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ABSTRACT

in this study, an analysis on the development of sagittae of the Hawaiian anchovy, Encrasicholina purpurea, from
Kaneohe Bay, Oahu, Hawaiian Islands, is presented. Eight age-groups are established by the analysis of daily growth
increments. Morphology and a four-step growth of the sagitta in relation to body tength, are described. The width of
the concentric daily growth rings decreases as fish grow, fast-growth rings are wider than slow-growth ones. The
time of the formation of the first daily growth ring is determined. Development of daily increments is related to meta-
morphosis of larvae and the gonadic maturation of adults.
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RESUMEN

En ei presente trabajo, se presenta un estudia sobre el desarrallo de las sagittae de la anchoveta hawaiana Encrasichofina
purpurea, en la bahia de Kaneohe, Oahu, Hawai. Por medio del andlisis de los incrementos diarios de crecimiento
pudieran reconacerse ocho grupos de edad. Asimisme, se describe la morfologia de la sagitia y se estudia la relacidn
entre la longitud y la anchura, que viene expresada por cuatro periodos de crecimiento. La amplitud de las bandas
concéntricas de crecimiento diario disminuye conforme el pez incrementa su longitud, con la particularidad que las
bandas son mas anchas durante el periado de crecimiento rapido que en el de crecimiento lentg. Asimismo, se determina
el tiempo de formacién del primer anillo de crecimiente diarie y se relaciona el desarollo de los incrementos de
crecimiento diaria con la metamorfosis de las larvas y la madurez gonadica de los adultos de esta especie.

Palabras clave: Edad, Encrasicholina purpurea, sagitta.

INTRODUCTION Following Pannelia's works (1971; 1974; 1980), sev-

eral authors have reported daily increments on these calci-

The study of otoliths is impartant because they are a  fied structures but few works consider species living in

part of the system which regulates the muscle tone and  semi-enclosed tropical environments (Struhsaker and
stimuli reception due to angular acceteration, gravity, and ~ Uchiyama, 1976). Sub-daily increments have also been
sound. Otoliths are also a permanent register of the physi-  found {Taubert and Coble, 1977; Brothers, 1878; Pannelia,
ological and metabolic changes occurring during the life his- 1980; Witsonand Larkin, 1980; Campana and Nelson, 1982},
tory of fish {Gallardo-Cabello, 1979). complicating the interpretation of increment’s periodicity.
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There are few studies on the age and growth of the
Hawaiian anchovy {Encrasicholina purpurea Fowler), which
is the dominant planktivorous fish in semi-enclosed
eurinaline waters of the Hawaiian Islands {Clarke, 1989a).
£. purpurea is used as baitfish in the tuna fishery and its
availability is one of the limiting factors of this industry
(Comitini, 1977).

Struhsaker and Uchiyama (1976) found that growth is
very fast in the 20 days after hatch. Chiappa-Carrara (1 993)
reported a non-linear growth for this species, Similarly, itis
known that the Hawaiian anchovy is a short-lived organ-
ism, maximum reported age being around 200 days
{Nakamura, 1970; Struhsaker et al., 1975; Clarke, 1989a).

MATERIAL AND METHODS

Biological samples were obtained from Kaneohe Bay,
Dahu, Hawaiian Islands, during collections carried out from
November 1990 to February 1992. Bimensual sampling of
larval stages were accomplished every six hours during the
day, using a plankton net, 5 m length, T m diameter, and
335 um mesh. Adults were caught shortly after sunset
with a 60 X 12 m purse-seine, with 5 mm mesh. In both
cases, samples were preserved immediately in a 70% solu-
tion of ethilic alcoho! and analyzed within 10 days of cap-
ture to prevent shortening due to dehydration.

Merphometric, ponderal, and biological data obtained
for each individual are as follow:

Length: In individuals <25 mm, whose flexion process
had not finished yet, length from the tip of the mouth to the
ending paint of notochord was recorded (= 0.01 mm). From
that fength on, standard length {SL) was measured with
approximation of 0.1 mm.

Weight: Total weight of individuals was measured with
an approximation of 0.01 mg.

Sex: /n visu observations were carried out following
Clarke's (1987) criteria.

A total of 550 pairs of sagittae were obtained from the
otical cavities. Since differences between morphometric
data among right and left sagittae were not significant ("t
= 3.123; p < 0.01), in this study only right-side otoliths
were analyzed. Sagittae were immersed for ten days into
Euparal® milieu, to improve contrast between fast and slow
growth increments, and then observed with an optical mi-
croscope with a graduate ocular lens. Readings of number
of rings were carried out twice. During the first count, it
was possible to assign each otolith to some age. However,
2% of sagittae were discarded because on the second read-
ing differences in the number of rings were larger than 5%.
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Figure 1. Diagram of the sagitta showing its main parts.

Total length, width, and length from the postrostrum
to the center of the otelith (postrostral length, PL} were
registered for every otolith. Age was established by count-
ing the number of rings surrounding the nucleus of the sag-
itta. Even though the number of rings between otoliths of
the right and left cavity was not significantly different {"t"
= 1.76, p < 0.05), growth rings were always counted in
the right-side otolith.

RESULTS AND DISCUSSION
Description of the sagitta

E. purpurea’s sagittae are elongated, maximum length
comprised 53.75 times in standard length of fish. Figure 1
exhibits a diagram of the atolith, showing its main parts.

On the anterior edge, a projecting rostrum with small
dentitions is present. The excisura major is prominent and
the antirostrum is well developed. Otoliths have an
ascending dorsal edge from the rostrum to their center,
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descending as far as the posterior edge. Dorsal edge has 3
to 5 dentitions which tend to be very irregutar in adult fish
{= 35 mm SL). A sharp and well developed postrostrum on
the posterior edge is visible. The excisura minor,
pararostrum, and postrostrum are well developed. The
ventral edge is slightly curved from the restrum until the
center of the otolith, being flat from the center to the
posterior edge. There are many dentitions irregularly
disposed. This unevenness increases as the fish grows.

Otolith internal face is slightly concave and presents a
flat surface. This face shows a shallow suicus which runs
unifarmly through this surface. The external face is slightly
convex and covered by numerous and small granules in adult
stages. Dorsal edge is thinner in the [ongitudinal axis.

Gallardo-Cabello (1985) described Engraulis mordax’s
sagittae finding similar characteristics. Nevertheless, these
structures are larger in E. mordax than those of £. purpurea.

0talith development

Figure 2 shows the relationship between total length and
width of sagittae. The observed inflections indicate that dif-
ferential growth occurs in these longitudinal planes. The first
inflection point pertains to individuals between 15 and 18
mm SL. In this length range the metamorphosis occurs. To
this point, the allometric index is'0.9419 being not signifi-
cantly different from isometry {n = 44; p > 0.05). During
this period, the shape of the the sagitfa resembles a disc.

The next inflection point appears when length of organisms
is between 27 and 32 mm SL. Value of the exponent is
0.2646, showing a strong negative allometric relation {n =
26;p < 0.05). Since sexual maturity is reached at this stage
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Figure 7. Total length and width dimensions of £. purpurea’s sagiftae.
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Table I. Mean number and width imm) of last deposited daily growth
rings, as a function of atolith average postrastral length [mm) and
fish mean standard length {mm).

Qthalith Mean number  Width of daily
postrostral Fish SL of daily growth growth
length {(mm) rings rings {mm)
0.05 449 2.47 0.020
0.10 8.75 7.33 0.014
0.15 10.45 10.42 0.014
0.20 13.14 15.24 0.013
0.25 16.13 22.34 0.011
0.30 193.50 3.4 0.010
0.35 20.75 34.26 0.0t0
0.40 23.50 44.56 0.009
0.45 27.64 62.36 0.007
0.50 30.50 73.34 0.007
0.55 33.25 87.98 0.006
D.60 36.63 105.36 0.006
0.65 39.10 118.88 0.005
0.70 42,00 136.20 0.005
0.75 44.50 154.91 0.005
0.80 47.00 179.79 0.004
0.85 48.50 198.97 0.004

{Clarke, 1987; 1989b), a certain amount of energy is used
for gonadic maturation. During this stage the longitudinal
growth of otoliths is bigger than width growth. Otoliths
acquire their adult, lengthened shape.

From the second inflection point until organisms reach 40
mm SL, allometric index reflects departure from isometry
{b = 0.6961; n = 23; p < 0.05}. Subsequent values are
clase to isometric growth {b = 0.9594, n = 20; p > 0.05}.

Growth marks

Twao daily marks or rings, a dark and a light one, are
formed around the nucleus of otoliths. Appearance of rings
is determined by differences in depositicn rates, and there-
fore in relative concentrations of calcium carbonate and
otolin protein {Pannella, 1971}. Once the nucleus is formed,
the accretion rate of new material decreases asfish grows.
Because the accumulation of new material is not a uniform
process, the first growth rings are much wider than the ones
formed on later stages {Table I}. There is a differential depo-
sition of new material around the nucleus on both longitu-
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Figure 3. Average growth rates {mm ¢} of the sagitia of £. purptrea.
Vertical lines indicate standard deviations of rate esfimates.

dinal axis. Nuclei of otoliths in £. purpurea are eccentric on
each surface plane, because the rostral side grows faster
than the postrostral one, and the ventral section grows
faster than the dorsal one. Infigure 3, average growth rates
{mm d7) calculated from postrastral dimensions, are
presentes as a function of PL.

Figure 4 shows the diameter of nuclei as a function of
PL. Nuclei dimensions range from 0.0190 mm in E.
purpurea’s otoliths with a length of 0.05 mm to 0.0263 mm
for otaliths with a length of 0.80 mm. Two inflection points,
corresponding to PL = 0.1 and 0.5 mm, are observed. Allo-
metric exponent for the first part of graph {PL< 0.1 mm} is
0.0668. After a sudden slope change at PL = 0.5 mm, allo-
metric coefficient is 0.3953, It is possible to establish at
least two well marked developmental phases. In the first
stages, apparent increments in the diameter of the nucleus
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Figure 4. Apparent nucleus diameter as a function of postrostral
length of otoliths.
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are not very significant and the slope of the relation is not
significantly different from zero {p < 0.01}.

Near the moment of sexual maturity of E. purpurea,
which occurs at SL =32 mm (Clarke, 1989b), correspond-
ing in this case to data belonging to the second section of
the curve, it is very difficult to differentiate the first growth
rings because the nucleus appears as if it increased its di-
mensions. Ratio between the diameter of the nucleus and
the postrostral length of the otolith is not constant because
consecutiveannu/i depositions merge with the nucleus. Es-
timates of age in organisms belonging to stages after sexual
maturity might be underestimated if based upon enumera-
tion of rings.

Estimation of the formation time of first daily growth
ring

Based an certain morphological features, such as the
presence or absence of yolk sac, implantation, development
and number of rays of pectoral fins, and progression of eye
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Figure 5. a: £ purpursa belonging to age group "07; b £ purpurea
belonging to age group "1"; ¢ £, purpurea belonging to age group
Wl
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Table 2. Marpholagical characteristics of the three stages of the development of £, purpurea (Age groups "07, "1", and “2").
Age group 0" Age group “1” Age group “2"
*
Yolk sac present present traces absent absent absent
Pectoral fin absent — abhsent — implantation visible  —* 1% - 1 = z*
Eye pigmentation absent absent absent absent traces present

*Recent hatched larvae, bended anteriorly.

**Distended larvae.

1* Diameter of pectoral fins implantation ~ pupil diameter.
2* Pectoral fin rays visible.

pigmentation, larvaes {notochord length <4 mm] can be
classified into three age groups.

Separation of larvae based on those features was not
a difficult task. Larvae pertaining to the same group were
similar and there were no intermediate categories. Never-
theless, larvae larger than 4 mm could not be assigned to
any age group based only on developmental characteris-
tics or size.

When larvae reach the first 12 hours of life (age group
“0"), yotk sac disappears, and pectoral fin buds come to a
similar diameter to that of the eye (Table 2, figure 5a). Av-
erage diameter of the nucleus of sagittae in larvae pertain-
ing to this age group is 0.0202 mm. At this point, the first
growth ring has not been formed yet.

At 24 hours after hatching, larvae could be grouped
into age group “I". Morphological characteristics used to
distinguish individuals one-day-old are shown in Table 2 and
figure 5h. In this stage, larvae present, for the first time,
food items in their digestive tract. During the first day of
life the first growth ring is formed, making possible fo ac-
curately age young individuals by counting growth rings in
the otalith. In Table 2, morphological characteristics of or-
ganisms belonging to age group “2", are shown. 48 hours
after hatching, larvae exhibit a completely developed mouth
{Figure 5c}. Sagittae have two growth rings.

Struhsaker and Uchiyama {1976) accomplished peri-
odical capture-and-sacrifice experiments, and concluded
that there is a high correlation between the average incre-
ment in the number of rings and the days that had passed
between consecutive experiments. This fact, as well as the
results obtained in this work, confirm the existente of daily
growth increments in this species.
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Relation between otolith growth and fish growth.

Figure 6 shows the relationship between total length
and postrostral length of the otolith as a function of sfan-
dard fish length. Total length of otoliths present two impor-
tant inflection points. The first one corresponds to 20 mm
SL organisms. At this point metamorphosis occurs. The sec-
ond inflection point happens when individuals reach 30 mm
SL. Sexual maturity occurs at this time, thus thare might
be differences in the calcium carbonate and otolin protein
deposition rates on sagittae related to this phenomenon.

Age-length relationship.

The average length for each age group of Encrasicholina
purpurea has been determined from the analysis of the daily
growth rings on the sagittae (Table 3). Equation resulting

Table 3. Age-length relationship for Encrasicholina
purpurea.

Age group (months} Standard Length {mm)}

0 2.18*
1 18.16
29.92
36.04
40.20
43.35
45.67
41.78

LV -« P ¥ 3 B S

*Notochordal length.
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from the nonlinear parameter estimation (Prageret a/., 1989)
of the von Bertalanffy growth function is: o

SLt =50mm([1- go4t+en] (p < 0.05)

CONCLUSIONS

The first growth ring in the sagitta is formed during
the first day of life of fish. Therefore it is possible to accu-
rate age young individuals by counting daily growth incre-
ments. Estimates of age of organisms after sexual maturity
is been reached might he underestimated if based upon
enumeration of rings alone.

Nuclei of sagittae are eccentric on each surface plane,
the rostral side grows faster than postrostral. The ventral
section grows faster than the dorsal one.

Width of concentric daily growth rings formed around
the nucleus decreases as the fish grows. Fast-growth rings
are wider than slow-growth ones.

The relationship between total length and width of
sagittae shows four stages. The first stage represents an
isometric growth {individuals <15 mm SL). The second stage
shows a negative allometric growth in fish 15 + to 32 mm
SL. This decrease is related to the moment in which sexual
maturity is achieved. The third stage keeps a smoother
negative allometric relationship (fish up to SL =40 mm),
while values corresponding te the last phase {individuals >
40 mm SL) are close to isometry.

The relationship between otolith growth and fish
growth shows two inflection points, corresponding to meta-
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morphosis and gonadic maturation of this species, respec-
tively.

Ageing by daily growth increments provided the means
to establish eight age groups.
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