
NOTES 

MARKING GROWTH INCREMENTS IN 
OTOLITHS OF LARVAL AND JUVENILE 

FISH BY IMMERSION IN TETRACYCLINE 
TO EXAMINE THE RATE OF 
INCREMENT FORMATION 

Age determination of fishes hy counting daily growth 
increments in their otoliths is becoming a widelyused 
technique in growth and population studies.  Daily 
formation of otolith increments was first reported by 
Pannella (1971)  for three species of temperate  fish. 
Since then a number of workers. using three hasic 
techniques for confirming the periodicity of incre- 
ment  formation. have reported the presence of daily 
increments in l a i ~ a l  or  adult otoliths of at least 1 5  
species of marine and freshwater fishes. Laboratory 
rearing I'rom eggs to larvae of known age \vas used to  
confirm daily incix~nients I)y 1)t.othei.h et a1 ( 1976).  
Taubert  and Coble (1977) .  Barkman (197H), 'l'anaka 
et  al. (1981) , andLarochee t  ai. (1982) .Thechange  in 
the  mean number of increments over time in fish cap- 
tured in the wild and  held in captivity was used to 
validate daily increments hy Struhsaker and 
Cchiyama (1976) .  Wilson and Larkin (19AO), and 
Uchiyama and Struhsakei, (198 1). T h e  third method 
makes use of chemical agents t o  mark the growing 
margm of calcified structures in order to examine their 
rate of growth (Harris 1960). Tetracycline is one of 
the best chemical markers because i t  is relatively 
nontoxic and produces a fluorescent mark which is 
easily viewed in ultraviolet light (Hal 
and Ridgway 1962).  It has been administered to  fish 
by feeding (Choate  1964; Weber  and R i d p a y  1967; 
Trojnar  1973: Odense andLogan  1974) and by injec- 
tion (Kohayashi et  al. 1964 and others below). Te t -  
racycline has  been used in two studies to determine 
the rate of increment formation in otoliths. Wild and 
Foreman (1980)  injected the drug into large juveniles 
and adult  skipjack tuna,  Kntsurcwict.5 p d n m i s .  and  
yellowfin tuna,  7'hurmus nlbtrc.rrrc3.s. in a mark- 
recapture program in the tropical eastern Pacific. 
They  found that  otoliths of yellowfin tuna of 40-1  10 
cm FI, showed daily average increment formation. 
but  that  skipjack tuna of 42-64 cm F L  showed < 1  
increment/d.  Campana and  Neilson (1982)  injected 
tetracycline into juvenile starry flounders, l'lntic./z- 
thys s tdlatus ,  and  found that  daily increments were 
subsequently produced in both field and laboratory 
conditions. These  authors briefly mentioned obtain- 
ing similar marking results by immersion, but  did not 
detail their  procedure.  

This  paper  presents a technique for marking otolith 
increments by  immersing larval and  juvenile fish in a 
solution of tetracycline in seawater, and reports the 
rate of increment formation under  lahoratory con- 
ditions for two species from the Great Barrier Reef, 
Australia: Hponthwirin tropic,nlis (Altherinidae) and 
.Spr.ntc~l/oidc~s tlc2llictrlulu.s (Dussumeriidae).  

Materials and Methods 

T h e  experiments were conducted between .July 
1980 and February 1982 at One T r e e  Island Field 
Station and Lizard Island Research Station. dui,ing a 
field study of the population dynamics of these 
species. 

.L\chi,oniycin ( a  hrand oftetracycline HCI')  wasused  
in all experiments. T h e  concentration that  would 
niai,!i the  otoliths but not kill the  fish was determined 
by testing three concentrations ( 4 0 0  mg/l. 250 mg/l, 
and 4 0  mg/l) usingH. tropic.ctii.\ from 12.8 to  23.0 nim 
SI,. T h e  otoliths of survivors were compared with 
untreated specimens to  assess the effectiveness of 
the mark. 

T h e  appropriate concentration, 250 nigll. was then 
used in a series of similar experiments to determine 
the rate of increment formation (Table  1). T h e  
experiment number (I-IV) designates a group of fish 
collected at  the same  time. In each experiment.  fish 
were killed a t  two different times. designated a s  A or  
H,  to compare the number o f  increments in fish held 
for different time periods. In experiment I\', the 
treatment t imes also differed, but in all other  
experiments the treatment t ime was the same !or 
both groups A and €3. 

Both species are small (adults <7 cm SL), mid- 
water. reef-associated. schooling fishes which d o  not 
undergo a marked metamorphosis between larval 
and juvenile stages (pers .  ot)set,v.). Both attain their  
full complement of fin elements and  begin to form 
scales and adult pigmentation a t  a s tandard length of 
17-19 mm.  Following the convention of Ahlstrom 
(1968). I consider this t o  be  the size at  which larvae 
become juveniles. Hyponthrririn tropicnlis used in the 
rate-determination experiments ranged from 12.8 to  
27.2 mm S L ,  with 10 of 21  fish classed a s  larvae 
(< 17.0 m m  SL). SprrctPlloidc~s dc4ccctulus ranged 
from 15.5 to  22.9 m m  SL, with 2 of 29 being larvae 
(Table  1). 
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The fish were collected at night with a light and n dip 
net, and placed in 25 1 aqua& without aeration or 
running seawater as soon as possible after collection. 
The aquaria were located outdoors under an awning, 
and therefore were exposed to the ambient diel light 
cycle, hut not to direct sunlight. The fish were 
allowed to acclimatize for 12-24 h before treatment. 
Usually there was mortality during this period, but 
the proportion was not determined. All dead fish 
were removed prior to treatment. 

The fish were exposed to 250 mg tetracycline/l 
seawater for 12 h from sunset to sunrise, except in 
experiment IVR when the immersion period was 
from sunrise to sunset (Table 1). After an immersion 
period, the aquarium was flushed with 907; water 
changes until no visible color remained. The 
tetracycline-seawater solution is yellow until ex- 
posed t o  sunlight for more than -3 h, when it turns 
pink, due to oxidative photolysis. Following the treat- 
ment, fish were maintained in clean seawater for 2-6 
d by feeding either fresh wild plankton >125 mm 
diameter once a day (experiment I) or Artrmin S n / l r 7 0  

nauplii 3-4 times/d (all subsequent experiments). 
Artcmin nauplii were more convenient for frequent 
feedings than fresh wild plankton. ru'inety percent of 
the water in each aquarium was changed each morn- 
ing by siphoning, to minimize handling the fish. Tank 
water temperatures were measured over the diel 
cycle during February 1982 (summer) at One Tree 
Island. The temperature ranged from 25 C at 0630 h 
to 30'C at 1800 h. Replacement water, added at 0700 
h from the surface of the lagoon. measured 27 C. 

Larvae were killed at the end of each experiment by 
placing them into 7 0 ' ;  ethanol. Fish were subsequent- 
ly measured to the nearest 0.1 mm SL. Their otoliths 
(both sagittae and lapilli) were removed and mounted 
whole on glass slides without coverslips, using 
Protexx. 

The following terms are used in this report for the 
concentric rings seen in otoliths. A growth zone is a 
wide ring which appears light or hyaline under 
transmitted light. A discontinuous zone is the nar- 
t ~ o \ \ t ~ ~ ~ i n : : I ) r ~ t n . r t ~ n  t\\ogt'o\\ t l i  /ont'..of'ten c,:llleti t h c  
opaque zone because it appears dark under trans- 
mitted light. A growth increment, or simply an incre- 
ment, is a growth zone plus a discontinuous zone. 

Otoliths were examined at 250-1,OOOX magnifica- 
tion with a combination of incident ultraviolet light to 
reveal the fluorescent tetracycline-marked rings, and 
polarized transmitted light to count the rir.gs. The 
fluorescence microscope used ultraviolet light from a 
50W mercury lamp. Excitation wavelength was 
limited by a hand pass filter (450-490 nm) and a long 
pass suppression filter (515 nm). 

In most cases, one sagitta from each fish was read, 
although occasionally the lapillus was used if its rings 
were clearer. The area to be counted was selected by 
scanning the margin of each otolith to find the place 
where the greatest number of distinct rings could he 
seen between the innermost fluorescent increment 
and the edge. A datum was considered valid only if 
identical counts were obtained in at least two out of 
three blind readings. No other otoliths were con- 
sidered in the analysis. Of 2 1  H .  tropicnlis otoliths 

TAHLE i.--.Summaq ot' t e t r acyc l ine -markg  expenments  to determme the rate of increment formailon In H [ropi~z/1.5 and s Odi( ntii/u.\ 

No o f  fish w i th  various 
deviattons from the 
predicted number 

-1 0 + 1 -  

Srandard length Predicted no 

N Experiment Mean (range, per iod 

Hypoarherrna rropicalis 

of d iscont in-  ~~~ ~~ 

lmml Treatment Dale and 
LIOLIS zones t ime of kil l ing 

2+1 1 1  IA 21'1 

4 5 I8 13 7112 8-14  7 )  1730 l 4 J u l y  2 2  

21 30 8 July to 

21 30 8 July Io 

1830 31 OLI io 

1830 31 Ocl to  

0830 12 J u l y  14 0 I1 3 6-1 4 41 
0830. 9 J u l y  1980 

0830 9 July 1980 

0630 1 N o v  1980 

0630 I Nav 1980 

0700 7 Now 1981 

4+ 1 0730  6 N o v  IlA 61211 20 5 (16  2 2 7  21 5 

6 18 9 116 8-20  71 0600, 7 NO" 5+ 1 6 118 

IIIA 3 1 6 1  ( 1 5 4 - 1 7 2 ,  2000 6 N o v  to  0545 12 Nov 4+ 1 3 

Tota l  211211 0 17 3 

17 5 (15 5 ~ 1 9  1) 0545. ' 2  NOV 4+ 1 3 3  

Sprareiloides deiicafvius 
6 2000 6 Nov to  

2000 6 Nov to 

1800 31 J a n  to  

0600 IO 1800 

IllA 

1800 9 NO" I l l8 51'21 17 9 (17 6-18 2) 2 3 

0700 7 Now 1981 

0700 7 Nov 1981 

IVA 9 19  9 118 8-22 81 1800 6 Feb 5 5 3  1 

IV8 91'1 I 

Total 291231 7 12  7 

0630, 1 Feb 1982 

0715 6 Feb 4+1 2 6  20 5 ( 1  7 9-22 9) 
31 Jun 1982 

'Oto l i ths of t w o  treated fish were destroyed by poor p r e s e w a t ~ o n  
ZNurnber O f  fish discarded because of inconsistency between oto l l th  readings 
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examined, 1 (4.85;) was discarded. Of 29 S. 
delicntulus, 3 (10.3'i) were discarded (Table 1). 

Results and Discussion 

Marking Technique 

In the experiment to determine an effective 
tetracycline-marking concentration, all fish ( n  = 17) 
in 400 mg/l died during the 12-h immersion period. 
Of 10 fish treated with 250 mg/l, 1 died during 
treatment, and 1 died during the subsequent holding 
period. Of 10 fish treated with~50 mg/l, 1 died dur- 
ing treatment. 

Otoliths of untreated specimens showed faint 
fluorescence around the edge and occasionally along 
cracks and surface irregularities (Fig. 1A); this is a 
naturally occurring autofluorescence (Campana and 
Neilson 1982). Otoliths offish in 50 mg/l were indis- 
tinguishahle from those of untreated specimens. 
Otoliths of fish in 250 mg/l showed a strong fluores- 
cent hand medial to the edge. in  addition to the weak 
fluorescence at the edge (Fig. 1H.  C) .  This strong 
band consisted of two growth zones and one discon- 
tinuous zone (Fig. 2 ) .  

It is not known how long i t  takes for tetracycline to 
be incorporated into the growing otoliths when 
administered by immersion. Campana and Neilson 
(1982) reported that after injection, 5O'i of fish 
showed fluorescent otoliths after 10  h. and 100'; 
after 24  h. If one assumes similar or slightly longer 
incorporation times in the present study. then the 
inner fluorescent growth zone was probably formed 
the day after the imincrsion period. The suhsequent 
discontinuous zone and growth zone were formed 
while there was residual tetra line in the water or 
fish. Another possible explanation is that the 
appearance of fluorescence in two growth zones is an 
artifact of viewing whole otoliths. 

The results of this experiment indicate that immer- 
sion in a concentration of 250 mg Achromycidl of 
seawater for 12 h is adequate to mark one or more 
growth increments in H. tropirtrlis and S. cic.liccrtulus 
larvae and juveniles. The overall mortality rate in 
experiments I, 11, and I11 (total n = 3 7 ) ,  was 5.4'1; 
during treatment and 2.7'5 during the holding phase. 
To determine whether fluorescent marking would 

occur if the tetracycline immersion period was during 
daylight hours, an experiment was conducted using 
S. dcTlictrtctlus from 17.9 to  22.9 mm SL (experiment 
IV). The fish were collected and divided between two 
tanks, One tank received tetracycline from 1800 h to 
0630 h, the other from 0600 to 1800 h. Mortality due 
to treatment was not monitored. After 6 d, the fish 

were killed and examined. The fluorescent bands 
medial to the edges were similar in width and inten- 
sity to those in previous experiments, and showed no 
difference between the two treatments. This 
indicates that tetracycline is incorporated into grow- 
ing otoliths and produces fluorescent increments 
equally well during the day and night, regardless of 
whether the solution is yellow or has oxidized to 
pink. 
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FI(;L'w 2.-Tetracycline-niarked otolith from H. ~ I Y J ~ I C I I ~  I 17.6 
mm SI,), photographed with a comhination of fluorescent and trans- 
mitted polarized light. Arrows indicate the fluorescent hand pro- 
duced tjy the niarking technique. This individual is from rxperinient 
IIH. and s h o w  six discontinuous zones between the innrrmo.<t 
fluorescent growth z o n p  and the edge The  edge appear, to  tie a 
growth zone 

In summary, tetracycline can he administered by 
three techniques: feeding, injection, and immersion. 
Feeding has apparently not been used in otolith 
studies. The  immersion technique presented here 
has advantages over injection in some situations. It 
can be used on fish which are too small or fragile for 
injection. The fluorescent markobtained is relatively 
narrow, covering only two increments, compared 
with the wider mark resulting from injection 
(Kobayashi et al. 1964; Campana and Neilson 1982). 
Therefore, it is distinguishable from edge autofluores- 
cence after a shorter period of time, and allows finer 
resolution of increment formation, which may he use- 
ful in some experimental situations. Also, immersion 
requires minimum equipment, facilities, and han- 
dling of fish. 

Rate of Increment Formation 

In interpreting the results of my experiments, the 
number of discontinuous zones between the inner- 
most fluorescent growth zone and the edge was com- 
pared with the number predicted if one dis- 
continuous zone formed every day from ca. 0700 to 
1000 h. Tanaka et  al. (1981) found that growth zones 
in juvenile Tilnpin niloticn held under various 
photoperiods started forming a few hours after 
lights-on, continued through the dark period, and 
stopped or slowed down about the time of the follow- 
ing lights-on. The discontinuous zone was formed in 
the few hours after lights-on. Mugiya et al. (1981) 
demonstrated that the deposition of calcium in 
goldfish, Carassius nuratus, slowed down or stopped 
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at  sunrise and resumed in 3 h. Since otoliths are made 
of a matrix of organic fibers, which are calcified in the 
growth zones and not calcified in the discontinuous 
zones (Panella 1980; Watahe et al. 1982), the find- 
ings of Mugiya et al. (1981) support Tanaka et al. 
(1981). Whether this rhythm of increment formation 
is found in most fish remains to be investigated. 

The results for all experiments are presented in 
Table 1. For fish that were killed between 0545 and 
0830 h, the predicted number includes an additional 
discontinuous zone that should have been forming at 
the time of death, although this ring was probably not 
always sufficiently formed to he counted. In these 
cases, an otolith was considered to show daily incre- 
ment formation even if the number of discontinuous 
zones was one less than predicted. 

One growth increment was formed each day in 855; 
of H .  tropicalis (n  = 20); the rest had one more than 
the predicted number of increments. In S. 
drlicntulus, 46% (n  = 26) showed daily formation of 
growth increments; 27:; showed one less, and 27'5 
showed one more, than expected if increments form 
daily. Thus, the variability in rate of increment for- 
mation was greater in S .  t fdicntulus than in H .  
tropirnlis, but the average rate for S .  dclicatulus was 
still 1 increment/d. 

This apparent difference in the rate of increment 
formation between species may he partially due to  a 
difference between larvae and juveniles. Almost all 
(93';) of theS.  dfdicntulus treated were juveniles, but 
only about half (52';) of the H .  tropicalis were 
juveniles. However, no conclusion can be drawn from 
these data because the experiments were not 
designed to examine this factor, and the numbers are 
too small to compare larvae with juveniles. 

It is possible that tetracycline may affect the rate of 
increment formation. Some workers have reported 
that tetracycline inhibits mineralization in scales and 
bone (Harris 1960; Kobayashi et al. 1964), although 
others note neither growth promotion, retardation, 
nor structural weakness in bone as  a result of tet- 
racycline administration (Weber and Ridgway 1967). 
The possibility that the tetracycline treatment inter- 
feres with growth of otoliths or fish was not con- 
sidered in this study, but should be examined before 
further use is made of this technique. 

In conclusion, the rate of increment formation has 
been examined in only a small number of species 
under a limited range of conditions. Recent evidence 
suggests that increment formation may he affected in 
some species by temperature, food availability and 
feeding frequency, photoperiod, and developmental 
stage (Taubert and Coble 1976; Brothers 1978; Pan- 
nella 1980; Wild and Foreman 1980; Geffen 1982; 
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