Use of Otolithsto Estimate Sizeat Sexual Maturity in Fish
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ABSTRACT

The vability of an dternative method for estimating the size at sexua maturity of females of Plagioscion
squamosissimus (Perciformes, Sciaenidae) was andyzed. This methoddogy was used to evaluate the size at sexua
maturity in crabs, but has nat yet been used for this purpose in fishes. Separation d young and adlt fishes by this
method is accomplished by iterative adjustment of straight-line segments to the data for length of the otolith and
length of the fish. The agreement with the estimate previously obtained by anaher technique and the possbility of
calculating the variance indicates that in some @ses, the method andyzed can ke used succesqully to estimate size
at sexua maturity in fish. However, addtiond studies are necessary to deted possble biasesin the method.
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INTRODUCTION

Knowledge of the mean size at which individuals
reach sexual maturity is basic information for the
control of exploitative fishing of young
individuals, and when associated with other
information aids in evaluation and prediction of
fish stocks (Agostinho, 1985). Size at first sexual
maturity in fish is influenced by genetic,
physiologica, and environmental  factors
(Nikolskii, 1969). There is no exact size after
which sexua maturation begins, therefore we
adopted as size at first sexual maturity, that at
which 50% of the individuals constituting a
population have entered the gonadal maturity stage
(Vazzoler, 1996).

Estimation of size at sexual maturity has been
made from the frequency distribution of adult
individuals per length class (Somerton, 1981).
This is dependent on the accurate separation of
young and adult individuas. In fishes, young
individuals are distinguished based on the degree
of gonadal maturity. The main difficulty of this
method is separating adolescent individuals from
those which are beginning a new reproductive
cycle. Somerton (1980a) proposed a method for
separating young and adult crabs, based on the
diphasic growth of the chela and carapace. We
analyze the viability of the method proposed by
Somerton (1980a), for estimating the size at sexual

maturity of females  of

sgquamosissmus.

Plagioscion

MATERIAL AND METHODS

Curvines, Plagioscion squamosissmus (Heckel,
1940), were caught in the Itaipu Reservoir (Brazil)
from November 1983 through February 1989,
using stationary nets of mesh size 3-16 cm,
measured between opposite knots. A total of 263
sagittal otoliths were used to estimate size at first
maturity of females of P. squamosissmus. The
estimates of size at first maturity and of its
variance were made using the computational
program devel oped by Somerton (1980a).

The method proposed by Somerton (1980a) for
estimating the size at sexual maturity is described
as follows: 1) two values of X, a juvenile bound
and an adult bound, are chosen such that the X
axis is divided into three regions; the leftmost
region containing data only from individuals
known to be juveniles, the rightmost region
containing data only from individuals known to be
adults, and the middle region containing data for
an unknown mixture of juveniles and adults.
Preliminary estimates of the two phase lines are
made by fitting straight lines, using linear
regression, to the known juvenile and adult data.
The lines are extrapolated into the middle region
and the difference in Y direction between every



data point in the midde region and ead o the two
linesis cdculated. Data paints are then tentatively
assgned to the doset line, that is, they are
tentatively clasdfied as either juvenil e or adult and
combined with the data with knavn maturity. The
phase lines are recomputed, the distance between
every point in the midde region and ead o the
lines is recdculated, and the points are aain
assgned to the dosest line. This process is
repeded iteratively until no pants switch from one
phase line to ancther on two successve iterations;
2) after the iterative processconverges, a statistica
test is made to determine if the resulting two lines
fit the data better than a single line (Draper and
Smith, 1966. If the fit is not significantly better,
there is little justification for using two lines to
describe the data and, consequently, some other
method must be used to determine sexual maturity;
3) to estimate the size of 50% sexual maturity, the
X axis is transformed badk to a linea scde and
divided into a number of equa-width size
intervals. For ead interval, the propation d the
data dasdfied as mature is determined. A logistic
function (Berkson, 1944 is fitted to these
propations and the resulting equation is then
evaluated to find the size & which 50% of the
individuals are mature.

Acoording to Somerton (198@), the total variance
of the estimate for size d first maturity has two
comporents of variability. One mmporent stems
from the probability of classfying morphametric
data into the wrong maturity cdegory
(misclasdficaion error), that is, to consider a
datum as pertaining to a juvenile individual when
adudly it pertains to an adult, or vice versa. The
other comporent stems from the atror in fitting the
logistic aurve to the data (fitting error).

Of the two componrents of total variance, only the
fitting error coud be etimated by standard
statisticd methods. This estimate was described by
Seber (1973 in Somerton, 19800 as the Delta
Method

The mean fitting error and the total variance were
cdculated for both sexes combined, using the
MATURE program (Somerton, 198Q). These
estimates were made for randam subsamples with
the same number of data points, with reposition
and with at least 23 replicaes, for N subsamples of
different sizes. To avoid posshble underestimation
of variance becaise of repaosition, we used
subsamples with at most 300 d the total of 544

data points.

To the total variances, we fitted an exporentia
curve estimated as a function d the sample sizes,
by the method d norinea least squares, using
Statistic software. The equation fitted is expressed
as. y=al(1l + b exp®™)® where y is the total
variance, X isthe size of the subsamples, and a,b,c,
and dare mnstants. The estimation d the variance
for the whole sample was then oktained by
extrapolating this curve to the desired sample size
The misclasgficaion error can be inferred by
subtrading the fitting error from the total variance.

RESULTS

The fit of two straight lines to the data for the
relationship between aolith length and standard
body length of females of P. sqguamosissimus was
better than the fit of only one line (F=10171,
df=2; 259, P<0.001). Thus, there is a reduction in
the increment of otoliths above agiven fish length

(Fig. 1).

length (oL) and standard body length (sL) in
females of P. squamosissimus.
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Figure 1. Allometric relationship between atolith

The size d first maturity estimated from the
logistic equation for females of P. sqguamosissimus
was 17.8 + 1.63cm (Fig. 2).
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Figure 2. Relative frequency of adults per standard
length classfor females of P. squamosissimus.

The total variance deaessed sharply with
incressing subsample size The fitting error
remained constant above the subsample with 75
data points, contributing approximately 40% of the
total variance. Althoughthe total variance did na
stabilize, it was less than 1 above a subsample
with 150 data points, probably because of the
reduction d misclasdficaionerror (Figs. 3 and 4.
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Figure3. Tota variance (solid line) and fitting error
(dotted line) of the estimate of size 4 first maturity for
both sexes combined o P. squamosissimus, as a
function d sample size
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Figure 4. Logistic equetion adjusted for total variance
of the estimate of size a first maturity for both sexes
combined of P. sqguamosissimus, as afunction d sample
size

DISCUSSION

The fit of two straight lines to the data for the
relationship between atolith length and standard
body length for females of P. squamosissimus was
better than the fit of only one straight line
(p<0.001). Worthmann (1979, studying the same
spedes in the Amazon lesin, fitted orly one
straight line to the data, probably because of the
short range of lengths which he analyzed.

The ontent of cdcium caborete and aganic
meatter deposited in the otoliths depended on the
type of food and the habitat in which the fish lived
(Worthmann, 1979. The cange in feading habits
of P. sqguamosissimus foll owing sexua maturation
(Hahn, 1991 might be one of the fadors
resporsible for the dlometric growth o the
otoliths. Anather hypothesis could be that with
initiation d sexual maturation, part of the minerals
and aganic matter which made up the otoliths
coud be used to any number of alternative
investments of energy (e.g., into cortship and rest
cae). Woatton (1990 noted that there might be
reduction in somatic growth with initiation d
sexual maturity, becaise energy is diverted to the
goreds.

Egstimation o the size d sexual maturity by the
method described by  Somerton  (198(1)
presuppased that allometric growth of the otolith
was a result of sexual maturation o the
individuals. Eziuzo (1963, Cunningham (1978,
and Soares (1982 suggested that the dhange in
otolith growth was related to sexual maturation o
individuals. Guerra and Sanchez (1985 aso
observed this for statolit hs of cephalopock.

Martin (1949 found five lines of relative growth
for Atlantic salmon and this growth pattern might
be generalized to a greder or lesser degreefor all
spedes of fishes. The four infledion pants which
delimited these lines coincided approximately with
eye formation in the egg phese, hatching, bore
development, and sexua maturation. Other
investigators who have not studied al the phases
of development have found oily two relative
growth lines. In these caes the infledion
corresponced to sexual maturation.

For cdculation d variance, it is desirable to make
randam subsamples withou repasition, and with at
least seven replicaes, however, this requires large
samples. The variance arve shown was estimated
for bath sexes combined, from randam subsamples
with reposition, which may have underestimated
the variancefor the larger subsample sizes.

The method analyzed eliminated subjedivity in
separating juveniles and adults when this



separation was dore only by maaoscopic analysis
of the goreds. However, when the relative growth
lines were not well separated, the dasdfication
error might be high, therefore restricting the use of
this method (Somerton, 198@).

The size d firt maturity of females of P.
squamosissmus, estimated from the degree of
gorada maturity, was 159 cm (Vazoler et d.,
1996. This matched with 17.8+1.68 cm derived
using aolith data. The neaness of the etimates
using the two methods and the possbility of
cdculating the variance indicaed that in some
cases the method popaosed by Somerton (198()
could be successully used to estimate the size d
first sexua maturity in fishes. However, this
aternative method reeds to be evaluated through
additional investigationsin arder to deted paosshle
biases.
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RESUMO

A viabili dade de uma metologia dternativa para a
estimativa do tamanho e maturac@® sexua de
fémess de  Plagioscion  squamosissmus
(Perciformes, Sciaenidag foi andisada. Esta
metoddogia tem sido uilizada para avdiar o
tamanho ca maturac® sexual em carangugjos mas
ainda ndo havia sido uili zada en peixes com este
objetivo. A separac@® dcs peixes jovens e alultos
por este método é feita pelo guste iterativo de
segmentos de reta as dados de cmprimento do
otélito e comprimento do peixe. A concordancia
com a estimativa obtida previamente utilizando
outra témica e aposshilidade do cdculo da
variancia indica que an algurs casos 0 método
analisado pock ser utilizado com suces® para
estimar o tamanho ce maturagé sexual em peixes,
mas outros estudcs $90 necessArios para se detedar
posdveis bias do método.
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