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New methods were used to reanalyse previously published length-frequency data on basking shark Cetorhinus maximus and
thereby resolve an earlier controversy about the growth rate of this fish. These methods confirm earlier suggestions of a slow growth
(von Bertalanffy K >0.06/year, for an asymptotic length of 10m), and correspondingly low natural mortality (M >0.07/year), as
appropriate for a fish with a record length of 9.7m.
Given what is known of the inverse relationship between asymptotic length and K in hundreds of fish species (including sharks),
the above results imply that whale sharks Rhincodon typus should exhibit, for an asymptotic length of 14m, K and M values of about
0.03 and O.OS/year, respectively. Such slow growth and the high longevity this implies should make whale sharks even more
sensitive than basking sharks to human-induced mortality, thus arguing against exploitation by fisheries. Also, ecotourism
schemes will have to be careful to avoid becoming a source of indirect mortality.

Introduction
The basking shark Cetorhinus maximus (Gunnerus, 1765),
Family Cetorhinidae, and the whale shark Rhincodon
typus (Smith 1829), Family Rhincodontidae, are the largest
fish in the world, with documented maximum lengths of
9.7m and 13.7m, respectively (Compagno 1984; Figure 1).
Both species feed mainly on zooplankton, though the diet
of the basking shark, a passive filter feeder, appears to be
less varied than that of the whale shark, whose ability to
'suck in' its food leads to a wider diversity ofprey, including
nekton (Compagno 1984). The distribution of the basking
shark is temperate (both North and South), while that of
the whale shark is circumtropical (Compagno 1984, Last
and Stevens 1994, Wolfson 1986). These distributions,
with only limited overlap, and the roughly similar trophic
Figure1. Relative sizes of whale shark Rhincodon typus,
basking shark Cetorhinus maximus and humans, Homo
sapiens.
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niches and anatomy of these two sharks (notably the
modifications of the head required to accommodate
immense gills) suggest they can be treated as functional
analogues, though inferences derived from such comparison
must be viewed as tentative. Downing (1991) and Pauly
(1994) discuss technical and epistemological issues involved
in comparisons ofvarious sorts, which must always compare
dissimilar items if they are to lead to any new insights.
This contribution attempts to resolve an earlier
controversy concerning the growth of basking sharks,
and, based thereon, to infer a likely growth pattern for
whale sharks. Herein, the fact will be explicitly taken into
account that growth is likely to occur throughout the year
in the whale shark, a tropical species, but only seasonally
in the basking shark, a temperate species.
For basking sharks, a reanalysis is justified by the
emergence of new methods that allow a fresh look at the
small database available for inferences on its growth, and
by the urgent need for information useful for its
conservation. For whale shark, indirect inferences are
inherently justified, as it is unlikely that extensive data
allowing direct inferences on its growth and related
processes will become available soon (Colman 1997).
The estimates presented below for both basking and
whale sharks represent, moreover, easy targets, and their
existence may encourage the publication and analysis of
data presently not available.
This contribution thus starts with a brief review of
work so far published on the growth and mortality of
basking sharks, provides an update, then uses the resulting
estimates of growth parameters to infer likely growth and
related vital statistics in whale sharks.

Previous analyses of gro,wth in
basking shark

precisely during that period of the year (from late spring
to early fall) when most of the annual growth of temperate
fish occurs. He proposed therefore that the observed 43cm
growth increment represented a year's worth of growth
(with no further growth in length from late fall to early
spring, when most basking sharks lack their gill rakers).
Note also that other temperate fishes do not grow during
this period (Paulyetal. 1992). This led to the von Bertalanffy
growth curve in Figure 2c). Further, he followed Jagerskold

Matthews (1950) was the first to attempt the construction
of a growth curve for the basking shark. He subjectively
arranged 13 length records into four clusters, presumed to
represent age groups, and inferred an extremely rapid
growth. Parker and Boeseman (1954) also used this
subjective approach to length frequency analysis and,
after adding 47 further observations from the literature on
stranded and freshly caught sharks, dr~w a curve similar
to that of Matthews (1950). They also noted that wintercaught sharks (November to February) had in many cases
shed their gill-rakers. Thus, they suggested that basking
sharks should neither feed nor grow in winter. Their
overall growth curve therefore oscillates seasonally
(Figure 2a).
Length-frequency analysis is a method fraught with
danger when applied to such large and long-lived fish as
the basking shark (see contributions in Pauly and Morgan
1987). Indeed, figure 2a, illustrates what, to this author, is
an erroneous approach to such analysis (see below for an
alternative approach).
Parker and Stott (1965) used another length-based
approach to draw inferences on the growth of basking
sharks. Separately plotting the length-frequency
distributions offish caught in spring (May-June) and fall/
winter (October-February) allowed them to detect, among
the smaller fish «4m), a shift in mean length from 3.09m
(n = 15, s.e. = 0.020) in June to a mean length of 3.52m
(n = 18, s.e. = 0.018) in December. This shift of 43cm in
about 6 months was assumed by Parker and Stott (1965)
to represent half of the annual growth of basking sharks
with length around 3.3m, and they built a growth curve
around this assumption (Figure 2b). This approach thus
ignores the <seasonal oscillations of growth previously
considered by Parker and Boeseman (1954).
Parker and Stott (1965) further reported a match
between their growth curve (growth curve b, Figure 2) and
another, based on the assumptionthat the calcified circular
structures they had observed on the vertebrae of basking
sharks are laid twice per year. However, Parker and Stott
(1965) presented no evidence which would justify their
extraordinary two-rings-per year assumption, citing
instead (Ridewood 1921) who, however, had argued that
vertebral rings may be formed in response to structural
stress. Moreover, Parker and Stott (1964) interpreted the
time to origin of their growth curve (-3.5 years) as an
estimate of the gestation period of whale sharks (again
without independent evidence), and thus had to accept the
bizarre notion that young basking sharks should have
seven rings at birth.
Pauly (1978a) attempted to identify the basis of this
confusing series of claims. First, he noted that the growth
increment recorded by Parker and Stott (1965) occurred

Figure 2. Some previous growth curves for Cetorhinus
maximus; a}: hand-drawn curve of Parker and
Boeseman (1954), with clusters of points representing
length groups, subjectively arranged; b): curve of Parker
and Stott (1965); c): curve of Pauly (1978a).
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(1915), Ehrenbaum (1926) and Kyle (1927) in assuming
that vertebral rings, in basking sharks, are laid annually,
as is the case in other sharks (see e.g., Brown and Gruber
1988, Caillet et al. 1990, Holden and Vince 1973). Applied
to the data in Table 1, this led to a von Bertalanffy growth
curve almost equal to that in Figure ,lc.
This close match oftwo different approaches to estimate
growth with what is widely known of temperate fish
phenology did not worry Stott (1984), who simply
reasserted the inferences of Parker and Stott (1965). The
result was confusion, and frequent references to
'controversial results', e.g., in Compagno (1984). The reanalysis below of length and age data in basking sharks
suggests that there is no reason to consider any further the
two rings-per year hypothesis.

Re-analysis of basking shark growth
The equation used here to model growth is the von
Bertalanffy growth formula (VBGF). When seasonal
oscillations are neglected, this has the form
Lt =

L~ {l-exp-[K(t-to)]}

... 1)

where L t is the length at age t, K is a constant, to the
theoretical age the fish would have at length zero and L:~
is the average length the fish would reach if they were to
grow indefinitely. [The parameter to' it must be emphasised,
does not correspond to the gestation period, although it is
frequently misinterpreted that way; see below].
Equation (1) is equivalent to the equation used by
Parker and Stott (1965) of the form
Lt =

L~[l-exp-(a

+ bt)]

...2)

with b = K, and to = alb (Stott 1984). Thus, their results
can easily be re-expressed in terms ofthe parameters ofthe
VBGF.
To allow direct comparisons of his results with those
of Parker and Stott (1965), Pauly (1978a) used their
estimate of 12.26m for the asymptotic size of the basking
shark. This now appears too high, as there are no credible
records of basking sharks reaching a length in excess of
9.7m (Compagno 1984). Thus, Last and Stevens (1994)
simply stated that basking sharks "attain 1,000cm". Also,
extreme value theory (Formacion et al. 1991), applied to
the 14 largest north Atlantic records of basking sharks
(from p. 191 in Parker and Stott 1965), suggests that
basking sharks in excess of 10m are very unlikely to exist
(Figure 3). Thus, 10m will be used throughout as the
estimate of asymptotic size in basking shark.
Given the observation of a basking shark of 8.6m
weighing 4.5-5.0 tonnes (Table 1), and assuming an
isometric length-weight relationship (W = a·L3), leads
to an estimate of 'a' = 0.0075; thus L =10m implies W~
>7.5 t.
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Figure 3. Plot of the largest north Atlantic records of
basking sharks, based on data on p.191 in Parker and
Boeseman (1954), and extreme value theory plot of
Formacion et al. (1991), as implemented in the FiSAT
software of Gayanilo et al. (1996). The 95% confidence
interval suggests 10m to bea likely upper size limit for
basking sharks.

First estimates of K in equation (1) can be obtained
from the growth increment of 43cm mentioned above and
a value ofL~= 10m. The form ofequation(l) used for this
purpose is
K

= [In(L~ L

)
1

-In(l~-

L 2)] I (t2 - t 1)

•••

3)

where L 1 and L 2 are the length at the beginning and end,
respectively, of a growth increment (here 3.09m and
3.52m; see above) and t 2 - t 1 is the time pertaining to
the growth increment. Using equation (3), K was estimated
twice, once under the assumption that growth is
seasonal (i.e., that the increment of 43cm, which occurred
during the warmest half of the year, represents all of the
annual growth of basking sharks of about 3.3m, and thus
t 2 - t 1 = 1 year). The second use of equation (3) was under
the assumption that the annual growth increment of
basking sharks of 3.3m is two times 43cm = 86cm (i.e.,
under the assumption that growth does not oscillate
seasonally).
This leads to K = 0.064 year 1 under the assumption
that seasonal growth occurs, and K = 0.128 year 1 if, as
assumed by Parker and Stott (1965), seasonal growth does
not occur.
For direct inferences on seasonal growth in basking
sharks, a seasonally oscillating version of the VBGF must
be used. Here, the curve of Somers (1988) is employed, of
the form
L t = L~{l-exp-[K(t-to) + Sts - StOll

... 4)

where Sts == (CK/2p) ·sin [2p (t-t)], StO = (CK/2p) ·sin [2p (tto)]' C expresses the amplitude of the seasonal growth
oscillations, t s their onset with regards to t = 0, and all

other parameters are defined as in Equation (1). In our
analyses, which used the FiSAT software of Gayanilo et
ale (1996), t s is replaced by the Winter Point (WP), using
WP = 0.5 + t s ' with WP expressing, as a fraction, that
period of the year when growth is slowest (this usually
occurs in winter, hence the name).

Using non-linear regression to fit the sequence of31 length
records plotted in Figure 4 yielded, with a set value of
L·.ro = 10m, the following estimates of growth parameters
(and standard errors) for equation (4): K = 0.060
(+/- 0.007), to = -2.46 (+/- 0.084), C = 0.57 (+/- 0.28) and WP
= 0.28 (+/- 0.33). The growth curve in Figure 4 is based on
these estimates.
The estimated values of C, expressing the amplitude of
seasonal growth oscillations appears to be, as in other fish,
proportional to the difference between summer and winter
temperature (Figure 5). Similarly, the estimate ofWP is as
might have been expected, given the seasonal cycle of
feeding and of gill-raker shedding suggested above.
With L~= 10m; the two methods used here to estimate
the growth parameter K of basking sharks give similar
estimates if the assumption is made that their growth
oscillates seasonally. Combining these two independent
estimates ofK leads to a mean of(0.064 + 0.060)/2 = 0.062
year!, used for all further analyses.
Note that the VBGF, when fitted to the data in Table 1,
using non-linear regression and a set value of L:~= 10m,
leads to K= 0.069 (+/- 0.066) year! under the one-ring-peryear, and to K= 0.137 (+/- 0.134) year! under the two-ringsper-year hypothesis. The match of the former value with

Figure 4. Seasonally oscillating growth curve of basking
sharks in the North Atlantic, based on lengths plotted
sequen-tially against the corresponding months of
capture or stranding. Based on data in Table 2. Note
that plotting the second smallest point one year earlier
would lead to an extremely 'fast' growth curve, not
supported by the rest ofthe sequence, and inconsistent
with alternating periods of fast summer growth and
reduced winter growth.
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The length at age data to be fitted by equation (4) were
generated by attributing increasingly higher ages to 46
successively larger records of small (mostly stranded)
basking sharks «5m), reported in p. 191 of Parker and
Boeseman (1954) and on Table 2 of Parker and Stott
(1965). Note, in Table 2, how the records, each consisting
of a length and a date, were arranged such that the lengths
in a given month were higher than (or at least equal to)
those ofthe preceding months. While seemingly resembling
the approach used by Matthews (1950) and Parker and
Boeseman (1954) to generate their growth curves, the
method used here is superior because:
1. no prior assumption is made concerning the number of
age groups represented by the length records (Matthews
1950 and Parker and Boeseman 1954 assumed a priori
the existence of 4 and 3 age groups, respectively, see
Figure 2a);
2. the smallest fish used (1.64m) is considered to be younger
than the next larger one, of 2.5m (this was not the case
with Parker and Boeseman's analysis (see dots for
youngest fish in Figure 2a);
3. no fish larger than 5m was used, thus reducing the
effects ofincreasing variance oflength about age, known
to occur in many fish (Sainsbury 1980); Parker and
Boeseman (1954) included fish up to 1Om in their analysis;
4. only records originating from 'North-west European
waters' were used, i.e., records from 'South-west
European waters' and 'Mediterranean' were not
considered, as they may have reflected the different
growth patterns of warm water populations.

Age (years)

202

between 0.1 and 0.2 year- I (here: 0.163 year l ). This is due
to the relative constancy, in sharks, of the ratio between
length at birth and maximum 0 bserved size (see for example
Table 13 in Garrick 1982, or Table 4 in Holden 1974).
Note that whale sharks may represent an exception to
this, as they have relatively small young (see below).
The length at first maturity (Lm) of basking sharks is
not well established. Bigelow and Schroeder (1948), who
studied the relative size of claspers, suggested that, in
males, Lm= 4.6-6.1m. Last and Stevens (1994) proposed
that for males, Lm= 4-5m; thus Lm/L~>0.5, as suggested
by Beverton and Holt (1959) for large fishes.
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Assuming the samples used here represent the population,
Figure 6 gives length-converted catch curves for juvenile
and adult basking sharks which account for seasonal
growth (Pauly 1990, Pauly et ale 1995). These allow for the
estimation of an instantaneous rate of total mortality (Z)
equal to 0.33 year l in the juveniles, and 0.16 year l in the
adults. The value of Z in the juveniles appears too high to
represent an estimate ofnatural mortality (see values ofM
for temperate fish> 1m in Pauly 1980), notwithstanding
that the samples analysed here consists mainly ofstrandings
(Parker and Stott 1965).
The value of Z for the adults, on the other hand
presumably includes the effects of a fishery for these
during the period where most fish were obtained (Parker
and Stott 1965). The growth parameters L_= 10m and K

Summer-Winter difference
of temperature ( 6T i °C)
Figure 5. Relationship between the amplitude of
seasonal growth oscillations in various fishes from
tropical and temperate waters (as expressed by the
parameter C) and the difference between maximum
and minimum mean water temperature of their habitat
(Ot). Adapted from Pauly (1990), with added record for
the basking shark (with Ot set at SoC, an approximate
value). This plot suggests that the value of C derived
from the data in Figure 4 may be an underestimate.

the estimate of K= 0.062 year l just obtained, and with
that in Pauly (1978a), is a corroboration of the one-ringper-year hypothesis, notwithstanding the low sample size
of the crude ring counts in Table 1.

Figure 6. Length-converted catch curves based on 93
length records of Cetorhinus maximus (from p. 191 in
Parker and Boeseman, 1954, and Table 2 in Parker and
Stott, 1965). The growth parameter used were l~= 10m;
K= 0.062 year-1 ; C = 0.57 and to = -2.26 years. The method
for catch curve construction, incorporated in FiSAT
(Gayanilo et al. 1996), explicitly accounts for seasonal
growth oscillations (Pauly 1990; Pauly et al. 1995).

Reproduction of the basking shark
Accepting a length at birth of 1.5m (Parker and Stott 1965,
based on Sund 1943) allows for a test of the method
proposed by Holden (1974) to estimate K by solving
equation (1) for this parameter. Herein, the equation is
solved for K with length at birth used as an estimate of the
predicted length at t = 0, a set value of asymptotic length
and a gestation period set equal to to. Assuming a gestation
period of one year gives a value of K = 0.163 year l , while
assuming a gestation period of two years gives a value of
K = 0.081, both of which differ substantially from the
mean value of K = 0.062 year l , estimated above. Indeed,
it is only if one assumes a gestation period of about 2.6
years that a value of K is obtained which matches those
obtained here, i.e.,
0.062 = - (1/2.6)·ln[I-(1.5/10)]
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However, Holden (1974, Table 4) assumed a gestation
period of 1year for Cetorhinus maximus. This confirms an
earlier finding of Pauly (1978b, p. 118) that Holden's
method is misleading, as it always generates values of 'K'
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Figure 7. Plot of 10~JQ(K) vs. log1o(W~ for 2948 populations (608 species) of fish, with superimposed isolines
predicting K, given w.. and gill surface area (from Pauly 1998, based on data in FishBase 98; Froese and Pauly
1998). The isolines have a slope of -0.2, allowing extrapolation from the point defined by K and W in basking
sharks (point A) to a tentative estimate of K 0.051 year-1in whale sharks, g,iven its estimated asymptotic weight
of 20 t (point B). Other species are identified to illustrate the tendency of different populations of the same
species to form ellipsoid clusters, whose major axis has a, on the average, a slope of -0.33 (Pauly 1994,1998).
Using this within-species relationship for an inference from basking to whale sharks leads to an estimate of
K 0.031 year- 1(point C; see also text).
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Figure 8. Tentative length
and weight growth
curves of the whale shark
Rhincodon fYlJus, for
L
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20 t;
K= 0.051 year- 1 and t =
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caveats concerning these
parameters estimates).
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= 0.062 year l and a mean annual temperature of 10°C,
appropriate for the north Atlantic, provide, when entered
into the empirical equation of Pauly (1980), an estimate of
M = 0.068 year l .
Our estimates of Z and M jointly suggest that fishing
mortality in adult basking sharks was,F:;::: 0.162 - 0.068 =
0.094 year l , during the period covered by the samples
included in Figure 6. This corresponds to F/Z = 0.6, an
exploitation rate that ne fish - especially not a long-lived,
low-fecundity fish such as the basking shark - can
withstand for long (Beddington and Cooke 1983).
That the basking shark is long-lived can be inferred
from the approximate rule of thumb stating that in fishes,
longevity (tmax ' in years) is about equal to 3/K (Pauly 1984,
based on Taylor 1958, and Beverton 1963). This implies
t max >50 years in the basking shark.

ecological analogs, basking and whale sharks are probably
not close enough for this 'within-species' approach to be
appropriate. The second approach relies on the overall
pattern formed by plotting 10glOK in a wide range of fishes
against the corresponding value of 10glOWCr> As might be
seen, this generates a pattern whose overall shape and
slope (-0.2) are determined by the gill area of these fishes
(Figure 7). Assuming that basking sharks and whale sharks
of similar sizes have similar gill areas allows computation,
from the growth parameters of basking sharks and the
slope of -0.2, ofK= 0.051 year l in whale sharks with W~
= 20t (see translation from point A to point C in Figure 7).
This estimate of K is more credible than the previous one,
based on f, as it does not rely on a within-species
relationship; moreover it implies, via t max >3/K, a longevity
of about 60 years, which also appears more sensible than
the previous, higher estimate.
Compagno (1984) suggested that whale sharks hatch at
about 55cm. However, it has been established that whale
sharks bear live young, ranging from 42 to 63cm (Colman
1997). Thus, 55cm can be taken to indicate mean length at
birth. Assuming that growth follows the VBGF from this
size on (which is not the same as assuming, with M.
Holden, that intrauterine growth follows the VBGF; see
above), then to can be estimated by solving

Inferring the growth and natural
mortality of whale shark
There are many exaggerated reports of the size that whale
sharks can reach, e.g., 20m (Nikolskii 1961). Given the
maximum measurement rated as credible by Compagno
(1984), of 13.7m, we shall assume L'~= 14m (see also
Colman 1997). This implies W~ >20 t, if we assume a
length-weight relationship similar to that ofbasking shark
(see above).
Two comparative approaches are available to estimate
the parameter K of the VBGF in whale sharks, based on
the growth parameters of basking sharks. The first is
based on the use of the growth performance index f:based
on Pauly (1979), used for comparative purposes by e.g.,
Munro (1983), further documented in Moreau et ale (1986),
and defined by
f'= 10glOK + 2/3 10glOWiPo

to = t - {(11K) . In[l- (L/Q]}
With Lt = 0.55, l~= 10, and K = 0.051 year l , this gives
to = - 1.1 years.
The whale shark growth curves for length and weight
that result from these parameter estimates. are shown in
Figure 8. Their tentative nature cannot be overemphasised.
This also applies to the estimate ofM = 0.088 year l that
is obtained from these parameters, a mean environmental
temperature of 23°C (Compagno 1984, Colman 1997) and
the empirical equation of Pauly (1980). This rate would
imply that about 90/0 of the adults in a whale shark
population die every year. However, this is probably
biased. upward, as various authors have found that the
empirical equation used here tends to overestimate natural
mortality in long-lived fishes with low values ofK (see e.g.
Russ et ale 1998).

... 5)

These authors, and a number of others have shown
that in different populations of the same species, flis
remarkably constant, thus implying a rather tight, inverse
relationship between W~ and K.
The analog relationship corresponding to Equation
(5), linking LtRand K is f = 10glOK + 210g lO L't;;and it has
also been shown to be applicable, in the cont'ext of fish
stock assessment, for within- and among-species
comparisons and for estimation of growth parameters
(see e.g., contributions in Venema et ale 1988). Applied to
10 and 14m, the asymptotic lengths assumed here, and to
the value of K = 0.062 year l for the basking shark leads,
via f= 0.792, to K= 0.031 year l in the whale shark. This
is the same value that is obtained if the asymptotic weights
of7.5t and 20t respectively, are used. This would imply, if
t max >3/K, a longevity of about 100 years, which strikes
one as rather high, though perhaps not impossibly so. The
problem however, is that, even though they may be

Conclusions
From these results, the following conclusions may be
derived:
1. the two-rings-per year hypothesis assumed by Parker
and Stott (1965) for the vertebral structures of basking
sharks generates patterns of growth and mortality that
are incompatible with what little is known ofthe biology
ofthis large shark. This applies even more to the fanciful
growth curves of earlier authors. Standard interpretations (one ring per year and seasonally oscillating

205

2.

3.

4.

5.

growth) lead on the other hand, to growth parameters
that are located along the main axis of a plot of growth
parameters in over 1,000 species of fish (Figure 7).
The slow growth and low natural mortality of the
basking shark, magnified by the behaviour that gave it
its other name of 'sunfish'(i.e. , bask~ngin the sun) make
this fish extremely vulnerable to' Qverfishing, especially
in an age when populations of large fish species are
severely reduced in many areas (Pauly et al. 1998, Casey
and Myers 1998);
The growth parameters and other vital statistics
estimated here for the whale shark are very tentative,
though well in line with what may be expected, given
their huge body size, and large gill area (Figure 7).
Future work will undoubtedly revise these estimates,
but will probably fail to turn whale sharks into a short
lived, high turnover species;
Based on past experience (Ludwig et al. 1993) and
present fisheries trends (Pauly et al. 1998), it can be
assumed that direct exploitation of whale sharks as
fishery resources, as occurs in the Philippines (Trono
1996), will lead to a collapse of the population(s) in the
affected area(s), unless the recently proclaimed ban on
this fishery (Anon 1998) is enforced. Indeed, the
precautionary principle would suggest that bans on
fishing ofwhale sharks, as introduced in the Maldives in
1993, and strictly enforced, may be the only viable
approach for long term maintenance of whale shark
populations;
Benign schemes, such as SCUBA-diving ecotourism in
the feeding or mating grounds of whale sharks (Anon.
1998, Colman 1997) must ensure minimum interference
to prevent the possibility of indirect mortality. This is
common sense, since such industry depends on shark
sightings, but must be stressed here, given that even the
low value of natural mortality derived above may be an
overestimate.
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