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1 Biomass, natural history and diets

Seals are the most common marine mammals in the 8es (Ainley 1985). Given that some species
of seal are known to predate on and/or compete taithfish, it is possible that they will be affedt
significantly by the toothfish fishery (e.g. Ponga& Stockard 2007). Five species of seal have been
recorded in the Ross Sea, (in order of abundacca)eater sealLpbodon carcinophagysWeddell

seal Leptonychotes weddéllileopard sealHydrurga leptonyx Ross sealdmmatophoca rosgiand
southern elephant sedflifounga leoning. All seals in the Ross Sea are phocids, or teadsgearless
seals. The distribution of seals in the Ross Seawaeasonally in response to the annual cycteaf

ice formation and melting. Nevertheless, seal brnegdnd foraging locations vary with species: e.g.,
the Weddell seal breeds on fast ice near the cotstieas the crabeater and leopard seals are more
common in unconsolidated pack ice.

Seal abundance is estimated from the data of Aifl€@85) for an area bounded by the continental
slope which more or less corresponds with our maded although there are more recent estimates for
more limited areas (e.g. Cameron & Siniff 2004).uAblances are converted to wet weights using
information on body size, and thence to organib@arusing measurements of the body composition
of Antarctic seals (e.g. Arnould et al. 1996). Thisrk, conducted on Antarctic fur seals, shows that
ash-free dry weight is approximately 35% of wetgtei If ash-free dry weight were composed of
material in approximately carbohydrate proporti¢8sH,,0¢), we would expect 0.15 gC/gww. This
should be compared to 0.10 gC/gww for fish (Vinaigna 1953). Throughout this chapter, we assume
that the carbon:wet weight ratio for seals in thes®fkSea is 0.15 gC/gww. Data for each species is
summarised iMable 1

Annual average biomass for each seal species vedcalated from estimates of summer numbers,
adjusted by the period of time over which the patiohs are present in the Ross Sea per year. Where
not described in the text, much of the informatiegarding marine mammals comes from systematic
counts of animals at sea (e.g., Bassett & Wilso831%inley 1985) and demographic studies at
specific breeding areas (e.g., Siniff et al. 19B&sta & Siniff 1987; Schreer & Testa 1992). A basic
review of mammalian species in the Ross Sea was ti&m Bradford-Grieve & Fenwick (2001).

1.1 Crabeater seals

Crabeater sealt.¢bodon carcinophagislmost exclusively occur in Antarctic pack iceigoof 79°S,
although a very few reach subantarctic islandsaadrth as New Zealand and the southern coasts of
Africa, Australia, and South America (Kooyman 1981a the Ross Sea, they can be found as far
south as McMurdo Sound and along the coast durimgneer (Oritsland 1970), but are more
frequently found within heavy, unconsolidated pak particularly over the Antarctic Slope Front in
the northern Ross Sea (Ainley 1985). Crabeateis se@ considered to be the most abundant seal
species and one of the most numerous large mamomalgarth. The recent Ross Sea crabeater
population is estimated to be about 204 000 ind@ig, estimated indirectly from ship-board
observations (Ainley 1985, Table 4), and residéhenstudy area for about 3 months of the year over
the summer. Adults reach 2.6 m in length and tharmeeight is estimated to be 295 (180-410) kg
(Trites & Pauly 1998). Females are slightly largean males (Shirihai 2002; Laws et al. 2003).
Crabeater seal neonates are at least 1.1 m antd3®0-40) kg in weight.



Because of their shy behaviour and difficult habitelatively little is known of their biology
(Kooyman 1981a). Mating and birth are likely to ocat sea or on unconsolidated pack ice (Shirihai
2002). Breeding occurs around January. PuppingredouSeptember—October. Mortality is high in
the first year and may reach 80%. Much of this aliytis attributed to leopard seal predation astmo
crabeaters that survive through their first yeavehijuries and scars from leopard seal attacks.
Leopard seal attacks appear to fall off dramatjcafter crabeaters reach one year of age. Sexual
maturity is reached in 2.5-6 years, with femalesheng maturity before males. Approximately 80%
of the female population are thought to breed alyn(@hirihai 2002).

The crabeater seal dives to 20-30 m typically giitnShirihai 2002) although in winter, at°67along

the western Antarctic Peninsula, they foraged betw&and 713 m (Burns et al. 2004). Crabeaters are
specialist krill eaters (Oritsland 1977; Laws 198dhley & DeMaster 1990). The main cusps of the
upper and lower teeth fit together to sieve invmdées from the water. In the Ross Sea, krill
(Euphausia crystallorophiagnd E. superba are likely to be consumed almost exclusively @95
with small amounts of fish and squid making up teimainder. Given that most crabeater seals in the
Ross Sea are found over the continental slope épihP85), their consumption is likely to be mainly
E. superbawith someE. crystallorophias Stable isotope work in the Ross Sea (Zhao €2G04)
suggests that crabeater seals forage predominantlthe same prey typéphausia sp.but in
various locations around the Ross Sea. Here, wliniassume crabeater seal diet of: 3%
crystallorophias 45%E. superbaand 20% other macrozooplankton.

1.2 Weddell seal

Weddell sealslLeptonychotes weddgllire widespread through the Southern Ocean and ottarge
numbers on fast ice, right up to the Antarctic awerit, and offshore in the pack ice zone northto t
Antarctic Convergence (Kooyman 1981c). Weddell semicur throughout the Ross Sea and breed
along the coast of Victoria Land and Ross Islanidlgy 1985; Testa & Siniff 1987). Weddell seals in
McMurdo Sound have been studied for over 30 yeaus. Stirling 1969; Burns et al. 1998, 1999;
Testa & Siniff 1987; Stewart et al. 2003). A relaty stable population of about 1500 animals occurs
on the eastern side of McMurdo Sound (Testa & BIrfiB7), with about a further 500 animals on the
western side of McMurdo Sound, mostly near therfstfdoraines and Blue Glacier (Ross et al. 1982).
Weddell seals are the second-most common seaéiRadlss Sea, with estimates ranging from 32,000
to 50,000 individuals (Stirling 1969; Ainley 198%tewart et al. 2003). These figures may
underestimate the actual total because Stirlingj369) estimate did not include animals that may
occur in the vicinity of the King Edward VIl Penura. Ainley (1985) conducted systematic censuses
of marine mammals and birds during five cruisethamnRoss Sea and estimated 0.054 individuals per
km? implying 32,000 individuals in the Ross Sea aRmsed on maps of the distribution of seals in
Ainley (1985) we estimate that about 85% of thisnber will be feeding inside the study area in
summer. Adult seals reach 2.6-3.0 m (males) and32B6n (females) in length, and weigh 300-600
kg (Harcourt 2001; Shirihai 2002). An average Wdldsieal weight was estimated to be 160 kg by
Trites & Pauly (1998) which seems low. Here, we aseaverage weight of 375 kg. Newborns are
about 1.5 m long and average 24 (22-29) kg (Tedn@neen 1987; Shirihai 2002).

In the southern Ross Sea, Weddell seals form laodenies (several hundred animals) from late
September, with pups born around October. Pupsaiideswim within 2 weeks, and are weaned at 6
weeks. Mating occur around November—December. Quthis period (October to December),
breeding adults and nursing pups remain inshore,faraging effort is low (Testa et al 1985; Hill
1987; Burns & Kooyman 2001). Pups born in McMurdiui&d leave their natal areas by the end of
February, moving north along the Antarctic contineoastline (Burns et al. 1999). It is unclear to
what extent Weddell seals are migratory betweereding seasons. Some individuals remain in
residence year round in the fast ice at latitudehigh as 78°S in McMurdo Sound, whereas others,
particularly newly weaned and subadult animalspdpée winter in the pack ice to the north of the
Ross Sea (Stewart et al. 2003). Satellite trac&fredult females from breeding colonies in McMurdo
Sound showed that most remained in the northerngiahe Sound during winter, although some



travelled as far as 500 km north beyond the Sourebté 1994). All adult seals tracked from
McMurdo Sound by Stewart et al. (2000) moved natier moulting and then spent the autumn,
winter and early spring foraging in open-ocean pack ice habitats over the broad continental shelf
of the western Ross Sea. Although ice conditiohs, availability of prey, and the abundance of
predators such as leopard seals and killer whalgsear to determine where adults and young go
when they disperse from the breeding colonies &r&804), it seems likely that most Weddell seals
breeding in the southern Ross Sea remain in tlly sttea year round. Tagging experiments show that
some pups born in McMurdo Sound return there withiyear, while others stay more than 400 km
distant for a number of years (Burns et al. 1998)er a number of years, fewer than 25% of pups
born in Erebus Bay (in McMurdo Sound) have beerenlesd recruiting into the breeding population
there (Testa 1987; Hastings 1996). The low retatea may be because pups suffer high mortalities in
their first few years of life, because pups tendeteruit into other colonies, or because studiesnat
long enough to observe pups returning to theirlrex@as (Burns et al 1999). Here, we assume that
Weddell seals are present in the study region fmo8ths of the year over the ice-free period around
the summer.

There is a considerable literature on the feeding/eddell seals, with a concentration of studies in
McMurdo Sound (e.g. Ross et al. 1982; Laws 1984e@r& Burton 1987; Plotz et al. 1991; Testa
1994; Burns et al. 1998, 1999; Davis et al. 1998sdDix et al. 2006). Weddell seals forage mainly in
shelf waters, usually below ice. When ice coverastinuous, seals often congregate round breathing
holes. Adult Weddell seals are reported to diveldpths up to 750 m, but <350 m is more common
(Burns & Kooyman 2001). Pups have been measuradgdio >400 m, but most dives are less than
80 m deep, with diving patterns indicating they aotively hunting prey which has a diel vertical
migration (Burns et al. 1999). Almost all studidddeddell seal diets throughout Antarctica suggest
dominance of fish in the diet (>90% by mass). Matydies report a preference for feedingRan
antarcticum other pelagic nototheniids, and icefish (Charthigitlae), over demersal fishes, and
fishes of the Myctophidae and Paralepididae fasiéeg. Casaux et al. 2006). Feeding studies in the
Ross Sea have identified the following prey iteifig: bentho-pelagic fish (mainliPleuragramma
antarcticum; (2) benthic fish (includingTrematomusspp.); (3) Antarctic toothfish@issostichus
mawson); (4) cryopelagic fishRagothenia borchgrevinki(5) squid Histioteuthiid sp., Kondakovia
longimana Mastigoteuthiidsp.); (6) crustacea (mainly decapods, Antarctiorghs).

It is likely that the diet of Weddell seals in tRess Sea is almost entirely fish, taken in the raidw
over deeper bathymetry or near the bottom in sivallareas. There has been conflicting results from
studies as the predominant species of fish in iteodl Weddell seals, and this may be due to toe fa
that the proportions of different fish will vary @rding to prey availability. Prey availability Wil
depend on the individual seal (adult, juvenile, Jpigeason and location. There are relatively few
direct measurements of Weddell seal diet in theéewior away from McMurdo Sound.

In McMurdo Sound, it is known that Antarctic silfish (Pleuragramma antarcticujroften make up

a significant proportion of the diet of Weddell lsegCastellini et al. 1992; Burns et al. 1998, 1999
Kooyman (1981c) reports that the diet of Weddedlsen McMurdo Sound is “almost entirely” fish,
and especiallyDissostichus mawsaonHowever, using video cameras mounted on Weddellssin
McMurdo Sound, Fuiman et al. (2002) noted thatssehliays attacked schools®f antarcticum but
only occasionally attackeD. mawsoni There is evidence that yearling Weddell sealMaMurdo
Sound are divided into two groups: those that feede to the bottom in shallower water, and those
that dive in the deep-water pelagic zone (Burnaletl998). Ross et al (1982) suggested that the
significant increase in toothfish numbers in theMdicdo Sound area from October to mid-November
may be the reason why so many Weddell seal breedilogies are established there. However, Burns
et al. (1999 and references therein) suggestedhbagignificance of toothfish in the diet may have
been overestimated, and concluded that pups in Md&8ound are likely to feed predominantly on
P. antarcticumand small squid. Stable isotope analysis of blsaahples show that Weddell seals
occupy the highest trophic level of seals from Rwss Sea, and, interestingly, pups and juveniles
tended to have slightly higher trophic levels tlaaults (Zhao et al. 2004), suggesting that theidiet
not entirelyP. antarcticum



Recently, Pinkerton et al. (2008) and Ainley & #ii2008) summarised the available evidence on the
Weddell seal-Antarctic toothfish trophic connectidn the McMurdo Sound region. Pinkerton et al.
(2008) concluded that:

e There is evidence that Antarctic toothfish havedowensities near to seal breeding colonies
in McMurdo Sound than further away (Testa et aB5)9

« Direct information on diet of the Weddell sealgliming diver observations, animal-mounted
camera information, and observations from fieldestists in the McMurdo Sound region
suggest that toothfish are a significant prey itemWeddell seals.

* In contrast, research using seal stomach conteonsit and scats provides no evidence that
Weddell seals consume toothfish at all. Diver obsons suggest that seals may feed
selectively on only parts of toothfish so that ithdl and vertebrae may be under-represented
in remains.

* Indirect information using stable isotopes of cartend nitrogen, even including recent
analyses that have not been previously reportadkires inconclusive. Further research using
stable isotope analysis of blood samples from ssatlst the breeding colonies, and samples
of muscle or other slower-turnover tissue of saathe breeding colonies may be conclusive.

* Information from fatty acids or other biomarkeraltbpotentially be used to investigate the
importance of toothfish as a prey item for seals,no results are available.

e Pinkerton et al. (2008) compared mortality of Antar toothfish in McMurdo Sound to
consumption by Weddell seals. The estimates, aifinqgueliminary and subject to uncertainty,
indicate that it is possible that toothfish compréssubstantial proportion of the diet of seals in
McMurdo Sound between October and January.

Pinkerton et al. (2008) conclude that while therstrong evidence that toothfish are a prey item fo
Weddell seals in McMurdo Sound between OctoberJamdiary, it is plausible but unproven that they
are an important prey item. Here, we assume a Wleskl@ diet of 7% large demersal fishes; 2%
medium demersal fishes; 25% small demersal fisl8p silverfish; 5% pelagic fishes; 9%
cephalopods; 2% megabenthos.

13 Leopard seal

Leopard sealsHydrurga leptonyk are widely-distributed in Antarctic and Subantigrevaters of the
Southern Hemisphere, from the coast of the contimenth throughout the pack ice and at most
Subantarctic islands (Kooyman 1981b). An estim#&@00 leopard seals inhabit the Ross Sea, with
most occurring within pack- ice in frontal areasinlay 1985: Table 4). Most sightings made by
Ainley (1985) were in the western Ross Sea, whigbpsrts the densest concentrations of Adélie
penguins, a frequent prey species of the sealdt fahypard seals are c. 3.3-3.8 m in length (Ti&es
Pauly 1998). Males weigh up to 400 kg. Adult fersaleeigh 260 to upwards of 500 kg. Trites &
Pauly (1998) give 460 kg as a mean weight whiclugeshere. Pups weigh 30-35 kg at birth (Shirihai
2002).

Breeding is confined to pack ice areas in the gpnivith pupping occurring in October—November on
pack ice. Mating is believed to occur around Decem{Shirihai 2002), but has not been observed.
Males become sexually mature at 3—6 years, andésmah2—7 years. Leopard seals are considered to
be seasonal residents of Ross Sea pack ice (Stetart2003), leaving the study region for islatals
the north of the study area in winter (Oritsland?@P There was high interannual variability in the
numbers of leopard seals seen ashore in the Ra@sdViest of the leopard seals hauling out at Bird
Island were not sexually mature (<4 years old; Walkt al. 1998). Gilbert & Erickson (1977)
suggested that northward dispersal of non-breeldiogard seals in winter may occur in relation to
food availability related to the northward encraaemt of sea ice. Rogers & Bryden (1997) suggested
that competition for space could influence the éisn. In this study, we assume that half of the
Ross Sea population of leopard seals is residetiteirstudy region year round (mature adults). The



remainder, which includes the majority of youngeals, are assumed to remain in the study region for
3 months of the year, and disperse northwardsdmithie summer.

The diet of leopard seals is varied and changeds sgason and location (Knox 2007, and references
therein). Leopard seals are thought to forageivelgtshallowly (<100 m), and consume krill, fish,
squid, penguins (especially Adelie penguins), aetaof other types of seabirds, and seals, inalgdi
crabeater seals, (small) southern elephant sealsfua seals where present (Penney & Lowry 1967,
Siniff & Stone 1985; Knox 2007; Walker et al. 19%&ll-Aspland & Rogers 2004, 2007). In Prydz
Bay, leopard seals preyed on penguins, fish ants $ealate spring, mainly Adelie penguins in
summer (>85% by frequency of occurrence in scaty, fish during winter (Hall-Aspland & Rogers
2004 and references therein). Leopard seals may tdiv shallowly to take substantial quantities of
krill in the winter (Kuhn et al. 2006). Leopard Eewill also occasionally scavenge from carcas$es o
whales. Fish in the diets off Prydz Bay were laygahidentified, but tended to be small (<100g)
benthic, inshore species includiRggothenia borchgrevinkandTrematomus hansotfHall-Aspland

& Rogers 2004). Researchers from New Zealand hiseechserved a leopard seal catch and consume
a large Weddell seal off Bird Island in the Ross $&inley pers. com.) but this probably unusual.
Hairs found in scats of leopard seals suggestdfaieater seals were the most common seal prey
taken (Hall-Aspland & Rogers 2007). It is interagtithat only a portion of seals (skin and blubber),
and no bones, were found in scats (Hall-Asplandogd®s 2004).

Here, we propose to use a starting diet of leogaads in the model of: 1% Emperor penguins, 5%
Adélie penguins, 5% crabeater seals; 16% mediunedahfishes; 15% small demersal fishes; 22%
silverfish; 5% pelagic fishes; 5% cephalopods; B%crystallorophias 5% E. superba 3% other
macrozooplankton; 5% megabenthos; and 10% carcasses

14 Ross seal

The Ross sealQmmatophoca roskis the smallest, least frequently sighted andtl&aown of the
Antarctic pinnipeds (Ray 1981; Southwell 2005). Resals are exclusively Antarctic species, being
rarely reported north of the Antarctic Circle ($té& 2002). They have a circumpolar distributiom an
are usually found in dense consolidated pack iaechn also be found on smooth ice floes in more
open areas. Ainley (1985) concluded that Ross seads irregularly distributed with high
concentrations in localised areas, and that thes B@s is apparently not an area where this species
concentrates. An estimated 5000 Ross seals octhe iRoss Sea (Ainley 1985: Table 4). Ross seals
appear to occur in very low densities throughout ldose pack ice of the outer Ross Sea (Ainley
1985), with tagging efforts revealing that they raig north out of the pack ice zone into open water
for extended periods of time to forage. We assumseRoss Sea population is resident in the study
region for 3 months a year.

Little is known about the biology of the speciepam from observations made from ships and the
examination of dead animals. Females are repordoemg slightly larger than males. Based on a
small sample of measured animals, Ross seals sgdehst 2.4 m and have an estimated population
weight of 150 kg (Trites & Pauly 1998) or 180 kdnifghai 2002), and we use the latter. It is estedat
that pups are about 1 m and 16 kg at birth. Puppaogirs in November—December, with mating in
late December—early January on pack ice, and mguhi February (Blix & Nordgy 2007). Ross seals
are thought to reach sexual maturity at age 3 years

The diet of the Ross seal is poorly known (Knox 200 he Ross seal may be a relatively deep diver,
with dives of 80-300 m (typically about 100 m) (B&on & Stewart 1997; Blix & Nordgy 2007).
Mid-water squid (mainlyPsychoteuthis glacialiand Alluroteuthis antarcticus and mid-water fish
(Pleuragramma antarcticupnappear to be the main part of their diet (Ontdldl977; Skinner &
Klages 1994; Knox 2007; Bengsten & Stewart 199d},tbey may also take krill. Patterns of diving
suggest that Ross seals pursue vertically migrgineg (Bengsten & Stewart 1997). Based on data
given by Knox (2007), we assume the diet of Rosdssim the Ross Sea is 2% medium demersal



fishes; 5% small demersal fishes; 10% silverfisB%lpelagic fishes; 35% cephalopods; 18%
crystallorophias 15%E. superbal0% other macrozooplankton.

15 Southern elephant seal

Southern elephant sealslifounga leonind have a nearly circumpolar distribution in the ®eun
Hemisphere it enters the Ross Sea only in the surfrova breeding and feeding grounds further to
the north. The southern elephant seal is consedguina least common seal in the Ross Sea. It is
estimated that there are 40 animals present isttlty area for the three summer months (Brownell &
Ainley 1976; Ainley 1985: Table 4) and no southelephant seals in the Ross Sea outside the
summer period. This is too small to be consideuethér in this trophic model.

2 Estimation of parametersfor thetrophic model

21 Consumption and diet

We estimated food consumption requirements for egmcies of seal were estimated by three
methods, using an average of all three methodsrasest estimate.

Method 1. Nagy (1987) estimated daily dry weight food canption for eutherian mammals (with
placenta) according to body weight @s=0.235\%?2 whereQy is the daily consumption in g dry
weight; Wis the animal weight (g). An estimate of oxygensummption of a southern elephant seal by
Hindell & Lea (1998) suggested that Nagy's (1994)aion may overestimate field metabolic rate.
However, this result is still uncertain, and soregin this method as a valid estimate.

Method 2. In the second method we used the relation betwaenal weight and daily consumption
developed by Innes et al. (1987). For toothed veh&de-0.258 W, where Q is daily consumption
kg/d or WW prey, andV is the animal wet weight in kg. For “other marimammals”, which we
apply to sealsQ=0.123W*° (symbols as above). These relationships give nseasumption rates
and were based on a compilation of published datadptive and wild marine mammals. There is
conflicting evidence on whether the food requiretaeaf Antarctic mammals is significantly greater
than that of terrestrial mammals of a similar §eg., Riedman 1990, and references therein). Some
studies have shown metabolic rates for polar mamrt@lbe 1.5-3 times higher than terrestrial
mammals in more temperate regions (e.g., Costia #086). Other work found that metabolic rates of
polar mammals were only slightly higher (1.1-1rds) than those of a terrestrial mammal of similar
size (see Riedman 1990). The relationships of leted. (1987) give values similar to consumption
rates for terrestrial mammals of the same size sonarease the values given by the relationship of
Innes et al. (1987) by a factor 2 for Antarcticrppeds.

Method 3. Here, we use an estimate of standard (or basaabulic rate from Lockyer (1981a):
SMR=70.5-V§"*?> where SMR is the resting or basal rate of anirfiaal/d) andw the animal weight
(kgWW). This results in basal metabolic rates 1241@®wer than those given by SMR&W ">
(Kleiber 1975; Lavigne et al. 1986). The averag#ydanergy expenditure of animals will be higher
than the SMR, especially if the animals are undege@xertion such as swimming long distances
(Lockyer 1981a). The active metabolism is estimatelbe about 2-5 times SMR (Kenney et al. 1997
and references therein), and we use an averadeesé of 3.5. We use assimilation efficiencies for
pinnipeds of 80% (Bradford-Grieve et al. 2003).

Conversion factors between energy, carbon, dry-\metiweights vary between studies and with
species. For fish, 0.95-1.3 kcal/gWW is reporteei(fle & Terranova 1985; Croxall et al. 1985; van
Franeker et al. 1997). For crustaceans, 0.93-RIgW is reported (Lockyer 1981a; Croxall et al.
1985). We used weight conversion factors of 0.1G8wW (fish: Schneider & Hunt 1982) and
0.030-0.055 gC/gWW (zooplankton: Weibe 1988; Ik&d&irkwood 1989). We use these to estimate
10.2 kcal/gC (fish) and 18.3 kcal/gC (crustaceamBese were combined according to the estimated



diets of the individual species of seal. Dry weighprey items was converted to carbon using @ rati
of 0.4 gC/gWW (Vinogradov 1953; Curl 1962).

These three methods differed by 24% on averagdy mithod 1 giving the highest estimate of
consumption, and method 3 the lowest. An averagéhede three estimates gave values of Q/B
between 23.4-33.1"yfor the 4 species of pinnipeds. Values are giveliable 1 For comparison,
other work reports daily food intake for captivalseas 10% of body weight (Laws 1984), and 3.3%
for harp seals (Nordoy et al. 1995). These implB @lues of between 12—37 yassuming seals and
their prey have approximately the same carbon toweght ratio which is reasonable for fish-eaters.
Jarre-Tiechmann et al. (1998) estimate that Capesdals have a Q/B ratio of 19%.yPinniped
energetics have been reviewed by Lavigne et aBZ,19986), and a summary is given by Knox
(2007). For an adult crabeater seal, they estimatannual average Q/B of 28,ycompared to our
estimate of 23.4 Y using an average of the three methods describedealBradford-Grieve et al.
(2003) used Q/B=46"yfor New Zealand fur seals which may be high.

2.2 Production
We estimated production rates of Antarctic seathasiverage of two methods given below.

Method 1

In this method, we use estimates of survival regegive production. It is assumed that the weigtit a
number of seals populations does not change signifly from year to year. In this case, the annual
production (the biomass that is available for tfansut of the trophic compartment) may be estihate
to be made up of two parts: (1) seal pups survitimgadulthood that replace loss due to adult
mortality; (2) pups dying before reaching adulthodthe average weight of a pup dying before
reaching adult size is taken as the geometric geedd the birth weight and adult weight. This
implicitly assumes a constant mortality rate witfeand a linear growth rate. A declining mortality
rate with age, and a decreasing growth rate wi#) &gl tend to act to cancel each other out, st th
this assumption is reasonable as a first approidmatVe estimate values of 60% seals breed each
year, one young per pair per year, and a pup salrv@te to adulthood of 0.2. This leads to P/B galu
of 0.12-0.15 ¥

Method 2

The second method followed Banse & Mosher (1980) wefated production to animal biomass as:
P/B=12.9 My*** whereM; is the animal weight expressed as an energy eguivgkcal), and P/B is
the annual value (). Mammals are likely to have a higher energy cointiean fish (c. 1 kcal/gWW:
Schindler et al. 1993) as a result of their fakrridubber. Although the biochemical analysis of
blubber of mammals varies, 60% lipid is likely (Hwoan 2007) implying an energy content of about
9 kcal/g. Assuming such high-lipid tissues makebput 40% of the seals’s body weight, we estimate
a total energy density for whales of 4.2 kcal/gisTiethod gives P/B values between 0.11-035 y
about 8% on average different from values by tist fnethod.

Here, we an average of the P/B values estimatetidoywo methods. For comparison, P/B values for
Antarctic seals is given as 0.22 fLaws 1984, Table VIIl) assuming mortality equpisduction in a
stable population. Jarre-Tiechmann et al. (1998jnesed that Cape fur seals had a P/B ratio of 0.95
yalthough this seems high.

2.3 Export

Given that all four species of seal discussedikedylto breed in the Ross Sea study area, andathat
large proportion of the juveniles and adults wilblpably move out of the region after breeding to
areas of less consolidated sea ice, there wilhbexport of biomass from the study region each géar

the end of the breeding season. This export wilbtieet by the breeding adults moving back into the
study area to breed the following year. Breedetsramy the study area are likely to be heavier on



average than those leaving the study area afteding, suggesting a net import of biomass over a
year. However, high mortality of juveniles betwdeaving the study region for the first time and re-
entry as a breeding adult tends to lead to a n@brexf biomass. The required data is generally not
available to estimate the net import/export of assifor seals on a species by species basis amd her
we estimate it to be 25% of annual production.

2.4  Ecotrophic efficiency

Ecotrophic efficienciesH) are not known for seals in the Ross Sea. Wheais see known to suffer
direct predators in the study area (crabeater s@é&dsidell seals), ecotrophic efficiencies are set s
that a nominal half the mortality is due to dirgcedation and half due to non-predation mortality
(starvation, disease etc). Where little direct ptexh in the study area is likely or it is not know
whether this occurs, (leopard seals, Ross sedlsiaatality is assumed to be non-predation and
ecotrophic efficiency calculated accordingly. Bi@maassociated with non-predation mortality is
channeled to the carcass group in the model.

25 Unassimilated consumption

In the present study, we us¢=0.2 as the proportion of unassimilated food fdr s@al groups
(Bradford-Grieve et al, 2003). Unassimilated congtiom is channelled to water column detritus in
the model.

3 Summary of model parametersfor seals

A summary of the parameters used by the modedalsss given in Table 1 and Table 2.

4  Acknowledgements

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



Table 1. Summary of trophic information on mammals in thesfSea.

Weight No. in summer in Time B
Compartment Scientific name (kg) Ross Sea (months) B (tonnes) | (gC m?) P/IB (v} QB (yY
Crabeater seal Lobodon carcinophagus 295 204,000 3 15045 2.36E-09 0.13 23.4
Weddell seal Leptonychotes weddelli 375 27,200 3 2550 4.00E-04 0.12 28.5
Leopard seal Hydrurga leptonyx 464 8000 3 928 1.46E-04 0.11 23.4
Ross seal Ommatophoca rossi 180 5000 3 224 3.52E-05] 0.15 33.1
Table 2. Summary of diet information seals in the Ross Sea
Predators (proportion in diet)
Prey Crabeater seal Weddell seal L eopard seal Ross seal
Emperor penguins 0.01
Adelie penguins 0.05
Crabeater seals 0.05
Large demersal fishes 0.07
Medium demersal fishes 0.02 0.16 0.02
Small demersal fishes 0.25 0.15 0.05
Antarctic silverfish 0.50 0.22 0.10
Pelagic fishes 0.05 0.05 0.13
Cephalopods 0.09 0.05 0.35
Euphausia crystallorophias 0.35 0.03 0.10
Euphausia superba 0.45 0.05 0.15
Other macrozooplankton 0.20 0.03 0.10
Megabenthos 0.02 0.05
Carcasses 0.10
Total 1 1 1 1
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