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ABSTRACT: Age structure and growth of fish are the extremgiportant data in fishery
management. The data help policy makers have goategies to manage and catch fish more
effectively and sustainably. Although there are ynatudies on fish age determination based on
otolith, the methods are still essential to be dated for each species, each method and studied
area, because fish otolith formation is affectedniigny endogenous and exogenous factors. This
paper shows the fish otolith function and its fotima and introduces some validation methods,
including: rearing fish, mark and release, radiom@tassessment, assays of bomb radiocarbon,
counting daily increments between annuli, lengdgfrency modes and validating the first growth
increment.
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INTRODUCTION precise than other hard part analyses and it is
possible to use in various fisheries studies.

fshories researches. Age nformalion combineecogniion of amnual pattems requires the
- A9 nderstanding of how the patterns relate to the

with length of fish, fecundity, spawning seaso .
and fishgry data, are used t>(/) bSiId religble stocC pnual growth cycle of fish.
assessments. With age data, fisheries managersAlthough, otolith analyses are more and
can choose from reasonable models tmore applied to fish researches such as:
ultimately determine the impact of a fisherymigration, spawning, life histories, stock
and these model predictions are the basis wfentification and age determination, it is
catch and effort regulations. necessary to validate the age of fish based on
e otolith increments/rings [3]. However, the
mations of rings on the otolith may depend
many factors such as seasons, moon or tide
cle, environmental changes, feed availability,
e stage or physiology of fish. Thus the rings
%i the otolith may represent for year, month or
y or other conditional changes in the specific
rea where the fish live. Therefore, it is very
ssential to prove the accuracy and precision of
a fish age determination method. Age
Otolith of fish has been increasingly used imletermination techniques must also be
fisheries study because it is more accurate awmdlidated for all age classes in the population

There are many methods to estimate age ;
the fish and aquatic organisms such as Ieng%1
frequency analysis, mark-recapture, or har
part analyses [1-5]. Hard part analyses are moH
accurate and precise which are based on t
hard parts of animals such as scales of fish, fi
bone, opercula, spines or fin rays, or otoliths
the shells of bivalves and gastropods or th
statoliths of squids.
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and for each time and method that are appliésl unique calcium carbonate tissue while bone,
to a new species or sometimes to differenboth, and scale are calcium phosphate. It is a
population or stock [6]. The reason is that themetabolically inert [16]. The growth of fish
formation of otolith differs among fish speciesptolith is an one-way process: new materials
development stages and is affected by varioasver the surface of the old layer through time,
endogenous and exogenous factors [3]. A usmit existing material cannot be removed and
of inaccurate ages has caused serious errorstliese characteristics make otolith more durable
fishery management and understanding of figtnan bone [11].

population [7]. The deposited materials on the otolith come

Despite many studies on fish otolith androm ambient water through metabolic process.
applications for temperate fish as well a®©tolith formations are different among species
tropical fish, there were few publications orand development stages. The factors affecting
otolith of fish in Vietnamese waters forthe formation of the otolith are not fully
example Do Huu et al. [8] described the otolitunderstood, however photoperiod, temperature,
of Vietnamese seahorse Hippocampus food availability, growth, reproductive activity
spinosissimysincluding otolith microstructure, have all been proposed [1]. One experiment on
correlation between otolith size and seahors&tlantic croaker Klicropogonias undulatys
length. Another study reviewed methods of fislthat was reared under different conditions in
age determination based on otolith analysis [9aboratory showed that otolith formation was
The author also discussed factors influencingffected by interaction between endogenous
otolith analysis including geography, speciesand exogenous processes, including water
life stages and the more difficulties in ageemperature, salinity, and ontogeny [17]. An
determination of tropical fish species than thexperiment on the embryo, larvae and juveniles
temperate species. In addition, morphologicalf the mummichog Rundulus heteroclitys
otolith of Cyprinidae was also described byshowed that temperature significantly affected
Hung and Loi [10]. However, there was nQength of larvae and the otolith [18]. The
publication in Viet Nam on the validation deposit rate of materials seems more condensed
method_s of fish otolith analysis. Therefor_e, thij:‘n slow growing fish, resulting in heavier
paper introduces some methods of validatingiolith in slower growing fish than faster ones,
age determination based on fish otolith. Som@erefore; length and weight of otolith could be

methods are cheap and easy to apply in presegleq to estimate growth of fish [19].

conditions of Vietnam, which open a prospect _ _

for fishery researches in the future. Scales, bones, fin rays and otoliths often
form yearly rings (annuli) like those of a tree

OTOLITH FUNCTION AND FORMATION [11]. During the winter the fish grow very

Otoliths (“earstones”) are small, whiteslowly, so the ring formation is condensed and
calcium structures found in the head of mogireates the dark zones, called winter zones
teleost fishes, except sharks and rays [11]. Thélyanslucent), and during the summer the fish
are located over sensory tissue in the ear agtow faster, it forms summer zones (opaque)
stimulate hair cells when they are moved opn the otolith. A year's growth of the otolith
vibrated. This allows the fish to detect sound;onsists of both opague and translucent zones.
gravity and acceleration [12]. The teleost fisffhe majority of fish were forming opaque
has three pairs of otoliths [13[he biggest pair zones during the spring and summer months.
(normally the sagitta) is usually used for ag&he translucent zones are dominated by organic
determination and other studies [14]. Lapillus isnaterial while the opaque zones are dominated
also used for ageing purpose on the daily levédy carbonate [11].
but asteriscus is very small and fragile or shows

irregular incremental patterns [15]. The feeding frequency affected both the

_ _ ~ rate of formation and distance between annuli
Otoliths are made up of a special calciun20]. Lunar cycle probably has great impact on
structure and matrix of protein called otolin. Iltsome fish species by the tidal cycle [2].
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Campana [21] showed that juveniles of starrgge readers and laboratories [3]. Indeed the first
flounder Platichthys stellatus)expressed 15 error can be proved as Radtke and Dean had
day checks (marks) in the otolith and it waslone [18]; the calcification on the core of the
related to the tidal cycle. He stated that it mighémbryo showed at fourth day from fertilized
be caused by salinity and temperature moxate. And many studies also showed the first
than by other factors. increment was not formed at hatching date

Alternate zones of thick band is known a£18]'
the incremental zones, and thin band is knowAiccuracy and precision among hart part
as discontinuous zones that are deposited dadwpalysis of fish
and both of which form increment zones. The
daily increments in temperate fish were firstly a0
examined by Pannella [22]. He counted th ta)
average increment numbers between two annt
to 360 daily increments. Campana and Neilso
[2] showed that the growth increments wer¢ » }

10—

formed as a result of an endogenous diurn E
rhythm. An experiment onHirundichthys

affinis larvae showed that the periodicity of 8-
otolith increments was not affected by
photoperiod [23]. In contrast, many results
showed the light affected otolith formation,
result on embryo and larvae dfundulus
heteroclitusshowed that the light significantly 151
affected the formation of the otolith [18].

The first daily increment can be formed ai 10 }

o I I I
Fay= OCtolith Scale= Spines Vert

CV %)

20
(bl

different date from hatch dateFundulus
heteroclitus has two daily increments before =L

hatching. Other species such &ngraulis E
mordax has increment at sixth day after . , ,
hatching and Ammodytes dubiushas first Otalith Statolith

increment at postlarvae (length 2.4 cm) [18]. Fig. 1. Reported precision (calculated as CV)
THE ACCURACY AND PRECISION IN for the most frequently aged structures at both
FISH AGE DETERMINATION the annual (a) and daily (b) level. Error bars

In the past. manv authors have considerer(?present the mean of 95% confidence interval;
past, Y Vert: vertebrate [3]

precision (repeatability) as accuracy [7].

Accuracy is the closeness of a measured Age determination based on otolith size is a

value to its true value and precision is th .
closeness of repeated measurements to gtter method than length frequency analysis;

NI : cause the otolith growth is tightly related to
same value [4]. Age Qet_ermlnatlon of fish ha omatic growth. Nowadays, scientists use more
two sources of errors: firstly, not all the har

structures of the fish (otolith, scale, vertebrat%dvanced techniques for reading the annual and

: aily increments [3].

opercula, fin ray) are formed completely

through time, this type of error causes under or The scale method was less precise than
overestimation; and second error of subjectivitgtolith method, because of lower percent
is found for all age estimations. These biasegreement than otolith method [24]. Age
are originating from preparation andestimations on different hard parts of
interpretation of the period formation in theStizostedion vitreunshowed that otoliths and
calcium structures and from a variation amongectoral fin rays had the highest rating, while
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pelvic fin rays had the lowest [25]. The otolithadetermination for starry flounder, Campana
generally provide the most accurate ag¢29] showed that the break and burn methods
particularly in old fish [11], since otolith is thecan reveal more annuli than whole otolith
first calcified tissue formed during embryoreading, and ‘broken and burnt' otoliths
development of fish [18] and it forms fineshowed an underestimation of age in older fish,
increments. relative to the results obtained from cross-

In a special case such asPagrus pagrus S¢cUOn readings [28].

scales reading was more accurate than otoliths One disadvantage of the break and burn
in annuli formation [26]. The precisions of eactmethod is the reading variability caused by
hard structure were discussed by Campana [@ifferent angles of the light to the broken

(fig. 1). surface [28]. About 5 - 10% of otoliths are

crystallized, with abnormal shapes or unclear
rings for analysis. These should be rejected,
however, the other otolith of the pair can be
quite acceptable [15], but C. A. R. E. [32]

suggested that for those crystalline otoliths, a
burnt section is often feasible (fig. 2).

METHODS OF AGE VALIDATION

Accuracy and precision in otolith analysis

(al

Photo by C. A. R. E. 2000

a) Distal surface showing partial crystallization 10

L

(b) __

Fig. 2. CrystallizedS. flavidusotolith
Hﬁﬁ

(arrows). Annuli (dots) are difficult to distinglis
b) Burnt section of the otolith in a). Note that
although crystallization has affected the dorspl ti
(D) of the section, it does not interfere with the
ability to identify annuli (dots) and estimate age 100 —

Number of studies

In the otolith analysis methods, there wer: 80 [~ —
a lot of biases among readers [27] and amor
the methods of analysis [28, 29]. The
equipment, magnification used, preparation ar 4|
reader’s experience all influenced accuracy ar
precision, in which polishing and readers  2°
experience have the strongest effect [30]. ’_‘

)
" fegg ftgooe

Agreements between readers decreas E 28 58 8 & S g
with the increase of fish age. Also, age = 3

distribution varied greatly among species, and . :
among samples of same species [31]; and Fig. 3. Summary of papers reporting age

variation between readers increased when th(\a/a\llizlggr']opnggg d%?g;’aﬁﬁfgﬂgggig%gge
size and the age of fish increased [27]. (b) daily ages (n = 162)

The methods also create bias. The Known: known age; Bomb: bomb radiocarbon;
comparison between two methods of age OTC: mark-recapture of chemically tagged wild
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fish; Radio: radiochemical dating; Modes: of days in liberty. This technique is usually
progression of length modes sampled for ages; used for young fish from the hatcheries; and
Natural: natural, date-specific markers; MIA:  during most of the life time the fish are in
marginal increment analysis; Lab: captive rearing nature [33]. This is the most exact age
from hatch; Lab-OTC: captive rearing after validation method because the age of the
chemical marking [3] recaptured fish is known without error [3].
There are several methods of marking the fish

Validation is a process that proves thdor age validation.

: - A9 xytetracycline (OTC), alizarin, strontium or
techniques must be validated for all age class Aicein. These chemicals deposited in the hard
in the population and for each time they ar ' P

applied t0 a new species or sometimes fructures of the fish such as otolith, scale,

different population or stock [6]. This is. one, spine, vertgbrate [34]. The numbers of
because otolith formation is different amondc"€ments deposited after marking can then be

species, development stages and is affected gymPared to the number of days or years since

various endogenous and exogenous factors (d88"king. This is mostly used for the larvae and
otolith formation). Juveniles from the hatcheries. The fish is

immersed in a solution of the chemical or

Since the mid 1980’s, more and mMOrgyetting it via food. The dosages of chemicals
laboratories have become to understand thgd the immersion time are dependent on

importance of validation and they have takegpecies [35].

steps to assess the accuracy of their _ _ _ o
methodologies [32]. Thermal markingThis technique is similar

to chemical marking method, by putting the

There are many different methods to validatgsp, i fluctuating temperature regimes, distinct
otolith techniques for age determination, which 4 recognisable patterns will appear in the

depend on species and the study conditions. Thjit, [36]. When water temperature is varied
utilization of each method was summarized by, - "\ all-defined cycle, the fish will deposit

Campana [3] (fig. 3). sharply contrasting levels of calcium carbonate
Rearing fish and protein (otolin) [32].

The fish are hatched and cultured in th&lark and release the wild fish
ponds or tanks. The hatched dates and the age This is one of the best methods for

of fish are known. The otoliths of known age lidating the arowth increments in a certain
fish are then used to compare with the otolith of?laating 9 ' ! '

the fish in nature. However we have t eriod. The commonly used chemicals are the
consider that the conditions in captivity do nop@me as those used for larvae and juveniles.
resemble in nature. This is an easy and cheaf)® Process is immersion, injection or feeding,
method to carry out with different developmenPUt injection was mostly used with different
stages of fish life and check the formation and0sages [37]. The marked fish are released then
development of the fish otolith. However, we'€captured. The number of increments after the
should consider the condition in captivity ismark in otolith can be compared with the
different from natural condition. number of days in liberty.

Mark and release Mark and release method is possible to
conduct with large amount of fish and the
marked fish will live in the natural conditions,
The basis of this method is to mark theo the impact of the ambient environment on
known age fish and release them to nature. Thige otolith formation is the same as that of wild
fish are then recaptured and the number d¢ih. However, any marking method has more
increments can be compared with the number less impact on fish health and survival.

Mark and release known age fish
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Radiometric assessment and also best for fast growing juveniles [32].
owever, this method has been proved to be
ss accurate than hard part analysis method
and particular otolith analysis.

This process measures the proportion 41
radioisotopes  {Pbf*Ra,  **Th/*Ra,
2%P0F'%Pb) in otolith for estimating the age.
Radioisotopes (e.¢f*Ra) enter the fish and Validating the first growth increment
otolith through normal metabolic processes,
and i'[21Wi|| decay radioactive daughter product
(e.g. **Pb) and .bOth are retained within f[h ecause if the first increment is wrongly
acellular crystalline structures of the otolith;jonifieq the error will occur constantly.

The decay speed is known, thus if the amounts
of them are known, the time of decay is Identification and validation of first growth

calculated, and thereby validating the age dfhcrement can be conducted by using any
fish. This technique was suitable for long-livednethod above but the best-suited way is

Identifying the first increment (daily or
early) is very important and obligatory,

fish [3]. releasing fish of known age or chemical-
_ marking young-of-year (YQOY) [33]. Daily
Assays of bomb radiocarbon increment technique can be applied for species

This method is based on the nuclear testirﬁth clear microstructure increments to
during the 1950's and 1960's. It is like a largddentification of the first annuli.

scale of chemical marking. Measurement of thgcknowledgements:l would like to give many
amount of the"C in the core of the otolith thanks to my teachers: Assoc. Prof. Vibeke
allows determinating the age of the fish. Th&imonsen, “Assoc. Prof. Peter Groenkjaer,
accuracy of this technique was + 1-3 years [3}issoc. Prof. Tomas Cedhagen, Dr. Grete
and used for long-lived fish, which were bormpinesen, Dr. Jens Tang Christensen and Dr.
between 1955 and 1985 [38, 39]. However, gars Chr. Lund-Hansen. | greatly appreciate all
recent study proved th_at this _technlque can al$he people in the Marine Ecology Department
be used on short-lived fish [40]. Bomband librarians at Aarhus Statsbiblioteket for
radiocarbon is more accuracy than lengththeir helps.

weight method [41]. However, radioactiveREFERENCES
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TINH CHINH XAC CUA PHUONG PHAP PHAN TiCHDA TAI VA
PHUONG PHAP GIAMBPINH

P Hiru Hoang
Vién Hai duong hpc-Vién Han 1am Khoa éic va Cong nghViét Nam

TOM TAT: Twi va sinh terong 1a dr liéu v clng quan éing trong quin ly nghé ca. Giu tric
tusi va sinh tieng aia quin dan gilp cho \c quin ly va khai thac @t cach héu qui va ken
virng. Mic duda tai dwoc sr dung rat pho bién va la pleong phéap khéa chinh xaté danh gia tui
ca. Tuy nhién, ¥t dinh twi nay ain thiét phai giam dinh lgi doi véi tig loai, tng phrong phap
nghién @u va ting vangdia ly nhit dinh, i vi viéc hinh thanh7a tai aia ca chu sr anh heong
cia cac nhand vo sinh, Bu sinh va chinhdn than @a ting loai. Nsi dung bai vét nay trinh bay
chirc ning aia déa tai va vic hinh thanh7a tai va nkiing nhan é anh heeng dén viéc hinh thanhza
tai cia ca.Pong thoi gidi thiéu mpt s phieong phap nim khing dinh viéc doc tusi ca lading, bao
gom: nudi nkst, danh diu - tha va hit lgi, nghién @u dong v phong x, dém $ vong gira hai vong
nam, tinh tin s5 chiéu dai va xaafinh vong tdi dau tién.

Tir khod: Pa tai, twi ¢4, sinh trong, kém nghém.



