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1 Introduction

In this study, because of the lack of data on deploa abundance and ecology in the Ross Sea,
we have grouped all the cephalopods into one cdmpat. Lack of adequate biomass, growth
and feeding parameter data at the moment for cepbds$ leads us to treat this compartment as
being mainly squid and it is their parameter estimahat are included in the model initially.

Information on cephalopod species occurring in Russ Sea sector (which includes both the
Ross Sea and the deeper, northern waters to 608S)advanced during three recent studies.
First, studies of the diets of Antarctic toothfi@bissostichus mawsoni) caught by the longline
fishery in the Ross Sea region yielded cephalop@k$ which could often be identified to genus
and sometimes species level (Stevens 2004, 20@ndson et al. 2008) (Table 1). Cephalopods
were identified from characteristics of their beakth the assistance of Dr Yves Cherel of the
Centre d’Etudes Biologique de Chize, France. Secoaphalopod beaks, often with associated
buccal muscle, retrieved from the stomachs of Ami@rtoothfish, were analysed by mass
spectrometry for the isotopic composition of carl§6g, **C) and nitrogen'tN, **N) giving an
insight into trophic position (Thompson et al. 2R0Binally, the January-March 2008 IPY-
CAML (International Polar Year-Census of Antardflarine Life) voyage to the Ross Sea on the
RV Tangaroa captured a number of cephalopods during trawl eygwwhich are, as yet,
incompletely analysed. These data will increase rttmber of cephalopod species known to
occur in the Ross Sea by at least a further fouidsgix octopod species, and possibly a number
of undescribed taxa.

The most diverse squid fauna appears to be foura the outer northwestern Ross Sea
continental shelf with few squids penetrating itite southwestern corner of the Ross Sea where
octopods dominated. This agrees with Ainley e{1884) who showed showed the prevalence of
squid in seabird diets over the deep ocean northeoRoss Sea and slope but lower cephalopod
consumption by seabirds over the Ross Sea shalbpkars that only juveniles of the local squid
population are found over the Ross Sea shelf aatdtle adult population occurs mainly over the
continental slope. The octopus fauna is not yet Wwebwn but it appears that benthopelagic
Cirroctopus may dominate by weight in the 2008 sampfesnatus antarcticus is also likely to

be significant in the Ross Sea as this squid spéwe been identified from beaks in the stomachs
of emperor penguins (Cherel & Kooyman 1998). Thaimam mantle length for this species is
35 cm (Okutani 1995).

The data available to date from the 2008 IPY-CAMbsR Sea voyage suggests that the squid
fauna in the Ross Sea is similar to that of thelPBay area at 68°S 75°E (Lu & Williams 1994).
Lu & Williams (1994) found that the most common aips encountered in the Prydz Bay area (in
terms of numbers, not biomass) were: 5B8gchroteuthis glacialis; 28% Galitheuthis glacialis,

9% Alluroteuthis antarcticus; 8% Mastigoteuthis psychrophila; 1% Brachioteuthis sp; 1%
Bathyteuthis abyssicola; <1% Mesonychoteuthis hamiltoni; <1% Kondakovia longimana. We
summarise information on three common cephalopodpy below.



Table 1. Species of cephalopods from Antarctic toothfishrgtohs from 2005/06 and 2006/07 fishing
seasons from CCAMLR subarea 88.1 (Thompson ebaBR

Scientific name Common name Maximum mantle length
Squids Mesonychoteuthis hamiltoni Colossal squid
Kondakovia longimana No common hame
Psychroteuthis glacialis Glacial squid 44 cm (Roper et al. 1984)
Galiteuthis glacialis No common name 50 cm (Roper et al. 198B)
Moroteuthis knipovitchi Smooth hooked squid
Octopods | Stauroteuthis gilchristi No common name
Cirroctopus glacialis No common hame
Cirrata sp. A
Octopodid sp. 1
Octopodid sp. 2

Psychroteuthis glacialis. Lu & Williams (1994) caughPsychroteuthis glacialis in Prydz Bay in
three clusters: (1) 4-18 mm mantle length (ML) mature; (2) 95-201 mm ML — immature; (3)
>200 mm mature class which was poorly sampled.tWbesize classes of paralarvae are possibly
two year classes (Lu & Williams 1994) although theyuld also represent more than one
spawning time in a year (see Cherel & Weimerskit®9; Arkhipkin 2004), or a males and
females may have significant sexual dimorphism fowgh patterns (Dr Uwe Piatkowski,
Universitat Kiel, pers. comm.). Small individualere mostly pelagic whilst larger specimens
(>95 mm) were only captured in bottom trawls onshelf. The data suggest strong ontogenetic
descent that for this species, with small individuat shallow depths and subadults living on or
near the bottom close to the edge of the contihshgf.

Galitheuthis glacialis: At least two size classes @falitheuthis glacialis were also caught in
Prydz Bay, but these were not distinct Lu & Williar(l994). Small individuals were captured
both on the shelf and in the open ocean whereas large individuals were caught in the open
ocean. The data suggest that ontogenetic desdesst pdace and adults live in deep water. One
lone night trawl suggests some adults or subadaltge up to shallow depths to feed at night.

Cirroctopodidae: Little is known about the Cirroctopodidae (contag a single genus
Cirroctopus) which is a Southern Hemisphere family (Collins\&llanueva 2006). The life
history of cirrate octopods is known mainly fr@pisthoteuthis. Breeding seems to extend over a
long period while the animal continues to grow watigs maturing and being released one or two
at a time. The numbers of eggs produced are knalynfor a few species. It is thought that eggs
are not brooded but are released directly onto sba floor. The duration of embryonic
development is unknown but as egg size and temperare primary determinants of the
duration of embryonic developments in cephalopods éxpected that development time will be
long. Nesis (1999) estimated the development tinoen models, ofCirroctopus glacialis to be
2.5y at 0.5°C in the Antarctic. It is thought thhé post hatching life is also probably several
years.

2  Carbon content of cephalopod tissue



Work by Vlieg (1988) found arrow squid dry weiglat he 22.5% of wet weight, and ash to be
6.2% of dry weight. Vinogradov (1953) gives simitkata for dry weight of Cephalopoda ranging
from 13-30% of wet weight and a value for ash propo of 0.9-2.4% of wet weight equivalent

to c. 7.7% dry weight. If ash-free dry materialnimde of material in carbohydrate proportions
(CeH120g) then carbon is likely to make up ~40% dry weigh8.4% wet weight.

3 Cephalopodsdiet

Lu & Williams (1994) report that stomachs Bbychroteuthis glacialis caught in Prydz Bay
containedEuphausia superba (46% by weight),Pleuragramma antarcticum (23% by weight),
other fish (28% by weight), othé&. glacialis (0.23%) and rest composed of other crustacean and
unidentified material. Larger individual squid wdoeind to take larger krill, though the diet of
larger squid is generally poorly studied becausy #re difficult to catch. Stomach contents of
Galitheuthis glacialis were E. superba (95% by weight), and unidentified fish (5% by weigh
according to Lu & Williams (1994). We note thatiphausia crystallorphias was not found in
Prydz Bay by the study of squid by Lu & Williams9@4), and so it is not surprising this species
does not occur in the diet of squid found there. $fgeculate that squid of the Ross Sea are
opportunistic feeders, and their diet is likelyrédlect the abundance of different prey items of a
suitable size. Squid of the shelf region of thedRBea are likely to feed dfuphasusia superba

and E. crystallorphias, along with other macrozooplanktoR, antarcticum, and other small,
water-column fish. Fishers on board longlinershia Ross Sea have reported squid feeding on
Antarctic toothfish caught on the longlines, andeay large colossal squid was caught and
retained by a longline vessel in 2003. Some Antatobthfish have been documented as having
been subjected to significant depredation by squlide caught on longlines in the Ross Sea.
Whether squid feed on free-swimming toothfish iknagwn.

The Cirroctopodidae have very large eyes compartddather octopods but it is not known how
important these are for feeding. The prey of ofrrattopods is small individuals with slow
swimming speeds: gammarid amphipods and polychasdgse the major prey items as well as
other small crustaceans. Bathypelagic and demeegdialopods (e.gBathyteuthis abyssicola)
may also take benthic macro- and mega-fauna freniRtbss Sea shelf region. There is also some
cannibalism amongst Southern Ocean cephalopod3¥0® weight of the stomach contents of
P. glacialis was found to be material frof. glacialis (Lu & Williams 1994). The rates of
cannibalistic consumption are not known.

Fishers on board longliners in the Ross Sea hagvertedd squid feeding on Antarctic toothfish
caught on the longlines, and a very large colosgald was caught and retained by a longline
vessel in 2003. Whether squid feed on free-swimntimgthfish is unknown. Predation by
cephalopods on large and medium sized demersal($46 cm length) is unlikely to form a
major part of their diet in the Ross Sea as mgshaepods here are small.

We suggest a possible diet for cephalopods of th&s FSea is: 5% small demersal fishes; 5%
silverfish; 5% pelagic fishes; 5% cephalopods (dzadism); 10%E. crystallorophias; 15% E.
superba; 10% other macrozooplankton; 30% mesozooplanktb® megabenthos; 10%
macrobenthos.

4  Production



We have not found any research on growth rategpifi@lopods specifically in the Ross Sea, but
here estimate a production rate Rsychroteuthis glacialis which is taken as a “typical” Ross Sea
cephalopod.

We first briefly summarise cephalopod life histamyAntarctic waters. It is likely that Southern
Ocean cephalopods lay eggs in masses, but we kivovt if benthic or pelagic egg masses are
laid, or when in the year they are laid. Both &fst factors are likely to vary between species and
possibly between locations of the Southern OceamtelBy (1994) suggests that typical
ingredients of cold-water cephalopod life cyclesvaters colder that 5°C may be an embryonic
phase covering 3—12 months or more. This protraetedryonic phase may be the reason why
some Antarctic cephalopods seem to have longespliies than species in temperate waters (c. 2
years) compared to <1 year (Jackson & O’Dor 208190, the fact that Antarctic cephalopods
may have more protracted individual spawning afstioiver several months than warmer water
species (Botelzky 1994) may necessitate a londespan. Unfortunately, to the authors’
knowledge there are no aging studies of Antaraticghalopods using observations of statolith
increments as Jackson & O’Dor (2001) summariseddaids in temperate waters.

Grist & Jackson (2004) provide a physiologicallysed model for two-phase growth in
cephalopods, first described by Forsythe (1993yh@mpod larvae typically display rapid,
exponential growth until adulthood, when growth drmees slower and is often described by a
power law. The model is based on the well-knowneolmion that P/B is approximately
proportional to B** for a given species (Grist & Jackson 2004). Teils to a growth curve of
the form B(t)=K.(t-5)*°, where t is time (days). Such a power law givesh /B values for small
cephalopods such that the growth appears almoshenxgial, decreasing as the cephalopods age.
To estimate K and,twe use two estimates of size at ageHsychroteuthis glacialis. First, we
consider the smallest samples of this species tdkaralarvae taken in Prydz Bay in Nov/Dec
were 4-13.9 mm mantle length (ML) whereas paratataéien in Jan/Feb (Lu & Williams 1994)
were generally found in two size classes 4-15.9 anioh 90-179 mm ML. We assume that the
paralarvae taken in the period Nov/Dec and the Ismglaralarvae found in Jan/Feb were
relatively recently hatched (Lu & Williams 1994)ul& Williams (1994) give a relationship
between mantle length (ML, mm) and weight (W g wetight) for large specimens of
Psychroteuthis glacialis (it is not clear if these are fresh or preservéa):W = 2.55 x log ML —
3.664 (n = 75, r = 0.84) although we note that teiationship may not be accurate for very small
specimens. If we assume the relationship holdssfoall specimens, then the weight of the
paralarvae is about 0.036 g.

Next, we apply the length-weight relationship fesychroteuthis glacialis of Lu & Williams
(1994) to a maximum mantel length of 44 cm (Rogeale1984) gives a maximum weight of
1190 gWW. The time to reach this size is not kndevrPsychroteuthis glacialis and here we use
an estimate of 1.5 years. These values allow estimate a weight-at-age for this species of
cephalopod, and hence a production rate for ali afjequid in the population.

The model gives an average P/B Rsychroteuthis glacialis less than 60 days old of 5.9%. This
growth rate is very reasonable compared to otheliet. For exampléd|lex illecebrosus is able

to grow at rates up to 5% of wet weight per dayesgling on the food intake as a percentage of
body weight with highest growth rates achievedatifintake of about 10% per day (see Wells &
Clarke 1996 and references therein). Pecl et 804R uses squid growth rates of 4-9% body
weight per day. The growth rate of young squid lgavae probably depends on the breeding
success of copepods and preyRofglacialis that depend on sea ice retreat at high latitudes
(Schnack-Shiel & Hagen 1995). We note that anomatienonthly ice extent in the Prydz Bay
area were zero to negative in 1991 (Comiso 20@34f6) when many large squid paralarvae



were taken and zero to positive in 1985 when omiglsparalarvae were taken. This may reflect
the effect of sea ice on the abundance of fooccémhalopods in Prydz Bay. High interannual
variability in cephalopod growth rates in the R8gs is hence likely.

The annual-average production rate of the wholedspapulation depends on the mortality of
squid which is unknown. It was estimated that 946 of every 1000Todarodes pacificus
(Japanese flying squid) die during the first twoek& of life (Gibson 1995), implying a daily
mortality rate of 0.21'd Assuming a lower mortality rate for longer-livAdtarctic squid of 0.02
d* leads to an estimate of annual production of P/B=7. This is equivalent to an annual
survival rate of less than 0.07%.

This estimate compares reasonably well with otlémates from polar and subantarctic regions
around the world. Work in subantarctic waters acbNew Zealand on the most common species
of squid found there, arrow squilldtotodarus sloani), suggests that the animals live for around
one year, with rapid length growth of more thanB per month (Gibson 1995). The von
Bertalanffy growth parameters, and natural mostadit 0.99 y* for Nototodarus sloani lead to
P/B value for adult arrow squid (>10 cm ML) of 31 The von Bertalanffy growth parameters
and length-weight relationship for arrow squid imtifin et al. (1985) suggest P/B of 26 for
small squid (ML<10 cm). For the whole squid popiolaj these values may be combined to give
an annual average P/B of 10.5.\Bradford-Grieve et al. (2003) suggest P/B=80ryay be
appropriate for subantarctic squid off New ZealaAdnual production-to-biomass ratios for
gonatid squid in the Bering Sea are estimated 8/Be6.7 y* (Radchenko 1992) and for captive
Illex illecebrosus measured to be 2.9-9.1 at 7°C (Hirtle etl&@81). Work by O’'Dor et a(1980)
points out that growth rates bfillecebrocsus from field data are well below those for captive
animals, indicating that food supply of the natyrapulation can be an important limiting factor.
We propose to initially use production values eatad for non-captive squid in polar waters
from Radchenko (1992) of P/B=6.7y

5 Consumption

The daily ration ofLoligo pealei ranges from 3.2-5.8% of body weight per day (Viogw &
Noskov, 1979) which represents an annual Q/B of212¢". The mean daily ration dfilex
illecebrosus is 5.2% (Hirtle et al1981) or a Q/B of 197 In the absence of data for squid in the
Ross Sea, we may initially assume that Q/B is @mame of these values, i.e. 17 i the future,

it may be possible to use work on cephalopod méisabdy Seibel et al. (1997) to estimate
metabolic requirements of squid, and the impligatifor food consumption in the Ross Sea.

Taking Q/B as 17 yand P/B as 6.7 ygives an annual average gross efficiency, P/Q966.3
This is consistent with Boucaud-Camou & Boucher-t0d1983) who quotes a value of 25—
70% for the incorporation of food into body tisfoe octopus. The cephalopod growth model of
Grist & Jackson (2004) leads to P/Q of 28% for¢htlefish Sepia apama. Such P/Q values are
unusually high for animals of this size, and areitattable to the special ecophysiological
characteristics of cephalopods which allow rapumirgh (Jackson & O’Dor 2001).

6 Biomass

There is an almost complete lack of direct infoiiorabn squid and octopus biomass in the Ross
Sea. In the absence of direct measurements, ceuithltiomass in previous studies has been
estimated based on predator consumption (e.g. KI4886; Polito et al. 2002; Xavier et al. 2002;
Fenaughty et al. 2003; Kooyman et al. 2004). Cl4fla83) estimates that 34 million tonnes of
cephalopods are consumed by birds, seals and whmlte® Southern Ocean each year. This



result is not directly scalable to the Ross Sealmse most of the research on cephalopods in the
Southern Ocean, used by Clarke (1983), was froatilares close to the shelf break, or from deep
ocean waters. The Ross Sea is predominantly compdsshelf waters where diets of predators
may be different. For example, using seabirds asrapling tool, the paper by Ainley et al.
(1984) shows high prevalence of squid in seabietsdiver the deep ocean north of the Ross Sea
and over the Ross Sea slope, but dramatically |pnearalence over the shelf.

Here, we make an initial estimate the total congionpof cephalopods in the Ross Sea from
predator consumption, using biomass, diet and fargumption information found in the other
sections on these predators (Se&ble 3. The biomass of cephalopods is then calculated as
equation 1.

o 20

= [Equation 1]
(% _% Dcannibalism)

WherezQ is the consumption of cephalopods by all predagsiept cephalopods themselves,
P/B is the annual production rate of cephalopoés felow), Q/B is the annual consumption rate
of cephalopods (see above) dhdhivaism IS the (relatively small) consumption of cephaldpby
cephalopods. This method allows us to estimataah biomass of cephalopods in the Ross Sea,
(assuming that all squid biomass, apart from teegs, is used in the food web) of approximately
31 700 tonnes wet weight, equivalent to a carbasitieof 4.9 mgC i for the Ross Sea.

Table 2. Estimate of the total biomass of cephalopods elbayepredators in the Ross Sea. “Biomass” has
been adjusted to account for the proportion ofyéier the predator is in the Ross Sea i.e. annugVagnt
biomass. The final column gives the proportiontef total annual cephalopod production estimatedaeto
consumed by each predator.

%
Cephalopods Cephalopods Cephalopods
Predator Biomass Q/B indiet consumed consumed
t WW y! % t WW y* %
Emperor penguins 313p 44 4{0 65p1 .6
Adelie penguins 7947 81 10 7671 3
Flying birds 860 115 9 10628 43
Weddell seals 255 2B 9)0 7785 3.1
Leopard seals 928 B 5/0 1295 0.5
Ross seals 224 3B 35 3095 1.2
Other baleen whales 2979 8 1.5 447 0}18
Orca 3017 11 1( 400p 16
Sperm whale 2314 6 76 13429 5
Other toothed whales 157 14 61 15p4 D.6
Large demersal fishes 60199 1.03 13 10568 4.2
Medium demersal fishes 61138 1.9 7 9473 3.9
Small demersal fishes 596421 4.6 141247 57
Cephalopods 37262 17 5 31672 12.7
Total 249653 100
* Calculated from the sum of the other consumptian&quation 1.



These estimates of cephalopod consumption shouldedga&rded as highly uncertain because
much of the work on the importance of cephalopodsrédators to date in the Southern Ocean is
based on cephalopods beaks retrieved from theofyteedators. Cephalopods beaks are known
to be retained in the guts of predators for mangksemaking it difficult to know where the
cephalopods were consumed or how many of them tedwn. Also, the estimates of predator
numbers in the Ross Sea and their consumption aegesubject to high uncertainty.

7 Unassimilated consumption

In the present study, we ude0.2 as the proportion of unassimilated food foratacean groups
(Bradford-Grieve et al, 2003). Unassimilated congtiom is channelled to water column detritus
in the model.

8 Ecotrophic efficiency

Ecotrophic efficienciesH) are not known for cephalopods in the Ross Seaemdssumed to be
0.95 on the basis that the vast majority of cepgiads are predated.

9 Acknowledgements

Funding for this work was provided by the New Zedld&oundation for Research, Science and
Technology (C01X0505: “Ross Sea Sustainability”).

10 References

Ainley, D.G.; O'Connor, E.F.; Boekelheide, R.J. 498he marine ecology of birds in the Ross
Sea, Antarctica. Ornithological monographs no. 3®ashington D.C., American
Ornithologists’ Union.

Arkhipkin, A.l. 2004. Diversity in growth and longéy in short-lived animals: squid of the
suborder Oegopsin&arine and Freshwater Research 55: 341-355.

Boletzky, S.v. 1994. Embryonic development of cépbpads at low temperaturegntarctic

Science 6(2): 139-142.

Bradford-Grieve, J.M.; Probert, P.K.; Nodder, S.Dhompson, D.; Hall, J.; Hanchet, S.; Boyd,
P.; Zeldis, J.; Baker, A.N.; Best, H.A.; BroekhuizeN.; Childerhouse, S.; Clark, M.;
Hadfield, M.; Safi, K.; Wilkinson, I. 2003. Pilotdphic model for subantarctic water over the
Southern Plateau, New Zealand: a low biomass, tigisfer efficiency systendournal of
Experimental Marine Biology and Ecology 289: 223-262.

Boucaud-Camou, E.; Boucher-Rodoni, R. 1983. Feedind digestion in Cephalopods. In:
A.S.M. Saleudin and K.M. Wilbur (eds), The Molluseal. 5, Academic Press, New York
(1983), pp. 149-187 part 2 (Physiology) .

Cherel, Y.; Kooyman, G.L. 1998. Food of emperorqueéns @Aptenodytes forsteri) in the western
Ross Sea, Antarcticarine Biology 130: 335-344.

Cherel, M.R.; Weimerkirch, H. 1999. Spawning cyofeonychoteuthid squids in the southern
Indian Ocean: new information from seabird predatdiarine Ecology Progress Series 188:
93-104.

Clarke, M.R., 1983. Cephalopod biomass — estimdtiom predatorMemoir National Museum
of Victoria 44: 95-107.

Collins, M.A.; Villanueva, R. 2006. Taxonomy, ecgyjoand behaviour of the cirrate octopods.
Oceanography and Marine Biology: An Annual Review 44:; 277-322.



Comiso, J.C., 2003. Large Scale Characteristicsvardhbility of the Global Sea Ice Covén:
Sea Ice, An Introduction to its Physics, Chemistry, Biology and Geology. Blackwell
Publishing, Chapter 4, pp. 112-142.

Fenaughty, J.M.; Stevens, D.W.; Hanchet, S.M. 20D8t of the Antarctic toothfish
(Dissostichus mawsoni) from the Ross Sea, Antarctic (Subarea 88CDAMLR Science 10:
113-123.

Forsythe, J.W. 1993. A working hypothesis of hoawssmal temperature change may impact the
field growth of young cephalopods. In: Okutani ©!Por, R., Kubodera, T. (Eds.), Recent
Advances in Cephalopod Fisheries Biology. Tokaivgrsity Press, Tokyo, pp. 133-143.

Gibson, D.J.M. 1995. The New Zealand squid fish&®r9-1993.New Zealand Fisheries
Technical Report 42: 1-43.

Grist, E.P.M; Jackson, G.D. 2004. Energy balance aieterminant of two-phase growth in
cephalopodsMarine and Freshwater Research 55:; 395-401.

Hirtle, R.W.M.; DeMont, M.E.; O'Dor, R.K. 1981. Fdimg, growth and metabolic rates in
captive short-finned squidllex illecebrosus, in relation to the natural populatiakournal of
Shellfish Research 1: 187-192.

Jackson, G.D.; O’Dor, R.K. 2001. Time, space amdetophysiology of squid growth, life in the
fast laneVie Milieu 51: 205-215.

Klages, N.T.W. 1996. Cephalopods as prey. Il. Sédidosophical Transactions of the Royal
Society London B351: 1045-1052.

Kooyman, G.L.; Siniff, D. B.; Stirling, I.; Bengtap J. L. 2004: Moult habitat, pre- and post-
moult diet and post-moult travel of Ross Sea emppemguins Marine Ecology Progress
Series 267: 281-290.

Lu, C.C.; Williams, R. 1994. Contribution to theoligy of squid in the Prydz Bay regions,
Antarctica.Antarctic Science 8(2): 223-229.

Mattlin, R.H.; Scheibling, R.E.; Forch, E.C. 19&5istribution, abundance and size structure of
arrow squid Kototodarus sp.) off New ZealandNAFO ientific Council Studies 9: 39-45..

Nesis, K.N. 1999. The duration of egg incubatiorhigh latitude and deep-water cephalopods:
estimation and ecological consequendgiglogiya Morya (Vladivostok) 25: 499-506. [In
Russian]

O'Dor, R.K.; Durwald, R.D.; Vessey, E. 1980. Feediand growth in captive squidllex
illecebrosus, and the influence of food availability on growitlhh the natural population.
Selected Papers, International Commission of Northwest Atlantic Fisheries 6; 15-21.

Okutani T. 1995. Cuttlefish and squids of the wanldolor. Publication for the 30th anniversary
of the foundation of the National Cooperative Asation of Squid Processors. pp.185.

Pecl, G.T.; Steer, M.A.; Hodgson, K.E. 2004. Thie if hatchling size in generating the intrinsic
size-at- age variability of cephalopods: extendthg Forsythe HypothesisMarine and
Freshwater Research 55: 387-394

Polito, M.; Emslie, S.D.; Walker, W. 2002. 1000-yeacords of Emperor Penguin diets in the
Southern Ross SeAntarctic Science 14(4): 327-332.

Radchenko, V.I. 1992. The role of squids in thexgiel ecosystem of the Bering S&zeanol ogy
32: 762-767 [English translation]

Roper, C.F.E.; Sweeney, M.J.; Nauen, C.E. 198dphalopods of the world. Food and
Agriculture Organization, Rome, Italy. Vol. 3, pp72

Schnack-Schiel, S.B.; Hagen, W. 1995. Life-cycletsgies ofCalanoides acutus, Calanus
propinquus and Metridia gerlachel (Copepoda: Calanoida) in the eastern Weddell Sea,
Antarctica.lCES Journal of Marine Science 52: 541-548.

Seibel, B.A.; Thuesen, E.V.; Childress, J.J.; Gemky, L.A. 1997. Decline in pelagic
cephalopod metabolism with habitat depth refledfferdnces in locomotory efficiency.
Biological Bulletin 192: 262-278.



Stevens, D.W. 2004/05. Stomach contents of theréiitaoothfish Dissostichus mawsoni) from
the western Ross Sea, AntarctiC€AMLR WG-FSA-04/31.

Thompson, D.R.; Stevens, D.W.; Pinkerton, M.H.; \Bu8.J. 2008. Stable isotope analysis of
Ross Sea Cephalopod tissue samples: Preliminanjtgefinal Research Report for New
Zealand Ministry of Fisheries Research Project ABO%R04/0bj 2. NIWA, Wellington, New
Zealand.

Vinogradov, A.P. 1953The elementary chemical composition of marine organisms. Memoir of
the Sears Foundation for Marine Research, Yaleeysity, New Haven I, 647 pp.

Vinogradov, V.l.; Noskov, A.S. 1979. Feeding of gHtnned squid]llex illecebrosus, and long-
finned squidLoligo peale, off Nova Scotia and New England, 1974-19%8ected Papers,
International Commission of Northwest Atlantic Fisheries 5: 31-36.

Vlieg, P. 1988. Proximate composition of New Zealand marine finfish and shellfish.
Biotechnology Division, DSIR, Palmerston North, N&ealand.

Xavier, J.C.; Rodhouse, P.G.; Purves, M.G.; DawM.T.Arata, J.; Pilling, G.M. 2002.
Distribution of cephalopods recorded in the dietttd Patagonian toothfistDissostichus
eleginoides) around South Georgi&olar Biology 25: 323-330.



