Bull. Jpn. Soc. Fish. Oceanogr. 65(2) 59-66, 2001

REEHFRERZE

Preliminary Information on Internal Structures of Otoliths and
Growth of Ling, Genypterus blacodes (Ophidiidae),
Larvae and Juveniles Collected off Argentine

. Tl .
Shinsuke MORIOKA'*, Laura MACHINANDIARENA® and Maria F. VILLARINO?

The internal structure and growth increments of sagittac and lapilli in Genypterus blacodes larvae and juveniles col-
lected off Argentine were investigated. Distinctive checks, referred to as compressed increments fusion and accessory
growth center were observed in the sagittae. The formation period of these checks corresponded to the appearance of
caudal fin structure and metamorphosis phases. Such checks were not observed in the lapilli. Due to subdaily incre-
ments in the sagittae, the lapilli were employed for subsequent analyses on age determination, hatch date estimation and
growth trajectory. Reproductive period demonstrated by the estimated hatch date was primarily from December to May.
Growth trajectory estimation by back-calculation using lapillus daily increments was applied, and means of back-calcu-
lated total length (TL) at ages showed a close pattern to actual age-TL relationship. A remarkable decline in growth was
observed from pre-metamorphosis. This decline suggests the ecological and/or physiological changes that are influenc-

ing the growth of this species around metamorphosis phase.
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Introduction

Ling, Genypterus blacodes (local name ABADEJO in Ar-
gentine) is a commercially important fish in Argentine and
widely distributed over off southern Brazil and Argentine
(Inada, 1986). This species grows to over 1 m total length
with the size of sexual maturation estimated at more than
70 cm total length (Machinandiarena, 1999). The life span
was estimated to be more than 30 years (Horn, 1993). The
fisheries production of ling in Argentine increased steadily
to over 20,000t in 1980s, but catches leveled off during mid
1990s due to decline in the resource (Cordo, 1999). This
situation in the fishery of ling initiated the trawl surveys
with the purpose of estimating the biomass of the species,
the standardization of commercial catch and effort data
analyses. Early growth of ling, which may influence recruit-
ment success, is scarcely known. Additionally, the funda-
mental information on growth and stock structure is not ob-
tained at present for Argentine ling stocks, although re-
search on the age-growth analysis and stock identification
of adult ling have been made in New Zealand (Horn, 1993),
Australia (Withell and Wankowski, 1989) and Chile (Chong
and Aguayo, 1990). Research on growth in larval and juve-
nile stages is important for understanding growth history
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before recruitment. For conducting researches on biological
and ecological aspects of fish early stages, the analysis
using otolith daily growth increments has been broadly ap-
plied and developed since Pannella (1971). Morioka and
Machinandiarena (2001) have attempted -to- validate: the
daily increments formation in juvenile ling and resulted that
the lapilli were the better character for daily increments
analysis than the sagittae. This can be attributed to the good
agreement in days—increment counts and scarcity of' sub-
daily increments occurrences in the lapilli, while the sagit-
tae contained numerous subdaily increments in juvenile
stage, making it difficult for accurate daily increment analy-
sis. However, the growth analysis with otolith daily growth
increments in ling juveniles has not yet been carried out.

This study was made in order to obtain fundamental
information of G. blacodes on the otolith (sagittae and
lapilli) microstructure, the age in days of larvae and juve-
niles, and to provide an estimation of the reproductive: pe-
riod off Argentine. The lapilli were used for the latter two
analyses. Furthermore, the early life of this species was. dis-
cussed on the basis of the back-calculated growth trajectory
using daily increment counts of the lapilli: The assumption
used for age analysis was that the increments were formed
on daily basis after hatching since the validation of the pe-
riod of first increment formation has not been made.

Materials and Methods
Collection of Samples
Fifty-two larvae and juveniles (3.04-320.00 mm - total
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Table 1. Number and size (TL in mm) of fish collected with each gear from different areas and months.

Number of fish collected with each gear

Month of collection

BONGO NACKTHAI PILOT IKMT Other

Northern area: 35.05-39.29S, 52.46-58.13W

May 2

Jun. 3 2

Sep. 1
Southern area: 41.51-46.538S, 62.15-66.58W

Dec. 1

Jan. 2

Feb. 1

May 2 10

Jul. 26
TL range 4.60-9.17 15.00-23.30 40.07-320.00 21.00-40.00 71.00 (SL)*

* This fish was collected from stomach of Psammobatis sp. and TL was not observable because caudal fin rays were digested.

length (TL)) of ling, collected intermittently from Decem-
ber to September of 1995-1999 off Argentine (Table 1, Fig.
1), were used in this study. Demersal mini trawl (referred to
as PILOT, 2.4m® of net mouth, 25mm mesh at wing,
10 mm mesh at codend), mid water trawl (modified IKMT,
10 m? of net mouth, 50 mm mesh at wing, 1.5 mm mesh at
codend) were used for juveniles collection. High speed
plankton sampler (NACKTHAI, 20cm diameter of net
mouth, 0.4 mm mesh, 1.80m length) and BONGO (60 cm
diameter of net mouth, 0.3-0.5mm mesh, 2.75m length)
operated obliquely from the bottom to surface were used
for larvae and juveniles collection. Samples were collected
during cruises of R/V OCA BALDA, DR. HORNBERG of
INIDEP (National Institute for Fisheries Research and De-
velopment), Mar del Plata, Argentine. The water depth was
ranged from 30 to 100 m.

Otolith treatment

Sagittae of all specimens (3.0-320.0mm TL, n=52) and
lapilli of 26 specimens (4.7-234.0mm TL) were used.
Otoliths were embedded in epoxy resin on glass slide.
Otolith of fish smaller than 20mm TL could be observed
through to nucleus without grinding. Sagittae of fish larger
than 20 mm TL were ground from both ventral and dorsal
sides as thin frontal sections and lapilli of those fish were
ground from both distal and proximal sides as thin sagittal
sections using sand paper (#600, 800, 1200) and lapping
film (12 gm, 3 pm mesh). Otolith daily increments were ob-
served under an optical microscope (X200-1000), then, the
number, width and radius of each increment were recorded.

Growth trajectory by means of back-calculation of

total length at age

Campana (1990) recommended the use of a biologically
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Figure 1. Site of fish collection. Upper and lower arrows indi-
cate the northern and southern areas for collection, respec-
tively.

based intercept instead of a statistically estimated one for
describing otolith radius—fish size relationships. He defined
the biological intercept as the fish size and otolith radius
corresponding to the initiation of proportionality between
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fish and otolith growth. The size at hatching of ling is not
well known, although the notochord length of the congener
G. capensis immediately after hatching was reported as 3.9
mm when fresh and 3.6mm when formalin-fixed
(Brownell, 1979). However, a yolk-sac absorbed G. bla-
codes larva of 2.2mm TL (formalin-fixed) has been found
off Argentine (Machinandiarena, pers. comm.). Therefore,
we assumed the larval size at 1 day after hatching to be
2.0mm TL and the first daily increment to be formed on 1
day after hatching, which were used as the biological inter-
cept for growth back-calculation (Watanabe and Kuroki,
1997).

Lapilli were used for growth back-calculation in this
study based on Morioka and Machinandiarena (2001). Re-
lationship between maximum lapilli radii (R, pm) and total
length (L, mm) were resembled with two allometric regres-
sions intersecting at (X, ). Hence, we assumed that the re-
lationship between i-th lapillus increment radius (R)) and L
on the day of /-th increment formation (L,) could also be
expressed by two allometric regressions intersecting at (X,
Y) for individual fish. In order to estimate the fish size at
age, we applied the following procedure instead of directly
using allometric regressions between R and L.

» For fishes smaller than the intersecting point (X, Y).

Allometric parameters a; and b, were calculated for
each fish by solving the following two equations;
L,=a,-R" and L ,=a,-R " where L, is total length at 1-day
after hatching (given as biological intercept, 2.0 mm TL),
R, is otolith radius at 1-day after hatching, L. is total length
at capture and R, is otolith radius at capture.

» For fishes larger than the intersecting point (X, Y).

Before the estimated fish size at ages reaching the in-
tersecting point, the allometric parameters a, and b, were
obtained by solving the following two equations;
Ly=a,"R’" and L,;=a,"R," where L, is total length at 1-
day after hatching, R, is otolith radius at 1-day after hatch-
ing, L, and R, are ¥ and X each of the intersecting point.
Posterior to the intersecting point, the other allometric para-
meters a, and b, were obtained by solving the regressions
L,=a, R * and L.=a, R * where L, is total length at cap-
ture and R, is otolith radius at capture.

Additionally, the instantaneous growth rate (%) of fish
was obtained using a result of back-calculated total length
in individual fish. IGR was calculated as follows;
IGR,=(L;,,—L;}/ L;X100 where IGR, and L, are the instan-
taneous growth rate at i-th day and fish total length at the
age of i-th day-old, respectively.

Results

Otolith internal structure

The sagittae and lapilli of early larvae (<10 mm TL) were
round and disc shaped (Fig. 2). As fish grew, the com-

L

Figure 2. Sagitta (left) and Iapillus- (right) of ling larvae
(4.7mm TL). Bars indicate 20 ym.

pressed increments fusion (CIF) and accessory growth cen-
ter (AGC) were observed in the sagiitae (Fig. 3), which
were characterized as follows;

« Compressed increments fusion (CIF): a dark band in
proximal ward of the sagittae frontal section (Fig. 3),
which was observed in fish larger than 8 mm TL,
formed mostly from 24th (mean 24.36, n=31) to
29th increments deposition (mean 28.95; n=31),
Accessory growth center (AGC): a fan shaped struc-
ture well distinguishable in the sagittae frontal sec-
tion observed in fish larger than 15mm TL (Fig. 3),
formed mostly from 37th (mean 36.68, n=31) to
43th (mean 43.00, n=31) increments deposition.

In contrast, such distinctive marks were not observed
in the lapilli.

Growth increments around the otolith core were. nar-
row (1 um or less), and their width increased as fish grew,
both in sagittae and lapilli (Figs. 3, 4). During AGC forma-
tion in the sagittae (Fig. 3), the width of increments was ob-
served to be wider and the sagittae grew rapidly anterior-
and posterior-ward along body axis with the rostrums de-
velopment. The maximum width of increments was ob-
served for over 30 um at the time (Fig. 3). The increments
were clearly identified in the sagittae up to c. 50th incre-
ment deposition. It was observed that beyond the 50th in-
crements deposition, numerous subdaily- increments oc-
curred in the sagittae, and the identification of daily incre-
ments became difficult. In contrast, measurement of the
maximum increment width in the lapilli (3 um) was ob-
served between the 30th and 40th. increments deposition.
After approximately the 40th increments deposition, the
width became narrower. The daily increments in the lapilli
were deposited clearly and subdaily increments were rarely
observed (Fig. 4).

Hatch date estimation
Hatching date estimated by the increment counts of the
lapilli was from December to April (summer-autumn) in
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Figure 3. Compressed increments fusion (CIF, top) and acces-
sory growth center (AGC, bottom) in ling juvenile (175.0 mm
TL). Each image shows the start and completion of CIF/AGC
formation. Bars in the top and bottom images indicate 20 {m
and 100 pm, respectively.

Figure 4. Daily growth increments in lapillus of ling juvenile
(175.0 mm TL). Bar indicates 20 um.

Number of fish

Oct Nov Dec Jan Feb Mar Apr May Jun
Month
Figure 5. Hatching month of ling estimated by growth incre-

ments count in lapilli. Dark bar: fish collected from the
southern area, white bar: fish from the northern area.
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Figure 6. Relationship between maximum radii of lapilli and
total length in ling larvae and juveniles (n=26).

fish from the southern area and February to May (late sum-
mer—late autumn) in fish from the northern area (Figs. 1, 5).
Growth trajectory by back-calculated total length

Since TL-age relationship or age-increment width relation-
ship between fishes from northern and southern areas
demonstrated a close relationship, they were treated as one
group for growth trajectory analysis. The relationship be-
tween lapilli radii (R, um) and total length (L, mm) were
expressed by two allometric regressions intersecting at
(110.82, 24.47) (Fig. 6) as follows; L=1268-R"*
(r=0.931), L=0.075-R"'* (r=0.962). Mean back-calcu-
lated total length at ages showed a good agreement with the
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Figure 7. Relationship between growth increments count in
lapilli (age in days) and total length. Open circles: back-cal-
culated total length at ages averaged at every 5 days, vertical
bars: standard deviations, solid circles: actual age-TL plots.
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Figure 8. Relationship between growth increments count (age
in days) and instantaneous growth rate averaged at every 5
days. Vertical bars: standard deviations.

actual age—TL relationship (Fig. 7).

Instantaneous growth rate (IGR, %) was individually
calculated on the basis of back-calculated TL. Mean IGR
was observed to be as high as more than 5% per day until
reaching 30 day-old, and remarkably decline thereafter until
less than 1% per day at c. 100 day-old (Fig. 8). The IGR,
then, gradually decreased as fish grew (Fig. 8). We obtained
the mean back-calculated TL and mean IGR up to 410 day-
old with at least five fishes for each data.

Discussion

As observed in Moriocka and Machinandiarena (2001) as
well as in this study, the lapillus was a better material for
daily increment analysis in juvenile stage than the sagitta
because subdaily increments rarely occurred in the former.
By this reason, we chose the lapilli as materials for hatch
date estimation and growth back-calculation. Hatch date
based on growth increment counts in lapilli in this study
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Figure 9. Back-calculated total length, growth increments
count in lapilli (age in days) and developmental stage at CIF
and AGC formation. Solid line shows the mean back-calcu-
lated total length at ages. Periods of CIF and AGC formation,
which are 24~29 day-old and 37~43 day-old (see Results),
correspond to 8~11mm TL and 15~19 mm TL in back-cal-
culated total length, respectively.

showed that the reproductive period was estimated to be
primarily during December—May off Argentine (summer—
late autumn in the Southern hemisphere) and seemed to
move successively from south to north as season elapsed
from summer to autumn (Fig. 5). This result agreed with
the reproductive period estimated by larval occurrence and
sexual maturity analyses of adult ling (Machinandiarena,
1999). This agreement also suggests that the increment
counts in lapilli correspond to the age in days of this
species, although the validation of daily increments in lar-
val stage of this species has not been carried out so far both
in the sagittae and lapilli. The reproductive period: esti-
mated in this study was different from Genypterus blacodes
in New Zealand (Horn, 1993) and the congener G. capensis
of South African waters (Olivar and Sabates, 1989), where
the reproduction occurred from June to December and Au-
gust to December, respectively.

The morphological features of sagittae found in this
study, such as the compressed increments fusion (CIF) and
accessory growth center (AGC), were often observed in
other demersal species, e.g. Theragra chalcogramma
(Nishimura, 1993), Micromesistius australis. (Cassia and
Morioka, 1999) and Macruronus magellanicus - (S.
Morioka: unpublished data). In Platichthys stellatus (Cam-
pana and Neilsen, 1985) and Pleuronectes americanus
(Jearld et al., 1993), AGCs were also observed. Changes in
spacing of increments and internal structures were consid-
ered to demonstrate the record of ecological events in the
early life history (Brothers and McFarland, 1981; Radtke
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and Dean, 1982). In Theragra chalcogramma (Nishimura,
1993), CIF and AGC are considered to reflect the morpho-
logical and ecological changes in the period of caudal fin
structure appearance and metamorphosis, that is defined as
an appearance of all fin rays structure, respectively. Periods
of CIF and AGC formations found in this study, the former
being estimated as 24~29 day-old and the latter as 37~43
day-old, corresponded to 8~11mm TL and 15~19mm TL
each in mean back-calculated TL (Fig. 9). These size
ranges in this species mostly fell under the periods of cau-
dal fin structure appearance and beginning of metamorpho-
sis, respectively (Machinandiarena, unpubl. data). These
observations suggest that such checks in the sagittae would
commonly take place in demersal species during the caudal
fin development and metamorphosis that drastically change
their swimming ability. These phases are probably related
with the eco-physiological shifts (Tanaka ef al., 1989), such
as changes in habitat or feeding habit.

In this study, growth back-calculation was made on the
basis of the assumption that the radius-TL relationship at
metamorphosis was mostly constant among individuals.
This is because the metamorphosis is expected to be more
size-dependent than age-dependent as reported in Cham-
bers and Leggett (1987). As a result, means of back-calcu-
lated TL demonstrated a close pattern to an actual age-TL
relationship (Fig. 7). So, it is considered that the method
employed in this study for growth trajectory would be more
or less acceptable for generalizing the growth pattern of this
species, although fish used in this study was obtained from
different areas and times. The expanded reproductive period
covering at least 6 months as well as the regional difference
of reproductive period estimated in this study (Fig. 5) sug-
gest the existence of more than one population of this
species off Argentine. Future research should focus on ob-
taining more specimens from various areas and time order
to examine the stock structure.

The instantaneous growth rate showed a drastic de-
cline from some 30 to 100 day-old (Fig. 7). Low water tem-
perature could explain the low growth rate at this phase, be-
cause water temperature generally declines after the hatch-
ing period in both southern and northern areas (Figs. 1, 5)
toward autumn and winter (Brunetti, 1999). Size of ling at
30~100 day-old was estimated to correspond with pre- to
post-metamorphosis phase (Fig. 9). The metamorphosis
phase of demersal species, in general, is coincided with the
transitional stage from pelagic to benthic life, and fish un-
dergoes various physiological changes during this phase
(Forstner ef al., 1983; Oikawa et al., 1991). As known in
Pleuronectiformes, the difficulties for adapting to changes
in behavior, feeding habit and habitat during and after
metamorphosis could potentially cause a mass-mortality
(Van der Veer et al., 1987; Tanaka ef al., 1989; Seikai et al.,

1993). There may be similar difficulties causing the growth
decline in ling during this period.
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