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Abstract

Ages of fishes are commonly estimated by counting opaque bands In the otoliths, but direct evi-
dence to validate the annual nature of these bands Is lacking for most specles. Therefore, gag (Mycteroperca
microlepls), black sea bass {Centropristls strlata), and red porgy (Fagrus pagrus) were tagged, injected
Intramuscularly with oxytetracycline (OTC) and released. Otoliths were acquired from eleven gag at
large for 225-603 days. five black sea bass at large for 206-355 days. and one red porgy at large for 341
days. Transverse sections of the otoliths -were examined microscoplcally under white and ultraviclet
light. Numbers of opaque bands distal to the fluorescent OTC mark were consistent with the hypothesis
that these opaque bands are produced annually. Most Individuals were recaptured at or near the twe
study sites. Growth rates were calculated for comparison with previous estimates.

Resumen

La edad de los peces es comunmente astimada por conteo de bandas opacas en las otolitos, pero se
carece de evidencias directas para valldar la naturaleza anual de estas bandas para la mayor parte de las
aspecies. En consecuencla el cuna aguajl (Mycteroperca microlepis), &/ serrano estrlade (Centropristis
striata) y ef pargo (Pagrus pagrus) fueron marcados, Inyectados Intramuscularmente con oxltetraciclina
(OTC), y liberados. Despuds de 225-603 dfas los otojitos de once cuna aguajl fueron obtenldos. cinco del
serrano estriado después de 206-355 dias, y uno del pargo después de 341 dfas. Secclones transversales
de los otolitos fueron analizadas al microscopio bajfo luz blanca y luz ultravioleta. El nomero de bandas
opacas distales de la marca fAuorescente de OTC fueron consistentes con la hipdtesis de que estas
bandas opacas son producidas anualmente. La mayoria de los peces fueron recapturados dentro o cerca
de los sitios de estudio. Las tasas de crecimiento fueron calculadas para comparacién con estimaclones
previas,
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Introduction

Validation of the annual nature of marks
{annull) in bard parts of fishes ensures the
accuracy of age estimates generated by
counting the marks (Beamish and McFarlane
1983). Validation is usually based on Indi-
rect evidence, most commonly on marginal
Increment analyses of monthly samples of
fish (e.g., Wenner et al. 1986; Collins et
al. 1987) (see also Manickhand-Helleman
and Philipp, this vol.). Direct evidence can
be produced by examination of hard parts
of known-age fish or by marking hard parts
and examining them after a known period
of time. One common method of marking
hard parts Is by injecting, feeding or Im-
mersing fish In the antiblotic oxytetracycline
(OTC), which is incorporated into bony parts
and fluoresces when the structure Is ex-
amined under ultraviolet light (Hettler 1984;
foreman 1987; Marking et al. 1988) (see
aiso Bush et al., this vol.}.

Age and growth of most species of eco-
nomically Important reef fishes from the
Atlantic coast of the southeastern United
States have been described, but evidence
for validation has been indirect. The primary
objective of this study was to directly validate
ages for several species of reef fishes.
Secondary objectives were to gather
Informatlon on growth rates and movements.

Methods

Reef fishes were captured by angling and
trapping during 1987-1990 at two natural
reef sites In 22-m and 27-m depths near
Charleston, South Carolina, USA. Prior to
tag application, the swim bladder was deflated
with a hypodermic needle, total lengths
(TL) were measured to the nearest mm,
and a welght-dependent dosage of OTC
was injected intramuscularly (McFarlane and
Beamish 1987), Weights were estimated
from length-weight relationships [(gag
Mycteroperca microlepisy Manooch and
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Halmovicl 1978 red porgy (Fagrus pagrus)
Dias et al. 1972; black sea bass (Centropristis
Striats) Wenner et al. 1986)]. During 1987,
Petersen disk tags were attached below
the dorsal fin and approximately 70 mg
OTC per kg body weight of Liquamycin
LA-200 was injected into the dorsal mus-
culature, During 1988-1990, internal an-
chor tags were inserted Into the abdomen
and approximately 50 mg OTC per kg body
welght of Anchor Oxy-Tet 100 was injected
into the dorsal muscutature. The address
of our laboratory and instructions to save
the tag and head were printed on all tags.

When recaptures of tagged fish were
reported by commercial or recreational fishers
we.asked for the fish’'s length and the re-
capture date and location, and we attempted
to acquire the head or sagittal otoliths. In
most cases, however, only the date and
location were provided. When fish were
recaptured by project personnel during
tagging operatlons, those that had been
at large for less than six months were gen-
erally measured and released. Some fish
that were at large for more than six months
and all that were at large for more than {2
months were sacrificed, measured and the
otoliths removed and stored dry. Further
processing was restricted to otoliths from
fish recaptured after at least 200 days at
large. Only fish at large for at least 90 days
with lengths measured by project person-
nel were used In calculations of growth rates
{recapture length - tagging length) / days
at large).

Otollths were embedded In paraffin, and
transverse sections (ca. 0.5-mm thick) through
the core of one otolith per fish were cut
with a Buehler Isomet low speed saw. Sections
were placed in nonfluorescing immersion
oil and examined under white iight and
ultraviolet light at 40x and 100x using a
Nikon Labophot microscope with an
epifluorescence attachment. Age estimates
were based on the number of opaque zones
visible on the otolith section.
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Results and Discussion

The brand and/or dosage of OTC used
during the flrst year of this study caused
lestons to form in the vicinity of the Injec-
tion site, at least for gag. In addition, sev-
eral fish were recaptured with the Petersen
disk tags deflected posteriorly and torn
partially through the musculature, and a
few recaptured fish had evidence of OTC
injection but only a scar or wound at the
site of tag insertlon (Van Sant et al. 1994),
These problems were apparently eliminated
In subsequent years by changing the tag
type and the brand and dosage of OTC.

Validation analyses were restricted to
otoliths of 11 gag, flve black sea bass and
one red porgy since otoliths were not ac-
quired or the time at large was less than
200 days for most of the recaptured fish.
Gag, black sea bass, and red porgy used
in analyses were at large for 225-603 days,
206-355 days, and 341 days, and thelr
otoliths displayed 2-7, 4-7, and 4 cpaque
zones, respectlvely. A fluorescent OTC mark
was visible in all otoliths examined, and
all otoliths showed growth beyond the OTC
mark. Six gag, four black sea bass, and the
red porgy had formed one opaque zone
distal to the OTC mark.

Qur results agreed with the periods of
peak annulus formation, as determined from
marginal increment analyses, reported in
previous studies from this geographic area
(May-August for gag, Collins et al, 1987;
April-June for black sea bass, Wenner et
al. 1986; and March-April for red porgy,
Manooch and Huntsman 1977}, Because
our fish were tagged and recaptured dur-
ing varlous months, including months of
peak annulus formation, comparing the
number of observed opaque zones distal
to the OTC mark with the number to be
expected If they were deposited annually
15 not stralghtforward. For all gag, two black
sea bass, and the red porgy, the expected
number Is a range of twe (e.g., 0-1).

However, In no case does the observed
number of opaque zones disagree with the
expected number or range, supporting the
hypothesis that the zones are annual marks
in the age groups examined (Fig. 1).

The scarcity of tag retumns from locations
other than the study sites suggests that
most gag, red porgy, and black sea bass
moved little. Most tag returns were from
within 7 km of the tagging site, confirming
results from previous tagging studles that
reported little movement by reef fish in
this region (Parker et al. 1979; Ansley and
Davis 1981; Parker 1990). However, a few
fish moved substantlal distances. One red
porgy at large for 62 days moved 17 km
northwest, and another at large for 24 days
moved 54 km northwest. A black sea bass
at large 290 days was recaptured at an
artificial reef 22 km northeast of the study
site. One small gag at large for 1 021 days
moved 54 km southwest, and another that
was at large for 646 days moved 93 km
northeast. The greatest movements were
by large (>75 cm TL) gag. Long distance
movements of three large individuals sug-
gested a possible spawning migration to
southern Florida (Van Sant et al. 1994).

To minimize the effects of handling stress
and possible measurement error on mean
growth rate estimates, only fish that were
at large 290 days and that were measured
upon recapture by project personnel were
utilized in calculations of mean growth rates.
Mean growth rates (£5D) in terms of TL
were 0,15 (0.08) mm/day for gag, 0.17
{(0.08) mm/day for black sea bass, and 0.17
(0.05) mm/day forred porgy (Tabla 1). Our
growth rates for gag and red porgy are
similar to dafly growth increments estimated
from mean back-calculated (Manooch and
Halmovld 1978) and mean observed (Collins
et al. 1987) lengths for gag, and from mean
back-calculated lengths for red porgy
{Manooch and Huntsman 1977). However,
our growth rate for black sea bass appears
to be substantlally greater than daily growth
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Fig. 1. Months at large (years pooled) and numbers of expected and observed annuli distal
to the tetracycline mark for each fish used In validatlon analyses, with months of peak
annulus formatlon {from the literature) indicated by bold line segments. [Meses (aflo promedio)
y niimero esperado y observado de annull distales de Ja marca de tetraclclina para cada pez
uatllizado en el anillsis de valldaclén, con meses pico de formaclén de annull (tomado de fa
Hteratura) Indicado por Ia linea gruesa.)

Table 1. Number of indlviduals, and mean {+SD) total length (TL, In mm), days of freedom,
and growth rate (mm/day), of gag (Mycteroperca microleplis), black sea bass (Centroprisiis
striata), and red porgy (Pagrus pagrus) tagged off South Carclina. Only individuals measured
by project personnel at recapture and at large for at least 90 days were used in growth rate
analyses. [Ndmero de Individuos, fongltud totrl (LT, en mm) media (= D.5.), dias de {ibertad,
¥ tasa de creclmlento (mm/dia) del cuna aguaji (Micteroperca microlepls), sarrano estriado
{Centropristls striata), y pargo (Pagrus pagrus) marcados en aguas afucra de Carollna def
Sur, Sélo Indlviduos medidos por personal del proyecto al momento de Ia recaptura, y con
el tlempo de liberaclén >90 dias fueron usados en Ia estimacién de la tasa de crecimiento.]

ltemn Gag Black sea bass Red porgy
No. tagged 155 270 121
No. recaptured 43 45 a8
No. for analysis 19 15 2
TL at release 613 =119 34%x40 350=z12
TL at recapture 6561130 38135 395+11
Days free 300+152 19772 284181

Growth rate 0.15+0.08 0.17+0.08 0.17+£0.05
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Increments calculated from mean back-cal-
culated lengths (Wenner et al. 1986).

We suggest two modifications to our
methodclogy for future validation studies.
Greater emphasls on public relations (e.g.,
news releases, presentations to fishing
groups) might increase the number of
recaptured fish from which otoliths are
obtained, as the necessity of retaining heads
would be better understood by the public.
Concentrating mark and recapture efforts
at times other than peak annulus formation
would allow the expected number of opaque
zones distal to the OTC mark to be a single
number rather than a range. This would
simplify comparlsons of observed and
expected numbers.
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