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Estimating Age and Growth of Little Tunny,
Euthynnus alletteratus, off the Coast of Senegal,

Using Dorsal Fin Spine Sections
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ABSTRACT

Estimates of age were made from counts of growtb bands on dorsal spine sections of 491 little tunny, Euthynnus
alletteratus, captured off the coast of Senegal during 1979. Analysis of marginal growtb bands (by montb) indicates
that these bands are probably formed during tbe cold season (November-May). Mean size at estimated age was deter
mined for tbe first 8 yr of life. These results, tbougb not validated, closely approximated other studies for young fisb
(estimated ages 1-3), but were bigbly variable for older age categories. Tbe index of average percent error (E) for age

nates from our study was 10.5% and infers good precision.

RESUME
r

La determination de I'age de 491 thonines, Euthynnus alletteratus, a ele Iaite par complage des anneaux de
croissanee sur deseoupes transversales du premier rayon de la nageoire dorsale. L'analyse mensuelle de la nature du
bord externe des coupes, Indique que les annuli (i.e., zones translucides) se Iormeraient au cours de la saison froide
(novembre a mail. Les tailles moyennes correspondant aux ages de I a 8 ans sonl donnees, Us resultats, bien que non
valides par d'autres metbodes, sont Ires voisins de ceux exposes dans d'autres travaux pour les ages de I a 3 ans; des
differences non negligeables apparaissent cependant pour res poissons plus ages. L'index de pourcentage moyen
d'erreur (E) entre les ages attribues par les deux auteurs est de 10.50/0 ce qui indique une bonne precision de la
methode utilisee,

INTRODUCTION

Commercial tuna fisheries in the eastern tropical Atlantic
seem to have reached their maximum sustainable yield for
most species (ICCAT 1977-82). Thus, recent economic interest
has developed for the less intensively fished little tunny, Euthyn
nus alletteratus, along the Atlantic coast of Africa.

The age and growth of little tunny has rarely been studied
off the coast of Africa, except with the Petersen method (length
frequency analysis) applied to a relatively small number of spe
cimens (Postel 1955). Vertebrae have been used by Landau
(1965) for age determination of little tunny from the Mediter
ranean Sea. More recently, Rodriguez-Roda (1979) used counts
of growth bands on vertebrae to fit the von Bertalanffy growth
model for this species off Spain. Cayre and Diouf (1981) ana
Iyzed dorsal spine sections to estimate age and growth of little
tunny collected off the coast of Senegal. However, conclusions
in that initial report were limited because of small sample size
(100) and the restricted time of year (June-August) the data
were collected. Therefore, we felt that increasing sample size
and expanding the collection of samples to all months was
warranted. The objectives of this study were to: I) Estimate

'Institut Senegalais de Recherches Agricoles, Oceanographic Research Center,
P.O. Box 2241, Dakar, Senegal. On temporary assignment, originally from Office
de la Recherche Scientifique et Technique Outre Mer, 24 rue Bayard, 75008, Paris,
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age of little tunny collected off Senegal by counting growth
bands on sections of dorsal spines, 2) determine the time of
band formation by analysis of marginal growth band spine sec
tions, and 3) estimate the degree of precision (repeatability) of
our counts of growth bands on spine sections.

METHODS AND MATERIALS

Little tunny were collected during 1979at different commer
ciallandings near Dakar, Senegal, along the Atlantic coast of
Africa. We collected data on sex (i.e., males, females, and im
mature fishes), maturation stage, gonadal weight, fork length
(FL), total weight, and obtained the first dorsal spine from
each specimen. We attempted to sample all size classes for
each sex during each month.

We used the rust dorsal spines because they are easy to collect
and were often used in many similar studies (Batts 1972; Cayre
1979). In addition, we previously reported (Cayre and Diouf
1981) that dorsal spines of little tunny are good structures to
use as a source of age and growth information.

An Isomer' low-speed saw, with a circular diamond wafering
blade, was used to cut three 450 /-Im thick serial cross sections
from the lower portion of the first dorsal spine, near its condyle
base. Three serial sections were cut in case the rust was difficult
to read or was broken. The sections were immersed in an alco-

'Reference to trade names does not imply endorsement by the National Marine
Fisheries Service, NOAA.

Reprinted from: In E. D. Prince and L. M. Pulos (editors), Proceedings of tbe international worksbop on age determination of oceanic pelagic
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hol and water solution and observed in transmitted light with a
binocular microscope equipped with an ocular micrometer. The
folJowing measurements (Fig. 1) were taken from each section
using the method described by Cayré and Diouf (1981): 1) Spine
diameter (d)-the distance between the outside margins of the
spine just above the notch in the posterior face, and 2) diame
ter of growth band (dj)-the distance from the outside spine
margin through the spine center to the outside margin of each
successive growth band.

Vascularized core

"IKt-ft-fl--- 0 0 ub1et

The vascularized core (center) of little tunny spines increases
in size and complexity with increases in the size and age of fish.
ln little tunny > 45 cm FL, early growth bands tend to be ob
scured because of the enlarged core (also see Antoine et al.
1983; Johnson 1983; Compean-Jimenez and Bard 1983; Ber
keley and Houde 1983); fish :0; 45 cm FL were not affected.
Therefore, we estimated the average location of the first annua!
mark (d;) from young fishes and used these measurements to
determine the number of bands obscured in larger fishes.

The relationships between Rand fork length for each sex
(male, female, and immature) and for total sam pie (ail sexes
combined) were determined with least square regressions and
the degree of significance set at a = 0.05.

The time of annuli formation was assessed by observing the
type (translucent or opaque) and frequency of growth bands
occurring on the outside margin of each section. This type of
marginal growth (see Glossary) was difficult to determine
because the truncated cone shape of sectioned spines caused
problems with light diffraction. This difficulty was partiaJly
resolved by placing the largest section surface down before
microscopic examination. ln addition, distinguishing marginal
growth was also enhanced by alternately switching the light
source from transmitted to reflected light.

RESULTS

Monthly Sampie Sizes

Figure 1. -Cross section of the first dorsal spine of lillle tunny. Measurements
IJIken: spine diameler (d) and diameter (di)of translucent bands 0, 2, 3, 4). The
.ascularized core, notch, and bands Înlerpreled as doublets (see lexl) are also
shown.

Growth bands observed under the above optical conditions
were distinguished by two types of alternating growth zonation;
translucent zones, assumed to be indicative of slow growth,
were separated by opaque zones, assumed to represent fast
growth (see Glossary). We use the term annulus as synony
mous with translucent zone (see Glossary). For purposes of
assigning an age to each fish, we each read the most anterior of
the three cross sections twice by counting translucent zones.
When discrepancies occurred, the first section and the other
two sections from the same spine were examined by us to arrive
at a mutuaJ estimate of age.

Antoine et al. (1983) used a series of coded descriptions of
the types of'growth bands observed on each section to docu
ment how different readers interpreted bands and assigned
ages. This methodology was also adopted for our study. The
precision (repeatability) of the counts of annuli (translucent
zones) was assessed using the method described by Beamish
and Fournier (1981). This method uses an index (E) to estimate
average percent error:

r.!.. ~ Xii - XJ]IOO
/!? 1 = 1 Xi

where N = number of fishes aged
R = number of times each lish was aged

Xij = Èth age estimate of the jth lish
Xi = average estimated age calculated for the}th lish.

(1)
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Dorsal spines were collected from 497 little tunny (26.4-86.0
cm FL). Cross sections of spines from 491 specimens (239
males, 232 females, 20 immatures) were used in the ageing
analysis; six abnormaJly shaped spines were rejeeted. Monthly
samples ranged from a high of 61 fish in March to a low of 13
fish in December (Fig. 2). Both sexes and the entire size range
were weil represented in monthly samples, except for the rela
tively narrow size range of fish collected in January and
December (Fig. 2).

Characteristics of the Annulus

We define annuli as translucent bands but the quality of an
nuli varied considerably among individual fish, ranging from a
very well-defined narrow band to a wide diffuse one. The
description code we used (see Antoine et al. 1983) allowed us
to note ail these different types of annuli.

We defined and assumed an annual mark to be a fairly weil
identified and c1ear annuJus which extends around the entire
circumference of the spine. ln addition, we often observed
double bands (termed "doublets"), formed by two annuli
separated by a relatively narrow opaque zone (compared with
others on the same section) that tend to merge as they curve
toward the spine core. We also considered these doublets as
annual marks. Moreover, we also observed multiple bands and
considered them as annuaJ marks when the distance between
them was Jess than the distance to the preceding and following
bands.

Due to the complexity of the quaJity of annuli, a consultation
between readers, in order to obtain a mutual interpretation of
bands, was necessary for 30% of the spines (147 samples).
After this mutual interpretation, an agreement was al ways
reached.
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Figure 3. - Monthly mean sea surface lemperatures off the Senegal coasl in 1979
(solid linè) and corresponding percentages of spine sections of IiUle lunny caught
offSenegal, 1979, sbowing a margina/lranslucent band(doUed line).
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Season of Annuli Formation

The highest percentage of marginal annuli (terminal slow
growth) appears to occur from November to May (Fig. 3), sug
gesting that annuli are formed during this period. The seasona)
occurrence of slow growth (Fig. 3) is inversely related to mean
sea surface temperatures (i.e., slow growth appears to oceur
during periods of low temperatures).

Diouf (1980) reported that the period of maximum spawning
for little tunny takes place from June to October. Thus, if an
nulus formation occurs in November-May, then the age at first
annulus formation would be about 6 mo. The wide range in
potential slow growth (November-May = 7 mo) makes it diffi
cult to make definitive statements on the time of first band for
mation. Three femaJes (Table 1) and two immatures, sampied
during this period, had only one incomplete and one thin mar
ginal annuli and were estimated to be 0.5 yr. These observa
tions tend to support our statement on the period of the first
band formation.
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Table 1.-Tolal number of lillie tunny caught off Senegal by size interval (cm FL), number of fishes with
obscured growth marks due to enlargement of the vascularized core, and correction raie for obscured
growlh marks.

Size Total
Number of fishes with obscured growth marks

interval number Total correction
FL (cm) of fishes 1 growth mark 2 growth marks Total rate ("70)

46-55 97 22 1 23 24.7

56-65 66 25 1 26 39.4

66-75 115 53 25 78 67.8

> 75 17 3 10 13 76.5

Total 295 103 37 140 47.5

•

Precision of Readings

The average percent error (E) of the counts of annuai marks
was 10.50/0. Differences between our counts exceeded two an
nuai marks for 8% of the samples.

Fish Size-Fin Spine Diameter Relationship

A significant linear relationship (Fig. 4) was found between
spine diameter and fork length of female (r = 0.89), male (r =
0.90), and immature little tunny (r = 0.69). However, the
small sample and restricted size range of immature fish make
the results of this category tentative. A significant linear rela
tionship was found between spine diameter and fork length of
ail sampies (with all sexes combined). This relation was:

where FL
d
r

fork length (cm)
first dorsal fin spine diameter (jJ.m)
correlation coefficient.

E
u

100

Il

ID

40

ID

FL = 0.01456 d + 16.215 (r = 0.907)

N _ 232

r = 0.8834
fl_l.•4:J.10- ld .18.8228

Correction of Assigned Ages

We found that in little tunny < 45 cm FL, it was not neces
sary to correct for bands obscured due to enlargement of the
vascularized core. However, in the 295 fish ~ 45 cm FL, we
had to estimate the number of obscured growth marks. The
corrections, which did not exceed two growth marks, were ap
plied to 140 fishes (Table 1). The number of growth marks
obscured and needing correction increased with fish size.

Estimated Ages and Mean Fork Lengths
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The ranges in mean fork lengths for estimated ages 0.5
through 8 yr were 33.2 to SO.2, 30.1 to 77 .2, and 29.4 to SO.2
for males, females, and ail samples combined, respectively
(Table 2). Relatively small differences were observed for mean
size at estimated ages between sexes (Table 2), and the com
bined sampie (males, females, immature) illustrated in Figure 5
shows a progressive increase in mean size and variation about
the mean as estimated age increases.

DISCUSSION

Figure 4.-Relationship between fork length (cm) and first dorsal spine diameter
(microns), for females, males, and immature nille lunny from Senegal.
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Two sources of bias in spine measurements appear to be a
direct result of !ittle tunny spine morphology. First, the spine
sections were asymmetrical and this irregular shape would
have influenced measurements of spine diameter (d) and diam
eter of annuli (d;). Secondly, the tapering of the spine could
have also affected these measurements. Both sources of bias
were not considered to have a significant influence on spine
measurements and ifthey occurred, they probably were consis
tent between size categories and sexes because of the strong re
lationship observed between fork length and spine diameter
(Fig. 4). The strong relationship between fork length of little
tunny and spine diameter also suggests that this structure would
be appropriate for use in back calculation of previous growth
history.

It was beyond the scope of this study to investigate the cause
of annu!i formation. The occurrence of maximum slow growth



Table 2.-Estimated ages, corresponding mean fork lengths. interval of fork lengths. and standard deviations (SD) for
males, females. and total sample (males, females, immatures) for4911illietunnycaught off the coast of Senegal during 1979.

Males Females Males, females, immatures

Estimated FL FL FL
age Mean intervals Mean intervals Mean intervals
(yr) N FL (cm) SO N FL (cm) SO N FL (cm) SO

0.5 0 3 30.1 28.6-33.0 2.484 5 29.4 27.6-33.0 2.094
1 13 33.2 26.5-36.5 3.218 12 34.3 29.5-44.9 4.057 39 33.4 26.4-44.9 2.249
1.5 14 38.4 32.4-43.3 3.440 21 38.0 32.8-44.0 2.927 38 38.5 32.4-45.0 3.238
2 47 41.8 33.6-52.8 3.730 43 42.0 35.2-49.6 3.810 91 41.9 33.6-52.8 3.730
2.5 14 43.5 40.5-49.5 2.507 16 46.4 39.6-51.5 3.721 30 45.0 39.6-51.5 3.453
3 39 49.6 41.5-62.0 5.327 46 49.6 41.5-61.1 5.129 85 49.6 41.5-62.0 5.186
4 32 58.6 47.7-67.0 6.275 28 58.0 49.7-66.3 6.078 60 58.3 49.7-66.3 6.123
5 30 66.9 52.5-79.5 5.806 25 65.3 52.5-72.5 6.010 55 66.2 52.5-79.5 5.895
6 25 68.9 57.0-78.8 5.333 30 69.5 62.8-76.6 3.311 55 69.3 57.0-78.8 4.257
7 20 73.5 66.0-86.0 4.661 8 72.2 65.5-80.8 4.831 28 73.1 65.5-86.0 4.658
8 5 80.2 75.5-84.8 4.011 5 80.2 75.5-84.8 4.011

Total 239 232 491

ZI

Figure 5.-Estimated age (years) and corresponding mean fork length (cm) ±
standard deviation (vertical bars) for 4911i1l/e tunny caught off Senegal during 1979.

SUMMARY

1) Spines were collected from 491 little tunny caught off
Senegal. They ranged in size from 26.4 to 86.0 cm FL and esti
mated ages ranged from young-of-the-year to 8 + yr.

2) A strong relationship was observed between fork length
and spine diameter. Thus, spines appear to be a good structure
for use in back calculating previous growth history.

3) The highest percentage of slow growth bands (translucent

speculation needs to be teinpered by the relatively long dura
tion of the spawning period.

A comparison of mean fork lengths at estimated age from
our results with four other studies indicates relatively close
agreement for young fish (e.g., estimated age 1 = 34 ± 2 cm),
but differences between studies become increasingly more vari
able in larger fish (Table 3). Age and growth studies of other
scombrids (such as bluefin tuna) have also noted close agree
ment with young tuna and greater disparity in estimates of
older age categories (Lee et al. 1983). However, the work on
Iittle tunny from the Gulf of Mexico reported by Johnson
(1983) was similar to our results through age 6. Johnson's age
ing techniques on the dorsal spines were similar to those we used
on spines of Iittle tunny from Senegal. Comparisons of our
results with others obtained with different techniques by other
authors does not constitute validation, but does tend to verify
that our results are relatively consistent.

The Beamish and Fournier (1981) method for calculating the
average percent error (E) in age estimates was not used in other
similar works presented at this workshop; this makes it diffi
cult to compare the precision (repeatability) of our estimates
with that of other studies. However, the average percent error
(E) we found in our study (10.50/0) was smaller than that
reported by Antoine et al. (1983), probably because only two
readers were involved in our study (compared with eight by
Antoine et al.). Cailliet et al. (1983) reported a similar agree
ment between two readers counting bands on vertebrae from
22 species of sharks.

The increase in number of annuli with size of Iittle tunny
from Senegal indicates a strong temporal relationship. How
ever, our interpretation of growth bands on little tunny spines
remains unvalidated and this aspect needs to be addressed
before further progress can be made.
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in spines during months of low water temperatures (Novem
ber-May) suggests that these factors are related but does not in
itself provide an adequate explanation for the variance in num
ber and shape of annuli observed on different fish and also on
the same fish. The formation of annuli on little tunny spines
probably has several causes, including migration, spawning,
and other environmental or biological events that work either
in combination or separately to affect the physiology and
growth of Iittle tunny. Cornpean-Jiminez and Bard (1983) sug
gested that migration patterns were related to formation of
growth bands in spines of eastern Atlantic bluefin tuna, Thun
nus thynnus, but also acknowledged the shortcomings of their
findings. Therefore, more research efforts should be directed
towards investigating the cause of annuli formation in scom
brids before definitive statements can be made.

The relatively wide range in months when slow growth occurs
(7 mo) makes it difficult to pinpoint the exact time of annuli
(translucent zones) formation (Fig. 3). There may be several
periods of increased and decreased growth from November to
May, and this could account for sorne of the variation in the
number and size of the translucent zones observed. Indistinct
and narrow translucent zones were often observed in opaque
zones near the margin of spines of larger fish. These thin, in
complete annuli appeared to <.:Orrespond to periods of spawn
ing (June-October as reported by Diouf 1980), but further
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Table 3 - Comparison of mean fork lenglhs al estimaled ages for differenl studies of (ittle tunny using vertebrae, spines, and
lenglh frequencies analysjs (Petersen method) 10 assign ages.

Author Landau Postel Rodriguez- Cayré and Diouf Cayré and Diouf Johnson
(1965) (1955) Roda (1979) (1981) Present study (1983)

Method Vertebrae Petersen Vertebrae Firsr spine First spine First spine
Place Mediterranean Cap-Vert Spain Senegal Senegal Gulf of Mexico

Sea

Number of
specimens 365 983 19 100 491 201

Estimated Mean FL FL range Mean FL Mean FL Mean FL Mean FL
age (yr) (cm) (cm) (cm) (cm) (cm) (cm)

0 <30
1 35.8 30 to 45 32.9 33.4 35.1
2 53.9 45 to 60 58.1 41.1 41.9 46.2
3 63.7 60 to 75 67.9 49.2 49.6 53.0
4 70.1 >75 76.2 57.4 58.3 56.1
5 75.5 86.0 65.6 66.2 59.9
6 80.1 73.6 69.3 62.4
7 81.0 77.0 73.1
8 80.2

».,

zones) occurred on the margins of little tunny spines in Novem
ber through May. Although annuli appear to be formed during
this period, the wide duration (7 mo) makes it difficult to pin
point annulus formation in individual fish.

4) The average percent error (E) in this study was 10.5070
and this was relatively high precision compared with other
studies.

5) Annual marks obscured by the vascularized core were
estimated in fish ~ 45 cm FL based on the location and num
ber found in young fishes.

6) Our interpretation of annuli on spines of little tunny from
Senegal was similar to other studies for young fish but increased
variation was evident in older age categories. However, the
accuracy of estimates of age remains unvalidated.
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