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The totoaba, Totoaba macdonaldi
(Gilbert), also known as Mexican
giant bass, is found only in the Gulf
of California. This species during
193445 supported one of the most
important sport and commercial
fisheries in the Gulf, with total an-
nual landings exceeding 2,000 met-
ric tons (Rosales-Judrez and Ra-
mirez-Gonzalez! ). At present, it is
considered endangered (Flanagan
and Hendrickson, 1976; NMFS?) as
a result of 1) a high mortality of ju-
veniles in shrimp trawl nets, 2) past
overexploitation, 3) current illegal
fishing during its reproductive sea-
son (early February to early May),
and 4) ecological alterations of its
spawning and nursery grounds,
Flanagan and Hendrickson (1976)
suggested that there was a high
probability that this species would
become extinct by 2000 AD. In 1975
the Mexican government declared
a moratorium on fishing totoaba.

This paper reports on the age and
growth of totoaba as determined
from sectioned-otolith readings and
contrasts current population age
composition with what was known
about the early population. Previ-
ous studies have reported ages
based on nonvalidated scale read-
ings (Nakashima, 1916; Berdegusé,
1955; Molina et al.3).

Materials and methods

Totoaba were sampled in 198691
from the northern part of the up-
per Gulf of California between 31°
and 32° N Lat. and 114° and 115°
W Long. (Fig. 1). In 1989-91, juve-
niles were collected from shrimp
trawl nets. Adults were sampled
with gill nets during their repro-
ductive season (Feb—Apr) of 1986,
1987, and 1989-91.

After determining individual
standard (SL) and total length (TL)
in millimeters and weight in grams,
we extracted otolith (sagittal) pairs
from 118 fish and embedded them
in epoxy resin. For comparison with
other age studies of totoaba, a lin-
ear regression was performed for
converting total length into stan-
dard length. Lowerre-Barbieri et al.
(1994) reported that sectioned
otoliths were the best structure for
ageing weakfish, Cynoscion regalis.

To permit data recovery when
only severed heads were available,
118 otoliths were weighed (OW; +/—
0.001 g) and measured to determine
their relation with SL (Pauly, 1984);
only whole individuals were used
in the present study. Maximum
otolith length (OL; +/— 0.05 mm)
was measured from rostrum to
postrostrum margins (anterior—

posterior), and maximum otolith
thickness (OT; +/— 0.05 mm) from
the dorsal to ventral margins (dis-
tal-proximal plane).

A transverse section was made
from 101 otoliths with an Isomet
low speed saw following a tech-
nique described by Beckman et al
(1990), Lowerre-Barbieri et al.
(1994), and Secor et al.* and the
otolith ring counts were read to
determine age. Each thin section
was read three times with trans-
mitted light in a bright field by the
same person. Following the crite-
ria of Beamish and Fournier (1981),
we calculated an index of average
percent error for the single reader.

Three different axes (Fig. 2) were
explored to measure the otolith ra-
dius (OR) of 94 thin sections. An-
nuli were most clearly counted and
measured along axis 1; thus otolith
radius (OR) was defined as the dis-
tance from the center of the core to
the otolith outer edge along the ven-
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sent.
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Figure 1

Location of sampling sites in the northern upper Gulf of California. (A) = adults; juve-
niles were collected within the 40-m depth contour.

tral arm of the sulcal groove. The relation between
otolith radius and fish length was fitted by using the
Gompertz function (Ricker, 1979) and the computer
program Fishparm 3.0 (Prager et al., 1989). To de-
termine size at ages that were not collected, we
backcalculated past ages following Bagenal and Tesch
(1978) and Jerald (1983), using the Gompertz relation
between OR and SL, not the otolith length to fish length
regression.

A von Bertalanffy growth model (VBGM) was fit-
ted to the observed SL at the midpoint of each age
group represented in our sample (n=101) and also to
the back-calculated sizes (n=346) determined from
81 otolith thin sections, by using the computer pro-
gram Fishparm 3.0 (Prager et al., 1989). The growth

equation was calculated for pooled sexes because ju-
veniles can be sexed only by using histological tech-
niques; age and length differences between males and
females have not been reported in the literature.

Three juveniles captured in trawl nets during July
and August 1989 were kept alive and transferred to
the Centro Ecoldgico de Sonora Research Aquarium
(Hermosillo, Sonora, Mexico); (see Almeida Paz et al.
[1990] for more details). One fish died after almost
12 months of captivity; the other two were sacrificed
24 months after capture. Lengths and weights of
these fish were taken every month beginning five
months after capture. These lengths and the ring
counts found in the otoliths of these fish were used
to validate annual otolith ring deposition.
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Axis 1

Figure 2
Three growth axes for radius measurements taken from otolith thin sections. Growth axis
1 data were related to standard length for back-calculation determinations.

Table 1
Meristic relations between totoaba standard length (SL) and total length (TL), otolith length (OL), otolith thickness (OT), and

otolith weight (OW). For otolith measurements, n = 118.

Parameter Equation r2

Fish total length (TL) SL = 0.91TL - 26.34 (n=951) 0.99
Otolith length (OL) SL = 16.91 expl4.7(1—exp(—0.96 x OL)}) 0.99
Otolith thickness (OT) SL = 8.53 exp(5.4(1-exp(-0.17 x OT))» 0.98
Otolith weight (OW) SL = 788.8 x OW0-4518 0.99

Results

From shrimp trawl nets, 1,125 juvenile totoaba (100—
600 mm SL, mean=223, SD=65 mm SL) and 157
adults were collected (600-1,850 mm SL, mean
=1,360, SD=89 mm SL). Figure 3 shows the length-
frequency distribution for the specimens
collected.

Totoaba sagittal otoliths are large and beanlike,
as are most sciaenid otoliths (Secor et al.%). Table 1
shows the linear equation describing the relation
between SL and TL, the Gompertz relations between
SL and otolith length (OL), otolith thickness (OT),
and the allometric equation for the SL and otolith
weight (OW) relation (Fig. 4). Otolith growth in
weight changes in relation to fish growth in length
and is an allometric, not isometric relation (56=2.176,
H:b =3.00, student’s ¢-test (0.025. 111, =21.41).

Transverse sections of the totoaba otolith (Fig. 5)
typically showed clear, opaque, and translucent zones
and when the otolith is sectioned exactly through the
focus, the core appears as a dense opaque zone, next
to which the first annulus is found. The distance be-
tween the core and the first annulus is variable but
is typically greater than increment sizes between the
remaining annuli. The relation between otolith ra-
dius (OR) along radius 1 and SL (Fig. 6) was fitted to
a Gompertz function:

SL = 30.92 x exp(3.86(1-exp(0.99 x OR))),
[r?=0.98, n=94].

We found specimens representing 15 year classes
between 0 and 24 years (Table 2). Of the 101 read-
able otolith sections, 66 fish were young-of-the-year
(110-377 mm SL). Ten juveniles were of age class 2
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(378—620 mm SL), and one was of age class 3
(740 mm SL). The remaining specimens were
adults between age classes 4 and 24. The index
of average percent error was 16.10% for the single
reader.

Observed lengths and otolith ring counts were
used to fit the von Bertalanffy model to obtain
the growth curve for the totoaba population in
the Gulf of California (Fig. 7); the fit was good
(r2=0.98, n=101). Past ages (n=346) were
backcalculated from the thin-section otolith ra-
dius (OR) to fish length relation of 81 fish, and
the von Bertalanffy growth model was also de-
termined (Fig. 7). Table 2 compares the observed
standard lengths with those calculated from both
growth models. Figure 8 shows the relation be-
tween maximum whole otolith length and age as
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Figure 3
Length-frequency distribution for totoaba specimens collected
in the Gulf of California. n = 1,282.

an exponential function.
In the case of the fish that died after a year of
captivity (11 mo 21 d), its otoliths showed only

one ring; the second fish held for two years,
had two rings. The otoliths from the third
specimen were decalcified and readings, un-
fortunately, were not possible. Fish held in
captivity were captured in the same trawls
as the rest of the juveniles used for age deter-
mination in this study. Otoliths of juveniles sac-
rificed at the time of capture did not present
any rings or marks similar to those detected in
otoliths of the individuals kept in captivity.

Standard length (mm)

Discussion

The relation between otolith dimensions and
fish length can be used to obtain data from
the totoaba heads commonly found on the
beaches of the northern Gulf. This relation
is particularly important when one consid-
ers the restrictions and the potential impact

Relation between otolith weight and totoaba standard length, » = 118.
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of sampling an endangered species. Otolith
growth and fish growth are proportional re-
gardless of how growth rate changes with time; in
early stages, both fish and otoliths increase faster
than in adult stages after maturity is reached.
Barbieri et al. (1994) reported for Atlantic croaker
(Micropogonias undulatus) that age has an impor-
tant effect on the otolith dimension to fish length
relation. For totoaba, however, fish length alone de-
scribed over 98% of the variability in otolith size. This
growth pattern is common for other sciaenid species
(Ross, 1988; Murphy and Taylor, 1989).

The relation between standard length and otolith
radius in sciaenids has been fitted to several growth
equations. Maceina et al. (1987) and Blake and Blake

(1981) found good fit with a linear model, but Barger
(1985) found the best fit with a power function. For
totoaba in our study, the best fit was found with a
Gompertz model for radius along axis 1. The wide range
of radii at the maximum fish length (shown in Fig. 6),
supports our assumption that annuli are formed
throughout the life of the fish, as is also suggested by
the power function fitted to the otolith length and age
relationship (shown in Fig. 8). Barbieri et al. (1994)
also reported the formation of annuli throughout the
life of the Atlantic croaker. Although the otolith length
to age relation could be used to estimate fish age, the
fit is not as good as that between standard length and



624

Fishery Bulletin 95(3), 1997

Figure 5

Photograph of transverse thin section of an adult totoaba otolith showing 24 annual rings, sulcal groove, and core.

age. No “Lee’s phenomenon” (Ricker, 1969) was ob-
served, and the von Bertalanffy growth model result-
ing from back-calculated data was very similar to that
derived from observed data (Fig. 7 ; Table 2).

Gauldie and Nelson (1990) commented that otolith
growth is typically repressed on the ventral plane
because this part of the otolith is in direct contact
with the skull, which restricts otolith growth; al-
though otolith growth ceases in the ventral
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Figure 6

plane, it continues to grow in the sulcular re-
gion. For totoaba, otolith growth seems to con-
tinue on the proximal side along the sulcal
groove. The ventral arm of the sulcal groove
has been reported as the best area for otolith
reading in other sciaenids (Beckman et al., 1990;
Lowerre-Barbieri et al., 1994).

Major increases in length occur during the
first and second years, diminishing once
totoaba reach their sixth or seventh year, the
age at first maturity. After this stage, the
growth curve reaches an asymptote from about

7.00 the twelfth to fourteenth year. The observed

adult mean standard lengths at age in our study
are very close to those calculated by VBGM from
observed data and also from back-calculated
data.

Gompertz curve used to fit the relation between totoaba standard length
and otolith radius along ventral arm of sulcal groove (axis 1), n = 94.

In a comparison of age determinations with
scales (Nakashima, 1916; Berdegué, 1955;
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Table 2
Observed and predicted mean standard length at year-class midpoints. n = sample size. SD = standard deviation. VBGM = von
Bertalanffy growth model. BC = back-calculated model.

Year class Observed SL: Predicted Predicted VBGM
midpoint (yr) n mean (mm) Observed SD VBGM (mm) BC (tmm)
0.5 66 218 66 216 3197
1.5 10 503 75 525 595
2.5 1 740 - 750 797
3.5 1 1,080 — 914 945
4.5 0 — — 1,034 1.053
55 0 — — 1,121 1,133
6.5 0 — — 1,184 1,192
7.5 1 1,260 — 1,231 1,234
8.5 0 — — 1,264 1,266
9.5 0 — — 1,289 1,289
10.5 1 1,271 — 1,307 1,306
11.5 0 — — 1,320 1,318
12.5 2 1,363 38 1,329 1,327
13.5 5 1,318 88 1,336 1,334
14.5 4 1,309 102 1,341 1,339
15.5 5 1,340 24 1,345 1,342
16.5 1 1,390 — 1,348 1,345
17.5 1 1.300 — 1,350 1,347
18.5 0 — — 1,351 1,348
19.5 1 1,280 — 1,352 1.349
20.5 0 — — 1,353 1,350
21.5 1 1,490 — 1,354 1.350
22.5 0 — — 1,354 1,351
23.5 0 — — 1,354 1,351
24.5 1 1,453 - 1,354 1,351

Total 101
1 Otolith core to margin measurements along ventral arm of sulcal groove were used for year-class 0, and predicted lengths were derived from the
resulting equation.

Flanagan, 1973; Molina et al.l), versus otoliths, as
used in our study (Table 3), the greatest difference is
found with Nakashima (1916). He estimated the
maximum age for a fish of 1,980 mm (SL) to be nine
years; our study shows that this fish could be older
than 24 years. The von Bertalanffy parameters we
estimated are very similar to those reported by
Berdegué (1955) and Flanagan (1973). In the Molina
et al.! study there was a large underestimation of
maximum age in comparison with our results, re-
flected in the K value. This difference could be due
to our use of a greater range of year classes from
young-of-the-year to adults, whereas Molina et al.l
used only adult fish. Juveniles or young-of-the-year
should be included to fit the von Bertalanffy growth

curve because if only adults are used, there is a ten-
dency to obtain low K values (Beckman et al., 1990).

Scales often result in the underestimation of age
(Beamish and McFarlane, 1987) owing to difficulty
in reading, especially in the outer rings which are
very close. Furthermore, there is a possibility of us-
ing regenerated scales in which the first rings that
were formed are not included. Authors working with
sciaenids have mentioned that reading scales is easier
for short-lived species, like some species of Cynoscion
(Villamar, 1972; De Vries and Chittenden, 1982).

On the basis of growth and otolith marks observed
in two juveniles held in captivity, we suggest that
ring formation in totoaba from the Gulf of California
is annual; annual deposition patterns have been re-
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ported for other sciaenids (Beckman et al. 1990,
Murphy and Taylor 1991), including species of
Cynoscion, a closely related genus (Gonzalez, 1977;
Blake and Blake, 1981; Shlossman and Chittenden,
1982; Barbieri et al., 1994; Lowerre-Barbieri et al.,
1994). The well-defined seasonality in temperature
in the Gulf of California (Alvarez Borrego et al., 1973;
Paden et al., 1991) also suggests that the marks seen
in totoaba otoliths are annual because such tempera-
ture changes are an important factor in ring deposi-

tion (Brothers, 1978; Beckman et al., 1990). Berdegué
(1955) considered scale rings to be annual on the
basis of the migratory pattern and reproductive pe-
riod of totoaba.

The recent creation of the Upper Gulf of Califor-
nia and Colorado River Delta Biosphere Reserve will
enhance conservation efforts for totoaba by protect-
ing important spawning and nursery habitat. Fur-
thermore, fishing pressure from commercial shrimp
trawls and gill nets will be greatly decreased.
Barrera-Guevara (1990) reported that 92%
of young-of-the-year totoabas were killed

in the commercial shrimp fishery. In our

study we were not able to sample organ-
isms between ages 5 and 11 because they

were not available to trawls and gill nets
and because we did not sample in areas
where prerecruit totoaba concentrate.
These areas are difficult to sample because
of their depth; the Guaymas basin reaches
more than 200 m depth. It has been sug-
gested that the summer migration of
totoaba is toward deep waters in the cen-
tral Gulf of California (Berdegué, 1955;
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Von Bertalanffy growth model curve fitted to observed (___) and back-
calculated (- --) data of age (number of rings) and standard length (the
year-class midpoint was used for age). Open triangles are observed data.

Arvizu and Chavez, 1972; Flanagan and
30 Hendrickson, 1976). These fish, however,
are accessible to hook and line fishing, and
“catch and release” sport fishing practices
should be encouraged.

It is clear that the current available
habitat for totoaba will not allow signifi-
cant population increase. Nevertheless, we

found a population age-structure similar
to that existing during the early 1890’s (as-

suming that fish of ages 3—11 years exist

Age = 0.1301>m4on
oo F=096.n=99

Age (yr)

but were unavailable to our sampling as
previously described), and we suggest that
continued conservation efforts should al-
low for the survival of a stable but small
population of totoaba in the Gulf of Cali-
fornia. Estimates of adult survival pro-
posed by Cisneros-Mata et al. (1995) be-
fore and after the 1975 moratorium also
support evidence of stability in the current
population age-structure.
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Figure 8

length and age.

Exponential relation between maximum rostrum-postrostrum otolith

Acknowledgments

We thank the fishermen of the Gulf of
Santa Clara and Puerto Pefiasco for their
collaboration in sampling adult totoaba,
especially Heriberto Amaya, Rosario
Angulo, and their families. We thank per-
sonnel of the Centro Regional de Investi-




NOTE Roman-Rodriguez and Hammann: Age and growth of Totoaba macdonaidi 627

Table 3

Comparison of von Bertalanffy growth parameters for dif-
ferent studies of totoaba.

Max. age

Author K L, ty (yr)
Present observed

data 0.3162 1,350 -0.0499 24
Present back-
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! See Footnote 1 in the text.
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