although no esti mate is possible, 

tagging mortality is believed to be low, because: 

No damaged abalone were used for tagging; 

Divers replaced abalone on the seabed, 
holding them against the substratum until 

such time as they adhered firmly to the 

rock and were comparatively safe from 
predation or damage by wave acti on . 

Few tagged but empty shells were found in 
tte experimental area on subsequent dives. 
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FIGURE 3. A TAGGED HALlOTIS MIDAE SHELL 



The loss of a few tags is known to have occurred. 
Occasional toothmarks and bent Pe tersen discs indicated 
that the bright , yellow , plastic tags used in the 
investigation were subject to attack , presumably by fish. 
No such attacks wer e however witnessed . A few tags were 
s o severely bent that cracks were apparent and on occasions 
animals without outer tagging discs were found . 

Recoveries were made during systematic searches by 
divers from the Division . Two divers swam abreast down 
transects from the shore to the rock bottom boundary (a 
distance of about 50 yds . ) and collected or noted all 

tagged animals . To fix recovery positions prominent 
points on the shore were selected and the areas between 
these were referred to as sections . These were denoted 
A, B, C, D, E and F (see Table 1 and Figure 2) . Each 
section was searched by means of a series of transects which 
covered strips of the sea bed about 22 yds . in width . 
To locate th transects the whole peninsula was divided into 
22 yd lengths , called distance units for convenience. 
This system is shown on Figure 2, from which it can be seen 
that a search of section A would consist of three transects 
located approximately at distance units 4, 5 and 6 . 

On one occasion abalone found on each transect were 
recorded separately , 
record of movement . 
and limited the area 

and this gave a fairly accurate 
This method proved very tine consuming 

which could be searched, so generally , 
although searching was by means of transects located at distance 
units , the recoveries were allocated to sections i.e. A, 
B etc . on Figure 2 . The midpoint of each section was 
then regarded as the recovery position of all tagged abalone 
found within it . These mid-points , together with the 
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limits of the sections , appear in Table 1 . The length 
of each section in yds . is also shown by the table. 

Similarly the position of tagging was regarded as 
the mid- point of the section in which abalone were replaced 
after mar king . The difference between the two mid-points 
was therefore an e sti mate of the di stance travelled . 

TABLE 1: THE SIZE AND LOCATION OF COASTLIN SECTIONS 

SEARCHED DURING THE PER OD 17/5/62 - 26/11/63 . 

Limits Mi d- point Length of 
Section (dist . units) section 

(dist . units) t yards) 

A 4 - 6 5 . 5 66 
B 7 - 9 8 . 5 66 
C 10 - 14 12 . 5 110 

D 15 - 16 16 . 0 44 
E 17 - 20 19 . 0 88 

F 21 - 23 22 . 5 66 

Abalone movements were therefore measured in a 
direction par allel to the straight line approximating 

the eastern coastl ine of St ony P oint . The change in 
distance from the shore of tagging and rec overy positions 
has been ignored but this omission is not regarded as 
serious because abalon e were confined to the relatively 
narrow (approximately 50 yds . wide) band of rock running 
the length of the peninsula . Consequently large on and 
off- shore movements , relative to movements parallel to 
the coas tline , could not take place . 



24 

22 

I 
20 I 

I 
18 t:: I 

:::!' 
::::; I 

16 
I-z 
uJ 
(J 14 a: 
uJ 
a.. 

~, 
C 

iii I 
uJ 
C 

:::!' 

a: 
ii 

0 zl 
>-
(J 12 z. 

(J 
uJ 
a: :::!' I 

uJ 
::J 
O' 

10 uJ 
a: ... 

uJ 

~ 
I 

(/) 

:::!' 
I 

::J I 
8 I ~, 

>< 
I ~I 

6 I 
I 

4 

2 

0 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

SHELL BREADTH (CM.) 

FIG. 4 SIZE COMPOSITION OF TAGGED ABALONE RECOVERED DURING THE INVESTIGATION 

Trlpurvey, 1965. 



Estimates of movement were made in all cases whe~e 

recoveries could be associated with one of the sections 
l isted in Table 1 . These estimates , together with details 

of each recovery ' s tag number , initial shel l breadth, 
date tagged and recovered , t ag-recovery period as well 
as position tagged and recovered are listed in Appendix 1 . 

The bulk of tag recoveries were made by the Division ' s 

divers during the searches described above . As t he 
majority of the animals concerned in the experiment were 

below the legal minimum size l imit , tag-returns by 
commercial divers were negligible . This is illustrated 

by the recovery size frequency histogram of Figure 4 on 

which the minimum legal size limit and the maximum size 

recorded by the Division are also shown . 

Searching was only practical during calm c l ear sea 
conditions . On only two occasions was it p ossible to 

search an extensive length of coastline in a short time 
period . During August and September 1962 the coast 

between units 3 and 17 was searched within seven days . 

In November 1963 the area between units 4 to 24 was 
covered in two days . In the course of this latter search 
the method of searching within the sections listed in 

Table 1 could not be strictly adhered to and some of these 
recoveries could not be used to estimate movement . 

In addition to the above , abalone were recovered 

during tagging as well as during searches of individual 

sections at different times . 

RESULTS 
1-\ . 

A total of 2, 645 mi dae w3re tagged in the area and 
I\ 

373 (14 per cent ) were r ecovered within 558 days . 
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Twenty-eight of these were recovered or noted twice within 

the area and one abalone was recovered three times during 
the experiment. 

The recovery position of 232 tagged abalone was 
known, so these could provide data on movement. Their 

I 

recovery information is summarised in Table II, from 

which it appears that fairly large distances can be 

covered by this species. There are no less than 15 

records of abalone which have travelled at least 308 

yds. along the Stony Point peninsula in periods ranging 

from 104 to 558 days. Within just over one month, one, 

three and four individuals covered distances of 132, 

176 and 220 yards respectively. Conversely, many 

abalone were found not to have moved significant dis= 

tances. The first row of Table II, which includes 

movements of O t o 43 yards, contains periods ranging 
from 21 to 556 days. This indicates that some abalone 

remain in t he same small area for comparatively long 

periods, although the possibility that abalone leave 
and tben return to the area in which they were tagged 

cannot be discounted. 

The range of abalone movement rates could only be 
fully described from data recovered during searches which 

covered an extensive continuous area within a reasonably 

short period. On occasions when only one or two isolated 

sections were searched the rates of movement recorded are of 
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. 
TABLE 2 : FREQUE.t""fCY OF iOVE!V:c::NTS OF TAGGED ABALON.i!. AT 

STONY POINT DUR NG 17 lf Y 1962 TO 26 NOV.ElvillER 1963 . 

i~!ovement Tag- recover y Period in days * Freli,· yds . 

21 23 28 34 35 55 56 57 78 79 84 91 
(7) (6) (21 ) (3 ) ( 6 ) (2) ( 2) (3) (4) (3) (3) (2) 

0- 43 96 104 110 111 112 119 120 145 174 175 180 207 
(5) (1) (5) (2) (1) (1) (1) (8) (1) (1 ) (2) (1) 101 
215 271 277 311 322 453 556 
(2 ) ( 2) (1 ) ( 2) (1) (1) (1 ) 
10 27 28 34 49 57 71 1 41 145 161 208 215 

44- 87 (16) (2) (1) (2) (1) (1) (2) (1) (1) (3 ) (4) (4) 44 
277 340 381 431 432 
~l) (1) (1) (2) (1) 

88- 131 50 54 55 103 116 180 220 15 
{ 4) (1) (2) (1) (3) ( 2 ) { 2) 

132- 175 33 77 117 118 166 167 200 36 3 368 18 
(1) {2) ( l> ) {l) ( 4 ) (1) (1) (1) (1) 

176- 219 34 55 77 110 111 116 117 118 271 363 20 
( 3) ( 2 ) (1) (1 ) ( 4) (1) ( 3) (1) (1) (1) 

364 396 
(1) (1) 

220- 263 33 34 55 110 117 139 318 319 tf1 14 
(~) {2) (2) {l ) (1) { 2) ( 1) (1 ) 

264- 307 118 319 363 364 397 5 
(1) (1) (1) ~l) (1 ) 

308- 351 104 165 181 216 278 6 
( 1) (1 ) ( 7 ) ( 2) (1) 

352- 395 166 167 208 274 390 558 9 
(1) ~ 1) (1) ( 4) (1) (1) 

232 

* The f i gures in brackets indicate tha t number of recoveries 
within each category . 
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li ttle significanc e for these are t oo de pendent on the 

l ocation of the search area . 

Data from only one recovery sea sion proved suitabl e 

f%~ t he examination of movement r ates . Thi s was during 

August/September 1962 when the a r ea between distance 
unit s 3 and 17 was covered and many r ecoveries with short 

tag- return periods were noted . 

The rate of movement was expressed a s the distance 
moved per annum and could easily be calculated from the 

recorded movement and the t ag-return peri od . Such 

e s timates were made f or all abalone r ec overed in the 

ab ovementioned search and these have been classified 

in 1able 3. 

From the table it is evident that the max i mum rate 

of movement , as shown by 7 recoveries , lies between 

2, 000 and 2, 499 yards per annum, The rat e does , however , 

seem to vary consider ably . Rec overie s wi th short tag- return 

peri ods , tha t i s 27-35 days , occu r throughout t he r ange of 
r ate i ntervals listed i n Tabl e 3 but abalone at lar ge 

for longer periods tend to be confined t o t he slower inter­
val s of t h e table . Thi s i s probably due to the f act t hat 

the f aster moving i ndividuals of t he latter gr oup t r avelled 

beyond t he area s earched i n t he time be t ween tagging 

and searching . In spi te of t h i s , movement rates between 
500 and 999 yards per annum are fairly common . In 
a ddition a large proportion of all recoveries made dur ing 
this search had a l ow rate of movement vi z . 0 to 249 yards 
per annum. Tag- return peri ods in this case r anged from 

34 to 112 days . 
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The above data inidicate t hat t he r a t e of movement 
of this species is extremely variable. For practical 
purposes it was necessary to obtai n some e s t imate of t h e 
mean r a te of movement . For this 23 recoveries with short, 
t ag-return periods ( 27 to 35 days) were selected from 
the ab ove sample. The shor t tag-return periods ensured 
as far as possible that even f a st moving individuals 
would be r ecovered before they moved beyond the s earch 
area . 

These recoveries appear in Tabl e 4, which also lists 
details of the tag number , shell breadth , t ag- r ecovery 
period , distance moved and rate of movement . The mean 
rate of movement of t hese abalone , which occur within 
the size-range 5 . 60 t o 12 . 35 ems., amount s to 1083 yd s . 
per annum . The rang e about t his mean i s 229 to 2433 

yards pe r annum . 

The ab ove f i gures are based on da ta measured again s t 
a f airly crude scal e . As such the calculat ed mean rate 
of movement can onl y indi cate t he order of the movement 
per year whi ch can be expec t ed from i ndividuals within 
the size range investigated . In addi t ion the observations 
used were all a t large during the winter months onl y. 
No allowance has theref ore been mad e for possi bl e 
seasonal variations in the r a t e of movement. 

The arr angement of values for shell breadth and r ate 
of movement in Table 4 sugges t that there may well be 
some assoc iation between these variables . Smaller a balone 
within the sample t end to exhibit lower rates of movement 
than their larger counterpart s . The signi ficance of this 
associa tion was examined by calculating the Spear man Rank 
Correlation coeffic ient, s as described by SI ~GZL ( 1956) . 



TABL13 3 : J!~REQuENCY OF RA T.i::;s OF r.IOV3lriliN·T F OB. ALL 

" ,ALONE .JC v·" t •-:- ON TH.i!: 30 AUGUST 1962 
AND 5- 6 SZP _ •111.'J3~.. 196 2. 

Rate of 
movemen t Tag- re t urn per iods * in days (yds . :per 
annum) 

0- 249 34 35 56 57 71 78 79 104 
( 3) (6) (2) (3) (2) ( 4) (3) (1) 
111 112 
(2) (1 ) 

250- 449 34 49 57 200 
(2) ~l) (1) (1) 

500- 749 28 50 77 110 111 139 
(1) (1 ) ( 2) ( 2) ( 4 ) ( 2) 

750- 999 27 50 77 
( 2) (3) (1) 

1000- 1249 

1250- 14 9 33 55 
(1) ( , ) 

1500-1749 

1750- 1999 34 
(1) 

2000- 2249 34 
2) 

2250- 2499 33 34 
( 3) ( 2) 

14 . 

Fre\• 

27 

5 

12 

,-
0 

4 

1 

2 

5 

62 

* Numbers in br ackets indicate the number of recover ies 

wi t hin each t ag- return period . 
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Thi s non- parametric measure of correlation was sel ected 

because t h e dis tri bution of the r a t es of mov ement within 
the sample was obvi ously not normal . The value for s , 

which incorporat es the correction requi red for the high 
p roport ion of tied r anks in t he sampl e, amounted to 
0 . 4694 . For a sampl e of 23 individual s th is value is 
significant at t he 5;." l evel onl y . The resul t suggests 
that although there is a significant assooiation b t ween 
size and rate of movemen t , the nature of sis such that 
t he relationship cannot be considered to be v ery mar ked . 
Further conclusi ons about this are beyond the scope of 
the investigation . 

_The extent and rate of moyement have been discussed . 
From these resul ts it is apparent that t h e propor ti on of 

abalone which move mus t be f ai rly high . Refe renc e to the 
frequencies listed in Table s 2, 3 and 4 will confirm this . 
These proportions can be defined more exactly for specific 
time periods if the results of the extensive search 

conducted during August/September 196 2 be considered . 
During t his search 59 abalone were recovered between 
di stance units 3 to 17. These had been at large for 

27 - 11 2 days . Of the recoveries , 38 G~ 84 per cent had 
moved beyond the area in which they were r eplaced af ter 
t agging . 

Because the coastline beyond the 16th di stance uni t 
was not c overed during this search the actual percentage 
of tagged abal one which moved could be higher , depending 
on the extent of movements wi thin the time limit 27 to 112 
days . Movement s of more than 10 units ( 220 yards ) would 

carry abalone from tagging si t e beyond the area searched on 
this occasion . The mean r ate of movement is such that 
movements of this magnitude are possible within the time 
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TABLE 4: RATES OF MOVEMENT OF 23 ABALONE R~'COVERED 
WITHIN 27 -35 DAYS AFTER TAGGING. 

Tag I niti a l Tag Distance Rate of 
Numb er shell recovery moved movement 

breadth period (yds) (yds . per 
(ems) ( days) annum) 

C 405 12 . 35 27 66 89 2 
C 368 12 . 10 33 220 2433 
C 302 11 . 90 34 198 2126 
('I 240 11 . 65 35 22 229 V 

C 285 11 . 15 34 17 6 1889 
('I 424 11 . 05 27 66 892 V 

C 392 10 . 95 34 44 472 
C 410 10 . 80 34 44 472 
C 225 10 . 75 34 220 2362 
C 396 10 . 40 34 22 236 
C 365 10 . 10 33 132 1460 
C 353 10 . 00 33 220 2433 
C 230 9 . 60 28 44 574 
('I 260 9. 15 34 198 2126 V 

C 397 9. 00 33 220 2433 
C 197 8 . 55 35 22 229 
C 219 8 . 45 34 220 2362 
C 356 7 . 60 34 22 236 
C 345 1 . 20 34 22 236 
C 218 6 . 95 35 22 229 
C 202 6 . 90 35 22 229 
C 182 6 . 20 35 22 229 
l't 261 5 . 60 35 22 229 I., 



limit and the percentage quoted , that is 64, must be 
regarded as a minimum estimated . 

In deriving this percentage , only movements 
parallel to the peninsula coastline have been considered . 
Movements parallel to the mainland , that is at approximately 
right angles to the peninsula , have been excluded from these 

estimates . Although the sandy bottom extending along most 
of the length of the peninsula effectively prevents movements 
in this direction , the bottom near the mainland shore 
consists of loose boulders over which tagged abalone 
could travel to settle on a group of densely populated 
reefs occurring about 120 yards to the east . These reefs 
were searched on one occasion (8 November 1962) but no 
marked animals were found . Movement of tagged abalone 
in this direction would result in still further under­
estimation of the true percentage of abalone which moved. 
It is not h owever possible to estimate the importance 

of this effect . 

~ DISCUSSION 

Laboratory experiments by LISSiv:i:AN (1945) and field 
observations by STEPHENSON (1924) , CRCFTS (1929) and 

SINCLAIR (1963) have shown that Haliotis tuberculata and 
Haliotis i r is are capable of active movement . CROFTS 
(1929) and COX (1960 , 1962) have respectively reported 
on tagging experiments with H. tuberculata , Haliotis 
cracheradi i and Haliotis rufescens , but the movement result·s 
described have been confined to remarks about isolated 

recoveries . In the course of the Division ' s Haliotis 
midae tagging programme an attempt was made to evaluate 

aspects of movement on a more quantitative basis . This 



proved difficult from the practical point of view as 

thorough searching of the seabed by means of SCUBA 

18. 

divers proved to be time-consuming and could only be done 

on rare occasions when calm, clear water conditions 

prevailed . A compromise therefore had to be made between 

accurate location of recoveries and adequate coverage of 

a large enough area to ensure significant results . 

Movemen t has accordingly been described in terms of distances 

parallel to the straight line approximating the eastern 

shoreline of the Stony Point peninsula, and the limitations 

of these estimates have been discussed . 

Tiuring the investigation no attempt was made to 

associate movement with any environmental or physiological 

factors . In the course of tagging divers returned abalone 

to the seabed close to the site of collection so there 

is no reason why abnormal movements should occur in order 

to resettle in a favourable environment . The physical 

stimulus of tagging , which included exposure to the air 

for a short time , may initiate movement but it is unlikely 

that this stimulus would be prolonged sufficiently to cause 

the comparat i vely large scale movements recorded . It is 

therefore felt that experimental techniques did not 

interfere with the normal behaviour of this species and that 

the conclusions which may be drawn reflect the state of 

affairs occuring naturally in the environment . 

Haliotis midae within the size range tagged have shown 

that they can move up to 350 yards in periods ranging from 

167 to 558 days . In addition , records show that in some 

cases no appreciable movement took place even after fairly 

long tag- return peri~ds . 



The calculation of tbe rates of movement of a 
sample of' recoveries has shown that these values, 

expressed in yards per annum, are extremely variable. 

The mean rate of movement of the particular sample examined 

amount~to 1083 yards per annum. The sample range was 

229 to 2433 yards per annum. 

Data on the extent and rate of movements suggest 

that a large proportion of tagged abalone moved. 

This is substantiated by the fact that of a sample of 

59 r ecoveries 38 or 64 per cent had moved away from the 

original tagging area. 

The general picture which emerges from this field 

study is that, within the size range investigated, Haliotis 

midae is by no means a sedentary species. Movement 

commonly occurs and relatively large distances can be 
covered. 

These movement characteristics are in accordance 

with t bose required -;o exi:,lain the distribution of abalone 

in tbe Hermanus area. Juvenile specimens, with shell 

breadths below 5 cm, are found under stones where they 

are protected from predators. They occur very commonly 
in calm shallow bays on substrata composed of loose boulders. 

Larger abalone are not usually found in these areas. 
Abalone of intermediate sizes that is above 5 cm. 

but below 10 cm shell breadth, tend to occur more 

frequently on fairly shallow inshore reefs (1 to 6 ft. 

below the low watermark) which are protected from 

severe wave action. Lar ger abalone are found within a 

wide range of depths, the maximum depth record for the 

species being 75 feet. In all three cases that is juvenile, 

intermediate e.nd large sizes, there is a tendency for 
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individuals to occur in dense concentrations or "beds" . 
Commercial divers report the removal of up to 20 , 000 
abalone from such beds of l ar ge animals , where the 
density may be from 15 to 20 abalone per square yard . 

The fact that differences associated with s ize 
occur in the di stri bution of the species implies that at 
least the juvenile and intermediate sizes must move about 
in order to eventually change their depth or situation , 
as well as to congregate on f avourabl e reefs . This indirect 
evidence of movement is c onfirmed by the expe riment al f i n di ngs 
of this paper . 1 9"nder the circumstances cla ims me.d e by 
certain commercial divers that favour abl e but exploited 
reefs were often repopulated after a few ye ars ar s sub­
stantia ted . Such repopu.lation within t he period of a few 
years c ould not be• the re sult of larval settl ement f or 
growth i s not suffic iently f ast . Re stocking of the se 
reef s mus t therefore be due mainl y to recruitment of 
intermedi ate sizes from densely populated shall ow r ee f s 
in t he vicini ty . 
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I NTRODUCTION 

Various mathematical models are available for describing 

the growth of organisms . These were originally independently 

derived by different workers and as such will be first 

di scussed separately . More recent research has however 

shown t hat these supposedly different models can all be 

derived from a common, more g ene ralized growth rate funct ion. 

(RICHARDS 1959 , TAYLOR 1962) . This development will be 

dealt with in the second part of the review, against the 

background presented initially . 

Ideally a growth model should not only provide a good 

empiri cal representation of the growth of an organism, but 

its parameters should have a physiological interpretation 

r e levant to growth . It will b e apparent from the review 

that this latter requirement is satisfied to a varying 

degree in p res ent day models . 

The description of growth by means of mathematical 

expressions has very definite advantages , which may be 

summarized as follows: -

1 . They facilitate the comparison and testing of 

differences in t he growth of allied species or of 

the same species in different localities . 

2 . They allow interpolation or extrapolation to size 

ranges within which it may be difficult, from the 

practical point of view, to measure growth . 

3. Such expressions can conveniently be incorporated 

in production computations for exploited stocks . 

4. The nature of changes of the- parameters of growth 

equations may shed light on the physiology of growth. 
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Under the circumstances appreciation of the range , and 

s election of the optimum mathematical model would seem to 

be a prerequisite of any growth s tudy . 

MODELS 

The Von Bertalanffy Zquation . 

This equation was d0rived by VON B"SRTALANFFY (1934, 
1938) from physiological considerations. B.EVERTON and HOLT 

(1957) have presented a concise account of von Bertalanffy's 

treatment and the following is essentially a summary of their 
description utilizing the same mathematical notation , 

If an organism be regard ed as analogous to a reacting 
chemical system, which obeys the law of mass action , the 
resultant of two groups of processes , that is anabolism 

(synthesis) and catabolism (breakdown) , will be reflected 

by changes in the total weight of the organism . 

t his may be expressed as follows:-

dW 
dt 

Mathematical l 1r 

(1) 

where Hand k are c oefficients of anabolism and catabol ism 

respecti vely and n and mare some powers of t h e body weight 

(W) . Following gene ral physiological concepts von 

Bertalanffy suggests that the rate of anabolism is pro= 

portional to the absorttion rate of nutritive material, which 

is in turn dependent on the size of the absorbtion surfaces. 
Catabolism however, could be propor t ional to the total mass 

bei ng broken down . Thus 



( 1) becomes 

dW 
a=c = Hs - kW 

wheres = the effective physiological surface of 

the organism. 

and H = rate of synthesis of mass per unit 

"physiological surface" 

J. 

(2) 

k = rate of destruction of mass per unit mass. 

EQuation (2) may be expressed in terms of length (L) i f 
it can be assumed that the organism grows isometrically 

and has a constant specific gravity for, under these 

ci rcumstances , 

2 
s = pL 

W = QL3 

p and Q being constants . 

This being the case 

dW d(qL 3 ) JnL 2 dL 
cTT = dt = '1. dt 

Substitution of the above in (2) gives 

therefore 

dL 
n = 

= 

if~ = 

dL 
cit = HpL 2 - kQL3 

HpL 2 

3QL 2 
k~3 

3QL
2 

¥o kL Q - j 

E and k K 1 = 



t hen dL 
cft :::: E - KL 

Intergrating (J) as follows: 

( dL 
\ E - ra; l 

J 

4. 

( 3) 

The intergration constant c may be evaluat ed as follows: 

l et t = o, then Lt== L
0 

and c ::: =ft Log 
e 

( Z-K1 ) 
0 

- Kt== Log 
e 

- Kt e = 
E-KLt 

E- KL 
0 

E- KL 
0 

== ( ) - Kt E- E-KL e 
0 

Lt 
/ E- E L \ -Kt 

= \ x K - 0 ) e 
\ 
' 

but Lim {E 
Lo 

'\ -Kt 
t ·--'} ~·· \ Ir } e == 

' I 

L E 
= K Of': ,' 

Lt L (L~a - Lo) 
-Kt 

:::: - e ~· 

0 

( 4) 
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which i s an expression of lengt h at time t . Par ameters 
of this equation whi ch have to be estimat ed are therefore 

L = a() 
the maximum size attained by the organism 

Lo :::: the lengt h a t zero time 

and K = one t hi rd of t he r a te of destruction 

of 

Equa tion 

mass per unit mass . 

(4) is more c ommonly 

- K(t- t) 
0 

) 

which may be derived a s follows: 

e - Kt 

presented in t he form: 

( 5) 

( 4) 

i f Lt= 0 when t = t
0 

t hen the constant L
0 

may be evaluated 

a s : 

- Kt 
0 = L - (L - L) e o 

o0 :.< 0 

L (1- eKt ) 
oo 

subst i tuting in (4) 
\ Kt -1 

- i L - L ( 1- e O
) f 

I .~ ~ I 
L ; 

- K( t - t ) -· 
(1- e O

) 

Lt = L 
~ 

= L 
~~-

- Kt 
e 

( 5 ) 
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The constant t
0 

may be interpret~d as the age at which 
an organi sm, with the same patt~rn of growth as that in 
later life, would have had zero weight. 

~quation (5) does not therefore describe growth over 

the whole size range unless t
0 

is very near or equal to zero . 

Assuming a cube relationship between length and weight 
equation (4) may also be expressed in terms of weight as 
follows~ 

and similarly to equation (5) , (6) may be expressed as: 

-K( t-t ) 3 
Wt = w,.. ( 1-e 

O 
) ( 7 ) 

Estimation of the parameters of equation (5) is 
described by RICK~R (1958) . If length at age t + 1 be 
considered then: 

but from (5) it can be shown that~ 

-K(t-t ) 
0 

e 

By substitution: 

l. ( 1 t ) -Kl 
Lt+l == L,., .1 - 1 - ~ e J 

= L (1-e- K) + e- KLt 



P . - K k ( I 1 . i utting e = t sh ou d be noted tha t kin th s case 
is not equ ivalent to t ha t of (2 )) , 

( 8 ) 

Thi s expres sion describes the l inear rela tionship be t ween 

the vari ables Lt +l and Lt, Pl ot t ing Lt+l on Lt and/or 
fi tting a regre s s ion equation therefor e provides a convenient 
way of estimating Kand L 

vC 

RICK:s:R (1 958) mentions t hat fitting expressi on (8) 
directly may not be s a ti sfactory because both vari ables a r ~ 

subject to sampling error and points may be erratically 
distr ibute d with re spec t t o t he line fitted. For a be tte r 

fit RICK~R sugges t s t he following ~ 

Writing equation ( 5 ) a s ~ 

- K( t-t ) 
Lt L L 0 

= - e 
·:C ,_;;,(;, 

- K( t-t ) 
then L Lt L 0 - = e 

,· . .o 

Log transformi ng t he above give s 

Thus loge (L~ - Lt) plotted on ti s linear, and t his 
linearity is sensiti ve t o values of L

00
• Us ing an initial 

1
00 

value s elected from a fre ehand plot of (8) , a f ew 
tri a l pl ots will quickly y i eld t he L value which gi ves th(' 

-.'.'o-J 

stra i ght est line , and this can usual l y be judged by eye . 
The coeff ici ent K, which is the slope of (9) , can then 
easi l y be asc ertained and , f rom t he interc ept value t he 
coefficient t i s de rived . 

0 
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The g rowth equat i on discusse d ab ove wa s de riv~ d by VON 

BBRTALANFFY ( 1934, 1938) from phys i ologic a l consi dera tions . 

A more empi r i cal drivation of essenti a l ly t he s ame expre ssion 

occu rs in the l ite r ature . RICKER (1958) states that growt h 

in fishe s commonly foll ows a pattern of a n ini t i a l rapid 

absol u te i ncrease in leng t h fo llowed by a progre ss ive d ec r ease 

in g rowt h rate , that is t he g rowth c u rve is an asymmetric a l 

sigmoid . Fur thermore t he initi a l period of increasing absolut8 

g rowth rate is usually c omparat i vely short s o t ha t the point 

of i nflection lies so n ear the z ero line axis t hat it may r , 

even appear i n a g raph of yearl y increments . 

Considering only t he part of th8 sigmo i d having a 

decreas ing s l ope , t he func t ion 

may b e used to describe t he l engt h (Lt) a t time t 

(10) 

where Band Care c onstants hav ing dimensions of l ength and 

K i s a constant dete rmining of rate of c h a n g e i n t he l e n g +h 

increment . 

Following RICKER (195 8 ) (10) c an be wr i tten as 

Lt+ C = B + C - Ce-Kt 

al so from ( 10) when t -::, =-0 

L == B 

and fr om (11) 

when t = o 

( 11 ) 



The constant quan t i ty B- C i s therefore an adjustment 
whi ch shifts the time ax is of the graph to en su r e the 
adjusted lengt h is zero when the age is zero . As in the 
v on Bertal anffy deri vation the same ef fe ct can be achiev ed 
by shifting the l ength ax is and intr oduc ing the constant t

0
~ 

that i s : 

If t = t o ' Lt = 0 

and from (11) 

- Kt 
B = Ce o 

Kt 
C Be 0 = 

Subs t ituti ng t he ab ove in (11 ) 

- K( t - t) 
0 Lt - B = -Be 

-K(t- t) 
Lt_ B (1-e o) 

As B = L 
- K(t- t) 

L = L (1-e o ) 
t " 

which is ( 5) . 

(1 2) 

The above empiric al deri vati on is advantageous in t ha t 
it does not specify conformat ion to t he surface and cube 
laws of anabol i sm and ca t ab ol i sm respectively . 

As for lengt h, graphs of weight on age a re a symme t rir ~- . 
sigmoid , but t he po int of inflec tion is at a gr eater age 
i n the l atter curve . The empirical cu rve of (10 ) can th~ : 
f ore only be applied to ages above the point of inf lec ti on . 
Si milar ly to (12) , it can be shown t hat 
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( 13) 

where t~ is the age at which weight would have been zero i-f 

growth had always conformed to expression (13). 

It will be noted that (13) differs from the similar 

expression (7) deriv2d in the initial discussion of {5) in 

that t• is used in place of t
0 

and the term equivalent to 

These 

differences are due to the fact that whereas (7) applies 
over most of the life span of an organism (13) describes 

only that section above the point of inflection of the weight/ 

age curve. 

As discussed, the parameters of equation (5) may 

conveniently be estimated from a plot of Lt+l on Lt• It 
frequently occurs in the course of tagging experiments that 

specimens cannot be recovered at yearly intervals after t agpin~ , 

that is values of Lt and Lt+l may not be ~vailable. Instea d 
sizes at intervals of less than a year or a year plus may hav '"' 
been noted. If suffici~nt specimens are available with ~~­
same t ag-return interval (not necessarily one year) the 

parameters of (5) may be estimated by the following method 

which is due to GULLAND and HOLT (1959). 

Assuming growth is according to equation (5), Lt will 

increase to Lt+a after an interval of a, as follows: 

-K(t-t +a) 
L = L (1-e o ) t+a ·-'.Q 

The growth increment ay during time a, will be 

- e 



= L 
00 

- K( t - t) 
0 

e 

and growth per uni t t ime , t hat is Y, 
- K( t-t ) 

is Y = L e O (1- e- Ka) 
r /) 

a 

The mi d- point of t he length interva l is ½ (Lt+ Lt+a) 
and will be denoted by x 
then 

- K(t- t ) -K( t-t +a) 
x = ½ L~ (2- e O 

- e O 
) 

- K( t - t ) 
0 

(l+e- Ka) L - L e = 2 :'<) c>D 

- K(t- t) 2(L - x) 
L -e "° e = 

( l +e- Ka) 00 

Substitut ing (15) i n (14) 

l e t b 

t hen 

y ::: (1 
0(, 

= l Ka 2 

( - Ka) 
) 2 1- e - x __._ ___ ,,,_...... 

( - Ka ) a l+e 

h 
(L ,,,, - x) K (l- e- 2 0 ) y == 

= K (L -x ) 
;::,O 

t anh b 
b 

11 . 

(14 ) 

(15) 

(16) 

Thus for a group of data reflecting growth ove r a fiv ~ 

time dur ation a plo t of Y, t he inc rement per unit time , 
against x , the mid-po i nt of t he corresponding lengt h int er­
val will be linear wi t h a slope - K¾ t anh band intercept 
KL on t he x ax i s . 

oC, 



1 2 . 

If separate plots of Yon x are made fo r groups of 

da t a with di fferent time intervals, the slopes of the line s 

will diffe r but the interc ept s sh ould be similar. If 
1 t he time intervals are short then , as 2 Ka== b b will be 

small . For small v a l ues of b , tanh b ~ b and the term 

tanh b . b becomes equal to one . Thus for a small t ime 

i n t er val the relationship between Y and x will be linear 

with s l ope - Kand intercept KL • The authors provide 
cc, 

X a t ab le of values of t anh x from which the error i n assumj~a 
X 

t anh x equal to one can be judged for v arious values of x . 

For da ta for wh ich t ime interval s are long , but some 

gr oups with short intervals are available , the f ollowing 

method may be used . 

Equation (16) may be expressed a s 

b 
t anh b Y == K ( L ,•, - x) 

.__, I 

b 
t hus plotting t anh b Y and x 

wi ll r esult in a straight line with slope - K. From the 
data with rel a t ively short time i ntervals an estimate of K 

c an be ob tained . From this firs t approxi mation to Kand 
b t h e known time interval , the values of t anh i Y may be 

c alculated utilizing a t ab l e presented by Gulland and Holt . 

These points, plotted on x , may then be ad ded to the ori ginal 

plots for data with short time intervals . The paramet~rs 

L,,,,,._,and K c an then be esti mated f rom the s lope and int9rcp 1"·' 

of the c omb i ned plots . 
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The Walford growth curve . 

WALFORD ( 1 946) independently deve lope d an empirical 

g rowth curve which is in fac t a derivati on of the von 

Bertalan:ffy curve discussed in the previous section . 

Walford recognise d that i n most cases g rowth over the major 

part of life c an be represented by that section of a sigmoid 

curve occuring ab ove the inf l e ction p oint, t ha t is, the 11 self 

inhibitingH phase of the curve . WALFORD found that this 

type of curve could be transformed to a straight line by 

plotting the leng th at age t+l on the l ength a t age t tha" 

is Lt+l and Lt . This plot is essenti ally the same as 

(8 ) which was derived by mathematical manipula tion of (5). 
The author menti ons t ha t for several spe c ies for whi c h 

published dat a are available 9 plots of Lt +l on Lt proved 

to be linear . In a d dition 9 some interesting chara cteristic~ 

of this t ype of growth representation are described . If 

the r elationshi p between Lt+l and Lt is linear then 

= 

or more simply 

L - L l n n - = 

a lso i f Lo == 0 

L - L n n - 1 
L - L n -1 n-2 

K (Ln- l - Ln- 2) 

t hen 

L2- Ll :::: K(L
1

- L
0

) == K L
1 

= K 

L L K (L L ) = K Kn- 2L1= Kn- lLl n- n-1 == · n - 1- n - 2 

( 17) 

(18) 
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L - L n n-1 
L :...1 • 
·n- 1 n- 2 

This may be extended to 

L - L 
,::x'i n+l 

L - 1 
'.;/J n 

= K 

This leads to an interGsting interpreta tion of the 

characteristic growth represented by (20) and (5) . From 

the ab ove equat ion it appears t hat the growt h remain i ng 

unf ulfilled at the beginning of any time interval i . e . 
n +l, is a c ons t an t prop ortion of t hat which remained at the 

beginning of the previous inte rval i . 2 . n . Wal f ord noteP 

that the h i ghe r the K value the more slowl y the limiting 

lengt h i s appr oached . 

The Gompertz curve . 

The ab ove equat ion was originally developed by 
Gompert z i n 1825 and has been used to describe t he growtb 

of organisms such as t he r azor clam Si ligua patula 

WEYMOUTH , McMILLIN and RICH (19 30) , the Pacific cockle 

Ca rdium corbis WEYMOUTH and THOMPSON (19 30) , the ca tfish 

Os t eogeneiosus_l!l\lita ris PANTULU (1963) and the yell ow fin 

t una Neo t hunnus macropteru~ RIFFENBURG]: ( 1960) . 

The developmen t of the equat ion is as fol lows: 

W:CYI•mUTH , MCMILLIN a nd RICH ( 1931 ) and w:sn.10UTH and 

MCMILLIN (1930) showed t hat the decline in relative growth 

r ate with age of t he razor clam is exponential . When 
log transf ormed the relationship theref ore becomes linea~ 

t hat is 



1 dL L dt == a - Kt 

1 dL (a- Kt) 
t: dt = e 

dL (a- Kt\t T = e u 

Integrating the ab ove 

a - Kt e 
Loge Lt== - K + b 

putting c 
a 

e 
= K 

Log 
e 

T, -~t -

- Kt 
Lt= -ce 

e 
- Kt -ce +b 

+ b 

putting eb = B the above 

becomes 

- Kt 
L Be- ce 

t = 

which is t h e Gompertz function . 

16 . 

( 21) 

Expression (21 ) i s a n asymmetrica l sigmoid which may be 

used to provide an empirical descripti on of growth curves 

h aving thi s form . 

Methods of estimat ing the parameters of the Gompertz 

equation a re complic a ted and will not be dealt with . The 

techniques have however been fully described by RIFF~NBUR~V 

1960. 
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The Aut oca t al ytic or Logistic equati on . 

BEV~RTON and HOLT (1957) describe t he ab ove equation 
which has l i mi t ed applicati on as an empiric al means of 
representing growth . Assuming the relationshi p be tween 
gr owth r a te ( i n terms of we i ,2;h t) and size can be expressed 
a s 

dW a-c = KW ( A- W) (2 2 ) 

a growth curve may be obtained by solving (2 2) as follows: 

dW 
W(A- W) = Kd t 

By partial factorization the above b0c omes 

d Vl dW w + A- W = AKdt , 

t he solution of which is 

Lo.a- W - Loa (A- W) = AKt ue .....,e 

Lo.c· 
'"' e 

W = eAKt (A- W) 

= AeAKt - WeAKt 

W (l+eAKt) = AeAKt 

W - AeAKt 
- l+eAKt 
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The a bove equation has a symmetrical sigmoid form and 

as such has limite d applica tion in g r owth p roblems . 

Attempts have been made t o introduce asymmetry into i t by 

modification of the parameters , but these have only 

resulted i n empirical expressions wi t h par ameters difficu lt 

t o estimate . (BEVERTON and HOLT 1957) . 

Parabolic growth curve . 

One of the most rec ent gr owth functions to be 

developed is the paraboli c expression of PARK"SR and LARKI1 

(1959) . The concepts from which this expression was 

de rived a re interesting and a re bri ef l y as follows. 

The first observation which the authors make i s t h a t 

the growth rate of fishes is greatly influenced by 

environmental f a ctors such a s a bundance of food and popul a tion 

densi ty. Thus, unless t he environment remains r ela t ively 

constant , age and s ize need not be rela ted in a fixed marine r 

In addit ion , even under constant physic a l conditi ons , 

g rowth of fish may not be re l a ted to age . To illustrate 

this point t he authors quote the findings of v a rious 

workers , who found size hierarchies in age g r oups of fishes 

which influenced thei r growt h r a tes . Addi tional evidence 

that growt h is size and not age dependent in certa in fish 

is ci ted by PARK~R and LARKIN , In this respe c t they 

mention t ha t many species change their ecological niche 

as they g row older , thus r evising the "ultimate size" t o 

which they a r e g r owing . (LARKIN , T"SRPENNI NG and PARKER , 

1 957) . I n addition many salmonoids underg o marked 
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physiological transforma tions a t di fferent pariods of the i r 

history and these may also be r el a ted to a size threshol d . 

(ALlYI 1959 , ELSON 1957, PARRY 1958 in PARKER and LARKIN 

1959) . 

From the ab ove di s cussion it may be concluded tha t, due 

to environmental or physi ol ogic a l changes growth pattern s 
may be revised . This a pplies especia lly to Salmonoids 

which undergo physiol ogical changes a t different periods in 

thei r l ife his tory , and , to quote P.ARK~R and LARKIN (1959 ) 
"Growth of fish may thus be visualized a s a series of growth 
s t an zas (Brody, 1945) which are ent:1red by ecological and 

physiological size thresholds and within which size is the 

ba s i c determined of both ec ological and physiol ogica l 

opportunity for growth 11 
• 

Un de r these circumstanc e s many mat hema tical functions 

describing growth over the whole size r ange must to a 
certa in ex t ent dampen the discreet s t anz a eff ect a s it i s 

impractical to incorpor a te sufficient coefficient s to 

render a mode l sensitive enough t o r eflect t he effects of 
the va rious stanzas . .Accor ding to Parker and Lar k in t herefore , 

a des i rabl e model is one which has a minimum number of 

cons t an ts repr2senting the combined ecologi cal and physiolo­
gic a l factors affecting gr owth throughout l ife and i s based 

on thG vi ew that change in size is a function of size a chieved . 

To devel ope thei r mode l the authors c onside r t he 

following expr ession of growth in mass ; 

a.w 
dt = ( 24) 

which has been found to de scribe empirically the relat ion­

ship between weight and various physi ologi ca l proces s e s . 

( PARKER and LARKIN 1959) . The expression (24) therefore 
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forms a logical basis for the dGvel opment of a growth function 

and may be intcr gr ated as follows: 

Vi, xd 1v ., ' ::: E dt 

wl- x 
' t Et + 1-x == C 

wl-x 
, 

= Et ( l-x ) + C t 

, 
,yl- x if t = 0 C = yl 

0 

thus 1i.r~-x = ( 1-x ) Et + w~-x 

Consi dering growth from t to t+l 

= -(1-x)Et 

v,l- x == E ( 1-x) - 't 

_ wl - x 
0 

,ul-x 
Vi t+l ( \ 1- x = E 1-x ; + wt 

Assumine a weight l ength rGlationship of 

VI == q_LY and 

substituting for Win (26) gives 

Ly(l-x) _ E(~- x_) . + Ly(l-x) 
t+l D - x) t q 

( 25) 

( 26) 

The above equation is linear and par allel to a 45° diagonal 

passing through t he origin oo . 



Putting 

~ ==~ 
q_ 

and z == y (l- x) 

( 27 ) bec omes 

21 . 

(28) 

The c oe f ficients of (28 ) may be intGr preted as f ollows: 

2 2 . " If Lt 1 ; L. t hat -s ~ ~ 0 ( 28 ) may be r epr esen ted by a 4: + ti ' 
d i ag ona l passing though t he or igi n oo , The val u e of 

t h e refore dete r mines t he di stanc e be t ween the d iagona l 

passing t h rough t h e origi n a nd t hat of t h e di9.gonal repre== 

s e n t ing t h r ough t he da t a . This constant expressos length 

i n creme nts in a manne r which is c ompara ble r e gardless of 

size or age (PARK~R a nd LARKIN 1 959) . Th e v a lue of z h as 

been found by t h e above au thors to b2 within extremes 0 , 5 

t o 1 , 5 . Plott i ng Lt+l agai n st Lt reve a ls t he nature of z . 

A trend d ive rging f rom the 45 ° di agonal indicat Gs t ha t z i s 

lik e l y to be betW(Jen 0 . 5 and 1 . 0 . Conversely if t he treLu. 

approa c hes t he diagon 1 , z is likely t o li e between 1 , 0 a nd 

1 , 5 , I f the dat~ a re l i nea r and p a r a llel to the di agonal , 

z will ba close to 1 . 

Estima t i on of the coeffi c ients z and « is fully described 

by t h e authors , and will n ot be dealt with in de tail here . 

Br iefly two meth ods a r e availabl e . Ideall y z may be foun d 

by assuwmi n g trial v a l u es for i t and determi n i ng the v a lue 

which p r ov ide s the mi nimum re l 2. ti ve vari ance ofo( .. Havi n,g 

de t e rmi ned z 9 ~ may then e a sily b e c a lcula ted . As the 

c a lculati ons required fo r the a b ove a r e c onside r able , 

computo r faci l i ties a re requi r ed . If such facilities a r e 

n ot av ailable t he au t hor s sugge s t t he fo ll owing approach 



should be transfo rmed t o L o. 5 L 0 , 5 L 0. 5 
1 ' 2 ' 3 ' 

and L 1 . 5 L 1 . 5 L 1, 5 
1 ' 2 ' 3 ' 
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L 0 , 5 
n 

L 1 . 5 
n 

which gives three so t s of da t a wi t h z values 0 . 5 , 1 , 0 and 

1 , 5 

For each set the meano( and its v ari anc e should be 

c a l cula ted . The square roo t of the r ela tive v ariance 
rs~----
J o<. ,., or rela tive standard dey Lation Sr c an then be 

cal cul a te d for the three sets of da t a . This statistic 

has ber:m found to be rela ted to z as the quadrat ic function 

S -, b 2 , r ~-::: a + z+cz ( 29) 

and t herefore provides a means of es timating the l a tte r 

parameter . 

As three sets of v a l ues of Sr and z a r e available (29) 

c an be sol ved s i multaneous l y . The optimum z v alue is t ha t 

which minimize s Sr . Thus differenti a t i ng (29) and equatiri -' 

to zero 

2cz+b = o 

an d z -b = 2c (30) 

The authors have used the above techniques to inves t i ­

gate aspects of t he growth of stoelhead trout (Salmo gairdn°~J' 

and chinook salmon ( One orhynchue tshawytscha) . By estimat :-i._,, 

the value fo r individual steelhead trout , and subj ecting th r 

data to analysis of v a riance t echniques they were able t o 

show signific ant diff e r e nces in growth due to sex and li i ·~ 

history . 
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The generali zed model . 

The more important growth models available to biologists 

have been described above . I t is appQren t tha t ea ch model 
has been developed rela tively independ,3ntly f r om physiol ogical 

or strictly empirical consi de r a t ions . Fai r ly r ecent ly it 

h as bE!Oll shovm that the curves ment ioned above can all in 

fact be derived fro m a more gener al expression with four 

parameters. RICHARDS (1959) derived empi r ically t he 

mon omolecular (equa t ion (5)) autocat al y t i c and Gomper tz 

cur ves f rom the general equat ion. 

1 
f,N- N 

w =/x - (K -
'--

( ) -1 1-m 
wl- m) - 1- m K t , 

0 e I 
J 

(31) 

by considering varia t ion s of t he par aceter s . 

Essent ially t he same function as (31) was independently 

deve l oped by TAYLOR and publi shed posthumousl y in 196 2. 
In this c a se the generali zed equati on was devel oped as an 

ex t ension of v on Bertalanffy ' s original physiologic a l 
j us tificati on of a gr owt h ~odel . The derivation considered 

he re will be t hat of TAYL OR (1962) , as differences between 

his equat ion and that of RI CHARJ)S (1959) are due solely t o 

not a t ion . 

A limi t ation of t he Berta lanffy equati on (5) i s tha t 
i t implies a cube and square relationship between lengt h 
di mens i ons and body weight and body surface respectively . 
Values of the we i ght exponent of l ength we i ght r el a t ionships 

}-.,_eve hovvover been found to range between 1. 4 and 4 . 0 fo r 
various s pecies and may thus differ apprec i ably from 3. 
In aQd i ti on data on intestinal lengths has shown that a 

linea r d imensi on squared is unlikely to provide a r eliablv 
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index of surface a rea (TAYLOR 1962). The data of FRY (19 57) 
also indicate that gill area does not confirm to a linear 

dimension squared relationship in many f ish . In addition 

RICKER (1958) notes froo feeding studies that food is s eldon 

a y ailable to fish in excess and therefore absorbtive surfa c e 

cannot be expected to b e a liniting factor with regard t o 

an abolic processes. 

From the above it is apparent t hat the relati onships 

2 
s = pL 

and 

W = qL3 

cannot always be confidently substituted in (2) as required 

for the derivation of (5) . The von Bertalanffy equation 

can therefore be made mor e flexible and repre sentative by 

setting 

s == pLa 

and W = qLb 

( 3 2) 

(33) 

and estimating these two power coefficients from the actual 

data . Using the method and no t ation of TAYLOR (1962) a 

generalized equation nay be ds r ived as follows: 

Differentiating (33) with respect tot 

Substituting (32), (33) and (34) in equation (2) gives 

dL _ ID2_ 1 (a-b+l) _ bkL 
at - oq 

and setting E == ~ 
k K=b 

( 34 ) 



the a bov e becomes 

If a ;l b ( 35) may be i n tegrate d as foll ows : 

Putting a- b+l = m 

__ d_L ___ = Kd t 
E n 'KL - L 

dL ------ = Kdt 

I E n-1 2 f rr L - 1 = t an 8 

E( ) ( m- 2) then X m-1 L dL = 

2tan8Sec 28d0 dL = 
iC m-l)L(m- 2) 

Thus Kdt = 
2 2tan8sec 8d0 

b t E Lm- 1 - t 20 1 u rr - an + 

2tan8 s ec 2Od0 
= • 2 2 

(c- 1) ( t an 8+l ) t an e 
s o Kd t 

2 = 
0

_ 1 ctn8dG 

25 . 

(35 ) 



Integrating the above expression gives 

Sin 0 

Kt+ c = 2 
n-1 

Loge sine 

may be evaluated as follows: 

2 :ELo-1 sec 0 = Ir 

tan2e E Lm-1_1 == 
K 

:------~-----
; 

ELo-l_l I 

Sin e 3/ : 

== 
.ELr:ri- l --

' r \ 

Substi tuting in the above equation 
r.,Lr1-l 1 
_,!, -

2 1 K t 
Kt+ c = - 1 n Log ----m- c. e ET □-1 

.,.,..u t 
h 

Putting t = o and L = L
0 

c may be evaluated as 

c = _l_ Log 
n- 1 3 

and thus 

.,.,,Lr-1-l 1 
(m-l)Kt Loge 

L , - m- 1 = Ir t E Log L - 1 
ELo-1 K 0 e 
K t E Lo- 1 

1Z'. 0 

26 . 



Integrating t he above expression giv es 

Kt + c = 2 
n-1 

Log s in e 
e 

Sin 0 may be eva l uated as f ollows: 

2 E1m-l 
s ec e = ~ 

2 tan e == E Lm.-1_1 
K 

Si n 0 -
ELm-=I 

\ ir 

Substituting in t he ab ove equati on 
r.iLm-1 1 .t!., -

Kt + c = 2 l Log _K_ t_,,.._ 
m.-1 ~ e ET n-1 

.L.J t 
'K 

Put t ing t = o and L = L
0 

c may be evalua t ed a s 

and t hus 

(m- l )Kt = Loge 

26 . 
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( m- l) Kt 

, 1-m E / E 1 ( 1- m) ) 
0
Kt ( m-1 ) 

Vt = X -,x - . , O I 
' , 

But m = a- b+l , t herefore 

- K(b- a)t e (36) 

whi ch is Gssent i ally the same equat ion a s (31) derive d by 
RICHA.RDS (1959) . 

From equat ion (3 5) and its int egr a ted f orm (36) it is 
possibl e to derive the growth mode ls discussed earlier by 
considering v ariations in t he parame t er (b- a) . These 
derivations , which will be dealt with in detail , may be 
summariz ed as follows . 

Equation Par ame ter Derive d func tion 
characte-
re stics 

(3 6) b ">a Generalized von Bertalanffy 

b- a=l von Bertalanffy 

b<. a Logistic 
( 35 ) b=a Exponential 

b- a-,O Gompertz 
b > a , K=O Parab olic 
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C onsidGring equation ( 36) , if b :-;,- a than t he gene r al ized 
von Bertalanffy equation may be obtain as fo llows: 

1. · L(b-a) E b- a 1 lll - -- L 
.l.J t - X XI 

a l so i :f L
0 

:::: o when t = t
0 

t hen similarly to ( 5) , ( 36) may 
be written a s 

( ) ( - K(b- a) (t-t) 
L b-a :::: L b- a ( l-e o ) t ,J(j 

and a s f or (8) the equati on 

L(b- a) _ rnL (b- a) ~ 
t +l - t +~ 

( 37) 

( 38) 

may be derived from (37) . 
(b- a) 

This indic a t e s a l i near r elation= 
ship between 1 and (b-a) . - K(b- a) Lt with slope m = e 

t+l 
and interc ept 

Expanding both s id2s of (37) to the power b: a we have 
an expressi on r elat ing l ength to age that is: 

The p oint of inflection of t he ab ove equa t ion may be 
located by di fferent iating t wi ce and equating the r esul ti ng 
terms ·l;o zero . 

This gives the f ollowi ng function , 

ti= t
0 

- Loge(b- a) 
K( b-a) 

where ti is the age at the i nflection point , 

( 39) 
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Thus (37) and (38) may be us ed to describe growth da t a 

showing an inf lection point on t he curve of Lt on t. If 

such an inf l ect ion occurs , then the parameter (b-a) will be 

less than one but positive . 

Inspection of (37) and (38) will show t ha t when b- a = 1 
these expressions will r::;ducG to the more well known von 

Bertalanffy equations (5) and (8). Whereas the values of a 

and b demanded by von Bertalanffy 's de rivation were 2 and 

3 respectively (see derivation of (3)) the generalized 

equation (37) requires only that b-a=l irrespe ctive of the 

individual values of a and b . The BPrtalanffy equation (5) 
is everywhere concave with no inflection point . This may be 

illustratod by equation (39) for , a s (b- a) approaches 1 , 

ti tends to t
0

• 

The Log i stic or Autocataytic equation may also be 

derived f rom (36) . If b- a is negative , then 

L (a- b ) 
t 

= 

C 

1 -\1 
i 
) 

! 

1 

7. / (a- b)J
1 

K(a-b)t 
7Lo e 

K 7 K( a-b)t 
e 

EL ( a-b ) / 
0 - · 

1 +/r K - l/eK(a-b)t 
EL ( o.-b) /. 

L o -
which is the g eneralized Logistic equation with an upp P, r 

asympt ote at ~ ( when t = o0) and a lower asymptote at zero 
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( when t = - ,-.c) . I t shoul d be n oted t ha t i n this equa ti on 

both E and K must be minu s . Physi ologically t his doe s 

not make scmse , and t hG logistic e qua tion i s t h e r efore 

purely empirical . 

VJhGr.. a = b , equa t ion (36 ) becomes i nso l uble . HoweV'3r , 

from integr a tion of t h e r ate equation it c an b e shown 

t ha t t his condi t ion lead s t o an exp onenti a l g r owt h curve . 

Thi s i s deri v e d a s follows: 

From (3 5) , when a= b , 

dL cfc ::: L (E- K) 

dL r = dt (E-K) 

I ntc ar ati g the ab ove : 

c may be ev a l ua t ed by pl a cing 

The ab ove becomes 

or (41) 

Equation (41) has been use d to desc r ibe growth i n weight 

by RICK~R (1944) anC BRODY ( 1945) has u s ed it to represGr..t 

the ucc elara ting pha se of growth i . e . the growth often 

occurring in ext r emely young an ima l s . 
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Vi/hen b- a-,•o , a different solution to (35) can be 
shown , which gives the GompGrtz function . This function 
may therefore be regarde d as a limiting form of the 

generalized von Bertalanffy when b -- a ➔ o. TAYLOR ( 1962- ) 
does not derive the Gompertz equation but this has been 
done by RICHARDS (1959) from equation (31) . Using Richards 
approach the Gompertz function was obtained from equation 
(35) as follows . 

E 
== KL ( K L(b-a) 

-1) 

bu t , and letting 

therefore 

Lim 
( b-a )➔ o 

dL 1 
dt L = 

dI, k L co 'cJi == L Loge t 

kLog 
e 

L .>,'j 
'r 
J.J 

Considering tho Gompertz function 

-kt 
Lt::: Be 

when t == co 1 

L == B 
c-0 

- ce 

(35) 

(43) 

(21) 



Thus ( 21) c n be expressed a s 

T - c e = ...; e 
0('.. 

- kt 

wh e r e c r eflects t he ch oice of z ero on the t i me axi s . 

The above may t hen be diffe rent iated as foll ows 

dL - kt 
L - C8 

d t = e 
oc. 

kLtce 
- kt 

= 

but - kt - c e e 

t heref ore 

- kt Je 

thu s dL kL-
~ :::: .Log_ 
U l, C ~ 

wh i c h is ( 4 3) • 

k-'-kce- L, 
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Tho parabolic growth curve of PARK~R AND LARKIN (1959) 
may al so be de rive d f rom r a te equa t ion (35) . 

The a b ove authors obtai ned the par abolic express i on by 

r egar ding gr owt h as purely addi tive , t hat i s the effec t 

of c atabolism is not c ons i de red . In mathemati c a l terms 

t he r efore IC of (35) is equa l to zero . Assuming b) a and 

K = o (35) becomes 



dL _ -i;,1 (a-b+l ) 
dt - = 

which i s integrated as follows: 

i f t = 0 C = 1 ( b- a) 
0 

b-a 

thus 1 ( b- a) = ( b- a)Tit + 1 (b- a) 
t 0 

33 . 

(4 2) 

This equation is e ssentially the same as (25) but i s 
expressed in terms of length not weight . 

The estimation of the parameters of t he generalized von 

Bertalanffy gr owth equation will now be dealt with. 

SOUTHWARD And CHAPMAN (1965) r ecently utilized the 

generalizod Bertalanffy equation in an exhaustive analysi s 

of the gro·Nth r a te of the Pacific Hal ibut . Growth par ameters 

were estimated by means of a c ompute r usin the me thod of 

least squares . The program was so a rrange d as to vary t he 

four pnramators to obtain t h ose values which minimized the 

t erm 
2 

Should a computer not be availabl e , or the da ta not be 

suitable for such analysis the simpl e r though l 2ss precise 

method of TAYLOR (1962) may be appli e d . I t has been sh0· ... 

that t he linea r function . 

= mL(b- 2) + i 
t (38) 



34. 

may be derived from the generalized equation (37) when 

a< b, ·.rhis is directly comparable to the equation 

from which it is possible to estimate the parameters of 

(5). Thus similarly the parameters of (37) may be derived 
from (38) as follows. 

If an initial plot of Lt+l on Lt suggests non-linearity 
or unrealistic values of L,-.o , trail values of (b-a) should 

(b-a) (b a) 
be introduced and Lt+l plotted on Lt - • 
value of (b-a) providing the most realistic 

The trial 

L dimension, 
.::JO 

(as judged from field observations) as well as a linear 
relationship between the two variables may then be acceptec 

as a good estimate of the true parameter value. estimation 

of the remaining parameters then easily follows from (38). 

CONCLUSION 

From the above review it is apparent that there is a 

fairly wide selection of mathematical models available for 

describing growth . The models range from the purely 

empirical to those which might well have parameters reflecting 

metabolic processes. 

The initial development of the von Bertalanffy equation 

(8) was from physiological concepts, but, because the 
derivation requires rigid adherence to the square and cube 

laws of anabolism and catabolism respectively, some doubt 

is cast on its general applicability in other than an 

empirical guise. The introduction of a fourth parameter 

to equation (8) by TAYLOR (1962) has eradicated the 
restrictive square and cube assumption mentioned above. 
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This parameter , (b-a) represents the actual difference 
be t ween t he power coeffi cients of the physiological surface 

and physiological mass values expressed in terms of a length 
di mension , 

The parameter is es timated from the da ta and its 
i nclusion means that a metabolic basis may s till be incorpora ted 
i n tho derivation of the model , even though biometric 
observations on t he species concerned may not suggest 

c onfi r ma t ion to the squnre and cube rules . 

::vidence to substantiate the physiological justificat-~ 

of von Bertalanffy's equation (8) is available from 
growth studies on t he cod ( Gadus callarias) , TAYLOR (1958) 

and Pacif i c r a zor clam (Siligua patula) TAYLOR (195 9) , The 
gr owth of these two species was presumably well represented 

by (8) and the parame t er (b- a) of the more gener a lized 
equation developed l a t er by TAYLOR may therefore be assumed 

to be close to one . 

In both the above investiga ti ons gr owt h data was av ail::1ble 

from various localiti es with diff2rent environmental 

temperatures and the relationship between growth parameter 

and tempe r ature could thus be described . 

TAYLOR (1959) presents the following equation which 
expresses the speeds of chemical re actions in terms of 

temperature: 

where S = speed of process at tempera ture T( °C) 

A == constant 
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c = the differential increase in the relative rate 

of change for 1°c change in temperature , (that 

is tha rate of the rate of change of the chemical 
reacti on) . 

Log transforming the above expression results in 

where 

This expression is linear . 

Thus if growth parameters reflect metabolic rates, 

and therefore have a physiological meaning, their log 

transforDed relationship with environmental temperature should 

in turn be linear. This was actually found to be the case 

with both the rod and the razor clam.. In both instances the 

Log10 of Kand the Log10 of L,c,0 (1- K) (see equation 8) were 

linearly relatod to the environmental temperature, the 

correlation coefficients of all f our plots being significant 
at the one percent level . 

It is therefore evident that under certain circumstances 

the generalized von Bertalanffy equation of TAYLOR (1962 ) 
may well have parametGrs which are physiologically 

meaningful . Other functions derived from TAYLORS rate 

equation (34) would soem to be more empirical. The logistic 
curve as derived by TAYLOR requires that coefficient a, the 

power coefficient of the length/"physiological surface" 

relationsh:i:ip , be larger than its counterpart for the lengtr 

"physiological mass" function . This is unlikely to ever 

occur and as such this growth expression must be regarded 

as empirical . In addition the parameters E and K must both 
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be minus , a condition which in no way has a physiological 

interpretation . In practice this oquation is in any case 

seldon us0d . 

To derive tho :parabolic curve, TAYLOR sets a,< b and 

K = o , that is growth is regarded as purely addit i ve . 
PARKER and LARKIN (1959), who originally derived the above 

function to describe the growth of fish such as salmonoids, 

which exhibit a growt h stanza effect, comment as follows 

on the parameters of the equ2.tion . "Under the circumstances 
it would seem appropriate to choose a method of depicting 

growth which (1) summarizes the complex of interacting 

factors in each stage of growth into a minimum number of 

constants which reflect the coDbined effects of both 

ecological and physiological factors, (2) chooses as a basic 

premise the widely accepted view that change in size ia a 

function of size achieved ". Interpretation of the consttnts 

of the parabolic expression is therefore extremely complicate~ 

and to a certain extent tho curve must be rogardcd as being 

empirical. 

The remaining growth function, the Gomportz equation 

has been given a physiological interpretation by WEYMOUTH, 

MCMILLIN and RICH (1931) who naintain that growth is an 

additive :process which is continually slow::.ng down. 

BEVERTON and HOLT (1957) acknowledge this, but point out 

t hat no attempt is made to interpret the coefficients of 

the equation on a physiological basis, and as such the 
equation may be regarded as empirical . In addition they 

mention that abundant physiological evidence exists to 

indicate that growth is not nerely additive but that a 

breakdovm of body material must also bo taken into account . 
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SUMMARY OF FINDINGS 

1. Male and female H. midae are equally represented and 

become sexually mature at the same size. At Stony Point 

fifty per cent of the population is sexually mature 

at a body weight of 140 gm and an age of 7 years (shell 

breadth 8.0 cm). At 275 gm (age 11 years, shell breadth 

10.5 cm) one hundred per cent are mature. 

2. Abalone may spawn twice a year, that is during late 

spring/early summer and in autumn at Stony Point. Spawning 

west of Cape Point seems to occur earlier in the year in 

late winter. 

Sea Point. 

Only one spawning per annum was recorded at 

3. Spawning is more intensive at Stony Point than at 

Dassen Island or Sea Point and this may contribute to 
the differences in productivity noted in these areas. 

4. Seasonal temperature changes are associated with 

spawning at Stony Point. Spawning took place when tempera= 

tures were increasing as well as decreasing. The less intense 

spawning west of Cape Point is attributed to the lack of 

marked seasonal temperature changes. 

5. The testes simply consist of a lumen through which run 

vertical connective tissue tubules. Lacuna occur within 

the tubules. Spermatogenesis takes place on the outer wall 

of the tubule and sperm fill the lumen in ripe tests. 

6. In the lumen of the ovary the connective tissue sheets 

of the trabeculae are arranged as a series of polyhedral 

vertical columns. Within these the eggs develop from 

the germinal epithelium covering the trabeculae. 



8. In the ripe ovary two discrete egg sizes occur . 
These groups are released on successive spawnings . 
During spawning therefore , disruption of the extensive 
ovary must be kept to a minimum for the eggs of the 
next spawning must be maintained . A relatively free 
passage for the eggs is provided for by the fact that 
near the digestive gland the intervening walls of the 
trabeculae columns break dovm . 

9 . The walls of the gonads are not contractile . The 
aductor muscle and the shell are used to exude gametes. 

10 . Fertilization is external and abalone therefore produce 
large numbers of eggs . The linear relationship between 
fecundity and body weight was found to he 

F = . 0198 W - 2. 196 
where F = fecundity in millions of eggs 

w = body weight in gm . 
The relationship between fecQndity and shell breadth was 
F = . 0004257 B3•787 

where F = fecundity in millions of eggs 

B = shell breadth 

Fecundity is therefore approximately proportional to 
ovary volume and this is due to the columnar arrangement 
of the trabeculae . In addition constric tion of the lacuna 
in the trabeculae by egg masses probably limits egg production . 

11 . A seasonal growth model was estimated for abalone. 
This showed that faster growth occurred during winter and to­
a lesser extent spring . These variations coincide with 
phases of the breeding cycle . Slow growth could be 
associated with period of gonad recovery while faster 
growth took place when gonad bulk was high and constant. 



17 . Two linear equations were also required to 
describe the relationship between shell length and 
shell depth . The inflextion point was at 11 . 0 cm. 
and the interpretation of the ratios of absolute and 
relative growth rates is similar to that discussed in 
15 . No explanation can be offered for this abrupt 
change in the growth pattern . 

18 . Abalone from the Atlantic stations we i ghed more 
per unit length than those collected east of Cape Point . 
This was due to increased shell depth rather than to wider 

shells being found at Dassen Island and Sea Point . 

19 . The vertical distribution of abalone seems broadly 
associated with size . Small abalone are found beneath 
stones in the shallows . Intermediate sizes , that is up 
to about 10 cm . shell breadth, are more commonly found on 
shallow reefs but larger ab2lone are found within a wide 

depth range down to about 75 feet . The maintenance of 
this pattern requires that abalone move to ensure 
recruitment to reefs exploited by the fishery . 

20 . From a tagging programme movements of over 300 yds . 
were recorded within 104 to 558 days . The mean rate of 

movement of abalone between 5 . 6 and 12 . 3 cm. shell 
breadth was about 1 , 000 yds . per annum during winter . 
It is not known whether seasonal variations of this rate 

occur . There are indications that the rate of movement 
is correlated with size within the above range . The 
proportion of abalone which move was also found to be 
high . Of 59 returns found during one search sixty four 

per cent had moved away from the tagging area . 



21 . A review of biological growth models is presented 
in the thesis . It is especially interesting to note 
that some of the more common models in use can be derived 
from generalized equations presented by Richards (1959 ) 
and ·raylor ( 196 2) , A second imp or tan t point dealt with 
is whether the parameters of mathematical growth functions 
reflect metabolic rates and therefore have a physiological 
meaning . 
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