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Growth models fitted to Dipturus chilensis length-at-age data support a
two-phase growth

Modelos de crecimiento ajustados a datos de largo a la edad de Dipturus chilensis
confirman un crecimiento en dos fases
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ABSTRACT

Age and growth for the beaked skate was estimated from bands in the vertebral centra of 689 individuals obtained
from incidental catches of the Argentine hake (Merluccius hubbsi) fishery. Age bias plots and indices of precision
indicated that ageing method was precise and unbiased (% CV = 3 % PA = 82.09 %). Edge and marginal increment
analysis of the vertebrae support the hypothesis of annual band pair deposition. Three growth models were fitted to
length-at-age and the two-phase growth model produced the best fit. This feature has never been described before
for D. chilensis and can be related to changes in energy allocation and the shift from juvenile to adult phase. The
unrealistic biological estimates of the von Bertalanffy growth model illustrates the importance of fitting alternative
models to the data. Female beaked skates reached greater size in length (L∞) as well as in disc width (L∞ = 138.2
cm; DW∞ = 92.46 cm) and have lower growth rate (k = 0.08 yr-1) than males (L∞ = 106.7 cm; DW∞ = 74.52 cm; k =
0.121 yr-1). This study provides basic information on age and growth for the beaked skate, D. chilensis, which were
previously not available for its south Atlantic range of distribution.

Key words: beaked skate, Dipturus chilensis, growth, two-phase growth.

RESUMEN

La edad y el crecimiento de la raya picuda fue estimado a partir de las bandas en los cuerpos vertebrales de 689
individuos obtenidos de las capturas incidentales de la pesquería de merluza argentina (Merluccius hubbsi).
Gráficos de sesgos y el análisis de precisión indicaron que el método utilizado para la determinación de la edad es
preciso y no sesgado (% CV = 3 % PA = 82.09 %). El análisis del tipo de borde e incremento marginal vertebral
confirmó la hipótesis del depósito anual de un par de bandas. Se ajustaron tres modelos de crecimiento a los datos
de largo a la edad y el modelo de dos fases produjo el mejor ajuste. Esta característica nunca antes fue descripta
para Dipturus chilensis y podría relacionarse con un cambio en la cuota de energía y el paso de la fase juvenil a la
adulta. Las estimaciones obtenidas con el modelo de Von Bertalanffy resultaron biológicamente irrealistas, lo que
demuestra la importancia de ajustar modelos alternativos a los datos. Se observó que las hembras alcanzan tallas
(L∞ y DW∞) más grandes (L∞ = 138.2 cm; DW∞ = 92.46 cm) y tienen tasas de crecimientos más bajas (k = 0.08 yr-1)
que los machos (L∞ = 106.7 cm; DW∞ = 74.52 cm; k = 0.121 yr-1). Este estudio provee información básica de edad y
crecimiento de la raya picuda, Dipturus chilensis, en el Atlántico sur de su rango distribución, la cual no estaba
anteriormente disponible.

Palabras clave: crecimiento, crecimiento en dos fases, Dipturus chilensis, raya picuda.

INTRODUCTION

The beaked skate Dipturus chilensis
(Guillenot, 1848) is found along the Atlantic
and Pacific coasts of South America. It has
been reported to be one of the most abundant
species of the Family Rajidae in northern and
central Patagonian waters (Menni & Gosztonyi
1982, Menni & López 1984, García de la Rosa

1998). This species, together with other
elasmobranchs, seabirds and marine mammals
was usually taken as by-catch in the bottom-
trawling fishery for the Argentine hake
Merluccius hubbsi (Gosztonyi 1984, Coscarella
1997, Caille et al. 1997, Crespo et al. 1998).
From the 80’s until  the mid 90’s it  was
discarded with other components of the by-
catch but by the end of the decade, the species
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became a valuable commodity for exporting
fishing companies. In the last few years,
together with other species, the beaked skate
increased its commercial value as a
consequence of the decline of the Argentine
hake captures and the development of new
Asian markets for elasmobranch fins (Massa et
al. 2001, 2004; Licandeo et al. 2006).

Elasmobranchs have various reproductive
characteristics like delayed maturity, large
energy investment in relatively few young and
reproduce every one to two years, which
means slow rates of replacement within
population. Studies on the beaked skate during
the 90´s have been focused on life history
parameters, in particular on sexual maturity
and feeding habits (Bahamonde 1950, Koen
Alonso et al. 2001, García de la Rosa 1998).
Although size at first maturity has been
described, age-specific fecundities and growth
rates are not known, therefore, there is a lack
of essential information for its management
and conservation. With regard to diet studies,
two important shifts were found related to over
fishing in the Patagonian shelf. The first one is
a change in the predatorial behavior from
benthic to demersal-benthic preys, occurring
at about 35 cm total length, at which
consumption of a new class of prey item
becomes possible. The second shift, from
demersal-benthic to demersal-pelagic
coincides with sexual maturation and probably
is part of a larger behavioral response to
maturation (Koen Alonso et al. 2001).

The knowledge of growth rates and age-
specific fecundities is critical to adequately
assess the impact of fishery exploitation and
development of management procedures.
Elasmobranchs cannot be aged using
traditional fish ageing methods since they lack
calcified structures (Cailliet et al. 1983).
However, the most outstanding research on
age determination of elasmobranchs has
analyzed the opaque and translucent bands in
calcified vertebral centra. Several techniques
have been developed to enhance these bands
so they can be easily counted (Cailliet et al.
1983, Stevens 1975, Casey et al. 1985, Ferreira
& Vooren 1991). In addition, there are various
methods to verify the temporal periodicity of
bands formation (Holden & Vince 1973).

Age and growth rates from the beaked
skate have already been study in the Pacific

range of its distribution (Fuentealba & Leible
1990, Gilli et al. 1999, Licandeo et al. 2006).
With respect to its range of distribution in the
Atlantic Ocean an estimation of the size at
maturity and other reproductive aspects have
been provided for the region between 31°00’
and 39°30’ S (Paesch & Oddone 2008). Since
that, age and growth parameters can vary
among regions and differences in life history
trait have already been reported for the beaked
skate along its distribution in the fjords and
channels of southern Chile (Licandeo & Cerna
2007), age and growth information for Dipturus
chilensis from Patagonia waters is necessary
for population assessment of this species in
this region.

In view of this background, the objective
of this study was to estimate the age of D.
chilensis  captured by Merluccius hubbsi
fishery vessels and compare different growth
models to determine which model provides
the best fit.

METHODS

Study area and field work operations

Beaked skates were collected onboard commercial
vessels of the argentine hake fishery where they are
usually caught as by-catch. The bottom-trawling fishery
for the argentine hake operates in northern and central
Patagonian waters (41°00’-46°45’ S and 58°00’-65°00’
W) (Fig. 1). Samplings of commercial catches were
carried out between 1997 and 2007 depending on the
fishery company availabil i ty thus there is no
continuous record over all months and years.

On board, al l  skates were sexed, sized and
weighed. Total length (LT in cm) and disc width (DWT
in cm) were used as standard measurements of the
beaked skate size for growth estimation.

Age determination

A section of the vertebral column including the first 20
vertebral centra were removed from each specimen
and kept frozen. For examination, vertebrae were
defrosted with subsequent removal of connective tissue
and the neural arch. The diameter of the vertebral
centra was measured with an electronic caliper. The
technique used to enhance the vertebral bands has
produced satisfactory results with aging of marine
mammals and some elasmobranch species (Crespo et
al. 1994). This technique involved the examination of a
stained section under transmitted l ight with a
dissecting microscope. Each vertebra was previously
decalcified in 5 % nitric acid solution between 30
minutes and 4 hours and then, rinsed in running tap
water over a 24 hours period, and finally cut to 40 µm
sagittal sections using a freezing microtome (Fig. 2A).
Sections were stained with Mayer’s Haematoxylin and
then mounted on glass slides. A dissecting microscope
was used for measuring and counting vertebral bands.
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The growth pattern of the vertebrae included an
opaque and a translucent band that extended from the
intermedialia to the corpus calcareum (Fig. 2B). Age
estimation was done enumerating the opaque bands.
The birth mark was identified as the first one near the
focus following an angle change of the centrum.

Vertebral radius was measured from the focus to
the distal margin of the corpus calcareum. A linear
regression of total length (and disc width) as function
of the vertebral radius was fitted for females and males,
to determine if the structure was appropriate for
estimating growth rate of the animal. The regression
line for females was compared to that for males using
an analysis of covariance (ANCOVA).

Age assessment and verification

The senior author read the number of observed bands
twice without knowledge of the size and sex of each
specimen. Age consensus was achieved when the two
age estimates agreed, or with a third additional
reading. If no consensus was reached the sample was
discarded. Aging bias and precision of the resulting
age estimates were examined using aged bias-plot and
the coefficient of variation (Campana et al. 1995).
Additionally,  the percent agreement based on
consensus counts was determined following Goldman
(2004). Individuals were divided into 5-cm length

increment groups and perfect agreement and
agreement plus or minus 1 year were calculated.

Two indirect verification types of analysis were used
to validate periodicity of band formation: Centrum Edge
Analysis and Marginal Increment Analysis (Cailliet et al.
2006). The former involves the qualitative
characterization of the margin of the vertebrae in two
distinct edge classes based on optical qualities (opaque
or translucent). The marginal increment analysis was
used as a quantitative assessment of band deposition
following Conrath et al. (2002): MIR = MW / PBW
where MW is the margin width, PBW is the width of the
penultimate band pair (Fig. 2B). Mean monthly
marginal increment ratios were calculated and potential
differences between months of capture were compared
with non parametric Kruskal-Wallis test by ranks. To
carry out this analysis, skate specimens were collected
on a monthly basis during one year from commercial
landings of bottom trawlers for Argentinean hake
Merluccius hubbsi and were handed over by the fishery
company (Alpesca S.A.).

Study of growth

Three alternative growth curves were fitted for males
and females length at age data. The traditional von
Bertalanffy, the Gompertz, and a two phase growth
model (TPGM) equations:

Fig. 1: Sampling zone for D. chilensis, showing where the bottom-trawling fishery for the argentine hake
Merluccius hubbsi operates. (*) Symbols signify D. chilensis by-catch locations. The area where Merluccius
hubbsi fishing is forbidden is distinguished by a square.

Zona de muestreo para D. chilensis, mostrando donde opera la pesquería de arrastre de fondo para merluza argentina
Merluccius hubbsi. Los símbolos (*) indican los lugares puntuales donde se capturaron D. chilensis como fauna acompañan-
te de la pesquería. El área de veda de pesca de Merluccius hubbsi está marcada por las líneas que forman un cuadrado.
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where LT and DWT are the total length and the disc
width at time t respectively; L∞ and DW∞ is the
theoretical maximum total length/disc width or
asymptotic length/disc width; k is the rate at which L∞
is approached, c0 is the proportionality constant and t0
is the theoretical age at zero length (Ricker 1979). The
two phase growth model is a variation of the von
Bertalanffy model by Soriano et al. (1992) where AT is
a factor that modifies k when the age is increased and
is given by:

where th is the age which the transition of the two
phases occurs and h determines the magnitude of the
maximum difference in length at age data between the
Von Bertalanffy and the Two Phase Growth Model in
the th point.

Growth equation parameters were calculated using
maximum likelihood estimation. Slopes of growth
estimates of males and females were tested using the
maximum likelihood test (Kimura 1980, Cerrato 1990).

The Akaike’s information criterion (AIC) was
applied in order to rank the growth models by their
ability to give the most parsimonious explanation of
observed length and disc width at age data. The
difference between the AIC with the higher number of
parameters and the model with fewer parameters
(ΔAIC) allows the calculation of the Akaike weight (wi)
which represents the probability of choosing the
correct model from the set of candidate models and is
calculated as:

where R is the number of candidate models.
Theoretical longevity (ω) was estimated as the age

at which 99 % of the L∞ (or DW∞) was attained (7
*(ln2)/k) (Fabens 1965); as the age at which 95 % of
the L∞ (or DW∞) was reached (5*(ln2)/k) (Ricker
1979).

RESULTS

Age determination

A total of 796 beaked skates vertebrae were
examined during this study, 105 vertebrae were
considered unreadable and were discarded.
Females ranged in size from 19 to 134 cm LT (n
= 319), while males ranged from 28.7 to 101 cm
LT (n = 369, Fig. 3). Age estimates ranged from
3 to 24 for females and 3 to 17 for males. The 0-
2 classes were not observed and consequently
were absent in the sample.

The staining technique provided good
enhancement of vertebral rings and allowed
for repeatable and consistent bands counts.
The bands were generally clearer along the
corpus calcareum than the intermedialia, but
the entire section was examined when making
the band count. Vertebral centra for older
skates tended to show marginal band
crowding, which potentially resulted to
underestimate de number of rings.

Fig. 2: (A) Sectioning plane used on D. chilensis vertebral centra. (B) D. chilensis vertebra showing the
calculation of the marginal increment ratio. MW = Margin width; PBW = Previous band width; AC = Angle
change indicating birthmark; VR = Vertebral radius; CC = Corpus calcareum; I = Intermedialia

(A) Plano de corte utilizado en las vertebras de D. chilensis. (B) Vértebra de D. chilensis mostrando el cálculo de la relación
de incremento marginal. MW = Ancho del margen; PBW = Ancho de la banda previa; AC = Cambio de ángulo indicando la
marca de nacimiento; VR = Radio vertebral; CC = Corpus calcareum; I = Intermedialia.

Gompertz

Von Bertalanffy

Two Phase Growth model
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Relationships between total length (LT) and
vertebral radius (VR) and disc width (DW) and
vertebral radius (VR), for females and males
were not significantly different (ANCOVA, n =
124, P > 0.05) therefore, these data were
combined into a single regression. Both
relationships, LT vs. VR and DW vs. VR, were
non-linear and a natural logarithm transformed
data provided a better linear fit passing
through the origin (Fig. 4A, 4B).

Age assessment and verification

To test for precision, a subsample of 234
vertebrae was read. Count comparisons
between readings indicated no bias (Fig. 5).
The coefficient of variation (% CV) was around
3 % which is a high level of precision.
Percentage agreement between the two sets of
band counts was 82.06 % exact counts and
96.86 % within one band (Table 1).

To assess the temporal periodicity of band
deposition, edge marginal analysis was
conducted on 126 samples that were
determined to have unambiguous edge types.
The proportion of edge types varied among all
months examined (Fig. 6). While a high
proportion of opaque edges were observed
during summer (December, February) and fall
(March, May) months, most of the samples
collected during winter (July, August) and

spring months (September, October,
November) showed translucent edges. Opaque
edges were correlated with the season average
sea surface temperature for the area where the
argentine hake fishery operates. A higher
proportion of opaque edges corresponded with
the highest sea surface temperatures, while
translucent edges were more frequent at lower
sea surface temperature (Fig. 6).

Mean MIR ratios were calculated from 110
beaked skate vertebrae collected during a
year. The sample was not large enough to plot
the age groups separately, so monthly mean
marginal increments were combined. The
marginal increment tended to decrease from
February onwards showing a minimum
seasonal increment during October; and
increased sharply during November (Fig. 7).
There were significant differences in the
marginal increment analysis (MIR) between
months (Kruskal-Wallis test: H (8, N = 110) =
58.85230, P < 0.0001). Contrast ‘z’ comparisons
found that September and October were
significantly different from February, March,
May and December (P < 0.05).

Study of growth

While the von Bertalanffy (VBGM) provided
the worst fit to the length-at-age data, the two
phase growth model (TPGM) was the best

Fig. 3: Total length frequency of females and males beaked skate D. chilensis.

Frecuencias totales de hembras y machos de raya picuda D. chilensis.

Total length (cm)



38 AVERSA ET AL.

among the growth equations fitted, with an
Akaike weight (wi)  of  0 .99 (Table 2).
Estimates of the asymptotic length or disc
width varied depending on the model. The
VBGM produced estimates of L∞ and DW∞

greater than the maximum sizes collected

during this study (L∞ = 151.38; DW∞ = 139.35).
While est imates of  L∞ and DW∞ using
Gompertz (GGM) and the two phase growth
equation (TPGM), were similar  to the
maximum sizes for both sexes observed in
this study (Table 2).

Fig. 4: (A) Relationship between total length and vertebral radius for both male and female D. chilensis used
in this study. The curve was fitted by LT = 364.48 VR

0.683. (B) Relationship between disc width and vertebral
radius for both male and female D. chilensis used in this study. The curve was fitted by DW = 296.1 VR

0.635.

(A) Relación entre el largo total y el radio vertebral para machos y hembras de D. chilensis utilizados en este estudio. La
curva ajustada fue LT = 364.48 VR

0.683. (B) Relación entre el ancho de disco y el radio vertebral para machos y hembras de
D. chilensis utilizados en este estudio. La curva ajustada fue DW = 296.1 VR

0.635.

(A)

(B)
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Fig. 5: Age bias plot for pair-wise comparison vertebral counts of beaked skates, D. chilensis. The one-to-one
equivalence line is also presented.

Gráficos de las comparaciones entre los pares de lecturas de la raya picuda, D. chilensis. También se presenta la línea de
equivalencia uno a uno.

TABLE 1

Percentage agreement (PA) between consensus band-pair counts.

Porcentaje de coincidencia (PA) entre los pares de bandas contabilizados.

Size group Total vertebrae Nº of vertebrae Nº of vertebrae aged % PA % PA ± 1 year
(cm) read aged in agreement in agreement ± 1 year

25.1-30 2 2 2 100 100

30.1-35 13 12 13 92.31 100

35.1-40 5 5 5 100 100

40.1-45 5 3 4 60 80

45.1-50 5 5 5 100 100

50.1-55 11 10 11 90.91 100

55.1-60 20 14 16 70 80

60.1-65 23 17 23 73.91 100

65.1-70 18 15 18 83.33 100

70.1-75 29 24 29 82.76 100

75.1-80 20 17 20 85 100

80.1-85 24 19 24 79.17 100

85.1-90 12 10 11 83.33 91.67

90.1-95 11 11 11 100 100

95.1-100 9 5 8 55.56 88.89

100.1-105 6 6 6 100 100

105.1-110 6 5 6 83.33 100

110.1-115 4 3 4 75 100

Total 82.06 96.86
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Fig. 7: Mean monthly marginal increment ratios determined from pooled sexes and sizes (70 to 90 cm LT).

Medias mensuales de la relación de incremento marginal determinados a partir de datos de sexos y tallas (70 a 90 cm LT)
agrupados.

Fig. 6: Seasonal variation in centrum edge type (-�-) from vertebral sections containing 8 to 14 growth rings
in D. chilensis. Seasonal mean sea surface temperature (-•-) from the area where Argentine hake fishery
operates.

Variaciones por temporadas en el tipo de margen del centrum (-�-) en las secciones vertebrales con 8 a 14 anillos de
crecimiento en D. chilensis. Medias temporales de la temperatura superficial del mar (-•-) del área donde opera la pesque-
ría de merluza argentina.
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Therefore the TPGM was used to construct
the growth curves for both sexes (Fig. 8).
Maximum likelihood tests indicated that the
model constructed for males and females
separately described data of the beaked skate
better than that with both sexes combined.

Growth curves derived from this technique
indicated that female beaked skates reach
greater size in length as well as in disc width
and have lower growth rates than males (138
cm of L∞ vs. 106 cm of L∞; 96.46 cm of DW∞ vs.
74.52 cm of DW∞ and k = 0.08 vs. k = 0.121;
Table 2).

The VBGM produced the lowest growth
coefficients for females and males (k$ = 0.06
and k% = 0.07). Growth coefficients for males
were higher and similar for the TPGM and
GGM (k%TPGM = 0.121; k%GGM = 0.150). Growth
coefficients for females estimated by the
TPGM and the GGM were also higher (k$TPGM
= 0.08; k$GGM = 0.139) (Table 2).

The theoretical estimates of longevity (ω)
produced values greater than the maximum
observed ages (Table 3). Both theoretical
methods indicated that females reach greater
ages than males.

DISCUSSION

This study presents the first age and growth
estimates for the beaked skate in the Southern
Atlantic Ocean. Growth bands were relatively
clear along the corpus calcareum of the
vertebrae of the beaked skate and less clear in
the intermedialia region. Good readability of
the growth zones on the centra led to good
agreement between readers as % CV and % PA
methods indicated. Although the aging
technique provided a high level of
reproducibility, as a result of bands for the
largest and older animals to be compressed,
bands near the centrum margin caused some
diff iculties in ageing skates. This was
particularly found in adult skates even on
vertebral sections that were exceptionally
clear. Series of readings produced closer
agreement. Although the ageing technique
provided satisfactory results,  i t  has
shortcomings. In particular, it is very time
consuming mainly due to decalcification
process. Also, it demands extreme care when
manipulating and mounting the sections to
prevent that margins fold up and excessive

TABLE 2

Growth parameters estimates from length and disc width based models of female and male
Dipturus chilensis age data. AIC, Akaike Information Criterion; ΔAIC differences between models;
wi Akaike weights.

Estimaciones de los parámetros de los modelos de crecimiento a partir de datos de longitud y ancho total del disco
de Dipturus chilensis. AIC, Criterio de Información de Akaike; ΔAIC diferencias entre modelos; wi pesos de Akaike.

Two Phase Growth Model Gompertz Von Bertalanffy
Parameter Females Males Females Males Females Males

L∞ 138.22 106.67 123.08 108.01 151.38 139.35

k 0.075 0.121 0.139 0.156 0.064 0.066

t0/c0 -0.712 -0.122 1.986 1.798 -0.071 -1.397

DW∞ 96.46 74.52 92.16 74.47 109.96 84.839

k 0.096 0.154 0.150 0.195 0.074 0.105

t0/c0 -0.153 0.168 2.026 1.891 -0.421 -0.434

N 319 369 319 369 319 369

AIC 1468.485 1499.7335 1505.0046

ΔAIC 0 31.24 36.5

wi 0.99 < 0.001 < 0.001
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Fig. 8: Growth model curves of males and females Dipturus chilensis and observed lengths-at-age. (A)
TPGM, (B) GGM, (C) vBGM

Curvas del modelo de crecimiento para machos y hembras de Dipturus chilensis y longitudes totales a la
edad. (A) TPGM, (B) GGM, (C) vBGM

(A) Two-phase

(B) Gompertz

(C) von Bertalanffy
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dehydration. Therefore, that may be taking it
into account when initiating any study.
Vertebral ring formation for Dipturus chilensis
provides a continuous record of growth. This
is supported by regression data showing that
increases in total length and disc width are
accompanied by increases in centrum
diameter. Similar results were found in D.
chilensis in the South-East Pacific (Licandeo et
al. 2006) and several others skates (Neer &
Cailliet 2001, Sulikowski et al. 2003, Smith et
al. 2007).

Results of centrum edge characteristics
suggest that an opaque band is formed during
summer months and a translucent band is
formed during winter months, which is
indicative of the annual periodicity of band
formation in the vertebrae. The correlation of
band deposition with the sea surface
temperature found in this study may indicate
that banding patterns could be related to
environmental changes. In this view,
temperature fluctuations, photoperiod or food
availability may cause differences in nutrients
absorption which may explain the banding
pattern found in the vertebrae.

The drop of the MIR values from February
onwards and the abrupt increase during
November suggested a new ring formation
starting in spring. Verification of the annual
band periodicity in D. chilensis has already
been attempted by Licandeo et al. (2006) in the
south-eastern Pacific and a similar pattern was
observed. Annual band formation has been
validated in related species using marginal
increment analysis, oxytetracycline injection
and corroborated using growth rate estimates
(Holden & Vince 1973, Ryland & Ajayi 1984;

Natanson et al. 2002, Zeiner & Wolf 1993,
Sulikowski et al. 2003, Sulikowski et al. 2005).
Although these results are similar to other
studies outcomes (Cailliet et al. 1986, Cerna &
Licandeo 2009) vertebral edge and MIR data
were not categorized by age group to show
that both younger and older beaked skates
exhibit  the same time of opaque band
formation. The specimens used in this study
ranged sizes of 70 to 90 cm of total length and
age classes were grouped. Is important to
notice that the range sizes that were available
for this analysis corresponds to the vertebrae
which edge types were more difficult to
identify. The annual nature of the growth
bands was verified for these lengths groups
only. For these reasons, further research with
a wide range sizes available, using tag-
recaptured methods and chemical markers,
are necessary for a complete validation study.

According to the goodness of fit criterion
used (AIC), the best model for both sexes was
the two phase growth model (TPGM).
Traditionally, the von Bertalanffy growth
equation (VBGM) has been applied to describe
growth in elasmobranch fishes and only few
studies have examined alternative models
(Carlson & Baremore 2005). VBGM is still in
force mainly because its biological premise
that the size of the organism at any moments
depends on the resultant of anabolism and
catabolism, allows for much easier comparison
between populations. The Gompertz growth
equation (GGM) is an S-shaped function that
may be a better option for organism that hatch
from eggs (Mollet et al. 2002), when body
mass may be distributed differently and would
continue to increase but not greatly in length

TABLE 3

Estimates (years) based on two theoretical methods for D. chilensis.

Estimaciones de longevidad (años) para D. chilensis basados en dos métodos teóricos.

Method Two Phase Growth Model Gompertz Von Bertalanffy

ω (95 % L∞) Ricker (1979) $ 45 yr 26 yr 58 yr
% 28 yr 20 yr 38 yr

ω (99 % L∞) Fabens (1965) $ 64 yr 36 yr 82 yr
% 40 yr 28 yr 53 yr

Maximum observed $ 24 yr 24 yr 24 yr
% 17 yr 17 yr 17 yr
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once they reached a large size (Cailliet &
Goldman 2004). Gompertz best fit at size at
age data was suggested for batoids, such as
the Pacific electric ray, Torpedo californica
(Neer & Cailliet 2001) and the cownose ray,
Rhinoptera bonasus (Neer & Thompson 2005).

Most recent studies proposed the use of
the TPGM along with other models in order to
best estimate elasmobranch li fe history
parameters (Carlson & Baremore 2005, Araya
& Cubillos 2006, Braccini et al. 2007). The
TPGM allows growth to be divided into two
phases that can be related to changes in
habitat, feeding habits or changes in energy
allocation (e.g., energy invested in growth, as
for juveniles, to energy invested in growth and
reproduction as in adults). The shift from
juvenile to adult phase should approximate
biological age at maturity.  In Dipturus
chilensis, age at maturity occurs at about 9-10
years in males and 10-11 years in females
(Aversa Unpub. data) and as reported by Koen
Alonso et al. (2001) there is a shift in the diet
that corresponds with sexual maturation.
However, there is a discrepancy between the
estimated ages at which the transition of the
two phases occurs, th (6.4 and 7.4 years from
males and females, respectively) and the
estimated age of L0.5 maturity, so the change
was slightly before the onset of maturity. An
alternative explanation relies on the idea that
the process of maturation begins a few years
before reproduction actually takes place.
Besides it must be taking into account that
though growth models represent beaked skate
growth properly,  sample size, or
underrepresented age classes may affect
growth estimates.

The asymptotic length (L∞) values
estimated by VBGM exceeded the largest
specimens in the field collection for both
males and females. The largest beaked skate
found in this study were close to the L∞ values
predicted by the TPGM and the GGM.
However, overestimation of L∞ values has been
documented before in several age and growth
studies using the VBGM equation (Walmsley-
Hart 1999, Sulikowski et al. 2003). It has been
suggested than smallest and largest specimens
are the most influential in the estimation of
growth (Campana 2001) so the rareness of
these individuals could be responsible for the
overestimation of L∞ . Owing to gear selection

and marketable hake size, it is quite possible
that the smaller and larger size classes of the
beaked skate could be underrepresented
which led to the augmented L∞ in the VBGM.
It has also been suggested that because of the
relationship between L∞ and k, the VBGM
tends to estimate lower k values (Carlson &
Baremore 2005, Araya & Cubillos 2006).
Results like these may result in biases in
population models because indirect estimates
such as, natural mortality and longevity rely on
accurate estimates of k from growth models
(Fabens 1965, Chen & Watanabe 1989, Jensen
1996). The unrealistic biological estimates of
the VBGM for the beaked skate illustrate the
importance of fitting alternative models to the
data. In spite of this, estimates of the VBGM
are presented in order to compare growth
parameters of the beaked skate with other
studies published (Table 4).

Theoretical estimates of longevity made
using the k parameter indicate that the TPGM
and the Gompertz estimates are more
biologically realistic than VBGM estimates.

The oldest ages estimated in this study
were 17 and 24 years (81 cm LT and 134 cm LT)
for males and females respectively. These ages
are similar to those reported by Gilli et al.
(1999) and Licandeo et al. (2006) for D.
chilensis in Chile; both suggested that females
tend to live longer than males (Table 4). The
theoretical estimates of longevity suggest that
males and females live for 20 and 28 years.
Licandeo et al. (2006) reported ages of 27
years in D. chilensis in the south-east Pacific;
Francis et al .  (2001) 24 years in D.
innominatus and Walmsley-Hart et al. (1999)
18 years in D. pullopunctata. Dipturus species
appears to be long-lived among the Rajidae
Family.

Growth rates estimated by the TPGM and
the GGM are comparable to those reported for
other skates of similar size (Holden & Vince
1973, Ryland & Ajayi 1984, Sulikowski et al.
2003, Licandeo et al. 2006, Table 4). Moreover,
the oldest ages obtained for the beaked skate
are in agreement with the assumption that
larger batoids live longer and grow slower
than smaller species.

D. chilensis  growth parameters, as
determined by this study, suggested that
females attain larger asymptotic length and
disc width, and grow slower than males (Table
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2). This trend seems to be a common pattern
in batoids and many shark species as well.
Fuentealba & Leible (1990), Gilli et al. (1999),
Mariotti et al. (2003) and Licandeo et al. (2006)
also found differences in growth parameters in
males and females, and reported that males
reach sexual maturity before females (Table
4). This could be related to a reproductive
strategy where females attain larger sizes to
accommodate the eggs inside their body
cavities and males grow faster to reach sexual
maturity before (Holden & Vince 1973).

The analysis of growth of the beaked skate
indicates that future studies should investigate
the use of alternative growth models to best
describe growth because the VBGM not
always apply. Many elasmobranch fishes
follow a growth pattern characterized by a
decrease in growth rates which could be
related to the onset of maturity (Araya &
Cubillos 2006) or other factors, and the use of
the VBGM derived estimates, may result in
biases in stock assessments.

Historically the idea of sustainable fisheries
for elasmobranchs has been questioned based
on the linear relationship between stock and
recruitment for most elasmobranchs (Holden
1974, 1977). Currently, that idea has been
questioned, and recruitment is viewed as
largely independent of stock size. The
response of the population to harvesting
depends not only on the amount of fishing
effort expended in a fishery, but also on the
peculiarit ies of the species biology and
behaviour. Although there are several
sustainable chondrichthyan fisheries, they
should be managed with caution. Skates are
poorly known and their life history strategies
make them very vulnerable to over
exploitation that certain populations may
continue to decline for some time even if
fishing pressures were removed immediately
(Holts 1988). Fisheries would have really
important effects on species assemblage. The
nonselective captures of several stocks which
differ in growth and maturity rates should lead
to changes in species composition, since
species will not have the same response to
fishing pressure (Hilborn & Walters 1992). In
this view, species with higher L∞ and age at
maturity and probably lower growth rates will
be replace by species with lower L∞ and age at
maturity, since they should be able to sustain

higher fishing pressures. This would lead to
changes in species composition in the catch
and also changes in the mean size in the catch.
Observations of these characteristics have
already occurred for D. chilensis in Malvinas/
Falkland Island (Agnew et al. 2000), and a
change in size-at-maturity have been reported
in the Atlantic Ocean (between latitudes of
37°00’-39°00’ S, Paesch & Oddone 2008), and
in the north-east Atlantic for skate species D.
batis, R. clavata, R. brachyura and L. fullonica
which their declines of abundances were
accompanied by increases in abundance of
smaller species like L. naevus and R. radiata
(Dulvy et al. 2000).

In the South Atlantic Ocean the beaked
skate population is holding on a non selective
fishery exploitation which in a future may lead
to growth changes in younger animals and also
changes in the capture of larger animals that
will make mean size and age fall  down.
Indirectly, this disturbance on the demography
structure may trigger changes on growth and
reproduction. It is crucial to have a better
understanding of age and growth process that
will lead to a better understanding of the
potential for D. chilensis populations to grow,
especially in response to additional sources of
mortality from fisheries. Organisms that have
late age of maturity and high longevities, as D.
chilensis ,  often also have low population
growth rates, resulting in population turnover
times that may not be able to respond to
fishing mortality as well as those with high
population growth rates, early maturity and
low longevity.

This study provides basic information on
age and growth for the beaked skate, D.
chilensis, which were previously not available
for its south Atlantic range of distribution. In
order to explore the impact of exploitation on
the population, future research should apply
these results to carry out demographic
analysis an evaluate population growth rates.
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