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AGING OF ADULT TROPICAL REEF FISH BY OTOLITHS: A
COMPARISON OF THREE METHODS ON DIAGRAMMA PICTUM
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ABSTRACT

Age determinations for Diagramma pictum, (n=102),
were conducted using three methods. The two first
methods are based on the counts of annuli on res—
pectively whole otolith and otolith cross sec—
tions. The third method uses the decrease of oto~
iith daily growth increment (DGI) density with
ag€. The growth curves found with the first two
nethods are comparable and similar to previous re-
sults. However, the analysis of life history
traits such as size at first reproduction indica-
tes that these methods are likely to underestinate
growth. The use of DGI density yields a faster
growth curve, To establish this curve the rela-
tionships linking fish size to otolith radius and
DGI density to otolith radius are needed. The fi~
nal- growth curve is particularly sensitive to
changes in these previous relationships. For this
reason all sizes should be well represented in the
sample. This method is not recommended for fish
with large seasonal growth variations but could
produce good DGI measurements for those species
which have only a small zone of readible otolith.

v

INTRODUCTION

Age and growth data are essential for population
dynamics studies and for scientific management of
stocks and fisheries. This type of information can
be obtained by several methods: length frequency
data analysis, tag-recapture, seasonal growth in-
crements on hard structures (otolithes, vertebra,
scales, dorsal spines, opercular bones, ...}, dai~
ly growth increments on otoliths and even chemical
aging. Generally, the three first methods can be
easily applied to temperate fish but in the tro-
pics the aging of adult fish produces a number of
problems. A protracted spawning period or multiple
spawning periods in the year may render the first
nethod impossible to apply. Sampling problems can
conplicate the second method and in most cases,
annual variations of envirormental factors are too
slight for clear seasonal growth increments to
form. This nakes the third method difficult to
use. Chemical aging requires a high technology and
precise knowledge of the physiology of the spe—
cies,

Since Panella (1971,1980), a commonly used method
consists of reading the daily increments on oto~
liths. Nevertheless, hyaline and opaque rings,
usually called annuli, are sometimes observed in
tropical species. In the present study three dif-
ferent aging methods based on otoliths were used
on Diagramma pictum (Haemulidae): the count of an-—
mili~like structures on whole otoliths (method 1)
and transverse thin sections (method 2) and the
estimation of daily growth increments (DGI) on
thin sections (method 3).
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> MATERIAL AND METHODS

The fish used were taken during longline trials or
by speargun in various areas of the lagoon of New
Caledonia, in 1986 and 1987, at depths ranging
from 10 to 15 meters near coral patches. The oto—
liths were cleaned, measured (Total Length) and
one of each pair was embedded in polyester resin
and cut into thin sections. Fish size ranged from
9.5 cm t0.69.0 cm, with an equal number of fish
for each 5 c¢m class.

First method: whole otoliths

¥hole otoliths immersed in anise oil were observed
with a binocular microscope (10 x) against a dark
background. Under reflected light, .opaque and hya-
line rings were clearly visible, however, incre—
ments were difficult to count on older fish. Rea-—
ding was performed independantly by two observers.
Rings were counted along the posterio-dorsal axis
on the external concave side (figure 1). Total ra-
dius (Rt) from the nucleus to the outer edge, and
the distances (Ri) of each ring from the nucleus
were measured. Fish size and Rt were correlated.
Since both fish size and otolith radius are depen-—
dant variables a Geometric Mean (GM) regression
(nodel II): (Laws and Archie, 1981) was performed.
For each average Ri a fish size was estimated from
the latter correlation. The Von—-Bertalanffy model
was applied to this data. As for all other linear
and non linear regressions in this paper, the
"Statgraphics” package (Statistical Graphics Cor-
poration, Plus Ware * product) was used to make
estimates of parameters and of their confidence
intervals.
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Figure 1. Drawing of a whole left sagitta of Dia—
gramma pictum showing the preferential axis used
for counting annuli (arrow).

Second method: annual rings on thin sections
Each embedded otolith was cut through the nucleus.
Each half was glued on a glass slide and thin sec-—

tions (0.25 — 0.5 mm) were made using an Isomet
Low Speed Saw. Thin sections were observed using a
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binocular microscope (40 x) with reflected light
and read against a black background. Anise oil en—
hanced the readibility. All rings were counted,
usually in the ventro-proximal edge (figure 2).
Ring counts and fish size were correlated using
the Von-Bertalanffy model,

HYALINE ZONE =
WINTER GROWTH

DISTAL EDGE

NUCLEUS OPAQUE ZONE =
SUMMER GROWTH

DORSAL EDGE
3903 IVHLIN3A

PROXIMAL EDGE

Figure 2. Drawing of ah‘otolith cross section sho—
wing areas used for counting rings. Continuous ar—
row” 1nd1cates the preferred readlng zone.

Ibird method: daily increments on thin sections.

Thin sections were observed under oil immersion
(1250 x) Zones where daily growth increments
(DGI) were easily readable“and in sufficient num-
bers, 'were selected along the dorso-ventral axis,
R, which is also measured (figure 3). These zones
must however be small enough so that DGI density
can be considered constant. On each zone, the
nunber of DGI, the width of the zone and its me—
dian distance to the nucleus were measured.
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Figure 3. Schematic drawing of an otolith cross
section showing measurements made for age determi—
nation using DGI. R: otolith radius (dotted line);
D: distance between nucleus and counting segment;
1: width of counting segment.

Plotting of the final growth curve, linking the
age of the fish to its size, calls for the esta~
blishement of a number of relationships:

1) relationship between fish size (L) and
otolith radius (R). Linear, S-shape (lo—
gistic), semi-log and log-log models we—
re fitted using a GM regression. The no-
del giving the lowest residual sum of
squares (SSR) was kept.

2} relationship between otolith radius (R)

and DGI density (D). Linear, log-log and
exponential models were fitted using a
GM regression. The model giving the lo—
west SSR was kept.

3) estimation of the total number of incre—
ments (N), i.e. the age of the fish, for
a given otolith radius (R). N was calcu-
lated according to two methods:

~ integration : for a given Ri, one
may write :
= f(R)

" and N=j”f £(R) ‘dR
- summatlon (Ralston, 1976, 1985)
the radius R was divided .into 500 1
. . intervals. For each of these inter— =
. . vals the average DGI den51ty, dz, was
calculated, Thus, for a given 1qterval
i, the number of DGI is: )
. Ki = di x,500
S . ‘;N = 2‘
Flsh s1ze (from step 1) and N for a glven otol1th
radius:R iwere then, related using the Von-Berta-
lanffy model.
- _RESULTS .

First method: whole otollths

© A total of 140 otollths were exanined, of which 14

were rejected as unreadeable by both observers,
The relationship between fish size (L) and otolith
radius (R). give very similar results for both ob~
servers (covar1ance F test 1nd1cates ®x >) 0.05):

observer 1,: L

134 R + 183.33 L r=0.9'

observer 2 : L 1.19 R + 177.17  r = 0.9

combined : L =1.16 R +180.20 ' r = 0.96

Therefore, it is the equation of the combined ob-
servations which was selected. The main advantages
of this method are the need of very little equip-
ment (one binocular with a micrometer) and its ra—
pidity (140 otoliths read in two days). However,
hyaline rings could be easily separated only up to
seven or eigth. Past that number, rings were too
close from one another to allow reliable readings.
On 20 ¢ of the otoliths the first ring presented
ring-like structure in its vinicity. However, the-
se structures were more diffuse than “normal"
rings and could be easily separated. The parame—
ters of the Von-Bertalanffy growth model are given
in table 1 and the curve is presented on figure 8
(curve 1).

Second method: annuli on thin sections

Thin sections of 61 fish otoliths were examined.
For 38 fish two thin sections were available, gi~-
ving a total of 99 thin sections of which seven
were eliminated because of blurred areas. When two
readings per fish were available the mean was ta-
ken. However, usually both values were similar (35
fish out of 38). Figure 4 indicates the scatter—
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plot of the number of rings versus fish size. The
advantage over the previous method was that we
were able to differentiate rings near the edge of
the otolith (up to 33 rings). However beyond 10
rings (57 c¢m), growth seemed to be considerably
reduced. As for whole otolith readings, the first
ring often had ring-like structures in its vinici-
ty.
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Figure 4. Scatterplot of the number of r1ngs on
thin sectlons versus flsh size.

Third methodg;qaiuy growth increnents

A total of 102 otoliths were read, giving 354 den-
sity estlmdtes . This method was prefered to total
DGI counts for a number ‘of reasons. First because
it is much faster and 'less tedious since counting
is conflned 16" & few small segment on each oto-’
lith. Furthermore its application 1s not hand1cap~
ped by the presence qf unreadable areas; a’ useable
measurement can be obtaxned even if there is only
a single’ readéble area on the section. One of the
main problems encountered when counting all DGI is
to find otoliths presenting good reading along one
radius. In older fish, this condition is seldom
mel, and in Diagramma pictum the number of such
otoliths is null past a fish length of 30 cm. Ho—
wever, the use of DGI density presents also a num—
ber of problems- as will indicate our results.

1) Relationship between fish size (L) and
otolith radius (R): the seni-log model gave the
best fit to our data (figure 5). However, as indi-
“cates this figure, we had no value for radius less
than 1200 um (this corresponds to fish of 7em in
length) and backcalculation of fish size for ra—
dius of less than 2000 um gave abnormally small,
even negative sizes. For this reason, a linear mo-

" del passing through the origin was chosen for ra-
dius of less than 2000 um (L = 0.0137 R, r= 0.84).

2) Relationship between DGI density (D) and
otolith radius (R): the exponertiel model gave the
best fit for our data (figure 6). However, the va-
riance of D is very high at all radius values.
Radke et al. (1985) have shown for Opsanus tau, a
temperate species, that DGI density presents mar~
ked seasonal variations. DGI density variations
conld be linked to spawning or to lunar cycles
(Panella, 1980) or nmore accidentally to some kind
of stress (food availability, abnormal temperatu-~
re,...). A possible interpretation is that DGI
follow an hypothetical curve as indicates figure
7. If such is the case, the use of time series
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analysis may help reduce this high variance.
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Figure 6. Relatlonshlp between DGI densxty and
otolith radius; '+ "

DGI readings were homogenously distributed with
otolith radius, except for radius values between
200 and 1000 pm for which DGI are usually not pos—
sible to count. This corresponds to a fish size
between 3.5 and 12 cm. The habitat and ecology of
D.pictum at that size are unknown and therefore we
can provide no explanation for this phenomenon.

OTOLITH RADIUS

Figure 7. DGI density versus otolith radius hypo-
thetic curve.
3) Estinmation of the total number of incre-




ments (N): since the function selected to describe
the relationship between D and R is of the form:
LogD=aR + b :ﬁD=exp(aR+b)

one may write Ni =-5:i f(R) dR as
Ni =52; exp (aR + b) dR
or Ni =1 1/a exp (aR + b) ]Z'
Assuming that N = 0 when R = 0, implies
Ni =1/a [ exp (aRi + b) - exp (b) ]

The growth curve and growth paraneters of the Von—
Bertalanffy model derived from the values of N and
L from thls third method are presented on figure 8
and table 1.

The estimates of DGI denelty and corresponding
fish length using Ralston’s method are presented
in table 2 and the resulting. Von-Bertalanffy curve
and growth parameters on figure 8 and table 1.

Table 1. Von-Bertalanffy growth parameters obtai-
ned by each method.

KETHODS L X ty
HHOLE OTOLITH - 58.20 + 6.78] 0,26 # 0.09 | - 0.58 0,48
THIN SECTION - 2 64,48 + 2,38 0,233 20,06 | - 0.99 £ 1.00
LouBERS * . | e0.70 0.280 - 0.25

DG DENSITY-INTEGRATION 3a | 69,47 # 3.40{ 0.360 £ 0.05 | - 0,14 £ 0.71

DGI DENSITY-RALSTON 3b | 86.50 + 12.5 | "0.210 2 0.06 { - D.14 2 0,18

Table 2. Estimates DGI density and corresponding
fish length from Ralston's method. N = number of
readings; D = DGI density; ts/V/n-1 = width of the
half confidence interval at X = 0.05, N-1;

L = calculated fish length for mid class of R.
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Table 3. Significant differences in Le and k bet-
ween all the methods. NS = not significant.
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Figure 8. F1na1 growth curves obtained by each me—
thod. (1): method 1; (2): method 2; (2'): Lou-
bens's curve; (3a):. method 3, DGI density- ’
integration; (3b): nethod 3, DGI den51ty—Ralston

Com parison of the three nethods

Flgure B and table 1 regroup the results of all
three methods. The, f1nd1ngs of Loubens (1978) who
used the second method are included for compar1~'
son. There is no 51gn1f1cant dlfference of to bet—
ween any of the methods S1gn1fzcant dlfferences
inLw or k are given by table 3. The first two,
methods show no dlfference between one another,
whereas method 3a, (1ntegrat1on of DGI dens1ty) has
a larger. k than any other method, and method 3b has
a larger Le than any other method

DISCUSSION

In the absence of validation, which are, conducted
at the moment in the Noumea Aquarium, a number of
life history traits of Diagramma pictum and a li-
terature survey may explain some of the discrepan-
cies between the results of the various methods.
It has been indicated for a large number of fish
that the hyaline rings are linked to changes in
the environment (temperature, food availability)
or physiological changes (reproduction, smolt
transformation,...). In temperate waters these
changes are seasonal and can thus lead to good
correlations between number of hyaline rings and
real age. In tropical waters this correlation is
questionable because these changes do not necessa—
rily occur on a regular basis. Loubens (1978) has
used marginal increment analysis (Campana, 1984
Mason & Manooch, 1985) to check the yearly deposi-
tion of these hyaline rings in New Caledonia spe-—
cies. Unfortunatly, he could not validate this hy-
pothesis. for D.pictum because of an insufficient
sample. Our sample were collected over too short a
period to enable us the use of this technique. It
is possible to count DGI between two hyaline zo—
nes. Practical problems such as localizing the




middle of the zone under high magnification, or
finding a zone with a continuous reading between
two annuli, renders such a verification untracti-
ble. The yearly deposit of hyaline rings has been
demonstrated in Pakistan for another Haemulid, Po—
madasys argenteus, by Brothers & Mathews (1987},
but this is a coastal species and the area where
this fish live is submitted to the monsoon which
is strongly seasonal.

D.pictum matures at 60 cm (Loubens, 1980a). If one
assumes that hyaline rings are yearly, this means
that this species matures between 10 and 12 years
of age and that its growth nearly ends there af-
ter. Assuming such an age, frequency size distri-
bution allow to estimate that total mortality rate
for mature fish would be of 0,19 which is a very
low value considering the high fishing pressure
these fish are submnitted to. The observation of
additional ring—like structures in the vinicity of
the first hyaline ring could be related to settle-
ment of this species in coralline zones. Indeed,
D.pictum changes drastically of coloration at
about 20 cm and starts to form schools around iso-
lated patch reefs. Before this size its main hab-
tat is unknown, occasional specimen being caught
by trawlers or seen in shallow sheltered reefs,
These life history facts lead us to believe that
hyaline rings may not be deposited on a yearly ba-
sis, but at a faster rate. An additional argument
for non yearly rings is the great proportion of
fish larger than L« . This parameter has no real
biological meaning, in particular, it is usually
inferior to some extent to maximum observed size.
However, the examination of frequency size distri-
butions of D.pictum in New Caledonia indicates
that 13 % of the fish exceed Lo . Similar compa-
risons of L« (Loubens, 1980b), and frequency size
distributions of 12 species in New Caledonia indi-
cate that 8 to 53 % of the fish are larger than
Lew . The magnitude of this discrepancy indicates
that the use of hyaline rings is likely to unde-
restimate growth.

The daily periodicity of DGI has been demonstrated
for a large number of fish (Campana & Neilson,
1982; Mugiya & Muramatsu, 1982; Victor, 1982;
Kingsford & Milicich, 1987; Ralston & Williams,
1988; Ralston & Williams, in prep.; Gjosaeter et
al, 1984 and Campana & Neilson, 1985, for re-
views), including Haemulids (Brothers & McFarland,
1981; Brothers & Mathews, 1987). However, this ap-
plies mainly to young fish, on older fish this is
not always verified. In particular, Caillart

(pers. communication) indicates for Naso brevirgs—

tris and Epinephelus microdon in French Polynesia
that such rings may be deposited only every two or
three days. By contrast, subdaily increments may
also be formed (Taubert & Coble, 1977; Panella,
1980; Marshall & Parker, 1982), which would in
turn underestimate growth. Such anomalies occur
more frequently past first wmaturity.

However, the main problem with using DGI density
are methodological. First, age estimates require
several relationships. Errors for each of these
relationships are cumulative. The most sensitive
part of this method is the estimation of N (total
number of DGI) for a given fish length. This is
well illustrated by the significant differences in
L and k found using either integration or Ral-
ston's method for estimating N. Integration takes
better into account the entire distributien of DGI

density, whereas Ralston's method is more robust.
However, both methods suffer from autocorrelation,
the DGI density at a given age depending of pre—
vious life history.

To our opinion, neither method (hyaline rings or
DGI density) are satisfactory in their present
state. Validation is a must in both cases. Howe—
ver, validation may proove to be difficult since
it should be conducted at several sizes and for
extended periods (at least several months). In New
Caledonia, as in many tropical fisheries, tag-
recapture is not conceivable. Aquarium studies,
despite their known biases, is our only alternati-
ve,
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