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Abstract

A previous study on the age and growth of Amblyraja georgiana in the Ross Sea suggested
that these skates initially grow very rapidly for about five years, after which growth almost
ceases (Francis and O Maolagéin, 2005). An alternative interpretation of age and growth
in A. georgiana that is radically different from the published interpretation is presented. By
counting fine growth bands in the caudal thorns instead of broad diffuse bands, growth
curves have been generated that suggest much slower growth, greater ages-at-maturity
(about 20 years compared with 6-11 years) and greater maximum ages (28-37 years
compared with 14 years). Several pieces of circumstantial evidence support the new
interpretation, but a validation study is required to determine which growth scenario is
correct.

Résumé

Dans une étude précédente sur 1’age et la croissance de Amblyraja georgiana dans la mer de
Ross, il est suggéré que ces raies ont une croissance initiale tres rapide pendant environ
cinq ans, et que celle-ci cesse pratiquement par la suite (Francis et O Maolagain, 2005).
Nous présentons une autre interprétation de 1’dge et de la croissance chez A. georgiana
qui est radicalement différente de la version publiée. Les courbes de croissance générées
en comptant les stries fines d’accroissement sur les épines caudales plutdt que les larges
anneaux diffus, semblent indiquer que la croissance est nettement plus lente, que les ages
a la maturité sont plus élevés (20 ans environ par rapport a 6-11 ans) et que les ages
maximum le seraient aussi (28-37 ans par rapport a 14 ans). La nouvelle interprétation est
étayée par plusieurs preuves indirectes, mais une étude de validation est nécessaire pour
déterminer lequel des scénarios de croissance est le bon.

Pesrome

B mpensiaymem nccrienoBaHun Bo3pacTta U pocta Amblyraja georgiana B mope Pocca
OBUTO BBICKAa3aHO MPEIIOJIOKEHHE, YTO TH CKaThbl CHAadala pacTyT OYEHb OBICTPO Ha
MPOTSDKEHNH IPUMEPHO TISATH JIET, ITOCIIE Yero nX pocT noutH npekpamiaercs (Francis and
O Maolagain, 2005). TIpe/cTaBieHa ansTepHATHBHAS HHTEPIPETALHsS BO3PACTA H POCTa
A. georgiana, XoTopas paJMKaJbHO OTIMYACTCS OT OMYyOIMKOBAaHHON MHTEPIPETAIHH.
HyTeM rnoacyeTra TOHKMUX 30H pOCTa B XBOCTOBBIX HIUIIAX BMECTO HIMPOKUX PA3MBITBIX
30H OBUTH CTEHEPUPOBAHBI KPHUBBIC POCTA, KOTOPHIC TOBOPSIT O HAMHOTO 00JIee MEIICHHBIX
TeMIax pocTa, OOJbLIEM BO3pACTE IPU JOCTHXEHUH I0JI0BO3penocTh (okomno 20 jer
Mo cpaBHEHHUIO ¢ 6—11 romamu) n GONBIIMX MaKCHMaJbHBIX Bo3pacTax (28-37 mer mo
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CpaBHCHUIO C 14 FOZ[aMI/I). HeckonbKO KOCBEHHBIX JIOKa3aTEJIbCTB NnoAACPKUBAIOT
OTY HOBYIO MHTEpHpETAlNIO, HO Tpe6yeTc51 IMMPOBECTHU aHaJIU3 JOCTOBCPHOCTH, YTOOBI
OIpCACIINTD, KakKou u3 CIICHApHUEB pOCTa SABJIACTCA NPaBUJILHBIM.

Resumen

Un estudio previo sobre la edad y crecimiento de Amblyraja georgiana en el Mar de Ross da
a entender que estas rayas crecen rapidamente por un periodo aproximado de cinco afios,
y luego el crecimiento cesa casi por completo (Francis y O Maolagain, 2005). Se presenta
otra interpretacion sobre la edad y el crecimiento de A. georgiana que difiere radicalmente
de la interpretacién publicada. Al contar los anillos finos de crecimiento en los aguijones
caudales en vez de los anillos gruesos y difusos, se han generado curvas de crecimiento que
apuntan a un crecimiento mucho mas lento, mayores edades de madurez (unos 20 afios
comparado con 6-11 afios) y edades de maxima longevidad (28-37 afios comparado con
14 afos). Varias pruebas indirectas apoyan la nueva interpretacién, pero se debera realizar
un estudio de validacién para determinar cudl hipétesis de crecimiento es la correcta.

Keywords: age, growth, longevity, natural mortality, maturity, CCAMLR

Introduction

The Antarctic starry skate (Amblyraja georgiana)
is frequently taken as by-catch in the Ross Sea
fishery for Antarctic toothfish (Dissostichus maw-
soni) (Ballara and O'Driscoll, 2005). In an effort to
assess the potential impact of fishing on this spe-
cies, research has been directed at understanding
its biology and productivity (Francis and Smith,
2002; Francis, 2003; Francis and O Maolagain, 2005;
Francis, 2006; Francis and Mormede, 2008). Francis
and O Maolagdin (2005) estimated growth param-
eters for A. georgiana by counting growth bands
on caudal thorns. However, they found that age
estimation was difficult: ‘Some bands were clear
and unambiguous, while others were diffuse and
indistinct; frequently it was difficult to determine
whether a thorn zone comprised a small number of
broad bands or a larger number of narrow bands’.
They counted the broad diffuse bands, and ignored
the more numerous fine bands. This resulted in a
growth curve that suggested rapid initial growth
for about five years, followed by a near cessa-
tion of growth. They estimated the age-at-sexual-
maturity to be 6-7 years for males and 8-11 years
for females, and their maximum observed age was
14 years. However, no ageing validation study was
conducted, so their results were preliminary, and
further studies are required to confirm them.

In this paper, the ageing of A. georgiana, using
a larger sample size and an alternative approach
of counting the fine thorn bands instead of the
broad diffuse bands, is re-visited. Two readers,
one of whom has had previous experience ageing
Falkland Islands’ skates from their thorns, enabled
an assessment of between-reader variability. The
revised age and growth estimates for this species
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lead to different estimates of age-at-maturity, lon-
gevity and growth rate from those suggested by
Francis and O Maolagain (2005).

Methods

Caudal thorns were obtained from Ross Sea
A. georgiana by observers on board commercial
longliners. Thorns were collected from skates
caught in CCAMLR Subarea 88.1, with most com-
ing from small-scale research units (SSRUs) 881H
and 881l centred on about 72°S and 180°. Thorns
were mainly removed from the base of the tail
near the pelvic fins, or the pelvic region. Where
thorns were eroded or otherwise damaged, sam-
ples were taken from elsewhere on the tail. Most of
the thorns in the study had been examined previ-
ously by Francis and O Maolagain (2005), and were
augmented with new thorns from skates collected
during the 2000/01 to 2006/07 seasons, giving
a total of 239 thorns. Specimens were labelled by
observers with pelvic length (distance between the
tip of the snout and the rear edge of the pelvic fins;
PL), sex and station. Thorns were soaked in a solu-
tion of ca. 3% trypsin at 35-37°C, and the adhering
skin and cartilaginous plug inside each thorn were
removed with forceps.

Thorn growth bands were read by two read-
ers. Reader 1 (ML.P. Francis) aged the thorns in
the previous study by Francis and O Maolagain
(2005). Reader 2 (M.]. Gallagher) developed the
thorn-ageing technique in skates, and applied it to
a number of other species, including several from
the Falkland Islands (Gallagher and Nolan, 1999;
Gallagher et al.,, 2005, 2006). Reader 1 aged the
whole set of 239 thorns once and a subset of 135 of
these a second time, with the two readings being
five months apart. Reader 1’s first reading was



taken as his age estimate, since it contained a larger
sample size. Reader 2 aged a subset of 100 thorns
four times: the first reading was considered a famil-
iarisation reading, and the other three readings
were carried out over a period of 10 days. These
last three readings were not considered independ-
ent, as the reader was able to ‘remember’ some of
his previous counts. Reader 2’s fourth reading was
used as his age estimate.

Counting began below the apical protothorn,
which forms before the skate hatches from its egg
case (Francis and O Maolagain, 2005). The two
readers counted growth bands independently,
without knowledge of each other’s readings, or
an agreed counting protocol. All readings were
made without knowledge of the size, sex or date of
capture of the skate, although thorn size provided
some indication of skate size. Band readability was
scored subjectively on a scale from 1 (excellent) to 5
(unreadable).

Band counts were assessed for within-reader
and between-reader ageing bias using age-bias
plots (Campana et al., 1995). The index of aver-
age percentage error (APE) and mean coefficient
of variation (CV) for each skate were calculated to
assess ageing precision (Campana et al., 1995). Von
Bertalanffy growth curves were fitted to length-at-
age data using non-linear least squares regression:

L =L (1)

where L; is the expected length at age t years, L,
is the asymptotic maximum length, K is the von
Bertalanffy growth constant, and ¢, is the theoreti-
cal age at zero length. An age-standardised ran-
domisation test for differences between male and
female growth curves was used (see Francis et al.,
2007).

Results

Both readers counted the fine growth bands that
were visible within and between the broader diffuse
bands counted by Francis and O Maolagain (2005)
(Figure 1). They found the thorns difficult to count,
though confidence improved with experience.
Only a small proportion (7.5%) were rejected as
unreadable, but most (61.5%) were scored as reada-
bility 4 (bands very unclear over at least part of the
thorn, and count subject to considerable interpre-
tational uncertainty) or readability 3 (24.7%) (some
regions of the thorn unclear, producing moderate
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uncertainty in the count). Only 6.2% of thorns were
regarded as clear and unambiguous (readability 1
or2).

Within-reader comparison indicated a high pre-
cision (APE 3.4%, CV 4.8%) for counts by reader
2 taken eight days apart. APE and CV were both
about twice as high (7.6% and 10.7% respectively)
for reader 1 on counts taken five months apart, and
were probably more realistic measures of count-
ing precision in this species. The CV for reader 1
(10.7%) compares favourably with those for shark
age estimates, for which the CV is usually higher
than 10% (Campana, 2001). There was no apparent
bias between the two readings of reader 1, although
individual variability was high with some signifi-
cant discrepancies (Figure 2). A between-reader
comparison produced lower precision (APE 11.6%,
CV 16.4%), but these values were inflated by the
presence of between-reader bias (see Campana,
2001). Both readers obtained similar age estimates,
on average, for skates aged up to about 20 years
(Figure 2). However, beyond 20 years, reader 1
consistently aged skates considerably older than
reader 2.

Discussion between the readers revealed that
reader 1 counted more fine growth bands near the
thorn margin than reader 2. The finest bands were
usually not visible around the entire margin and
could often be counted only in isolated portions
of the margin. Reader 2 re-examined thorns from
eight skates that had some of the largest between-
reader discrepancies. He concluded that he had
underestimated band counts in the outer one-quar-
ter of the thorn, and provided revised age estimates
for these eight fish (Figure 2). However, his revised
estimates were still lower than those by reader 1 for
the oldest skates.

Randomisation tests showed no significant dif-
ference between the growth curves for the two
sexes (p = 0.52 and p = 0.73 for readers 1 and 2
respectively) so the data for subsequent analyses
were pooled. The growth curves fitted to the age
estimates for the two readers were similar up to
about 18 years, after which they diverged (Figure 3,
Table 1). A cluster of outliers with positive residuals,
centred on about 75 cm and 18 years, was apparent
for both readers, suggesting that these individuals
may have been under-aged. A second, less distinct,
cluster of outliers with negative residuals, centred
on about 38 cm and 12 years, suggested some over-
ageing by both readers. Reader 1 generally pro-
duced the greatest outliers for ages greater than
15 years, indicating that counting the fine marginal
bands in older fish was difficult.
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(b)

Figure 1: ~ Caudal thorn from a 71 cm pelvic length female Amblyraja georgiana viewed in transmitted white light,
showing broad diffuse bands on whole thorns (a) and finer bands at the outer edge of the thorn (b).
Age estimates were 6 years (Francis and O Maolagain, 2005), 27 and 23 years (reader 1, first and second
readings), and 16 and 23 years (reader 2, fourth and revised readings). Scale bar = 1 mm.
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Figure2:  Age-bias plots comparing thorn band counts between

readers (top) and within reader (bottom). Numerals
indicate sample frequency, and dots and error bars
indicate the mean and two standard errors for read-
ings on the y-axis relative to the reading on the x-axis.
Diamonds in the top panel indicate revised ages by
reader 2 for skates having large discrepancies between
the two readers.
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Table1: ~ Von Bertalanffy growth parameters for Amblyraja georgiana from two
readers (both sexes combined). SE = standard error.
Reader N L, SE K SE t, SE
1 216 78.79 2.76 0.085 0.011 -1.19 0.70
2 98 112.76 27.90 0.041 0.019 -3.08 1.74
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Figure3:  Comparison of Amblyraja georgiana length-at-age from two readers with fitted von

Bertalanffy growth curves. Also shown is the growth curve developed previously by Francis
and O Maolagain (2005). Reader 2’s ages were increased by 0.5 years for clarity.

The growth curves of both readers indicated
slow but steady growth with skates reaching about
48 cmin 10 years and 6669 cm in 20 years (Figure 3).
Thereafter, reader 2’s growth curve fitted the data
poorly, with most skates having negative residuals.
This curve also had an implausibly high estimate
of L, (113 cm) with a very large standard error and
an implausibly low value of t; (Table 1). Reader 1's
growth curve fitted the data at the upper end bet-
ter and had more plausible parameter estimates,
but had a predominance of negative residuals over
about 25 years. The intercepts on the y-axis were
8.0 cm for reader 1 and 13.8 cm for reader 2.

The greatest age recorded by reader 1 was
37 years compared with 28 years by reader 2.
Reader 2’s ages increased for all eight skates that
were re-examined, but this did not increase his
maximum age estimate. Based on these age esti-
mates, longevity in A. georgiana is probably at
least 30 years, and possibly greater than 40 years.
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Using Hoenig’s (1983) regression equation which
related longevity and natural mortality rate for
all taxa combined, the natural mortality rate M is
estimated to be 0.12 (longevity of 37 years) to 0.16
(longevity of 28 years). Using a median length-at-
sexual-maturity of 67.3 cm (Francis and Mormede,
2008), calculated ages-at-maturity were 21 years for
reader 1 and 19 years for reader 2. Thus, maturity is
estimated to occur at about 20 years in this species,
albeit with a potentially wide variation: 67 cm PL
skates ranged from 14 to 37 years of age (Figure 3).

Discussion and conclusions

An alternative interpretation of age and growth
for A. georgiana that is radically different from the
published interpretation (Francis and O Maolagain,
2005) is presented. By counting fine growth bands
in the caudal thorns instead of broad diffuse bands,
growth curves have been generated that suggest
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Figure 4:  Comparison of Amblyraja georgiana growth curves with those for other skates from New Zealand

(Francis et al., 2001), the Falkland Islands (Henderson et al., 2005; Arkhipkin et al., 2008) and the eastern
Bering Sea, Alaska (Matta and Gunderson, 2007). For the three Falklands skates and the Alaska skate,
the growth curves were converted from total length to pelvic length using PL:TL ratios estimated from
images (0.70, 0.62, 0.61 and 0.64 for Bathyraja brachyurops, B. griseocauda, B. albomaculata and B. parmifera

respectively).

much slower growth, greater ages at maturity
(about 20 years compared with 6-11 years) and
greater maximum ages (28-37 years compared
with 14 years).

Weak circumstantial evidence supports the new
age and growth estimates presented here:

(i) The new ageing technique counts all visible
growth bands instead of grouping them into
broad diffuse bands, and therefore seems more
objective.

(ii) The shape of the new growth curves, with
their slow steady rise to an asymptote, appears
more plausible than the previous growth
curve which had a very rapid rise to an abrupt
asymptote (Figure 3).

(iif) The new growth curves have y-axis intercepts
(8.0 and 13.8 cm) that are closer to the esti-
mated length-at-hatching (10-12 cm; Francis
and O Maolagain, 2005) than was the intercept
for the previous growth curve (20 cm; Francis
and O Maolagain, 2005).

(iv) The new growth curves are more similar to
growth curves (Figure 4) for skates that live
in cold deep water, although no other skate
aged so far lives in water as cold or as deep as
A. georgiana.

Tagged and recaptured Bathyraja cf. eatonii from
Heard Island and McDonald Island grew 1.0 cm
per year over the length range 64-104 cm TL (van
Wijk and Williams, 2005; Francis, 2006), or about
0.6 cm per year at 3862 cm PL assuming isometric
growth of disc and tail. Based on the growth curves
from the present study, A. georgiana is estimated to
grow an average of 2.3 cm per year (reader 1) or
2.6 cm per year (reader 2) over this length range.
Surprisingly, the previous ‘fast” growth curve for
A. georgiana (Francis and O Maolagain, 2005) pro-
duces an annual growth rate of only 1.4 cm over
this length range, because growth under that inter-
pretation has virtually ceased over the latter part of
the length range.

Of the two growth curves presented in this study,

reader 1’s curve seems more plausible because it fits
the databetter,and becausereader2 underestimated
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the ages of the older skates. A more defined read-
ing protocol that included band count criteria may
have reduced inter-reader variability, and will be
developed in future studies. However, despite this
variability, there is little difference between the
curves up to 18 years, and the estimated age-at-
maturity is barely affected by the choice of curve.
Longevity and natural mortality differ slightly
between the two curves. Compression of growth
bands at the margin may have caused reader 1 to
underestimate ages as well, so the estimates here
of longevity may still be too low, and estimates of
natural mortality too high. This is especially true
if the exploitation rate of Ross Sea skates has been
high enough to selectively reduce the frequency of
the largest, oldest skates in the population, result-
ing in them being absent from the relatively small
sample in this study.

Two very different approaches to ageing
A. georgiana are now available, but strong support
for either is still lacking. The very different param-
eter estimates derived from the two approaches
indicate an urgent need for a validation study to
identify the best one. Validation or verification
techniques that have some promise include injec-
tion with fluorochemical markers such as oxytetra-
cycline (Gallagher and Nolan, 1999), estimation of
growth of tagged and released skates, radiometric
dating and thorn scans for seasonal variation in sta-
ble isotope composition. The first two techniques
have high potential, as long as capture, tagging and
injection do not increase mortality rates or reduce
growth rates of skates. The other two techniques
require further investigation to determine whether
they would be suitable for application to Antarctic
skates. In addition, understanding the dynamics of
thorn growth, principally through sectioning, may
provide insight into band formation processes and
lead to more accurate band counts (Gallagher et al.,
2005).
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Tabum. 1:

Liste des tableaux

Parametres de croissance de von Bertalanffy pour Amblyraja georgiana de deux lecteurs (sexes confondus).
SE = erreur standard.

Liste des figures

Epine caudale d’un spécimen femelle de Amblyraja georgiana de 71 cm de longueur pelvienne, observée
en lumiére blanche transmise, montrant de larges anneaux diffus sur I’ensemble de 1'épine (a) et des
stries plus fines a la bordure externe de celle-ci (b). Les estimations d’age étaient de 6 ans (Francis et
0] Maolagain, 2005), 27 et 23 ans (1¢* lecteur, premiére et seconde lecture), et 16 et 23 ans (2¢ lecteur,
quatrieme lecture et lecture révisée). Echelle = 1 mm.

Représentation graphique des biais liés aux ages comparant les dénombrements d’anneaux entre les
lecteurs (haut) et d'un méme lecteur (bas). Les chiffres indiquent la fréquence des échantillons et les
points et barres d’erreur, la moyenne et deux erreurs standard des lectures sur I’axe des y par rapport a
la lecture sur I'axe des x. Dans le graphe du haut, les losanges indiquent les dges révisés par le 2¢ lecteur
des raies ayant entrainé des divergences considérables entre les deux lecteurs.

Comparaison des données age-longueur de Amblyraja georgiana de deux lecteurs avec courbes de
croissance ajustées de von Bertalanffy. Est également indiquée la courbe de croissance mise au point
précédemment par Francis et o) Maolagain (2005). Par souci de clarté, les ages du 2¢ lecteur sont
augmentés de 0,5 ans.

Comparaison des courbes de croissance de Amblyraja georgiana avec celles d’autres raies : de Nouvelle-
Zélande (Francis et al., 2001), des iles Malouines (Falkland) (Henderson et al., 2005 ; Arkhipkin et al.,
2008) et du secteur est de la mer de Bering, en Alaska (Matta et Gunderson, 2007). Pour les courbes de
croissance des trois raies des Malouines (Falkland) et de la raie de 1"’Alaska, les longueurs totales ont été
converties en longueurs pelviennes par les rapports LP:LT estimés sur images (0,70, 0,62, 0,61 et 0,64
pour respectivement Bathyraja brachyurops, B. griseocauda, B. albomaculata et B. parmifera).

Crrcok Ta0mmi

ITapametpsr pocta o bepranandu nns Amblyraja georgiana (06a mona BMecTe), MOTyYCHHbBIC TBYMS
canThBaresiMi. SE = cTangapTHas ommoka.
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Tabla 1:

Figura 1:
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Figura 3:

Figura 4:
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CHucox puCcyHKOB

XBocroBoll mmn camku Amblyraja georgiana ¢ IIMHON Tena a0 OpIOMIHOTO IUIaBHHKA 71 cM,
HaOJII0JaeMBIil B TPOXOJISIIIEM OEJIOM CBETE; BUJIHBI IIMPOKHE PAa3MbIThIC 30HBI HA BCEM INIUIE (a) U
Oosiee TOHKME 30HBI Y BHEIIHEH kpomky mmna (b). Ouenku Bospacra cocraBuiu 6 net (Francis and
O Maolagain, 2005), 27 u 23 roga (cuuthiBarens 1, mepBoe M BTOpoe CUMTHIBaHMs), U 16 1 23 rona
(cunThIBaTENB 2, YETBEPTOE U NIEPECMOTPEHHOE CYMTHIBAHMS ). JIMHEHHbIH MacTad = 1 MM.

I'padyiky BO3pPACTHOTO CMEIIEHHMS, COMOCTABISIONINE PE3yNbTaThl IMOJACYETa 30H B MIMIAX MEXKIY
CUUTHIBATEISIMU (BBEPXY) U JUIsl OJJTHOTO cunThIBaTels (BHU3Y). Llndpbl mokaspIBatoT 4acToTy BEIOOPKH,
a TOYKH W BEJIMYMHBI OLTMOKH MOKa3bIBAIOT CPEIHEE U JIBE CTAHJIAPTHBIX OIIUOKN CYMTHIBAHUH 110 OCH
y OTHOCHTEJBHO CUHUTBIBAHUI 10 OcH X. POMOBI Ha BEpXHEM PHUCYHKE ITOKa3bIBAIOT MEPECMOTPEHHBIC
CUMTHIBaTE]IEeM 2 BoO3pacTa JUIsi CKaroB C OONBIIUMU PACXOKACHUSIMH MEXIy OSTHMH JIBYMs
CUUTBIBATEIISIMU.

CpaBHECHHE TOBO3pACTHOW JUIMHBI Amblyraja georgiana, TONYyYeHHON IBYMsI CUUTBIBATCIISIMU, C
no100paHHBIMU KPUBBIME pocTa 1o bepranandu. Takke mokasana KpuBast pocTa, pa3paboTaHHast paHee
B pa6ote Francis and O Maolagéin (2005). Bo3pacTa, HOJy4eHHbIEC CAUTBIBATENICM 2, ObITH yBEITHUICHBI
Ha 0.5 roga as1st ICHOCTH.

CpaBHeHHe KpuBBIX pocta Amblyraja georgiana ¢ KpuBbIME JUIsi Ipyrux ckatoB HoBoit 3enmananu
(Francis et al., 2001), ®onxnenackux o-soB (Henderson et al., 2005; Arkhipkin et al., 2008) 1 BocTouHO#
yactn bepunrosa mopst, Ansicka (Matta and Gunderson, 2007). [1yst Tpex ckaroB DoJKIEHICKUX 0-BOB
U CKaTa AJISICKH KPHBBIC POCTa OBLIH MEPeCYUTaHbI C O0IICH ATHHBI Ha [UTHHY 10 OPIOIIHOTO MIABHUKA
¢ ucnonp3oBanuem cooTHoieHus: PL:TL, onenennoro no u3odpaxenusm (0.70, 0.62, 0.61 u 0.64
COOTBETCTBCHHO 1yt Bathyraja brachyurops, B. griseocauda, B. albomaculata v B. parmifera).

Lista de las tablas

Parametros de la curva de crecimiento de von Bertalanffy para Amblyraja georgiana (ambos sexos
combinados) obtenidos por dos lectores. SE = error estandar.

Lista de las figuras

Aguijon caudal de una hembra de Amblyraja georgiana de 71 cm de longitud pélvica visto con luz blanca
transmitida, mostrando anillos gruesos y difusos en todo el aguijon (a) y anillos mas delgados en el
borde exterior del aguijén (b). Las estimaciones de la edad fueron 6 afios (Francis y O Maolagin, 2005),
27 y 23 anos (lector 1, primera y segunda lectura), y 16 y 23 afios (lector 2, cuarta lectura y lecturas
revisadas). Escala grafica = 1 mm.

Graficos del sesgo en la determinacién de la edad. El grafico superior compara el recuento de los anillos
en aguijones efectuado por distintos lectores y el grafico inferior compara las lecturas de un mismo
lector. Los niimeros indican la tasa de muestreo, los puntos el promedio y las barras representan dos
errores estdndar para las lecturas en el eje y en relacién con la lectura en el eje x. Los rombos en el cuadro
superior indican las edades revisadas por el lector 2 para las rayas, con una gran discrepancia entre los
dos lectores.

Comparacién de la talla por edad de Amblyraja georgiana determinada por dos lectores mediante curvas
de crecimiento de von Bertalanffy. También se muestra la curva de crecimiento elaborada previamente
por Francis y O Maolagain (2005). A efectos de una mayor claridad, las edades obtenidas por el lector 2
fueron aumentadas en 0.5 afios.

Comparacién de las curvas de crecimiento de Amblyraja georgiana con las de otras rayas de Nueva
Zelandia (Francis et al., 2001), las Islas Malvinas (Henderson et al., 2005; Arkhipkin et al., 2008) y el este
del Mar de Bering, Alaska (Matta and Gunderson, 2007). Para las tres rayas de las Malvinas y la raya
de Alaska, las curvas de crecimiento fueron convertidas de longitud total (TL) a longitud pélvica (PL)
mediante la razéon PL:TL estimada de las imagenes (0.70, 0.62, 0.61 y 0.64 para Bathyraja brachyurops,
B. griseocauda, B. albomaculata y B. parmifera respectivamente).



