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What is so special about krill?

Stephen Nicol
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Krill are found throughout the pelagic ocean and occupy a variety of niches and in some ocean areas they can become dominant members of the pelagic community. There are a number of features that make krill unusual both as crustaceans and as oceanic animals. They are of a particular size that gives them a measure of independence from the local physical environment and recent research suggests that they may, in fact, significantly affect oceanic structure. Many are schooling species achieving densities within schools that are amongst the highest observed in the ocean and the biomass achieved within individual schools reaches levels rarely exceeded by any other animal aggregation on Earth. Their aggregating habit matched to their high requirement for food results in them having a marked effect on the other inhabitants of the pelagic zone. In turn they are vital prey for many vertebrate and invertebrate species. Some vertebrates are almost obligate krill feeders and the largest animal that has ever lived attains spectacular growth and development rates on a diet of krill. The unique properties of krill are now attracting industrial attention and plans are afoot for the development of major industries based on their nutritional and chemical attributes.
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Mechanisms for the high total production of Antarctic krill
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Antarctic krill can maintain a massive biomass across the Southern Ocean, despite suffering predation of >100x106 tonnes per year. How they achieve this is still unclear – estimates of their production, for example, tend to be low compared to those for predation loss. This talk is aimed to stimulate discussion on how we can reconcile two fundamentally different ways of looking at krill – from the perspectives of top-down or bottom-up control. We have synthesised data on krill, their predators, food and environment for a circumpolar view on the mechanisms behind their high production. Krill biology is being interpreted increasingly in relation to continental shelves and slopes. However we find that 87% of the summer population lives over deep ocean waters (>2000m water depth). This great reservoir of oceanic krill provides one of the keys to its success. Its low average density, patchiness and vast habitat area provide an effective refuge from predation, allowing a high biomass to be sustained. The trade-off for oceanic life is lower food concentrations and thus sub-optimal growth. However, we calculate that on average across the whole Southern Ocean, krill can still quadruple in mass over summer. This reflects first their ability to grow fast at moderate oceanic food concentrations and second, their ability to maintain populations in sectors with enhanced food, avoiding oligotrophic areas. These key facets of krill biology are interlinked and yield a total annual production of at least 380x 106 tonnes, well in excess of minimum consumption estimates.
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The importance of advection in a productive Southern Ocean ecosystem 
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The South Georgia region is one of the most productive parts of the Southern Ocean. Here Antarctic krill are abundant and support large colonies of top predators as well as a commercial fishery. South Georgia is positioned within the Antarctic Circumpolar Current and so krill found here are likely to have been carried into the region with the prevailing large-scale current regime. To understand how such a marine ecosystem functions it is important to consider the role of advection in transporting krill through the regional ecosystem. We present data from cruises, lagrangian drifters and models to look at potential transport pathways into and out of the South Georgia region. Focusing on a 10,000 km2 meso-scale area at the northwest of South Georgia we link advection rates, acoustically estimated biomass of krill, measurements of krill growth and estimates of krill consumption by key predators to determine the relative importance of advection and local production in determining the biomass of krill in the South Georgia area. We show that advection across all spatial scales (from basin scale transport to meso-scale inertial oscillations), plays a pivotal role in the function of the South Georgia ecosystem. 

May 28, 11:30 (W3-3475)

Relationship of parasitism to life-cycle characteristics of Euphausia superba
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Of all sources of natural mortality on krill populations, parasitism is one of the least studied and least understood. Parasitic infestations can devastate entire swarms of adult krill, a hazard of high transmission rates between many individuals in close proximity. Many host-parasite relationships show closely coupled life-cycles. We examined the relationship between parasitic load and krill development during the reproductive season across a number of years in the Scotia Sea. Our study focussed on the external suctorian parasite Ephelota sp. Although non-lethal, high levels of suctorian infestation indicate a wider susceptibility of krill to parasitism, since many parasites enter through the cuticle. Krill sex, maturity, moult stage, body length and relative age (for which eye-diameter was used as a proxy) were compared to infestation levels. We found moult stage to be an important determinant of suctorian parasitic load, with two thirds of the population being infested prior to moult but very few after. Krill maintain a comparatively high adult moult rate but its selective advantage is unclear. Our results show that a high moulting frequency is effective at controlling parasitism. Krill age was also important, with the oldest males having the most suctorians, including relatively numerous reproductive bodies. The decreasing capacity of ageing krill to moult frequently is responsible for increased suctorian colonisation. Lengthy inter-moult periods are also a requirement of the parasite to complete its own life cycle, suggesting a long host-parasite co-evolution. Parameterising parasitism within krill life-cycle models, particularly with regards to natural lifespan, will be discussed.
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Characterising the three dimensional structure of Antarctic krill (Euphausia superba) swarms 
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Antarctic krill (Euphausia superba) form dense aggregations or swarms. Quantifying the distribution, morphology and internal density structure of these swarms is an important step towards improving our understanding of krill behaviour and predator-prey interactions. Conventional vertical-looking single beam echosounders however do not provide a 3D view. In January 2006 a 200 KHz multi-beam echosounder (Simrad, SM20) was deployed from a 5.7m zodiac inflatable boat to observe krill swarms in the nearshore environment at Cape Shirreff, Livingston Island, Antarctica (62°30'S, 60°40'W). Data were collected in a line transect survey totalling 250 km in length in water depths from 30 to 150 m. The 120º across-transect arc sampled by the multi-beam revealed that krill form complex swarms that cannot be approximated by simple shapes. During daylight, krill swarms were seen to extend to within 5 m of the surface, the minimum range at which the SM20 could detect krill. This has implications for krill biomass estimation, since conventional hull-mounted echosounder transducers cannot observe shallow water depths. The magnitude of this bias has been investigated using 2D distance sampling techniques. A generalised additive model was used to explore the interaction between krill swarms and predators and showed that swarms exhibit different shapes in the vicinity of predators.
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Antarctic krill aggregation structure and vertical migration in relation to features of the physical and biological environment
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The Antarctic krill (Euphausia superba) is known for its formation of highly cohesive aggregations and is a strong swimmer capable of overcoming relatively strong currents. It therefore represents an attractive species for the study of how active behaviors interact with physical oceanographic processes and the presence of predators and prey to generate patchiness in the distributions of zooplankton. We examined the morphology, internal composition, and vertical position of individual krill aggregations in relation to a variety of concurrent measurements of the physical and biological environment. Acoustic, video, environmental, and predator data were collected during fall and winter surveys west of the Antarctic Peninsula, as part of the U. S. Southern Ocean GLOBEC program. Methods were developed and verified for identifying krill aggregations in the acoustic record, and then estimating the length, abundance, and biomass of constituent members. Application of these methods demonstrated strong variability in aggregation characteristics. There was little association between the characteristics of individual aggregations and the mean length of krill estimated acoustically, and thus little evidence for size-related changes in aggregative behavior. The observed patterns of variability in aggregation characteristics between day and night, regions of high versus low food availability, and in the presence or absence of predators, together reinforced the conclusion that aggregation and diel vertical migration represent strategies to avoid visual predators, while allowing the krill access to shallowly-distributed food resources. In particular, abundant crabeater seals may have the strongest influence on krill behavior, rather than the relatively rare whale and smaller penguin predators. 
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Climate variability, Antarctic krill (Euphausia superba) spawning, and Adelie penguin (Pygoscelis adeliae) chick growth
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Factors that control variability in energy-density of Antarctic krill (Euphausia superba) populations, and the consequences of this variability on chick growth and fledging weight of Adelie penguins (Pygoscelis adeliae) was investigated. An individual-based energetics model describing the growth of penguin chicks from hatching to fledging was used in this study. In the model, lipid content as a function of sex/maturity stage and season (julian date) was used to calculate the energy-density of krill ingested by chicks. Model simulations tested the influence of variability in krill demography, length-at-maturity, and the timing of spawning on krill population energy-density and penguin fledging weights. 
Of the parameters included in simulations, variability in the timing of krill spawning had the greatest influence on predicted fledging weights, as fledging weights dropped from 3.92 kg to 3.42 kg when peak spawning was shifted from 6 Dec to 6 Mar. The timing of Antarctic krill spawning is influenced by the timing and distribution of phytoplankton blooms, which is mediated by characteristics of the seasonal pack-ice. Off the WAP, krill spawning is delayed by an early ice-retreat. Recent warming has shifted the timing of sea-ice retreat to earlier in the summer, which may alter the timing of krill spawning in this region. This may have important implications for species, such as the Adelie penguin, that time their breeding to coincide with a period of high prey-availability and energy-density, and have a limited capacity to shift their breeding behavior in response to short-term trends in environmental variability.
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ENSO drives interannual variability of the Antarctic Peninsula pelagic marine ecosystem
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The Drake Passage region off the West Antarctic Peninsula is a major source of Antarctic krill (Euphausia superba) for the entire Southern Ocean. This also is the domain where El Niño-Southern Oscillation (ENSO) variability in the tropics imposes its signature on climate variability in the Southern Ocean via meridional atmospheric teleconnections, the “Antarctic Dipole”. This study utilizes data collected in the South Shetland-Elephant Island area for 27 years, 1980 through 2006, to describe ecological response to interannual climate variability over seven-to-eight ENSO cycles. Here we find interannual variations of elevated chlorophyll-a (Chl-a) and copepod concentrations and early krill spawning seasonality with increased reproductive and recruitment success that fluctuate in phase with poleward displacement of the Southern ACC Front (SACCF) and Southern Boundary of the Antarctic Circumpolar Current (SBACC) and retracted sea ice extent during the previous winter, variables that fluctuate in phase with La Niña in the eastern equatorial Pacific Ocean. El Niño conditions, in contrast, produce reduced copepod numbers, increased abundance of the salps Salpa thompsoni and Ihlea racovitzai and low krill reproductive success and recruitment, all with subsequent impacts on the pelagic marine ecosystem.. We explain this in terms of the importance of climate variability on the krill-based food web and its implications for krill fishery management.
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Review of life history and ecology of Euphausia pacifica off Newport, OR, USA
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We have studied Euphausia pacifica off Newport, OR since 1996 using data from a biweekly sampling program. Experiments on growth rates and egg production of E. pacifica began in 2000. We also conducted two long-term laboratory experiments on E. pacifica: 1) development from egg to adult, and 2) egg production by individual females from two different geographical areas. E. pacifica often had multiple instars at the same developmental stage, and 58% of the animals skipped one developmental stage between FIII-juvenile. Animals that skipped a stage developed to the juvenile stage significantly faster than those that did not (20.5d and 27.1d, respectively). Measurements of growth using several methods (IGR experiments, cohort analysis and long-term laboratory observations) were consistent and showed that individual growth rates for adults were highly variable but were typically ≤ ±0.02mm/d. Seasonality of spawning was determined by the presence of eggs in preserved samples. The spawning season for E. pacifica in our study area was generally March-October, consistent with the upwelling season when phytoplankton blooms occur. Comparison of E. pacifica brood sizes from several regions indicates that animals off Newport, OR had higher average brood sizes (152 eggs/brood) than those in Puget Sound, WA (96 eggs/brood) or Toyama Bay, Japan (113 eggs/brood). A long-term laboratory study of spawning by females from Santa Barbara (SB), California and Heceta Bank (HB), Oregon showed that both groups had similar average brood sizes (HB=102 eggs/brood, SB=116 eggs/brood) but the SB animals had a significantly shorter median interbrood period (HB=5d, SB=4d). 
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The distribution pattern, abundance and life cycle of Euphausia pacifica in the Southern Yellow Sea 
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The distribution, abundance and life cycle of Euphausia. pacifica, and their relationship to the environmental factors in the Southern Yellow Sea were analyzed and studied by using monthly samples and environmental factors obtained at 90 stations in 1959 and those obtained since 2002.. Results on E. pacifica stage-specific analyses show that E. pacifica population is usually distributed east of 121°E in the Southern Yellow Sea, and each stage was present all year round, except some early larval stages that were absent in the samples for a few months. The distribution and abundance of E. pacifica differed spatially, seasonally and stage-specifically. As for the whole population, its abundance and distribution pattern were mainly influenced by one or two, or more of the most abundant stages. The ratio of female to male ranged from 0.31-0.64, averaged 0.49 in 1959. Although spawning and larval recruitment of E. pacifica happened throughout the year, there were two obvious spawning seasons in the Southern Yellow Sea, one prominent from March to July, and another but much reduced from November to December. This coincided with the copulated adult/female abundance, which showed a high peak during March to July, and a low peak from November to December. The peaks of larval recruitment and the spawning seasons indicate there would be two generations of E. pacifica in a year in the Southern Yellow Sea. The results of analysis on relationship between the distribution, abundance and environmental factors are also included in this paper. 
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Multidisciplinary study of the subtropical sac-spawning euphausiid Nyctiphanes simplex in the southern part of the California Current System and Gulf of California
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Nyctiphanes simplex is the most prominent euphausiid from the neritic region along the west coast of Baja California peninsula and Gulf of California, Mexico. We studied the reproductive biology (histology, brood size, interbrood period, lipid composition), embryonic development time, molting rates, high resolution vertical and horizontal distribution (hydroacoustic), and endoparasitology from five oceanographic cruises (Mar 2004-Dec 2006). N. simplex attains first maturity at ~9 mm length (>60 days, recognized by a pale pink colored ovary), is a synchronous partial spawner (histological evidence) that produces and spawns one batch of oöcytes (<105 embryos fem-1) every 7-15 days (previously assumed as 30 days). Life-span fecundity is 600-1200 eggs fem-1 (6 months, 12-24 ovigerous sacs, average BS 50 eggs fem-1). Embryonic development is delayed <3 days (16°C, hatching as nauplius) and embryos are released from the ovigerous sac as metanauplius (~5 days after spawning). Instantaneous growth rates (IGR) indicate higher growth rates in spring and summer. Although no body growth or even negative IGR was commonly observed throughout the year, average negative IGR were recorded in Nov-Dec at both sides of the peninsula. Dense N. simplex swarms (~74 tons day-1) invade shallower bay environments (Bahía Magdalena, ~30 m depth) transported by intense tidal currents. Species composition and total biomass (hydroacoustic) was estimated in the GC (Nov-Dec). A novel Apostome ciliate species of the genus Collinia infects and kills N. simplex (third known endoparasitoid ciliate species infecting euphausiids) and its life cycle and ecophysiology (lipid utilization and activity of oxidative stress enzymes) were investigated.
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 SEQ CHAPTER \h \r 1Southern Ocean GLOBEC: Overwintering metabolism in Antarctic zooplankton and micronekton
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Overwintering Euphausia superba (and other herbivorous and omnivorous pelagic Crustacea) are faced with an energy shortfall due to the loss of their phytoplankton food source, a result of the vanishingly low chlorophyll biomass typical of the Antarctic water column during the fall and winter. Two strategies that are widely exploited to overcome food deprivation in overwintering species are the use of an energy depot as a source of fuel and a reduction in the need for fuel by reducing metabolic demand. The present study was designed to test the hypothesis that Euphausia superba and other micronektonic/mesozooplanktonic species reduce metabolic demand as part of their overwintering strategy. Krill and copepods were captured in a Tucker trawl designed for gentle handling of specimens on four GLOBEC cruises to the Western Antarctic Peninsula (WAP) shelf, two in the austral fall (April-May) and the others in the austral winter (July-August). Specimens were rapidly sorted into cold (0o C) filtered seawater and allowed to adjust to laboratory conditions for a minimum of 4 h. They were then placed in sealed, water-jacketed vessels filled with filtered (0.45μ) seawater and allowed to deplete the oxygen to intermediate levels of dissolved oxygen (80 mm Hg) at a temperature of 0o C . Oxygen consumption was continuously recorded with Clark polarographic electrodes. In E. superba, no differences were observed in oxygen consumption between the fall and winter seasons. The equation for the line describing metabolism vs mass in fall-winter WAP shelf animals was Y (μl O2 individual-1 h-1) = 0.310 X (mass (mg))0.772, r2=0.754. WAP shelf fall-winter krill had a metabolic rate about 60 % of that of summer animals captured in the Weddell Sea (Y (μl O2 individual-1 h-1) = 0.514 X (mass (mg))0.792, r2=0.9650) suggesting a profound drop in metabolic rate during the winter. Despite the observed dramatically reduced metabolism in fall-winter, WAP shelf krill showed a higher winter rate than E. superba captured in the Weddell Sea (Y= 0.213 X 0.807, r2=0.970). The drop in metabolic rate during the dark season was mirrored in the activities of the intermediary metabolic enzymes citrate synthase (CS) and malate dehydrogenase (MDH). The dominant copepod Calanoides acutus, a diapausing species, showed a slightly different pattern. It also showed a profound drop in metabolism from summer to fall, but exhibited a continuing downward trend from fall to winter. The drop in metabolism (about 50% from summer to winter) was reflected in the drop of CS and MDH activities (50% to 75% drop from summer to winter). No significant changes were observed in the activities of CS and MDH from fall to winter in either the neritic euphausiid Euphausia crystallorophias or the ubiquitous Thysanoessa macrura. Overwintering strategies vary considerably within and between crustacean taxa, particularly the use of reduced metabolism 
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Seasonal lipid dynamics of the Antarctic krill Euphausia superba in the Lazarev Sea
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Most ecological and biochemical information about the Antarctic krill Euphausia superba is derived from the extensively studied region around the Antarctic Peninsula. The Lazarev Sea is characterised by a lower abundance and krill life cycle differs in various aspects, such as shorter maximum lengths. Here we present a comprehensive seasonal data set on the lipid dynamics of various developmental and reproductive stages of E. superba in the Lazarev Sea. Total lipid content of postlarval krill varied markedly with maximum levels in late autumn (up to 50% of dry mass (DM)), slowly decreasing values in July and August (25-40% DM), down to minimum levels in late spring / early summer (≥5% DM). During the reproductive period in summer, the individual variability of lipid content among adult krill was most pronounced. The lipid class composition varied accordingly with highest storage lipid levels in autumn and winter. Triacylglycerols (TAG) were the most abundant neutral lipids and phosphatidylcholine was the predominant lipid class throughout the year. Furciliae were present in all sampling periods. In autumn, their lipid content increased steadily with development, whereas in winter the relationship between lipid content and stage was not as evident. E. superba eggs contained approx. 60% lipid, dominated by TAG. During embryonic development, lipid content decreased in freshly hatched nauplii, and further in the non-feeding calyptopis larvae (5% DM). Lipid dynamics will be discussed with regard to life cycle characteristics and compared with respective data from different Antarctic regions.
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The importance of zooplankton as food source for larval Antarctic krill, Euphausia superba during winter
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Feeding rates of larval krill on phytoplankton and specific zooplankton species as well as metabolic rates were measured during two cruises with RV Polarstern in early autumn and mid-winter in the Lazarev Sea. The zooplankton organism used for the feeding experiments were Oithona sp., Microcalanus sp., Ctenocalanus sp., and copepodide stages of Calanus propinquus, Calanoides acutus, Metridia gerlachei, Rincalanus gigas. 

Oxygen uptake rates in furcilia larvae during winter ranged between 0.2 and 0.6 µl O2 ind. -1 h-1, similar to values measured in late summer and early autumn. In contrast, the ammonium production in winter more than doubled, compared to rates measured during the other seasons (winter: 0.02 - 0.08, late summer, autumn: 0.002-0.04 µg NH4 ind.-1 h-1). This results in low O:N ratios, indicating a preference for heterotrophic diet. 

Furcilia larvae showed a much lower response to increasing phytoplankton concentration in winter than in austral autumn. The ingestion rates on natural phytoplankton mixture derived from incubation experiments ranged between 0.02 and 0.3 µg C ind.-1 h-1 and were similar to ingestion rates derived from gut pigment measurements (0.08 to 0.4 µg C ind.-1 h-1). The results from these studies will be discussed in relation to the metabolic demands of larval krill.
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Structural changes in the digestive glands of larval Antarctic krill (Euphausia superba) through starvation
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Antarctic krill (Euphausia superba: hereafter krill) plays a key role in the Southern Ocean ecosystems. Studies on its larval ecology are important since population size of krill is mainly determined by their survival rates during their early life stages. Larval krill have low lipid reserves and thus might not be able to tolerate long starvation periods as the post larval stages. The knowledge of starvation resistance of larval krill and when they reach their ‘Point of no Return’ (PNR) is important to understanding larval survival, development and ultimately recruitment. The PNR is the time after which a larva loses its capability to recover from their nutritional stress. After passing the PNR, starved and subsequently fed larvae are unable to recover from the effects of prolonged starvation. The most characteristic effects of starvation can be seen in ultrastructual changes in the digestive system, particularly in the R (resorptive)-cells. This study demonstrate for the first time histological changes of digestive cells (B-, F-, R-cells) after 5, 10, 15, 20 and 25 days of starvation to estimate the PNR in larval krill. 
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The biochemical estimation of age in krill: laboratory calibration and field comparisons
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Euphausiids play a key role in the marine ecosystem as a link between primary producers and top predators. Understanding their demographic structure is an essential tool to assess growth and recruitment as well as determine how changes in environmental condition might alter their condition and distribution. Since age determination of crustaceans cannot be accomplished using traditional approaches, we evaluated the potential of biochemical products of tissue metabolism (termed lipofuscins) to determine the demographic structure of Euphausiids in field collections. Lipofuscin was extracted from neural tissues (eye and eye-stalk), quantified using their fluorescent intensity, and normalized to protein content to allow comparisons across animal sizes. Age calibration of lipofuscin accumulation was accomplished using Euphausia pacifica eggs collected in the field and reared in the laboratory for over 1 yr. Lipofuscin content extracted from neural tissues of laboratory-reared animals was well correlated with the chronological age of animals. Field populations contained variable levels of lipofuscin dependant on size. Based on comparison with laboratory accumulation rates, sub-adults and adults in the Northeast Pacific were older than 100 days and younger than 1yr based on lipofuscin age estimation. Comparative measures of the Antarctic krill, E. superba, showed much higher lipofuscin levels, suggesting a much longer lifespan than that of the temperate species, E. pacifica. These regional comparisons suggest that biochemical indices allow a practical approach to estimate population age structure, and combined with other measures can provide estimates of vital rates (i.e. longevity, mortality, growth) for krill populations in dynamic environments.
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Making krill behave in the aquarium

So Kawaguchi, Robert A. King and Stephen Nicol

Australian Government Antarctic Division, Department of the Environment and Heritage, 203 Channel Highway, Kingston, TAS, 7050, Australia. E-mail: So.Kawaguchi@aad.gov.au

Antarctic krill (hereafter, krill) exhibit complex social behaviour and are an active migratory species. However, when their population movements are dealt with at regional or local scales, they tend to be regarded as passive particles drifting in ocean currents. This causes a major dilemma when scientists try to make sense between observational evidences and ecosystem modelling. Conducting aquarium studies is one of the avenues to try understanding their behaviour, which helps us predict how they are behaving in the ocean environments, although there are many issues to overcome to condition/adjust the aquarium system to successfully carry out sensible observations. Although a single study on schooling behaviour using Antarctic krill held for a short-term in an aquarium system setup on the Antarctic continent has been reported in the past, it has never been replicated. In the research aquarium at the Australian Government Antarctic Division, we have been keeping Antarctic krill for research purposes and recently succeeded in inducing breeding and schooling. Water quality, adequate feeding conditions, temperature, stable light environment, and suitable tank arrangements were the keys to the success. This major achievement opens up whole new opportunities for studying various aspects of krill behaviour. In our presentation, we will give an overview of our aquarium system and introduce some of our recent research activities.
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Using GIS and remote sensing data for analysis and forecast of fishery conditions in Atlantic Antarctic area
Dmitry Donchenko 
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The pelagic ecosystem of the Atlantic Antarctic area is one of the most productive zones in the World’s Ocean. Management of this zone is one of the important tasks in fishery oceanography. Efficiency of investigations is gaining with the use of geographic informational system (GIS) and remote sensing data from satellites. Complex analysis of retrospective, satellite and cruise data now allow one to show relationship between abiotic processes and time-spatial distribution of fishery species. In this article we show an example of using retrospective data surveys gathered by AtlantNIRO (Atlantic Research Institute of Fisheries and Oceanography), monthly satellite data of SST, SLP and ice concentration between 70° to 5°W and 50° to 70°S area from 1981 to 2005. We chose Antarctic krill (Euphausia superba Dana) as an indicator of environmental changes.
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The role of lipids in winter survival of Antarctic zooplankton 

Se-Jong Ju1, Woong-Seo Kim1 and H. Rodger Harvey2
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Two species of adult Antarctic krill, Euphausia superba and E. crystallorophias, and two species of adult Antarctic copepods, Pareuchaeta antarctica and Calanoides acutus, were collected and analyzed for total lipid and lipid classes to understand the role of lipids in overwintering survival of Antarctic zooplankton. We estimated the lipid utilization rates of Antarctic zooplankton during winter based on the differences of total lipid content in organisms collected from Marguerite Bay in fall and winter. This estimate indicates that C. acutus utilize the least amount of lipid (237 μg lipid/g DW/day), mainly as triacylglycerols, among investigated zooplankton because low energy requirement for C. acutus during winter diapause. In contrast, P. antarctica utilized the most amount of lipid (1600 μg lipid/g DW/day), mainly as wax esters, due to their continual active behavior during winter. Estimated lipid utilization rates for E. superba and E. crystallorophias were 633 and 1174 μg lipid/g DW/day, respectively. Of particular interest was that both krill species utilized typical storage lipids (triacylglycerol for E. superba and wax ester for E. crystallorophias) as well as membrane lipids (phospholipids), demonstrating that structural phospholipids can also serve as energy stores in Antarctic krill. Combining other studies of metabolic rates with the contribution of lipids for E. superba suggests that lipids contribute only 20% of energy requirement needed to maintain the metabolic activity of E. superba during winter. Therefore, E. superba is less dependent on lipid reserves than other zooplankton, and must depend on additional strategies (i.e., body shrinkage, etc.) to survive during winter.
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Temperature effects on growth and reproduction of Antarctic krill 

Matthew Brown1, So Kawaguchi2, Patti Virtue1, Peter Nichols3 and Steve Nicol2
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Antarctic krill (Euphausia superba) is a keystone species of the Antarctic marine ecosystem, but it is also attracting increasing interests as a target for commercial fishing. Understanding characteristics of krill life history parameters, especially growth and reproduction, are the essential part of developing an adequate management regime for its fishery. These parameters are heavily affected by environmental conditions such as temperature and food availability, but it is not possible to delineate and understand the relative magnitudes of these effects by solely relying on field experiments. A long-term experiment extending 12 months is currently underway in an artificially controlled environment, with krill incubated in tanks subjected to varying temperature regimes (-1ºC, 1ºC and 3ºC) to understand the effect of temperature on growth. Physiological parameters including lipid analysis, oxygen consumption, and excretion and feeding rates are also monitored to understand the in situ effect of temperature on growth and reproduction. Within the temperature range of -1ºC to 3ºC, there was a simple increasing trend in their growth rates and earlier maturity with increasing temperature, despite some suggestions of an optimal temperature at 0.5ºC from field observations (Atkinson et al, 2006). These results will be further discussed in relation to their physiological conditions and energy budget.
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The early development and life history characteristics of Thysanoessa inspinata and T. longipes in the Oyashio region, western subarctic Pacific Ocean

Hye Seon Kim and Tsutomu Ikeda
Plankton Laboratory, Graduate School of Fisheries Sciences, Hokkaido University, 3-1-1, Minato, Hokodate, Hokkaido, 041-8611, Japan. E-mail: khs99@fish.hokudai.ac.jp
Although euphausiids, Euphausia pacifica, Thysanoessa inspinata and T. longipes predominate in the Oyashio region, little research has been carried out on the life history of the latter two species. We analyzed the size structure and maturity composition of T. inspinata and T. longipes using seasonal field samples collected at a station (Site H) in the Oyashio region from August 2002 to August 2003. Samplings were undertaken using Bongo-nets from 1000m to the surface. Judging from the occurrence of gravid females, the major spawning season was May-August for T. inspinata and March-May for T. longipes. The longevity of both species was estimated as 2-3 years. In addition to the analysis of the field samples, laboratory-rearing experiments on eggs and hatched larvae revealed that the development time from an egg through to metanauplius via nauplius I and II at 3°C was 14-16 days for T. inspinata, and 14 days for T. longipes. Between-species differences in the morphology of eggs and nauplii were not noticeable, except for the greater body size of T. longipes than that of T. inspinata. 
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Significant presence of subarctic euphausiids off Baja California during the summers of 2002 and 2005

Bertha E. Lavaniegos and Israel Ambriz-Arreola
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The species Euphausia pacifica and Thysanoessa spinifera are conspicuous elements in the northern portion of the California Current and subarctic regions. Although both are part of the transition zone assemblage, their presence off Baja California is typically low compared to other species such as Nematoscelis difficilis and Thysanoessa gregaria. The distribution of E. pacifica usually reach their southern limit in Punta Eugenia (28°N), but in July 2002 and July 2005 it was observed towards south to this latitude. The presence of the neritic T. spinifera (considered as a relict in Baja California since the collapse caused by El Niño 1958) increased in both summers of 2002 and 2005. Captures of this species were particularly high in central Baja California. Most of the collected specimens were furciliae and juveniles, but a substantial amount of adults occurred around Vizcaino Bay. Other species were also very abundant in the summer of 2005, recording up to 350 ind m-3 for Nytiphanes simplex inside Vizcaino Bay, 36 ind m-3 for Euphausia pacifica off Ensenada (32°N) and 8 ind m-3 for Euphausia recurva in one offshore station. Those values surpassed any other previously recorded for these species during the period 1997-1999. These observations attain a higher relevance when they are compared to the shortage of krill during 2005 in northern regions of the California Current, producing the reproductive failure of krill-eating birds. The Baja California region was a refuge for temperate species during summer 2005, though the re-colonization by T. spinifera appeared to begin before as was observed in summer 2002.
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Changes in krill composition during the 1997-1999 ENSO cycle in Baja California waters
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We analyzed changes in euphausiid species composition off the Baja California western coast during El Niño 1997-1998 and La Niña in 1998-1999. Total euphausiids were abundant in the climax of both climatic events, decreasing during the transition phase from warm to cool conditions. Despite a considerable reduction of temperate species during El Niño peak, Euphausia eximia and other tropical species showed a remarkable increase, maintaining high abundance of euphausiids in the region. The subtropical Nyctiphanes simplex presented a decreasing tendency from January 1998 to January 1999. Further, the intense activity of coastal upwelling in April 1999 promoted a strong increase of this species (from a geometric mean of 16 to 772 ind/1000 m3). Thus, the response of N. simplex during the ENSO was more typical of a temperate species in Baja California waters, contrasting with their presence associated to warm water advection in northern locations of the California Current. A similar rebound during April 1999 was observed in other transition zone species (Nematoscelis difficilis, Euphausia pacifica, Thysanoessa gregaria and Euphausia gibboides). The subarctic Thysanoessa spinifera was virtually absent during the study period, appearing only in one sample during October 1998 and two in April 1999.
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Taxonomy and Distribution of Euphausiids of South Eastern Pacific off Peru and Chile

Tarsicio Antezana
Department of Oceanography, Pelagic Ecology Laboratory, University of Concepción, Concepción, Chile. E-mail: antezana@udec.cl 

Despite outstanding recent reviews of Euphausiid encompassing their taxonomy, distribution, biology and ecology, background information is still scarce for some regions of the world ocean. The aim of this study is to compile unpublished and published knowledge on the euphausiids collected between 1958-1974, in several expeditions (MARCHILE I, MARCHILE V, MARCHILE VI, PIQUERO III, HERO 73-2, KRILL), which surveyed the Pacific between 3 S Lat and ca. 60 S and East of 80W. The area covers the Humboldt Current, the subantarctic, and the austral Chilean fjords. The fauna accounted for 42 epi-, meso- and bathypelagic species, (ca. 50% of known Euphausiacea of the world), belonging to genera Bentheuphausia (1), Thysanopoda (8), Nyctiphanes (1), Euphausia (18), Thysanoessa(2), Nematoscelis(4), Nematobrachion(2) and Stylocheiron(6). Distribution ranges of several species are extended to new localities, and examined in a biogeographic context. A consistent zonation was found between pelagic (fish and other mesozooplankton) and littoral biotas and they are associated with the distribution of water masses and particularly with the latitudinal extension of the Oxygen Minimum Layer off Peru and Chile. The hydrographic characteristics of the subantarctic region off Patagonia and the fjords are examined as sites of particular adaptations and eventual speciation of colonizing euphausiids. The vertical distribution and diel migration of species in the Humboldt Current showed that most euphausiids survived and even took feeding advantages of migrating into severe oxygen depleted waters (e.g. Euphausia mucronata). Feeding plasticity of euphausiids during diel migration is also suggested for E. vallentini in the Patagonian fjords.
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Vertical diel migration and feeding of Euphausia vallentini within southern Chilean fjords 

Tarsicio Antezana and Madeleine Hamame
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E. vallentini is a vertical migrator in open ocean waters. It enters the Chilean fjords from the open subantarctic ocean through shallow sills and it becomes a most abundant zooplankter there. What are the biological adaptations of E. vallentini to such a distinct, enclosed and occasionally shallow environment? A leading objective was to determine its ability to alter daily its depth range in order to avoid contact with shallow depths, or to maintain its vertical migratory range for dietary advantages. Multiple opening-closing nets sampled the water column in basins of various depths along the Strait of Magellan. Plant pigments from the stomachs of fresh samples, along with on board experiments of evacuation rates allowed for characterization of day and night diet and for estimation of ingestion and consumption rates. Food items were microscopically counted in vertical day and night samples. E. vallentini migrated between the surface at night and 100-200 m in daytime. Surface night dwellers had higher chlorophyll a content in the stomachs than deep daytime dwellers. Stomach content, ingestion rates and consumption rates of phytoplankton were higher at night than in daytime, and accounted for by an impact of 0.17% upon phytoplankton biomass. Diet composition changed: dinoflagellates, tintinnids and diatoms occurred in high abundances in the stomach content at night, while polychaeths dominated in daytime. Diet switch in E. vallentini imply unique adaptations to take advantage of both pelagic and demersal environments, which could explain its high abundances and high frequencies of encounter within the southern Chilean fjords.
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Vertical distribution and diel migration of Euphausiids in the Oxygen Minimum Layer of the Humboldt Current

Tarsicio Antezana 
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Severe depletion of oxygen limits the vertical migration of most pelagic animals. A permanent Oxygen Minimum Layer (OML) occurring along the 4°S to 42°S latitudinal range of the Humboldt Current System (HCS) did not exclude euphausiids as evidenced from stratified bongo net tows off Peru and Chile. Seven strong migrants dwelled in the OML in daytime: Euphausia mucronata, E. lamelligera, E. eximia, E. tenera, E. distinguenda, Nematoscelis gracilis, N. megalops, and three short distant migrants crossed the oxycline and reached the upper part of the OML in daytime: Nyctiphanes simplex, Stylocheiron affine, Thysanoessa gregaria. An interspecific vertical pattern was identified in the HCS: one carnivore occupant of the mixed layer and oxycline (Thysanoessa sp. or Stylocheiron sp.), a strong migrant omnivore at the core of the OML (E. mucronata or E. lamelligera) and one carnivore, at the lower depths of the OML (N. megalops or N. gracilis). The diel migration of euphausiids is described as a discontinuous process characterized by a rapid upward displacement, a long shallow residence at night, a slow downward movement and a long deep residence in daytime. Species specific differences were also found in the timing and depth layering of migratory cycle, e.g. the beginning and duration of the ascent, the descent, and residence in shallow and deep layers. These differential patterns in vertical migration behaviour when coupled to specific diet and feeding rhythms suggest some level of niche separation such that resources are shared and competiion reduced. 
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Studies on the distribution and life history of euphausiids in the western North Pacific
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Euphausiids often have a large abundance and play a key role in marine ecosystems. In the coastal area of northeast Japan, euphausiids (mainly Euphausia pacifica) are not only a prey item of fishery species (e.g. saury, walleye pollock) but also fishery resources. Therefore, previous studies on the ecology of euphausiids around northeast Japan concentrated on the continental shelf and its adjacent area. On the other hand, although euphausiids are widely distribute in oceanic waters, only a small amount of research has been conducted in offshore areas of northeast Japan. In this study, the distribution and life history of euphausiids in an offshore area has been investigated. We obtained seasonal data (May, July, November and March) at five stations along the A-line (a fixed transect from Oyashio to Kuroshio-Oyashio transition region) using 1m2 MOCNESS (0.33mm mesh size at 8 discrete depths: 0-50, 50-100, 100-150, 150-200, 200-300, 300-500, 500-750, 750-1000m), BONGO net (0.33mm mesh size with 0.6m diameter) and MOHT (1.59mm mesh size with a mouth area of 5m2). The BONGO net and MOHT were towed from depth of ca. 500m to the surface. All net tows were conducted in both day and night at the each station. We mainly analyzed diurnal and ontogenetic vertical migrations and seasonal variation of horizontal distribution of E. pacifica. These results have implications not only with respect to the euphausiids ecology in Oyashio and the transition region, but also could provide important biological parameters for ecological model (e.g. NEMURO). 
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Euphausiid distribution and hydrography in the entrance of the Sea of Cortés during summer
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Zooplankton samples obtained with a bongo net during summer in the entrance of the Sea of Cortés, were utilized to study euphausiid distribution. Four transects were followed in relation to water masses. No significant differences was found between day and night abundances, neither for adults nor for larvae, however richness of species was higher during the night. Dominant species was the neritic species Euphausia lamelligera, followed by Euphausia eximia, E. tenera, and E. distinguenda. Species with affinity with the California Current warm section were found in the stations corresponding to open water of the California Current, dominated by Euphausia eximia and E. tenera, this last one seem to be a transition species. E. lamelligera, E. Diomedeae and E. distinguenda were the species with affinity with the north-equatorial current and the oxygen minimum. The transect from Cabo San Lucas to Socorro Island was the one with higher larval abundance, which is apparently a result of the frontal zone between the California Current and Gulf of California waters. High POM was found in coincidence with high concentrations of krill at certain stations specially those where fronts were clearly present, like Cabo san Lucas and in transition areas. When stations were separated by water masses, we found a good affinity with their corresponding water mass for groups of species, in some frontal stations mixing of species showed the mixing of water masses.

Poster W3-3423

Morphology and lipids in Thysanoessa macrura from the southern part of the Indian Ocean: Spatial and sex differences
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Samples obtained during the FIBEX cruise, during Antarctic summer, were utilized to study the morphology of Thysanoessa macrura and its biochemical composition; animals were preserved by freezing. Former work showed that this species has an ontogenetic morphological differentiation and that adults have high lipid content (Färber-Lorda, 1990, 1991). Females had higher lipid content (~7% wet weight) than males (1.51%) and juveniles (2.97%) and a significant difference was found between males, females and juveniles. Lipid content in T. macrura showed a steep exponential regression with carapace length. Measurements of the second thoracopod showed an increase of its length with size, thus it is hypothesized that after a certain size animals will be able to feed on other zooplankton which will help in the accumulation of lipids. It is surprising to find such great differences between females, males and juveniles in the same area and during the same season. A significant regression was found between total length and thoracopod length and between thoracopod length and dactylus length. Other characteristics of the species indicate that they are more predators and capture their prey with their long thoracopods. This species was found in alternate stations with Euphausia superba in the southern part of the Indian Ocean. 
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The importance of Antarctic krill Euphausia superba as food source for the Antarctic fish Nothothenia coriiceps, in Potter Cove, King George Island
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The Antarctic krill, Euphausia superba, plays a central role in the Antarctic trophic web, and is considered the preferred food item for many fishes. The importance of Antarctic krill Euphausia superba as food source for the dominant inshore demersal fish in Potter Cove (Antarctica), Nothothenia coriiceps, was studied by analysing the stomach content of males and females of N. coriiceps during the Austral Spring and summer (November 2002 to January 2003). Surface krill net samples were studied simultaneously in the area in order to compare them with the amounts and sizes of E. superba found in the stomachs of the fishes. Our results show a strong correlation between the number and sizes of krill in the water column and in the stomach contents of N. corriceps. In one opportunity, in the stomach content of the N. corriceps females high amounts of krill were found when the number of krill in the water column was lowest. This could be explained by the fact that females probably also feed near the bottom: after a storm event, a large number of krill were washed ashore allowing N. corriceps to feed near the bottom on krill sedimented. 
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Spatial distribution and larval development of Euphausia pacifica in the Yellow Sea in spring and autumn
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The spatial distribution and larval development of Euphausia pacifica Hansen in the Yellow Sea were studied based on vertical haul samples during spring and autumn (April and November), 2006. In spring, adults were abundant in two patch areas, and their abundances were obviously related to chlorophyll a concentrations, but not to temperature and salinity. The maximum abundance of eggs and larvae were 22550 and 5931 ind.m-2, respectively. Eggs, larvae and adults swarmed in different areas. In autumn, the adults abundance was significantly correlated with the sea bottom temperature and and were mainly distributed in Yellow Sea Cold Water Mass (YSCWM). Adults were much more abundant in autumn than in spring, with the highest value of 2650 ind.m-2 in autumn and 183 ind.m-2 in spring, while, eggs or larvae were rarely found in YSCWM. Diel vertical migration (DVM) was found both in spring and autumn. Adult E. pacifica would ascend to middle-surface layer at 18:00 and go down to the bottom at 6:00h. There were geographical variations in larval development pathways in E. pacifica. The dominant development pathways in the Yellow Sea can be expressed as follow: Calyptopis III, 0′7 or 1′7, 3′1′′7 or 1′4′′7, 5′′7, 5′′5, 5′′3, 5′′1. Acorrding to the incubation experiments in situ, the developmental times of E. pacifica in 4, 12, 15°C were 16.1, 5.23, 5.6 d. 
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Hydrochemical parameters of the mass krill concentrations in the Atlantic sector of the Southern Ocean
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The distribution of hydrochemical elements in the Atlantic sector of the Southern Ocean is analyzed in this study as an index of geographical position of the Southern Boundary of the Antarctic Circumpolar Current (SBACC), being the northern border of the mass krill concentrations. It is established that hydrochemical elements (especially concentration of dissolved silicon) and ratio of silicon to phosphorus (Si/P) are natural indicators of water masses of various modifications. While in the waters of Antarctic Circumpolar Current (ACC) the content of dissolved silicon fluctuates between 5 and 40 gm-at/l, in the high-latitude waters its content is about 60-120 gm-at/l. As a rule, the ratio Si/P in ACC waters does not exceed 20, and in the high-latitude waters it is above 35. The required zone of maximum gradients of the hydrochemical elements where Si/P is within the range 20-35 is an area of the mass krill concentrations. The knowledge of the SBACC position can be used for monitoring of krill stocks in the fishing areas of the Southern Ocean.
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Seasonal and inter-annual fluctuations in adult and juvenile Euphausia pacifica and Thysanoessa spinifera abundance for the years 1998 through 2006 in the Northern California Current 
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Recent discussions concerning the potential establishment of a krill fishery in the northern California Current has highlighted a need for a krill based biomass estimate for euphausiids. Understanding the annual and seasonal variability in abundances as well as the distribution of Euphausia pacifica and Thysanoessa spinifera and how these species respond to climatic changes is necessary in order to make fisheries management decisions. By combining multiple scientific sampling projects we have produced coast-wide charts showing the distribution of euphausiids in the nighttime vertical net samples from 1998 through 2006. We analyzed these samples for adult and juvenile E. pacifica and T. spinifera combining these stages to give us an overall biomass estimate. Though the majority of adult and juvenile biomass was found near the shelf break, both species exhibited wide fluctuations in distribution patterns depending on the yearly oceanographic conditions. The years 1998 (El Niño) and 2005 showed depressed abundances, good years from 2000-2002, and an exceptionally good year in 2006. These results will contribute to the development of a standing stock biomass estimate for E. pacifica and T. spinifera and future modeling of biomass estimates. 
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Quantitative distribution of euphausiids in relation to the environmental conditions in the East China Sea and seasonal variation in the Changjiang Estuary
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Quantitative distribution of the euphausiids in the East China Sea was studied based on zooplankton samples collected during 3 summer cruises in 2002, 2003 and 2006. 9 species were found including Euphausia diomedeae, Euphausia mutica, Euphausia nana, Euphausia pacifica, Nematoscelis gracilis, Pseudeuphausia latifrons, Pseudeuphausia sinica, Stylocheiron affine, Stylocheiron carinatum, Stylocheiron microphthalma. Among them Pseudeuphausia sinica, Euphausia nana and Pseudeuphausia latifrons were dominant. The Pseudeuphausia sinica was wide spread in the East China Sea with high abundance in Zhejiang coast (41.5 ind m-3) and Changjiang estuary (86.67 ind m-3), with the seasonal variation showing: Summer> Autumn>Spring> Winter. Pseudeuphausia latifrons was the dominant species distributed in south part of the East China Sea and was dominant in the outer - shelf waters but the high abundance center was in near-shore sea area. The other 6 species were rare. Most of them were warm water species with exceptions of Euphausia nana and Euphausia pacifica. There were 7 species of euphausiids based on the investigation of 21 cruises during 1997 and 2006, with more species and higher abundance in summer. Pseudeuphausia sinica was found all year around in Changjiang estuary. The seasonal variation of abundance and population of euphausiids in Changjiang Estuary was analyzed with the flux and environmental conditions such as salinity, turbidity, dissolved oxygen and Chlorophyll a.
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Temporal changes in euphausiid distribution and abundance in North Atlantic cold-core rings in relation to the surrounding waters
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The species composition of euphausiids was investigated in relationship to the hydrographic conditions in the North Atlantic cold-core rings (CCR) and adjacent waters to elucidate species succession in evolving water masses. Using data, dating back to the 1970’s, from as many CCRs as possible and selecting typical cases where no major physical perturbations occurred, a general pattern of euphausiid succession and change in vertical distribution in rings with time was obtained. This pattern was related to the general distribution of euphausiids in the northwestern North Atlantic Ocean, aiming at providing basic information on probable response of North Atlantic marine ecosystem to global warming. CCR populations can be characterized by high species number, but intermediate evenness between the Slope Water and northern Sargasso Sea. In CCRs, only a limited number of species were dominant even if there were more species present in rings as old as 9-12 months than in the northern Sargasso Sea. In rings older than 9 months, euphausiids showed two peaks in their vertical distribution: a shallow daytime peak at about 400 m and a nighttime peak in the upper 100 m consisting of warm-water species and a deeper persistent peak at 800 m or deeper. This shallow peak in CCRs is shallower than that in the surrounding northern Sargasso Sea, and the deep peak is rarely observed in these waters. 
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Global climate change has the potential to alter phytoplankton community composition in Antarctic waters. Such change will likely impact the survival, growth and reproduction of Antarctic krill, Euphausia superba. The level of impact will depend, in part, on the degree of selectivity of krill for particular types of phytoplankton and other food resources. But exactly what do krill eat? The natural diet of Euphausia superba remains a topic of active research. One promising method of diet analysis is immunochemistry. Our previous immunochemical studies were restricted to frozen samples. Here, we apply modified immunochemical methods to analyze the diets of formalin-preserved krill from the Palmer Long-term Ecological Research grid along the western Antarctic Peninsula. We compare results between formalin-preserved and frozen samples to verify the efficacy of the technique for formalin-preserved specimens. We also explore the extent to which krill consume the prymnesiophyte Phaeocystis, comparing these results to previous studies that suggest krill selectively consume diatoms over Phaeocystis. Finally, we discuss the promise and pitfalls of using immunochemical techniques to study the feeding ecology of krill collected and preserved in formalin throughout the Antarctic over the past several decades.
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Studies on species feeding behaviour and diet are crucial to our understanding of ecosystems, and stomach content analyses have a long history. However, for krill, food items have often been counted in a semi-quantitative way only and differences in their size have not been considered. Here we analysed the diet of two euphausiids, Meganyctiphanes norvegica and Euphausia superba, and evaluated the importance of different food items on basis of their total volume in the stomach. For E. superba, the study covers different seasons and a range of environments. In addition, stomach content results were compared to fatty acids and stable isotopes in simultaneously sampled tissue, and krill nutrition was related to their in situ growth rates. Even though pelagic algae were often the most numerous food item both species have been found to exploit protozoan and even benthic material, while feeding on copepods seems only to important in M. norvegica. In the Scotia Sea, we found krill swarms with empty or full stomachs during both winter and summer, suggesting that E. superba find suitable food even in ice-free water in mid-winter, but can suffer food shortage in summer. Fatty acid and stable isotope analyses draw our attention to a food source, which cannot be encountered in the stomach – athecate heterotrophic dinoflagellates. Krill were able to sustain medium growth rates when feeding on these flagellates even when Chl-a concentrations were low. However, highest krill growth rates were found during a diatom bloom and coincided with a mixed diet.
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Characterizing krill aggregations and linking them to some environmental factors in Southern Ocean: relevant to other krill-bearing marine ecosystem studies?
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Euphausiids, often a key trophic link in marine food webs around the globe, form near-monospecific aggregations in epipelagic zones. Hence, formation and dispersion of these aggregations are subject to a range of environmental conditions. Hydroacoustic techniques have been used extensively to determine krill biomass and also offer a tool to investigate various aspects of their ecology. In this study, we examined morphological characteristics of Antarctic krill aggregations using a scientific echosounder (38 and 120 kHz) in the Southern Ocean. Based on the dB difference (2dB <Sv120-38< 16dB) between mean backscattering strength (Sv) at 120 and 38 kHz, krill aggregations were delineated. Krill swarms were categorized into a number of groups by physical dimension, and the frequency of occurrence was calculated. We also extracted various parameters such as Svmean/Svmax, the depth, and the spacing between aggregations, and examined these in relation to hydrography, sea ice distribution, and chlorophyll level and so on. Krill seem to form well-separated, dense aggregations close to the ice edge, and these tend to turn into layers that are more diffuse and interweaving in offshore waters. This may represent a response to a spectrum in food condition, from concentrated, pulsed to more dilute, well-spread supplies. In the Southern Ocean, this range corresponds to ‘sea ice to open water’. A similar spectrum in terms of food condition, or at least part of the spectrum, may apply in other krill-bearing marine ecosystems.
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The abundance, biomass, diversity and community structure of euphausiids in the Southern Ocean along the 140˚E meridian between latitudes 47˚-65˚S were examined by RMT8 during the 2001/2002 summer. Both total abundance and biomass were much higher to the southern part of the Southern boundary of the Polar Front (PF-S) located in 60-61˚S than in the northern part, corresponding with higher chlorophyll concentrations. The ranges of biomass and abundance values were similar to those reported 18 years ago. Twelve species were collected, and clear horizontal distribution patterns enabled the classification of each species into one of 3 different types: species occurring only at stations north of the PF, species occurring in a broad distribution from south of the PF-S to the south of the Southern Boundary (SB) of the Antarctic Circumpolar Current, and species occurring only south of the SB. The latitudinal zonation in occurrence and peak abundance were evident for all species. Hierarchical cluster analysis by species and station resulted in the 2 distinct communities of euphausiids: community I comprised the stations north of the PF where both euphausiid abundance and biomass were relatively low and 2 species, Thysanopoda acutifrons and Thysanoëssa gregaria dominated, community II comprised the southern 5 stations where abundance and biomass were high and Euphausia frigida, E. superba and Thysanoëssa macrura were numerically dominant. Among the 5 oceanographic fronts within the research area, the PF (either south or north) appears to be the most important biogeographical boundary separating abundance, biomass, and the community structure of euphausiids.
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During summer months Antarctic krill (Euphausia superba) in the Antarctic Peninsula region demonstrate distribution patterns and seasonal migrations that reflect their size, age and maturity. Small one year old juveniles exhibit extreme patchiness, are located closest to the continent with greatest concentrations in Southern Bransfield Strait; large reproductively mature adults generally occur offshore in Drake Passage and over the northern shelves of the South Shetland Islands; intermediate immature and small mature stages are typically located in between the smaller and larger krill. All size/maturity categories demonstrate onshore migration with the advancing season.

These krill distribution patterns are reflected by the distributions and feeding activities of their avian and mammalian predators. A variety of Albatross and Petrel species typically are concentrated in oceanic regions near the outer shelf break coincidental with spawning adult krill. Humpback whales occur in greatest numbers and exhibit coordinated feeding activity in parts of Bransfield Strait coincidental with concentrations of juvenile krill. Stomach and scat analyses of Chinstrap Penguins and Fur Seals occupying breeding colonies on the South Shetland Islands indicate that they are feeding primarily on intermediate and large sized krill in adjacent waters. These distribution attributes combined with the foraging and breeding behavior of the predators suggests a probable niche separation of krill resources.
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Rotating mechanism of a transducer to measure target strength (TS) pattern of small aquatic organisms
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The information of target strength (TS) is indispensable for acoustic estimation of the important small aquatic organisms. A system was developed to achieve precise measurement of TS pattern by using a stepping motor. By using this system, TS patterns of several kinds of aquatic organisms were measured with the controlled method. In order to measure the directivity of TS, relative aspect of a suspended target against a transducer was changed step by step using a rotated actuator. A single step angle of this system is 1.0 degree. The distinct character of this system is that the developed rotating mechanisms are installed with a stepping motor together with an absolute encoder. The precision of rotation angle is currently been evaluated. 

