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Abstract

Icefish (Channichthyidae) specimens were randomly collected by observers during
the 2005/06 fishing season. These observers were placed on board three longline
vessels targeting Antarctic toothfish (Dissostichus mawsoni) in the Ross Sea (CCAMLR
Subareas 88.1 and 88.2). Biological data from 303 specimens were collected. These data
included species identification, fish length, weight, sex, meristics, reproductive biology,
diet and age estimation. All of the icefish sampled were identified as Chionobathyscus
dewitti, and showed no significant difference in sex ratio. Meristic, diet and age data were
consistent with previous research.

Regression equations for converting standard length to total length and for defining
length—weight relationships were calculated and presented for both male and female
fish. Gonad maturity stage data showed that most fish were either immature or resting
(mature). Gonadosomatic indices (GSIs) were calculated and plotted against sample
month. There was a weak positive trend in GSI between December and February, but
this was limited, probably due to the short temporal distribution of the data. Length-at-
maturity and age-at-maturity ogives indicated that 50% of the fish sampled were mature
at about 340-360 mm total length (TL) and about 3—4 years of age, and that 95% were
mature at about 370400 mm TL and 6-8 years of age.

Counts of growth zones in sectioned otoliths were used to determine ages and von
Bertalanffy growth parameters. Fish growth was rapid for both sexes, and females
approached a significantly larger mean asymptotic maximum size than males. Maximum
ages of 8 and 11 years were obtained for male and female fish respectively.

Diet analysis showed most icefish stomachs were empty and the few prey items recovered
were generally in advanced stages of digestion. This may be due to regurgitation of prey
during capture.

Résumé

Pendant la saison de péche 2005/06, les observateurs ont collecté au hasard des spécimens
de poisson des glaces (Channichthyidae). Ces observateurs avaient été placés a bord de
trois palangriers visant la légine antarctique (Dissostichus mawsoni) dans la mer de Ross
(sous-zones 88.1 et 88.2 de la CCAMLR). Des données biologiques de 303 spécimens
ont été recueillies, entre autres, l'identification de l'espece, la longueur, le poids, le
sexe, la méristique, la biologie reproductive, le régime alimentaire et I'estimation de
l'age des poissons. Tous les poissons échantillonnés ont été identifiés comme étant des
Chionobathyscus dewitti, et n'ont montré aucune différence significative de sex ratio.
Les données méristiques, de régime alimentaire et d'dge correspondent aux recherches
précédentes.

On a calculé et présenté, pour les poissons tant males que femelles, des équations de
régression pour convertir la longueur standard en longueur totale et pour définir la
relation longueur—poids. Les données sur le stade de maturité des gonades indiquent que
la plupart des poissons étaient soit immatures soit en récupération (matures). Les indices
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gonado-somatiques (GSI) ont été calculés et représentés graphiquement en fonction du
mois d'échantillonnage. Une tendance légérement positive apparait dans les GSI entre
décembre et février, mais elle est limitée, probablement en raison de la courte distribution
temporelle des données. Les ogives de maturité par longueur et par age indiquent que
50% des poissons échantillonnés étaient matures a environ 340-360 mm de longueur totale
(LT) et a environ 3—4 ans d'age, et que 95% l'étaient a environ 370400 mm de LT et a
6-8 ans d'age.

Le comptage des zones de croissance des otolithes sectionnées a permis de déterminer
I'age et les parametres de croissance de von Bertalanffy. La croissance a été rapide pour
les deux sexes ; la taille des femelles était proche d'une taille asymptotique maximale
moyenne nettement plus importante que celle des méles. L'dge maximal de 8 ans pour les
males et de 11 ans pour les femelles a été obtenu.

L'analyse du régime alimentaire a indiqué que l'estomac de la plupart des poissons
était vide et que les quelques éléments de proie récupérés étaient généralement en état
de digestion avancé. Ceci peut s'expliquer par une régurgitation des proies lors de la
capture.

Pesrome

Ocobu nemsnoit peiObl  (Channichthyidae) ciydaifHeIM  00pa3oM  OTOHpanuch
HaAOFOIaTe/IIMU B MPOMBICIIOBOM ce30He 2005/06 1. DTu HaOMOAaTe i HaXOMHUJIHChH
Ha OOpTy Tpex SPYCOJOBOB, BEAYIIMX HAIPABJICHHBIA MPOMBICE]T AHTAPKTUYCCKOTO
kibikaua (Dissostichus mawsoni) B Mmope Pocca (noxpaitonst AHTKOMa 88.1 u 88.2).
ITo 303 ocobsiM ObLTH COOpaHBI OMOJIOTHYECKUE JaHHBIC, TAaKWE KaK BHJ, JUIMHA, BEC,
IT0JT, MEPUCTHYECKUE MTPU3HAKH, PEIPOMYKTUBHAS OMOIOTHs, PAIlHOH U OI[CHKA BO3pacTa
ocobeii. Bes oToOpanHast nezstHast peida Obl1a nneHTHGHUIIpoBana kak Chionobathyscus
dewitti v He ©Mera OOJBIION Pa3HHIBI B COOTHOIICHHH 1OJI0B. MepuCTHYeCKUe JaHHbIE,
pallMOH U OI[EHKa BO3PACTa COOTBETCTBOBAIY MPEABIYIIIMM HCCIIENOBAHUSM.

VpaBHeHUE perpeccuu IUisi mepecueTa CTaH apTHOM ITMHBI B OOIIY IO INTUHY U OTIPE/IeIICHU ST
3aBUCHMOCTEHl JUIMHa—BeC OBUIO PACCUUTAHO W TPEJCTABICHO W Ul CaMLOB, W JUIS
caMoK. /laHHBIC O CTaaUAX 3PEJIOCTH TOHAJ] TIOKA3aJIH, YTO OOJBIIMHCTBO 0CO0CH PhIOBI
OBUTH HETI0JIOBO3PEIIBIMH WIIM B COCTOSIHUM MOKOSI (TI0JI0OBO3pEJIbIMH). Bbutn paccunrans
roHagocomarmdeckre uaaekcsl (I'CH) u moctpoer ux rpaduk 1Mo MecsnaM npoBeAeHHs
BeIOOpkH. HaOmromanace cmabast momoxkutenpHas TeHmeHmms B ['CU ¢ gexaOps mo
(eBpasp, HO OHA ObUIA OTPAaHUYICHA, BOZMOXKHO, U3-3a HEAOCTATOUYHO MPOAOIKUTEIBHOTO
pacupe€acjacHusa TaHHBIX IO BPEMCHU. OTruBBI JJIMHBI ITPU TTOJIOBO3PEIOCTH U BO3pacTa
IPU TOJIOBO3PEIIOCTH CBHUJIETENBCTBYIOT O TOM, 4T0 50% O0TOOpaHHOW pBIOBI ObLIN
nosoBo3penbiMu 1ipu obeit e (O/]) oxono 340-360 MM 1 B Bo3pacTe NMpUMEpPHO
3—4 rona, u uto 95% ObUTM NonoBO3pebMU 1Tpu O] oxono 370400 MM u B Bo3pacte
68 et

[Toxcuer 30H pocTa No nuMdaM OTOIUTOB NCIIOIB30BAJICS Ul ONPENCICHNs BO3pacTa
u mapameTpoB pocta bepramandu. Poct prIOB OBUT OBICTPEIM y 00OHWX TOJNOB, U
CaMKH JOoCTUTraJid 3HAYUTCIIBHO OOJBIIEr0 AaCUMIITOTUYECKOTO Cp€AHETO 3HA4YCHUA
MaKCUMAaJIbHOIO pasMepa, 4eM caMmibl. MakcuMasbHbI BO3DPACT, IOJIYYECHHBIA IS
CaMIIOB U CaMOK PBIOBI, COCTaBHJI COOTBETCTBEHHO 8 U 11 Jet.

AHanm3 palMoHa NoKas3all, 4To B OOJIBIIMHCTBE CIIy4aeB JKEIYJIKH JICISTHON phIObI ObIIH
ITyCTBIMM ¥ Ta HEMHOTOUYMCIIEHHasA 100bI4a, YTO OblUIa HalijeHa, Obula B 3HAYUTEIIHLHOU
CTEIICHN TIepeBapeHa. JTO MOXET OBITh CBSI3aHO C OTPHITMBAHUEM JOOBIYM BO BpEMs
TIOUMKH.

Resumen

Ejemplares de dracos (Channichthyidae) fueron recogidos aleatoriamente por los
observadores durante la temporada de pesca de 2005/06. Estos observadores fueron
asignados a bordo de tres barcos palangreros dedicados a la pesca de austromerluza
antartica (Dissostichus mawsoni) en el Mar de Ross (Subareas 88.1 y 88.2 de la CCRVMA). Se
recopilaron datos bioldgicos de 303 ejemplares. Estos datos incluyeron: identificacién de
especies, talla, peso, sexo, caracteres meristicos, biologia reproductiva, dieta y estimaciéon
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de la edad. Todos los dracos muestreados fueron identificados como Chionobathyscus
dewitti, y no hubo diferencias significativas en la proporcién de sexos. Los datos meristicos,
de la dieta y de la edad fueron congruentes con los estudios previos.

Se calcularon las ecuaciones de regresién para la conversién de la longitud estandar a
longitud total y para la definicién de la relacion talla-peso, para los peces macho y hembra.
Los datos sobre el estado de madurez gonadal mostraron que la mayoria de los peces
se encontraban en estado inmaduro o descansando (maduros). Se calcularon los indices
gonadosomaticos (GSI) y se graficaron en funcién del mes en que se efectué el muestreo.
Se detect6 una ligera tendencia positiva en el GSI de diciembre a febrero, aunque limitada,
debido probablemente a la corta distribuciéon temporal de los datos. Las ojivas de talla de
madurez y edad de madurez indicaron que el 50% de los peces muestreados maduraron
alrededor de 340-360 mm de longitud total (TL) y a los 3—4 afios de edad, y un 95% habia
madurado alrededor de los 370-400 mm TL y a los 6-8 afios de edad.

El ntimero de anillos de crecimiento en secciones de otolitos fue utilizado para determinar
la edad y los pardmetros de crecimiento de von Bertalanffy. Los peces de ambos sexos
crecieron rapidamente, y las hembras alcanzaron una talla promedio méaxima asintética
significativamente mayor que la de los machos. Las edades méximas obtenidas para los
peces macho fue de 8 afios, y 11 afios para los peces hembra.

El anélisis de la dieta de los dracos mostré que la mayoria de los estémagos estaba vacio
y los pocos pedazos de presas recuperados por lo general se encontraron en avanzado
estado de digestion. Esto puede deberse a la regurgitacion de la presa durante la captura.

Keywords: Antarctic toothfish, biology, Chionobathyscus dewitti, Ross Sea, CCAMLR

Introduction

There are about 15 species of icefish (Chan-
nichthyidae), all but one of which are found in the
Southern Ocean (Kock, 2005a, 2005b). They pos-
sess adaptations suited to the extreme environ-
mental conditions of this region, including little or
no haemoglobin in their blood (Ruud, 1954). This
has enabled them to evolve compensatory adapta-
tions that reduce oxygen demand, maintain meta-
bolic function and enhance oxygen delivery (Kock,
2005b). Some icefish, in particular mackerel icefish
(Champsocephalus gunnari), are either the target
of commercial fishing operations or a by-catch of
fisheries targeting species such as krill (Everson et
al., 1992). Other species, including Chionobathyscus
dewitti (Figure 1), are caught as by-catch of fisher-
ies targeting Antarctic toothfish (Dissostichus maw-
soni).

Limited previous work has been undertaken on
C. dewitti.Iwami and Kock (1990) presented meristic
and morphometric data on the species. Balushkin
(1997) investigated the taxonomic relationships
between Antarctic icefish (Channichthyidae), in-
cluding C. dewitti, by measuring the relative posi-
tions of dorsal and anal fins in relation to vertebrae.
Takahashi and Iwami (1997) investigated the diet
of demersal fish (including icefish) sampled from
around the South Shetland Islands. However, they
only examined stomachs from eight C. dewitti speci-
mens. Pshenichnov (2004) provided preliminary
data on C. dewitti biology (based on fish sampled

from the Ross Sea toothfish longline fishery).
Kock (2005a, 2005b) reviewed Antarctic icefish
(Channichthyidae), but presented little informa-
tion on C. dewitti. Balushkin and Prutko (2006) pre-
sented morphological characters along with gen-
eral biological information on the species, includ-
ing data on length and reproduction. Kock et al.
(2006) documented evidence for egg brooding and
parental care in icefish and other notothenioids.

Ross Sea toothfish fishery

Toothfish (Dissostichus spp., Notothenidae) are
the major finfish resource exploited in Antarctic
waters, with 16 843 tonnes being caught during
the 2005/06 fishing season (CCAMLR, 2008). They
are managed by CCAMLR and the New Zealand
Government approves permits for New Zealand
companies to fish in the Ross Sea region (CCAMLR
Subareas 88.1 and 88.2) (Figure 2). The fishery (in
Subarea 88.1 and Subarea 88.2 small-scale research
units (SSRUs) A and B) has increased signifi-
cantly from <1 tonne in 1996/97 to 2 963 tonnes in
2005/06 (Hanchet et al., 2006). A characterisation of
the fishery from 1997/98 to 2005/06 is provided by
Hanchet et al. (2006).

CCAMLR has recommended that a number
of research activities be undertaken by Member
countries to support the sustainable development
and management of toothfish fisheries within its
jurisdiction. These activities focus on the provision
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of accurate catch and effort data, target and non-
target species biology, fishery—ecosystem interac-
tions and estimation of the productivity and abun-
dance of target and by-catch species.

Aim of this study

Although icefish by-catch in the Ross Sea tooth-
fish fishery is limited (<1% of the total catch dur-
ing the 2005/06 season) (Hanchet et al., 2006), very
little is known about their species composition or
biology. Eight species of icefish have been reported
caught in the fishery in the CCAMLR vessel log-
book (C2) data (Hanchet et al., 2005), but it is likely
that many of these are cases of misidentification.
This view is supported by the fact that most of
these data were recorded using a generic icefish
species code. Prutko and Lisovenko (2004) believed
that the main species caught is C. dewitti, but this
needed confirmation. The aim of this study was to
test this view by collecting a random sample of two
icefish from each New Zealand longline set during
the 2005/06 fishing season. An additional aim was
to provide further information on icefish biology.

The findings in this study are compared with
previous research (Pshenichnov, 2004; Kock, 2005a,
2005b; Balushkin and Prutko, 2006, Kock et al.,
2006).

Methods
Data collection

During the 2005/06 toothfish season, observ-
ers on board three New Zealand-flagged longline
vessels operating in the Ross Sea were requested
to randomly collect the first two icefish specimens
(Channichthyidae) from each set. A summary
of vessel fishing effort and the amount of icefish
by-catch is provided in Table 1.

Approximately 350 icefish specimens were col-
lected and returned to NIWA, Wellington, for iden-
tification, data collection and analysis. This number
represented less than two per set as icefish were not
caught on every line. Based on instruction from the
New Zealand Ministry of Fisheries, 303 fish were
then randomly sub-sampled. This involved thaw-
ing the specimens and identifying them to species
level. The taxonomic key and species descriptions
in Iwami and Kock (1990) were the main resources
used for identification.

Biological data (including total length (TL),
standard length (SL), sex and weight) were re-
corded. These data were used to calculate selected
biological parameters, including length-at-weight

142

and length-at-maturity. Meristic data were also col-
lected to assist with identification, and included:
first and second dorsal fin ray counts, anal fin ray
counts, the distance between the first and second
dorsal fin bases, pelvic fin length and head length.
A macroscopic gonad maturity score (Table 2) and
gonad weight were recorded to investigate the
onset of spawning and sexual maturity. Stomachs
were ligated and removed intact for diet analysis.
Stomach weight and fullness were also recorded.
The sagittal otoliths were extracted from each speci-
men, cleaned and stored dry in paper envelopes for
further analysis.

Five voucher specimens were lodged in the
Museum of New Zealand Te Papa Tongarewa fish
collection (NMNZ P.41205 and NMNZ P.42294).
Muscle biopsies were collected from each specimen
for DNA sequencing as part of the Fish Barcode of
Life (FISH-BOL) initiative (www.fishbol.org).

Length and weight data
Standard length to total length conversion

Where possible both SL and TL were recorded.
Total length (measured to the nearest whole
millimetre below actual length) was used in
the analysis as this measurement more readily
enables comparison with other icefish research
(Pshenichnov, 2004; Kock, 2005a, 2005b). Total
length could not be directly recorded for some fish
due to loss or damage of the caudal fin. A linear
regression model relating standard to total length
was fitted. The regression model was:

Lixtr=Baljrse + 0 + €0 1)
where

L; 1 = the total length of the jth fish of sex x

L; s = standard length of the jth fish of sex x
o, and B, = the regression model parameters for
sex x

&, = independent, identically-distributed normal

errors with mean zero and variance, 2.

The model was fitted separately for male and
female fish and then for both sexes combined. This
was achieved using the linear regression model-
fitting algorithm, Im, in the R statistical program-
ming language (R Development Core Team, 2006).
Relative goodness of fit to the data was com-
pared using Analysis of Variance (ANOVA) and
two information criterion statistics, i.e. Akaike’s
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Information Criterion (AIC) (Akaike, 1973) and the
Bayesian Information Criterion (BIC) (Schwarz,
1978). These criterion statistics are similar in that a
penalty term is applied to each model’s maximum
log-likelihood, i.e. [AIC = -2In(L) + 2k and BIC =
—2In(L) + kin(n)],

where

L = the maximum likelihood
k = the number of parameters
n = the sample size.

Note: The derivations and the penalties applied
differ for each criterion statistic. The BIC imposes a
larger penalty than the AIC when 7 is greater than
exp(2) and tends to favour more parsimonious
models than the AIC for most datasets, i.e. those
where 11 > exp(2).

Length-at-weight

Length-at-weight relationships were calculated
using the equation W = aLP, assuming lognormal
errors. Under these assumptions, W; , the weight of
the jth fish of sex x at length L; . is

Wiy = aij,xBX e ).

A geometric regression was fitted to the data
using a linear regression of the logged fish lengths
and weights, and applying the equation: InW; , = In
oy + By In L, + g, This process assumes the same
(o, B) parameters for all fish in the dataset, before
refitting separate parameters for each sex. The lin-
ear regression model-fitting algorithm, Im, in the
R statistical programming language was used to
fit both models (R Development Core Team, 2006).
The relative goodness of fit of the models was com-
pared using ANOVA, AIC and BIC comparisons.

Reproductive biology

Reproductive stage and
gonadosomatic indices

Gonads were examined macroscopically and a
generalised five-point maturity score was assigned
(Table 2).

The purpose of this work was to assess the
reproductive stage of sampled fish. Icefish spe-
cies are reported to spawn during late summer-—
autumn (Kock and Kellermann, 1991; Kock, 2005a,
2005b; Kock et al., 2006), so fish were considered
to be mature if the gonad maturity stage was 2 or
greater.

Biological parameters for icefish in the Ross Sea, Antarctica

Gonadosomatic indices (GSIs) were derived by
dividing gonad weight (in grams) by fish weight
(in grams). This calculation is more accurately
obtained by using gutted fish weight, however,
this proved to be unnecessary due to the high pro-
portion of fish with empty stomachs. The GSI was
plotted against time to assess the degree of gonad
development throughout the sampling period.

Length- and age-at-maturity

Length-at-maturity and age-at-maturity ogives
were fitted to the data using logistic probit mod-
els (Pearson and Hartley, 1962). These models were
fitted using a generalised linear model (GLM)
(McCullagh and Nelder, 1989). This was achieved
by fitting an algorithm in the R statistical program-
ming language (R Development Core Team, 2006).
The logistic regression model was fitted assuming
independent,identically distributed binomial errors
with a logit link function to the linear predictor. The
probit model was fitted assuming binomial errors
and a probit link to the linear predictor. The models
were fitted separately for male and female fish and
for both sexes combined. The relative goodness of
fit of the models was compared using ANOVA,
AIC and BIC comparisons.

Ls0xs Los v, 0505, and a5 ,, the length and age at
which 50% and 95% of icefish of sex x are estimated
to be mature, were obtained from the model fits as
described in Venables and Ripley (2002).

Diet analysis

The stomachs of 281 icefish were removed and
graded according to fullness and digestive state
(Hanchet et al., 2006). Stomach fullness was graded
using a four-point scale: empty, trace, part full and
full. Digestive state was graded using a five-point
scale: fresh, slightly digested, advanced digestion,
digested and mixed stages. Individual food items
were counted, weighed and identified to their low-
est possible taxonomic level. Parasites (nematodes
and trematodes) and bait were excluded from the
dataset.

Additional analysis was not undertaken, due to
the small number of prey items present.

Age and growth
Otolith preparation and interpretation

Icefish otoliths were collected from 138 males,
145 females and 13 unsexed fish. Seven otoliths
were badly decalcified and deemed unsuitable for
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preparation. Investigation showed that the bake
and embed method (Horn, 2002; Marriott et al.,
2003) was inappropriate for this species. This was
because reflected light is required when examin-
ing otoliths prepared using this method, and this
form of lighting did not adequately illuminate the
zones. Therefore, otoliths were prepared for read-
ing using a thin-sectioning technique. They were
transversely aligned in rows of four before being
embedded in clear epoxy resin (Araldite K142)
and left to cure at 50°C for 24 hours. Once cured,
the blocks were transversely cut along the nuclear
plane using a diamond-edged saw. One half of
the sectioned block was mounted (otolith section
down) onto a microscope slide using clear epoxy
resin. Preparations were left to cure at 50°C for
24 hours. A 1200 um diamond-coated disc was
used to grind the upper surface of each mounted,
sectioned block to a thickness of about 300 um.

Otolith sections were examined under a stereo
microscope (x32) illuminated by transmitted light.
A pattern of translucent and opaque zones was evi-
dent with the number of complete opaque zones
interpreted as annuli. A three-point ‘margin-state’
score and a five-point ‘readability’ score were
recorded for each otolith reading (Table 3).

Age estimation

Zone counts were converted to age estimates
using an algorithm that sums three time compo-
nents. The equation used to estimate the age of the
ith fish, g, is:

Gi=tig +tip+tis 3)
where

t;1 = the time elapsed from spawning to completion
of the first opaque zone;

tio = the time elapsed from completion of the
first opaque zone to completion of the outermost
opaque zone;

t;5 = the time elapsed from completion of the out-
ermost opaque zone to the date when the ith fish
was captured.

Hence,

ti,l = ti, end first opaque zone — ti, spawning date
ti,2 = (Tl,’ + ZU) -1

ti,3 = ti, capture — ti, end last opaque zone (4)
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where

n; = the total number of opaque zones present for
fish 7;

w = an edge interpretation correction after Francis
et al. (1992) applied to n;.

Note: w = 1 if the recorded margin state = ‘wide’
and fish 7 was collected after the date when opaque
zones are assumed to be completed; w = -1 if the
recorded margin state = ‘narrow’ and fish i was
collected before the date when opaque zones are
assumed to be completed; w = 0 for all other cases.

An opaque zone completion date of 1 December
and a spawning date of 1 February were used for
all fish. This spawning date coincides roughly with
the midpoint of the range given in Kock (2005a)
(January—April). All of the fish examined in this
study were collected between December 2005 and
February 2006, with the majority (83%) being col-
lected in January 2006. Otoliths collected from
most of the calendar year were therefore lacking,
so it was not possible to investigate the timing of
opaque and translucent zone formation with preci-
sion. The date of capture was recorded as the start
date of each longline set.

Mean length-at-age

The re-parameterised von Bertalanffy submodel
obtained from the generalised Schnute (1981)
mean length-at-age model was fitted to the data.
This assumes the Schnute model parameter, y, in
the first of the four solutions, to be equal to one.
This parameterisation of the von Bertalanffy model
lacks an explicitly parameterised asymptote and
therefore, arguably, has better statistical properties
than von Bertalanffy’s (1938) original parameteri-
sation. Under this model, the mean length, L;, of
the jth fish in a group of fish is:

1 —exp[—K(t]- -7 )]

Li=9L; +(L, _Ll)l_exp[—K(Tz -1 ):I

]

; k=0
®)

where

L; and L, = mean lengths at two reference ages
7y and 1, = reference ages

K = rate parameter

t; = fish age.

Maximum-likelihood methods were used to
fit the model. Four different models with differ-
ent error types and structural assumptions were



fitted. Initially, the model was fitted assuming
independent, identically distributed, normal errors
parameterised with a constant variance, o2. The
same model parameters (L;, L, and «) and a sin-
gle variance parameter were assumed for all fish in
the dataset, and reference ages of 1y =2 and 1, = 8
were used. The model was then refitted assuming
lognormal errors, the same model parameters and
reference ages, and a single variance parameter (of
the logs). Following this, the model was refitted
assuming normal errors parameterised with a con-
stant coefficient of variation (CV), ¢, as well as the
same model parameters, reference ages, and c for all
fish. The optim function minimiser implemented in
the R language (R Development Core Team, 2006)
was used to fit the models by directly minimising
the negative of each joint log-likelihood function.
The likelihood functions are given in Manning and
Sutton (2007).

One model was selected (from the four tested)
based on the appearance of diagnostic residual
plots, AIC values and BIC values. This model was
refitted assuming separate parameters for each sex.
The relative goodness of fit of this model and the
corresponding model with the same error structure
(that did not assume separate parameters by sex)
were then compared using the likelihood-ratio test
and the model AIC and BIC statistic values. This
tested whether there is any difference in growth
(mean length-at-age) between the sexes. The null
hypothesis for the likelihood ratio test was that the
full and reduced models obeyed a set of constraints
such that their parameters were equivalent. The
alternative hypothesis was that they did not obey
these constraints.

Reader error

Reader error was investigated using a between-
reader comparison test after Campana et al. (1995).
A sample of 114 otoliths was selected from the
set of all prepared otoliths and read by a second
reader. These results were then compared with the
readings of the primary reader. Between-reader
bias was examined using reader bias plots. Reader
precision was quantified by calculating the index
of average percentage error (IAPE) (Beamish and
Fournier, 1981), and mean CV (Chang, 1982). The
equations used to make these calculations are:

N R |X.—X.
IAPE=100x— 3 lzw
NIRRT X ©)
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and

mean CV =100x

where

Xj; = the ith count of the jth otolith
R = the number of times each otolith is read
N = the number of otoliths read or re-read.

Results
Fish identification

The 303 icefish (138 males; 147 females;
18 unsexed) examined by NIWA staff were all
identified as C. dewitti, and showed no significant
difference in sex ratio. A summary of meristic and
morphometric data gathered during species identi-
fication is provided in Table 4. These data are con-
sistent with those presented by Iwami and Kock
(1990).

Length and weight data
Standard length to total length conversion

A total of 250 fish were retained for this analy-
sis. Unsexed fish and fish missing either SL or TL
were omitted from the analysis. Three outlier val-
ues were also removed from the final dataset. Two
models were fitted to the data and parameter esti-
mates for these are presented in Table 5. Both the
AIC and BIC statistics suggest that the full model
(assuming separate parameters for each sex) pro-
vides a greater degree of relative fit, despite addi-
tional parameters. The results of an analysis of vari-
ance comparing the two models are consistent with
this view: (fgs—o = 14.597; P(Fpr-2 > fpr-2|Ho) =
1.0220 x 107°). The data are plotted in Figure 3, with
the fitted curves from the full model overlayed.
The fitted curves from both the full and reduced
models are similar.

Length-at-weight relationship

A total of 280 fish were retained for this analy-
sis. Unsexed fish and fish missing either TL and
SL or weight were omitted from the analysis. The
relationship between length and weight produced
b estimates of 3.85 for males and 3.27 for females
respectively. This is consistent with Artigues et al.
(2003) who calculated b estimates of 3.80 and 3.37
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for males and females respectively. In all cases the
differences between sexes are not statistically sig-
nificant.

Parameter estimates from the two models fitted
are given in Table 6. Both the AIC and BIC statis-
tics show that the model which assumes the same
parameters for all fish has the greatest relative fit
to the data, despite having fewer parameters. The
results of an analysis of variance comparing the
two models are also consistent with these results:
(far=2 = 1.5551; P(Fpg -7 > fpr=2| Hp) = 0.2130). The
data are plotted in Figure 4 with the fitted curves
from the full model overlayed. The fitted curves
from both the full and reduced models are very
similar.

Reproductive biology

Reproductive stage and
gonadosomatic indices

Macroscopic gonad maturity stages and gonad
weights were collected for 295 and 293 fish respec-
tively. Table 7 displays the numbers and propor-
tions of fish at each maturity stage (standardised
by month of collection). Most fish (58%) were
either immature (stage 1), or in the early stages
of gonad development (stage 2 = 26%). GSIs were
calculated and ranged between 0.01-22.2%, aver-
aging 1.53%. There is a very weak positive trend
in GSI over time (Figure 5). This is supported by
the following simple linear regression results:
(G, =-2.34, p=0.09, R®>=0.05). Balushkin and
Prutko (2006) found similar results with most fish
in pre-spawning condition. They calculated similar
GSI values, which ranged from 7.0-23.9%.

Length and age-at-maturity

Unsexed fish and fish missing either TL and
SL, or gonad maturity stage observations were
omitted from the analysis. A total of 283 fish were
retained for analysis. Parameter estimates from the
maturity-at-length model fits are given in Table 8.
Both the AIC and BIC statistics show that the com-
bined sexes model has the best fit to the data,
although the difference between models is neg-
ligable. Separate analyses of variance comparing
the two logistic (P(Xpp-2 > xpr=2| Ho) = 0.171) and
probit (P(Xpg-2 > xpr=2|Ho) = 0.196) models are
consistent with this result. The predicted length-at-
maturity (using probit analysis with separate sex
parameters) is plotted in Figure 6.

The four age model fits provide conflicting

results (Table 9). The AIC statistics suggest that the
probit model which assumes separate parameters

146

for males and females is the best fit, as it has the
lowest AIC value. However, the BIC statistics sug-
gest the logistic model (which assumes parameters
for both sexes combined) has the best fit to the data,
although the difference between AIC and BIC sta-
tistics is minor. This inconsistency is due to the dif-
ferent way that each statistic penalises the number
of parameters in each model. Separately compar-
ing the AIC and the BIC statistics across the models
suggests that a probit curve is a better description
of icefish maturity ogives, but the differences are
small (differences in AIC for models 2—4 compared
with model 1 range between <1% to 3%, differ-
ences in BIC range between <1% to about 1%). The
results of analyses of variance comparing the two
logistic (P(XDF=2 > ADE=2 | Ho) = 0015) and problt
(P(Xpr=2> %pr=2|Hp) = 0.007) models suggest that
significant differences exist between age-at-matu-
rity for male and female fish.

The predicted age-at-maturity (using probit
analysis with separate sex parameters) is plotted in
Figure 7. The results show that 50% of C. dewitti
mature at about 340-360 mm TL and 3—4 years of
age, while 95% are mature at 370-400 mm TL and
6-8 years of age. Females appear to mature at a
similar size but younger age than males.

Diet

A total of 270 (95%) of the stomachs examined
were empty. The rest contained the remains of crus-
taceans, fish and squid (Table 10). All of the possible
prey items were in advanced stages of digestion,
except for two fish eggs.

One stomach contained a single eroded fish oto-
lith, which was identified using the descriptions of
Williams and McEldowney (1990), and is likely to
be from a Whitson’s grenadier (Macrourus whit-
soni). The single fish eggs contained in four stom-
achs were relatively large (~4 mm) consistent in
size and colour with those produced by C. dewitti.
It is possible that they may have been accidentally
ingested by the fish. Crustacean remains were in
advanced stages of digestion and were difficult to
positively identify. One upper squid beak (upper
rostral length = 17.4 mm) was compared with ref-
erence material and is probably from Kondakovia
longimana. A scavenging lysianassid amphipod,
which is likely to have entered the icefish stomach
after death, was omitted from the dataset. It is prob-
able that water pressure created during longline
retrieval forced this amphipod into the stomach.

Three stomachs containing bait (arrow squid
and jack mackerel) were also excluded from the
dataset.



Age and growth
Otolith interpretation

Figure 8 shows a prepared otolith that has been
transversely sectioned.

Age estimation and mean length-at-age

A total of 296 icefish otoliths were read. Unsexed
fish and fish missing TL were omitted from the
analysis, which left 283 individuals. Four mod-
els were fitted to the age and length data and the
results are given in Table 11. Three models were fit-
ted to the data assuming the same von Bertalanffy
parameters (L,, L, and «) for the two sexes in the
dataset. These models differed in assuming either
normal (constant ¢2), lognormal, or normal (con-
stant c) errors (models 1, 2 and 3 respectively).
The AIC and BIC statistics and diagnostic residual
plots suggested that model 2 (i.e. the model assum-
ing lognormal errors) had the best relative fit to
the data. This model was then refitted to the data,
assuming separate parameters by sex (model 4), to
test for differences in mean length-at-age between
the sexes. Comparing AIC and BIC statistics sug-
gested that model 4 has the best relative fit, despite
its extra parameters (Table 11).

This model showed that the fitted growth
curves are very steep, with asymptote estimates
about 1.5 times longer than the longest fish. Growth
appears to be extremely rapid throughout the
timeframe observed. This trend is evident for both
sexes, but females approach a significantly larger
mean asymptotic maximum size than males (L,, y
=420 mm; L,, g = 608 mm) (Figure 9). Differences in
growth rate (k) were significant (icy; = 0.21; kg = 0.09),
with male fish growing more rapidly than females.
Maximum ages of 8 and 11 years were obtained for
male and female fish respectively.

Reader error

Both readers found C. dewitti otoliths difficult to
interpret as sections were characterised by a high
frequency of diffuse and/or ‘false’ opaque zones.
Despite this, there was a high level of consistency
between readers, which is shown by the symme-
try in Figure 10(a); the clustering of points about
the zero-line in Figure 10(b); the one-to-one line
in Figure 10(c); and the relative stability of the CV
and APE profiles in Figure 10(d). The slight nega-
tive weighting in Figures 10(a) and (b) suggests
that there may be a slight tendency for the second
reader to over-count relative to the first reader.
Despite this finding, there was no significant sys-
tematic difference (bias) in annuli interpretation.
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The mean CV and IAPE calculated for the
between-reader comparison were 3.92% and 2.76%
respectively.

Discussion

This study confirms that C. dewitti is the most
common icefish species taken as by-catch in the
Ross Sea longline fishery for toothfish. The meris-
tic and morphometric data collected in the study
are consistent with those presented by Iwami and
Kock (1990) and Balushkin and Prutko (2006). The
relationship between weight and length agrees
with Artigues et al. (2003). Fish TL (260-460 mm)
is similar to that reported in Pshenichnov (2004)
(300460 mm). There was no obvious difference in
sex ratio, which contrasts with Pshenichnov (2004),
where 80% of fish sampled were male. This is likely
to be the result of differences in sampling area and /
or depth and suggests that the species may at times
be segregated by sex. A more detailed investigation
of spatial trends in fish size and sex composition
would be useful in the future when more data are
available.

Macroscopic assessment of gonad maturity
stages showed that most fish are either immature
(stage 1) orresting (mature) (stage2). Differentiating
between these two stages was difficult, due to the
small size and lack of observable features in the
gonads. It is therefore probable that some gonads
were classified incorrectly. This is likely to bias the
length-at-maturity and age-at-maturity estimates,
however, this bias could be reduced by microscopi-
cally examining the gonad samples. GSIs plot-
ted against time showed a very weak positive (or
increasing) trend from December to February as
the austral summer progressed.

The gonad maturity stages observed in this
study agree with Balushkin and Prutko (2006), but
contrast with those outlined by Pshenichnov (2004)
and Kock et al. (2006). These researchers reported
that C. dewitti sampled from the Ross Sea spawn
during the summer months. They observed spent
females in early January and no females with
maturing gonads after mid-February. It is unclear
why this difference exists, although it could be due
to geographical differences. It is also possible that
the spawning season may change between suc-
cessive years. This situation has been reported for
C. gunnari occurring at South Georgia and Shag
Rocks (Kock, 2005a).

Kock (2005a) reported that at least four icefish
species are known to exhibit parental care, and that
three species (Chaenodraco wilsoni, Pagetopsis macrop-
terus and Chaenocephalus aceratus) deposit their
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eggs on the seabed, where they are guarded by the
males (Kock and Kellermann, 1991). Pshenichnov
(2004) and Kock et al. (2006) documented that
C. dewitti females carry their eggs in a cylindrical
bundle (of 500-600 eggs) on their pelvic fins and
aggregate for spawning and brooding. They also
mentioned that less than 50% of the spawned eggs
are brooded in this manner, however, it is unclear
why this is. Egg bundles were not observed on
specimens examined during the current study. It
is possible that brooding fish did not occur in the
sampling area/depth or that egg bundles were dis-
lodged prior to landing.

Length-at-maturity and age-at-maturity ogives
indicated that both male and female C. dewitti
are sexually mature at about 370-400 mm TL and
6-8 years of age. This finding is consistent with
the data presented for other icefish species in Kock
(2005a).

There is little information on the diet of C. dewitti
(Kock, 2005a). Takahashi and Iwami (1997) exam-
ined eight stomachs from C. dewitti captured off
the South Shetland Islands. They reported that one
species of Myctophidae (Gymmnoscopelus nicholsi)
was abundant in the diet (87.7%). The remainder
of the prey items comprised other fish species and
Antarctic krill (Euphausia superba). Pshenichnov
(2004) examined 380 fish captured at depths of
450-1 600 m in the Ross Sea. He reported a single
squid beak from one stomach and bait from others,
but did not specify the number of stomachs contain-
ing bait. Kock (2005a) reported that older icefish (of
all species) could be categorised into one of three
dietary groups. He included C. dewitti in a group
which feeds primarily on notothenioids and occa-
sionally on mesopelagic fish. He also reported that
young icefish occurring in the Southern Ocean are
pelagic or migrate regularly into the water column,
where they feed largely on euphausiids

In the current study, a high proportion of stom-
achs were empty and the few prey items recovered
were generally in advanced stages of digestion.
This may be due to regurgitation of prey during
capture.

All otoliths were read by a single reader,
and 30% were then read by a second reader. The
between-reader comparison showed that both oto-
lith readers interpreted opaque zones in C. dewitti
consistently. However, without validating the age-
ing methodology it is not possible to determine the
degree of accuracy. Kock (2005a) reported that age
determination of icefish is unreliable, with only a
few stocks of C. gunnari having been validated. He
also noted that mark and recapture experiments,
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including the use of tetracycline, are unlikely to be
successful due to the fragility of icefish. Assessing
daily growth increments may assist with vali-
dation, but to date only the larvae of C. gunnari
(Townsend, 1980) and Pseudochaenichthys georgianus
(Kellermann et al., 2002) have been investigated.

Growth parameters for C. dewitti show that
growth is very rapid, which is consistent with the
findings reported for other icefish species (Kock,
2005a). Female fish approach a significantly larger
mean asymptotic maximum length (L,,) than males.
Differences in growth rate (k) were significantly
higher for males than females, and t, values were
large. However, there is a lack of small fish (<30 cm;
age < 1), and so the von Bertalanffy growth curve
parameters are considered to be uncertain.

This poor representation of small fish may be
because these size classes are inadequately sam-
pled by the longline gear or are absent from the
area. This will also affect the mean length-at-age
values and bias the estimates of k. However, the
extent of this bias cannot be determined currently.
Efforts to address this concern will be made dur-
ing subsequent seasons when observers on board
longline vessels targeting Antarctic toothfish in the
Ross Sea will be requested to collect small icefish
(<28 cm TL).

The current work produced ages ranging
between 1 and 11 years, with maximum ages
of 8 years for males and 11 years for females.
Pshenichnov (2004) obtained ages ranging between
5 and 11 years. The greater age range observed in
the current study is likely to be a function of the
different areas sampled.

Conclusions

1. This study confirmed that C. dewitti is the pre-
dominant icefish species taken as by-catch in
the Ross Sea longline fishery for toothfish.

2. Biological parameters (including length-weight,
length- and age-at-maturity, age and growth)
were consistent with previous research.

3. Gonad maturity stage data showed that most
fish were either immature or resting (mature).
GSIs plotted against sample month showed a
weak positive trend between December and
February, but this was limited by the short tem-
poral distribution of the data.

4. Length-at-maturity and age-at-maturity ogives
were presented along with von Bertalanffy
growth parameters. These values were



consistent with previous research, but are con-
sidered to be unreliable due to the poor repre-
sentation of small fish (<30 cm). There is a need
to sample these small fish.

5. Diet analyses showed most icefish stomachs
were empty and the few prey items recovered
were generally in advanced stages of digestion.
This may be due to regurgitation of prey during
capture.
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Table 1: ~ Summary of fishing effort and amount of icefish caught (in tonnes) during the
three fishing trips during which specimens were collected.
Vessel Trip duration Fishing effort Icefish by-catch
Start End Sets Hooks (tonnes)
FV Janas 8 Dec 2005 23 Feb 2006 117 564 480 1.029
FV San Aotea I1 7Dec2005 22 Feb 2006 125 672 370 0.182
FV San Aspiring 23 Nov 2005 24 Feb 2006 93 637 800 0.271
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Table2:  Generalised five-point macroscopic

gonad maturity scale.

Stage Description
1 Immature
2 Resting (mature)
3 Ripe
4 Running ripe
5 Spent

Table 3:  Otolith scores used in readings.

(a) Three-point margin scores

Description

Narrow

Medium

Wide

Last opaque zone considered to be fully formed; a thin layer of translucent
material may be present outside the last opaque zone.

Last opaque zone considered to be fully formed; a thicker layer of
translucent material is present outside the last opaque zone.

Last opaque zone considered to be fully formed; a thick layer of
translucent material is deposited outside the last fully formed opaque
zone.

(b) Five-point readability scores

Description

1

2

Otolith very easy to read; excellent contrast between successive opaque
and translucent zones.

Otolith easy to read; good contrast between successive opaque and
translucent zones, but not as marked as in 1; potential error + 1 opaque
zone.

Otolith readable; less contrast between successive opaque and translucent
zones than in 2, but alternating zones still apparent; potential error + 2
opaque zones.

Otolith readable with difficulty; poor contrast between successive opaque
and translucent zones; potential error + 3 opaque zones.

Otolith unreadable.

Table4:  Summary of meristic and morphometric data for Chionobathyscus dewitti ranging from
249 to 400 mm standard length. (A — anal fin; D1 — first dorsal fin; D2 — second dorsal fin;
D2-D1 - distance between first and second dorsal fin bases; HL — head length; PL -
pelvic length; SL - standard length; n — number of fish examined). Summary values from
Iwami and Kock (1990) and Balushkin and Prutko (2006) are provided for comparison.

Minimum
Maximum
Mean
Mode

n

Twami and Kock (1990)
Balushkin and Prutko (2006)

Number of fin rays Lengths
A D1 D2 D2-D1 (HL/SL) (PL/SL)
(mm) (D/o) (0/0)
32 3 39 0.0 32.6 18.8
35 7 44 24.0 37.8 28.5
- - - 5.6 35.8 24.8
34 5 41 - - -
50 52 50 49 43 44
33-34 5-6 39-40 - 33.3-36.9 25.9-30.5
34-35 56 4142 - 33.8-35.5 24.4-28.2
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Table 5:  Results of total length ~ standard length regressions. Number of parameters (p), proportion of
residual variance explained (R?), AIC and BIC values, parameter estimates, and standard errors (SE)
for each fitted model are provided. The regressions relate standard length (mm) to total length

(mm).
Model Description p R AIC BIC Parameter ~ Estimate SE
1 Same parameters 2 0.996 1259.3 12755 oy, 15.34 1.38
for all fish B,y 1.08 0.00
2 Separate parameters 4 0.999 12354 12474 o, 22.10 2.70
for males and females a, 16.99 1.71
By 1.05 0.01
B: 1.08 0.01

Table 6:  Results of log(weight) ~ log(length) regressions. Number of parameters (p), proportion of residual
variance explained (R?), AIC and BIC values, parameter estimates, and standard errors (SE) for each
fitted model are provided. The regressions relate weight (g) to total length (mm).

Model Description p R AIC BIC  Parameter Estimate SE
1 Same parameters 2 0928 -350.1 -344.8 oy, 1.01 x 107 3.05x10°

for all fish B, 3.72 0.06
2 Separate parameters 4 0999 3492  -336.7 oy 480x10° 246x10°
for males and females o, 9.85x 10" 3.66 x 10°

B, 3.85 0.12

B, 3.73 0.08

Table7:  Numbers and proportions of fish categorised by gonad stage
and month of collection. Proportions are standardised by
month of collection.

Numbers of fish
Stage Month

December 2005 January 2006 February 2006 Total
1 30 140 3 173
2 7 66 4 77
3 0 8 0 8
4 2 31 2 35
5 1 1 0 2
Total 40 246 9 295
Proportions of fish
Stage Month

December 2005 January 2006 February 2006  Total
1 0.75 0.57 0.33 0.59
2 0.18 0.27 0.44 0.26
3 - 0.03 - 0.03
4 0.05 0.13 0.22 0.12
5 0.03 - - 0.01
Total 1.00 1.00 1.00 1.00
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Table 8:  Maturity-at-length model fits. Number of parameters (p), AIC and BIC values, parameter estimates (o,

B,), and standard errors (SE) for the linear predictor for each model fit are provided. The derived

lengths at which 50% and 95% of fish are mature (Lg, Lys,) are shown.
Model Description |4 AIC BIC Parameter  Estimate SE
Logistic model fits
1 Same parameters for all fish combined 2 17469  181.98 oy -26.15 2.97
B 0.08 0.01
Ly an 346.88 2.73
Los 385.94 5.92
2 Separate parameters for males and females 4  175.16 189.74 oy, —26.89 442
o —26.63 4.52
By 0.08 0.01
B 0.08 0.01
Ly 351.18 3.74
Ly, 341.30 3.91
Lgs 389.64 8.44
Ly 379.03 8.60
Probit model fits
3 Same parameters for all fish combined 2 17505  182.35 oy -14.82 1.51
B 0.04 0.00
Loy an 346.40 2.66
Lys 384.85 5.47
4 Separate parameters for males and females 4 17579  190.37 oy -14.91 2.18
o -15.21 2.33
By 0.04 0.01
i 0.04 0.01
Lo 350.67 3.80
Ly, 341.21 3.75
Los s 389.37 8.09
L 378.11 7.79
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Table9:  Maturity-at-age model fits. Number of parameters (p), AIC and BIC values, parameter estimates (., B),
and standard errors (SE) for the linear predictor for each model fit are provided. The derived ages at

which 50% and 95% of fish are mature (4 ,, 4,; ) are shown.
Model Description P AIC BIC Parameter  Estimate SE
Logistic model fits
1 Same parameters for all fish combined 2 22322 230.52 oy -5.28 0.58
B 1.36 0.16
. 3.89 0.13
a%'AH 6.06 0.29
2 Separate parameters for males and females 4 218.79 233.37 0‘;\4 -5.11 0.80
o, -5.33 0.88
By 1.17 0.21
B, 1.51 0.25
a 4.35 0.25
50,M
a 3.54 0.16
50,F
. 6.86 0.63
0 5.50 0.38
95,F
Probit model fits
3 Same parameters for all fish combined 2 22262 22991 oy -3.07 0.30
B 0.78 0.08
3.93 0.13
50,All
g a1 6.03 0.29
4 Separate parameters for males and females 4 21682 231.40 0‘;\4 -3.04 0.42
o, -3.11 0.47
By 0.69 0.11
B, 0.88 0.13
2 4.39 0.25
50,M
a 3.55 0.16
50,F
a 6.76 0.58
95,M
a 5.42 0.34

Table 10: Number of icefish stomachs
containing  prey and  prey
descriptions. In two instances
individual stomachs contained
multiple prey items.

Prey description Number of stomachs

Crustacean
Eye 2
Mixed remains

Fish
Egg
Eye
Otolith
Scales
Vertebrae

N

—_ W R R

Squid
Upper beak 1
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Table 11: Results of von Bertalanffy models assuming the same model parameters for all fish and
either normal (constant ¢°), lognormal, or normal (constant c) errors. p — number of
parameters. L, , L, , and k_are model parameters; L,,, and {, are derived from estimates of
the model parameters using equations in Schnute (1981).

Model Error structure p AIC BIC Parameter  Estimate SE

1 Normal (constant °) 4 2591.5 2606.1 L, 305.85 2.18

L 427.72 4.13
2,All
K, 0.10 0.03
. 576.87 -
to,jau —5.59 }
c 539.82 45.38
2 Lognormal 4 2555.2 2569.8 L 306.17 1.83
L 428.05 4.82
2,All
Ky 0.07 0.03
Loy 643.05 -
tO,;%ll —6.64 )
o 0.00 0.00
3 Normal (constant c) 4 2560.2 2574.8 L, 305.74 1.83
L 430.19 4.98
2,A1l
Ky 0.08 0.04
Lo oy 619.90 -
ty //xn —6.08 )
c 0.06 0.00
4 Lognormal 7 2523.3 2548.9 Ly 304.55 2.19
Ly 399.69 1.40
K& 0.22 0.09
Loy, 420.34 -
fog -3.98 -
L. 309.02 2.75
L. 466.33 9.70
K 0.09 0.04
Lo, 608.19 -
fo,l; -5.61 -
c 0.00 0.00
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Figure 1:  Chionobathyscus dewitti specimen caught in the Ross Sea toothfish longline fishery during 2005/06. This
specimen is 316 mm in total length.

Figure 2: CCAMLR Subareas 88.1 and 88.2, small-scale research units (SSRUs), and the Ross Sea
(bounded region). Depth contours are plotted at 500, 1 000, 2 000 and 3 000 m.

156



Biological parameters for icefish in the Ross Sea, Antarctica

250 300 350 400
] 1 ] ] ] l 1 ]
Male Female
TLyate = 1.05 X SLygie + 22.10 TLeremate = 1.07 X SLiemae + 16.99
450 — —
400 — —
€
£
<
H
— 350 = -
£
ke
300 = —
| 1 1 | | | | |
250 300 350 400
Standard length (mm)
Figure 3:  Chionobathyscus dewitti total and standard length data. Fitted curves from the regression
model assuming separate parameters by sex (the full model) are overlayed.
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Figure 4:  Chionobathyscus dewitti length-at-weight data. Fitted curves from the regression
model (assuming separate parameters by sex) are overlayed.
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Figure5:  Gonadosomatic indices (GSIs) for Chionobathyscus
dewittisampled between December 2005 and February
2006, with two trend lines fitted to the data.
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Figure 6:  Length-at-maturity; fitted curves from probit analysis with separate parameters by sex.
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Liste des tableaux

Récapitulation de 1'effort de péche et de la quantité de poisson des glaces capturé (en tonnes) au cours
des trois sorties de péche pendant lesquelles des spécimens ont été collectés.

Echelle macroscopique généralisée a cinq stades de maturité des gonades.
Criteres de lecture des otolithes.

Résumé des données méristiques et morphométriques de Chionobathyscus dewittidontlalongueur standard
varie de 249 to 400 mm. (A — nageoire anale ; D1 — premiére nageoire dorsale ; D2 — deuxiéme nageoire
dorsale ; D2-D1 - distance a la base entre la premiére et la deuxiéme nageoire dorsale ; HL — longueur
de la téte ; PL — longueur pelvienne ; SL - longueur standard ; n — nombre de poissons examinés). Les
valeurs récapitulatives d'Twami et Kock (1990) et de Balushkin et Prutko (2006) sont présentées a titre de
comparaison.

Résultats des régressions longueur totale ~ longueur standard. Le nombre de parametres (p), la part de
variance résiduelle expliquée (R?), les valeurs des criteres AIC et BIC, les estimations paramétriques et
les erreurs standard (SE) de chacun des modeles ajustés sont donnés. Les régressions mettent en relation
la longueur standard (mm) et la longueur totale (mm).

Résultats des régressions log(poids) ~ log(longueur). Le nombre de parameétres (p), la part de variance
résiduelle expliquée (R?), les valeurs des criteres AIC et BIC, les estimations paramétriques et les erreurs
standard (SE) de chacun des modeles ajustés sont donnés. Les régressions mettent en relation le poids (g)
et la longueur totale (mm).

Nombre et proportions de poissons catégorisés en fonction du stade des gonades et du mois de collecte.
Les proportions sont normalisées en fonction du mois de collecte.

Ajustements des modéles de maturité selon la longueur. Le nombre de paramétres (p), les valeurs des
criteres AIC et BIC, les estimations paramétriques (o, B,) et les erreurs standard (SE) du prédicteur
linéaire de chaque ajustement des modeles sont donnés. Les longueurs calculées auxquelles 50% et 95%
des poisons sont matures (Ls ,, Los ) sont indiquées.

Ajustements des modeles de maturité selon 1'adge. Le nombre de parametres (p), les valeurs des criteres
AIC et BIC, les estimations paramétriques (a., B,) et les erreurs standard (SE) du prédicteur linéaire de
chaque ajustement des modeles sont donnés. Les ages calculés auxquels 50% et 95% des poissons sont
matures (dsg ,, 95 ;) sont indiqués.

Nombre de poissons des glaces dont 1'estomac contient des proies et description des proies. Dans deux
cas, on a noté plusieurs éléments de proie.

Résultats des modeles de von Bertalanffy partant des mémes parametres pour tous les poissons et
d'erreurs soit normales (c? étant constant), lognormales ou normales (¢ étant constant). p — nombre
de parametres. L;,, L, ,, et k, sont les parametres des modeles ; L, , et t,, sont calculés a partir des
estimations des parametres des modeles a l'aide des équations tirées de Schnute (1981).

Liste des figures

Spécimen de Chionobathyscus dewitti capturé dans la pécherie palangriére de légine, dans la mer de Ross
en 2005/06. Il mesure 316 mm de longueur totale.

Sous-zones 88.1 et 88.2 de la CCAMLR, unités de recherche a petite échelle (SSRU) et mer de Ross (région
encadrée). Les isobathes 500, 1 000, 2 000 et 3 000 m sont représentées.

Données de longueur totale et de longueur standard de Chionobathyscus dewitti. Les courbes superposées
ont été ajustées a partir du modele de régression partant de parametres distincts selon le sexe (le modele

complet).

Données de longueur selon le poids de Chionobathyscus dewitti. Les courbes superposées ont été ajustées
a partir du modele de régression (partant de parametres différents selon le sexe).
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Indices gonado-somatiques (GSI) de Chionobathyscus dewitti échantillonné entre décembre 2005 et février
2006, avec deux lignes de tendance ajustées aux données.

Longueur a la maturité ; courbes ajustées a partir d'une analyse probit avec différents parametres selon
le sexe.

Age a la maturité ; courbes ajustées a partir d'une analyse probit avec différents paramétres selon le
sexe.

Coupe sagittale d'un otolithe de Chionobathyscus dewitti. Les traits noirs indiquent les zones opaques
interprétées comme des anneaux ; les chiffres représentent chaque zone "annuelle".

Données de longueur selon 1'age de Chionobathyscus dewitti. Les courbes superposées ont été ajustées a
partir des modéles de von Bertalanffy : le 2 (méme parametres de von Bertalanffy pour tous les poissons)
et le 4 (différents parametres de von Bertalanffy selon le sexe).

Résultats du test de comparaison entre lecteurs : (a) histogrammes des différences entre lectures d'un
méme otolithe ; (b) différences entre la premiere et la seconde lecture pour un age donné, attribué
lors de la premiere lecture ; (c) représentation des biais ; et (d) profils des CV et des erreurs moyennes
en pourcentage par rapport aux ages assignés lors du premier lot de lectures. Les rapports prévus,
biunivoque (trait plein) et réel (trait en pointillés) entre le premier et le deuxiéme dge sont superposés
sur (b) et (c).

Crucok Ta0uig

CBojIKa TaHHBIX O TIPOMBICJIOBOM YCHJIUHU M KOJIMYECTBE MOMMAHHOM JIeISTHON PHIOHI (B T) B XOJe TPEX
MTPOMBICIIOBBIX PEHCOB, BO BPEMsI KOTOPBIX ObLIN COOPaHbI 00pA3IIb.

O06o00111eHHas MATUCTYIIeHYaTass MaKpOCKOMTMYECKast IKaia 3peIOCTH TOHA/.
HWcnonp30BaBImecs Ipy CYUTHIBAHAN OaITEHBIC OI[CHKH OTOIUTOB.

CBo/IKa MEpUCTHUYECKHX U MOpdoMeTpruecKkuX MTaHHbIX 1iist Chionobathyscus dewitti co crannapTHOH
JUTHHOH B quama3one ot 249 no 400 M. (A — aHaIbHBIN TUIABHUK; D1 — MepBbIid JOPCATBHBIH MIaBHUK;
D2 — Bropoit nopcaneHblil muaBHUK; D2-D1 — paccrosHue MexIy OCHOBaHHMSMU IEPBOrO U BTOPOTO
JopcanbHbIX 1aBHUKOB; HL — niuna ronossr; PL — myinHa 1o 6promiHoro riaBHuka; SL — crangapTHas
JUIMHA; 1 — KOJMYECTBO 00CIICIOBaHHOM pBIOBI). [yl cCpaBHEHUs MPUBOASATCSI CBOJHbBIC 3HAUCHUS U3
padotsl Iwami and Kock (1990) n banymkun u [pyTtsro (2006).

Pesynbrarel perpeccuil oOmas [yinHa ~ CTaHIapTHAs AIMHA. [IpHBOIUTCS KOIMYECTBO MapaMETPOB
(p), nons obbsicHeHHON ocTaTouHol aucniepcuu (R?), sHauenust AIC u BIC, ouleHKH mapameTpoB
cta"aptasie omuoku (SE) 1 xaxkpoit mogqoopanHoit Mosienu. Perpeccust ycranaBnuBaeT 3aBUCUMOCTh
MEXIy CTAaHIAPTHOU JIHHOHN (MM) U 00IIeH [UTHHON (MM).

Pesynbrarel perpeccuii log(Beca) ~ log(amunel). [IpuBoAMTCS KOMMUYECTBO mapameTpoB (p), OIS
00bsCHEHHOM ocTatouHoll qucnepcun (R?), snauenus AIC u BIC, olieHKH IapaMeTpoB U CTaHIapTHbIE
oumbOku (SE) st xaxkmoi nmomoOpaHHOW Monenu. Perpeccust yctaHaBIMBaeT 3aBHCUMOCTb MEXKITY
BecoM (T) 1 00IIeH NITMHON (MM).

KonmuecTBO W monst peIOBI, KIACCH(DHUIMPOBAHHOW IO CTagusM TOHAX W Mecsmam cOopa. omm
CTaHIAPTHU30BaHBI 110 MecsIly cOopa.

ITon6op mMonerneii moaoBo3penocTH mo auuHe. [IpuBoaUTCS KOMM4ecTBO mapamMeTpos (p), 3HaueHus AIC
u BIC, ouenku nmapamerpos (o, B,) 1 cranaaptabie omuoku (SE) ai1st TuHEHHOTro NpeuKTopa Kaskaoi
nofo0panHoil Mozenu. ITokazaHbl moMyYeHHBIE [UIMHBI, TIPH KOTOPBIX 50% 1 95% ocobeil sBusoTCS
HOIOBO3PENBIMH (Lsq , Los ).

[TonGop Mozeneil oI0BO3PENOCTH 10 Bo3pacTy. [IpuBOAUTCS KOTMUECTBO NMapamMeTpoB (p), 3HAYCHHSI
AIC u BIC, omenkn mapameTpoB (o, B,) 1 crangaptabie ommoOku (SE) 11t TMHEHHOTO MpeauKTopa
KaXJI0i 1o00panHoi Mojesu. [loka3aHbl MOTydeHHBIC OIIEHKU BO3pacTa, Mmpu KOoTopbix 50% u 95%
0CO0€eH ABJIAFOTCS TOTOBO3ZPEIBIMH (ds( s Ags y)-



Tabm. 10:

Tabum. 11:

Puc. 1:

Puc. 2:

Puc. 3:

Puc. 4:

Puc. 5:

Puc. 6:

Puc. 7:

Puc. &:

Puc. 9:

Puc. 10:

Tabla 1:

Tabla 2:

Tabla 3:

Tabla 4:

Biological parameters for icefish in the Ross Sea, Antarctica

YHUCIIO KEMYIKOB JICITHONW pPhIOBI C OOBIYCH W omucaHue IoObuU. B ABYyX Cilydasix B OTAEIBHBIX
JKeTyaKax ObLI0 HECKOJIBKO BHIOB JOOBIYH.

Pesynsrarer Mmoneneit bepranangu, B KOTOPBIX MPUHATH OAMHAKOBEIE TapaMEeTPBI MOJCICH I Beel
PpBIObI ¥ HOPMaJIbHBIE (MOCTOSHHAS G2), TOTHOPMAJIbHbIE, MIIM HOPMabHbIE (ITOCTOSHHAS C) ONIMOKH.
P — KOJIMYECTBO MapameTpoB. L, L, U K, — IapaMeTpbl MOICIH; L, W Iy, TIOIYYEHbI HA OCHOBE
OIIEHOK ITapaMeTPOB MOJIEIH M0 ypaBHEHUIM U3 paboTsl Schnute (1981).

CHHCcoK pUCYHKOB

Oco0b Chionobathyscus dewitti, oiMaHHasE TIpU SIPYCHOM MPOMEBICIIC KIiibikaya B Mope Pocca B
2005/06 r. Obmuras muHa 3T0H 0codu — 316 Mm.

Ionpationsr AHTKOMa 88.1 u 88.2, MenxoMacmTaOHBIE HaydHO-MCCICIOBATCIBFCKUEC CIMHUIIBI
(SSRU) u mope Pocca (rpanuia). [Tokazansr m3o06arsr 500, 1000, 2000 u 3000 m.

Jannbie mo oOmieid u cranmaptHoit miuuHe Chionobathyscus dewitti. Taxke TMOKa3aHbl KPHBBIC,
1o100paHHbIe 0 MOJENH PErPECCHU MPH JOMYIICHUH O Pa3IMuHbIX MapaMeTpax B 3aBUCHMOCTH OT
noJia (TOJTHAs MOJIEIb).

Hannbie o qimuHe 1o Becy Chionobathyscus dewitti. Tak:xe TOKa3aHbI KPUBBIE, TTOT00OPAHHBIC IO MOJICIIU
perpeccuu (IIpu JOMYIICHUH O PAa3IHYHBIX TapaMeTpax B 3aBUCHMOCTH OT MOJa).

Tonagocomarnueckne uHmekcsl (I'CH) ocobeit Chionobathyscus dewitti, TIOTyd9eHHBIX C aeKaOps
2005 1. mo ¢eBpaib 2006 T, ¥ 1B MOJOOPAHHBIX K THM JaHHBIM TPCH/IA.

ILJ'H/IHa IIpY TOJIOBO3PECIIOCTU; KPUBBIC no,uo6pam,1 o HpOGI/IT—aHaJ'II/IBy C pa3JIMYHBIMU ITapaMETpaMu B
3aBUCHUMOCTH OT I10J1A.

BospacTt nmpu monoBo3penocTy; KpUBbIE MOA0OPAHBI 110 TPOOUT-aHATM3Y € PA3TUIHBIMHU MTapaMeTPaMHU
B 3aBUCUMOCTH OT HOJA.

[Tonepeunoe ceueHue carutraibHoro otonuta Chionobathyscus dewitti. YepHble TUHUA MOKA3bIBAIOT
HETIPO3PavHbIe 30HBI, KOTOPHIC OBLTM HHTEPIIPETHPOBAHBI KaK KOJbIIA; IH(PBI MPEICTABISIIOT KAKIYIO
«TOIIOBYIO» 30HY.

Jannbie o auHe 1o Bo3pactam it Chionobathyscus dewitti. Taxxke OKa3aHbI KPUBBIC, TOTOOPAHHBIC
no monensiM bepranangu 2 (oauHakoBble napameTpbl bepranandu s Beeit puiObl) 1 4 (pa3inyHble
mapameTpsl bepranandu B 3aBUCHIMOCTH OT TI0J1a).

Pesynbrarbl  cpaBHUTENBHOW TPOBEPKM CUHMTHIBATENeH: (@) THCTOrpaMMBbl Pa3IMYMid  MEXITy
CUUTBHIBAHUSIMHU OJIHOTO M TOTO ke 0ToyuTa; (b) pasyiuuust Mexy MepBbIM U BTOPHIM CUMTHIBAHUEM
JUIL HEKOTOPOTO BO3PAcCTa, ONPEACICHHOIO INPH ITEPBOM CUMTHIBAHUM; (C) TpadMKH CMEIICHWUH; U
(d) mpodmmm CV u APE oTHOCHTETFHO BO3PACTOB, OTIPEICICHHBIX B XO/I€ IIEPBOI CepHH CUNTHIBAHHH.
Ha (b) u (¢) Taxske mmoxa3aHo 0Ku1aeMO€e COOTHOILICHNUE OAMH K OTHOMY (CILIOIIHAS JIMHUS ) ¥ pealIbHOE
COOTHOIIEHHE (ITYHKTHP) MEXly IEPBHIMH U BTOPBIMHU BO3PACTaMHU.

Lista de las tablas

Resumen del esfuerzo de pesca y cantidad de dracos capturados (en toneladas) durante las tres campanas
de pesca durante las cuales se tomaron muestras.

Escala macroscépica generalizada de cinco estados para determinar el estado de madurez de las
gbénadas.

Sistema de puntuacién utilizado en la lectura de otolitos.

Resumen de los datos meristicos y morfométricos de Chionobathyscus dewitti entre 249 y 400 mm de
longitud estandar. (A —aleta anal; D1 — primera aleta dorsal; D2 - segunda aleta dorsal; D2-D1 - distancia
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entre las bases de la primera y segunda aleta dorsal; HL —longitud de la cabeza; PL —longitud pelviana;
SL - longitud estandar; n — ntimero de peces examinados). Se presentan los valores de Iwami y Kock
resumidos (1990) y Balushkin y Prutko (2006), a titulo comparativo.

Resultados de las regresiones longitud total ~ longitud estdndar. Se presenta el ntimero de parametros (p),
una explicacion de la proporcion de la varianza residual (R?), los valores de AIC y BIC, las estimaciones de
los parametros, y el error tipico (SE) para cada ajuste del modelo. Las regresiones relacionan la longitud
estandar (mm) con la longitud total (mm).

Resultados de las regresiones log(peso) ~ log(talla). Se presenta el niimero de pardmetros (p), una
explicacion de la proporcion de la varianza residual (R?), los valores de AIC y BIC, las estimaciones de
los parametros, y el error tipico (SE) para cada ajuste del modelo. Las regresiones relacionan el peso (g)
con la longitud total (mm).

Numero y proporcién de peces clasificados por estado de madurez gonadal y el mes de recoleccién. Las
proporciones se han estandarizado segtin el mes de recoleccion.

Ajustes de la madurez por talla del modelo. Se presenta el nimero de pardmetros (p), los valores de AIC
y BIC, las estimaciones de pardmetros (o, B,), y el error tipico (SE) de los predictores lineales para cada
ajuste del modelo. Se muestra una estimacién de la talla cuando el 50% y 95% de los peces han madurado
(L5O,x/ L95,x)'

Ajustes de la madurez por edad del modelo. Se presenta el niimero de parametros (p), los valores de
AIC y BIC, las estimaciones de parametros (o, f,), y el error tipico (SE) de los predictores lineales para
cada ajuste del modelo. Se muestra una estimacién de las tallas cuando el 50% y 95% de los peces han
alcanzado la madurez (a5 y, 495 1)-

Numero de estémagos de dracos con presa y descripcién de la presa. En dos oportunidades los estomagos
contenian multiples presas.

Resultados de los modelos de von Bertalanffy suponiendo los mismos parametros para todos los peces y
un error ya sea normal (constante 62), lognormal, o bien normal (constante c). p — nimero de parametros;
L1, Loy, Y Ky son pardmetros del modelo; L, , y ¢, se han derivado de estimaciones de los parametros
del modelo mediante las ecuaciones en Schnute (1981).

Lista de las figuras

Ejemplar de Chionobathyscus dewitti capturado durante la pesqueria de palangre dirigida a las
austromerluzas en el Mar de Ross Sea en 2005/06. La longitud total de este ejemplar es de 316 mm.

Subareas 88.1 y 88.2 de la CCRVMA, unidades de investigacién en pequefia escala (UIPE) y Mar de Ross
(region delimitada). Se muestran las isébatas de 500, 1 000, 2 000 y 3 000 m de profundidad.

Datos de la longitud total y longitud estandar de Chionobathyscus dewitti. Superposicién de las curvas de
ajuste del modelo de regresién suponiendo parametros separados para cada sexo (el modelo completo).

Datos de la relacién talla-peso de Chionobathyscus dewitti. Superposicién de las curvas de ajuste del
modelo de regresién (suponiendo parametros separados para cada sexo).

Indices gonadosomaticos (GSI) para Chionobathyscus dewitti muestreado entre diciembre de 2005 y febrero
de 2006, con dos lineas de tendencia ajustadas a los datos.

Talla de madurez; ajuste de curvas con el método de los probit, con parametros separados para cada
sexo.

Edad de madurez; ajuste de curvas con el método de los probit, con pardmetros separados para cada
sexo.

Corte transversal de un otolito sagital de Chionobathyscus dewitti. Las lineas negras muestran las zonas
opacas que se interpretan como anillos anuales; los niimeros representan cada banda ‘anual’.



Figura 9:

Figura 10:

Biological parameters for icefish in the Ross Sea, Antarctica

Datos de talla por edad de Chionobathyscus dewitti. Superposicion de las curvas de ajuste del modelo 2 de
von Bertalanffy (parametros de von Bertalanffy iguales para todos los peces) y del modelo 4 (parametros
de von Bertalanffy separados para cada sexo).

Resultados de la comparacién de lecturas: (a) histogramas de la diferencia entre las lecturas para un
mismo otolito; (b) diferencias entre la primera y la segunda lectura para una edad determinada durante
la primera lectura; (c) grafico de las diferencias; y (d) perfiles de CV y APE con relaciéon a las edades
determinadas durante el primer conjunto de lecturas. Superposicién estimada de la relacién uno a uno
(linea continua) y de la relacién verdadera (linea entrecortada) entre la primera y segunda edad en

(b)y (©).
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