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Phenotypic variability in life history traits: is intra-population variability important for zooplankton dynamics?

Claudia Halsband-Lenk1, Ketil Eiane1 and Thomas Kiørboe2
1 The University Centre in Svalbard, P.O. Box 156, N-9171 Longyearbyen, Norway. E-mail: claudia.halsband-lenk@unis.no 

2 Danish Institute for Fisheries Research, Kavalergården 6, DK-2920 Charlottenlund, Denmark

We address the question to what degree quantitative life history traits, such as body size and development time, vary within and between zooplankton populations, and if this variability matters for our understanding of their population dynamics on ecological time scales. Four approaches are applied: (1) a comparison of field and lab-reared copepod populations with respect to the degree of variability in body length and width, where it is assumed that the field population consists of individuals with potentially different environmental histories and thus should display higher variability than a lab-reared population that was kept under constant conditions over several generations. (2) To estimate heritability of these traits, artificial selection on body size in both directions was exerted on a lab population of Acartia tonsa over a number of generations. (3) About 50 individuals were reared individually from egg to adulthood and their development rates compared with their siblings, both within and between offspring from several females. (4) Finally, the body sizes, egg production and development rates obtained from the experiments are implemented into an individual-based model (IBM) to test for a possible effect on population dynamics on the scale of one to multiple generations. The implications for current methods in zooplankton field sampling, such as spatial and temporal frequency, replicates, etc. are discussed.

May 30, 9:35 (S7-3639)

Linkage between Antarctic krill (Euphausia superba) and primary production

Langdon B. Quetin1, Robin M. Ross1 and Maria Vernet2
1 Marine Science Institute, University of California at Santa Barbara, Santa Barbara, CA, 93106-6150, U.S.A. 

E-mail: langdon@icess.ucsb.edu
2 Scripps Institution of Oceanography, University of California at San Diego, La Jolla, CA, 92093-0218, U.S.A.

One of the goals in the analysis of the time-series data collected by the Palmer Long-Term Ecological Research (LTER) program west of the Antarctic Peninsula (64°S to 69°S) between 1993 and 2004 has been to compare patterns in time and space variability and to investigate linkages among multiple ecosystem parameters and functions. Each January about 50 stations within a 400 km (alongshore) by 200 km (on/offshore) grid were surveyed; the long-term, multi-disciplinary data set created is a strong analytical tool. Within this epipelagic ecosystem, Antarctic krill (Euphausia superba) is one of the abundant macro-zooplanktonic grazers. Analysis of the long-term mean spatial distribution (climatology) and the differences between the climatology and a specific year (anomaly) revealed that the climatologies for Antarctic krill and primary production are similar, with a strong on/off shore gradient and a moderate alongshore gradient. Both the level of annual primary production and the abundance of Antarctic krill were highly cyclical. Inspection of the anomalies showed that there was a 1-year lag in the cycles, with positive anomalies in primary production followed by positive anomalies in abundance of Antarctic krill the following year. The process underlying the time/space linkage appears to be food-limitation in reproduction in Antarctic krill. Discussion about the role of winter sea ice in survival of the young-of-the-year has been ongoing for decades, but the role that variability in reproductive effort plays in overall recruitment success deserves greater attention. 

May 30, 9:55 (S7-3375)

Multiscale patchiness of Calanus finmarchicus in an oceanic environment

Sünnje L. Basedow, Kurt S. Tande and Are Edvardsen

Norwegian College of Fishery Science, University of Tromsø, 9037 Tromsø, Norway. E-mail: sunnje.basedow@nfh.uit.no 

Three-dimensional data on hydrography, chlorophyll a concentration and zooplankton abundance were collected in an oceanic area (10,000 km2) of the NE Norwegian Sea (70N, 13E) in spring 2003 by semiautomatic sampling with a towed vehicle equipped with an optical plankton counter. Data from the semiautomatic sampling device were carefully calibrated with water samples and net samples from the area. Developmental stages of C. finmarchicus were highly patchy in distribution, both in the horizontal plane and along the vertical depth axis. Furthermore, young developmental stages were clearly separated from older copepodites. In order to analyze the effect of hydrography and chlorophyll a concentration (food) on distribution patterns, the size of the patches was measured and a 3D multiscale analysis of the data was performed. The importance of hydrography and food availability differed among different scales with copepodite behavior being important on small scales. 

May 30, 10:15 (S7-3585)

The impact of macrozoobenthos on the benthic life stage of zooplankton

Satu Viitasalo
Finnish Institute of Marine Research, P.O. Box 2, FI-00561 Helsinki, Finland. E-mail: satu.viitasalo@fimr.fi 
Long-lived resting stages form an integral part of zooplankton life cycles. Dormant eggs accumulate on the seafloor and in the sediment where they are subject to various benthic processes. The presentation will summarise several recent studies of effects of functionally different epi- and infaunal zoobenthic species on zooplankton benthic eggs in the Baltic Sea. Epifaunal bentho-pelagic mysids (Mysis spp.) as well as sediment-dwelling mobile amphipods (Monoporeia affinis) and semi-mobile bivalves (Macoma balthica) were observed to feed on or reduce the number of cladoceran benthic eggs in sediment. In contrast, deep-burrowing polychaetes (Marenzelleria spp.) did not affect the number or vertical distribution of cladoceran eggs. Besides predatory effects, the bivalves buried eggs into deeper sediment strata, which prevents hatching. In addition, the bivalves and the amphipods also significantly increased the mortality rates of benthic eggs of copepods and rotifers. Both the bivalves and the amphipods suppressed the emergence of copepods, cladocerans, and rotifers from benthic eggs, but, in general, the bivalves had a more adverse effect than the amphipods. Video clips of the bivalves preying upon zooplankton hatchlings will be shown. Overall, copepods were less severely affected than cladocerans and rotifers, and in copepods, diapause eggs were less susceptible than subitaneous eggs. The results demonstrate that both epi- and infauna substantially influence the viability and hatching of zooplankton benthic eggs and may affect the dynamics of their pelagic populations. 

May 30, 11:00 (S7-3536)

Eat, glow and die: predation by nocturnal fish on zooplankton that grazed on bioluminescent bacteria 

Margarita Zarubin1, 2, Amatzia Genin1, 3, Shimshon Belkin3 and Michael Ionescu3
1 H Steinitz Marine Biology Laboratory, the Interuniversity Institute for Marine Sciences, POB 469, Eilat 88103, Israel.
E mail: amatzia@vms.huji.ac.il 
2 Institute for Chemistry and Biology of the Marine Environment, University of Oldenburg, D-26111 Oldenburg, Germany
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The Burglar Alarm Hypothesis suggests that bioluminescence is advantageous for unicellular plankton as it increases the predation risk of zooplankton attempting to graze on it. The hypothesis has been corroborated by experiments focusing on the luminescence generated by motions of zooplankters in dinoflagellate-rich waters, rather than the glow generated after the ingestion of bioluminescent cells. Our experiment was designed to test the latter mechanism. It was carried out in a large, recirculating flume inhabited with Apogon annularis, a nocturnal, zooplanktivorous coral-reef fish. The fish’s functional response is light dependent with zero prey detection in complete darkness. Glow was induced in brine shrimps (Artemia salina) after feeding them for 10 sec on cultured Photobacterium leiognathi, a bioluminescent bacterium isolated from local waters. Microscopic examination showed that the source of light in the glowing Artemia was inside the digestive tract. Ten Artemia were put in the flume and allowed to drift past the fish 2-3 times at 6 cm/s in complete darkness. Almost all the glowing Artemia were consumed by the fish, whereas non-glowing Artemia were rarely captured, and only when drifting directly toward the fish’s mouth. Infra-red video recording indicated that the fish detected the glowing prey from a distance greatly exceeding its reactive distance under saturating light. The bioluminescence produced by zooplankton freshly collected at sea, including krill, was insufficient to be detected by the fish except if artificially fed on glowing P. leiognathi. Our results suggest that zooplankton experiences a strong selection against grazing on glowing nano-plankton. 

May 30, 11:20 (S7-3470)

Effects of turbulent flow fields on fish predation and mating success of Pseudodiaptomus annandalei (Copepoda: Calanoida)

Jiang-Shiou Hwang1, Chien-Huei Lee1, Shin-Hong Cheng2, Hans-Uwe Dahms 1

1 Institute of Marine Biology, National Taiwan Ocean University, Keelung 202, Taiwan. E-mail: hansd@mail.ntou.edu.tw 

2 Biotechnology Division, Fisheries Research Institute, Donggang 928, Taiwan.

The fitness of an organism depends in part upon (1) its efficiency at escaping from predators and (2) its probability of effective mate encounters. We tested the abilities of copepods in these respects under various hydromechanical disturbance regimes. The calanoid copepod Pseudodiaptomus annandalei was used as an experimental model. We studied its escape response to predatory attacks by larvae of the orange-spotted grouper, Epinephelus coioides, and we studied its mating success under calm and turbulent conditions both day and night. At night we used infrared sensitive cameras to observe mating behavior. The effect of turbulence intensity on copepod behavior was studied by increasing the strength of air bubbling (600, 1200 and 1800 ml per min). The detection of predators, measured by the escape reaction of the copepods, was significantly higher in calm waters than in turbulent waters. Under calm conditions P. annandalei was able to escape by darting away from fish larvae at speeds of up to 143 body lengths per second, whereas under turbulent conditions escape speeds decreased and responses habituated. Regardless of external hydromechnical disturbances, the removal of copepods by fish larvae was more than an order of magnitude higher during day than at night. Differences between turbulent flow and calm water in the vulnerability of copepods to fish predation were not significant at night. The probability of mating success in turbulent flow fields is inversely related to the strength of flow, as well as to the level of turbulence. Our results indicate that the strengths of turbulent flow fields greatly influences not only larval fish predation on copepods, but it also decreases the mating success of the copepods themselves.
May 30, 11:40 (S7-3625)

Phenologic patterns result in an optimal window for survival of Atlantic cod (Gadus morhua) and haddock (Melanogrammus aeglefinus) larvae on Georges Bank

Lawrence J. Buckley1, R. Gregory Lough2 and David Mountain2
1 URI/NOAA CMER Program, Graduate School of Oceanography, South Ferry Road, Narragansett, RI, 02882, U.S.A.

E-mail: lbuckley@gso.uri.edu
2 NOAA/NMFS/NEFSC Woods Hole Laboratory, 166 Water Street, Woods Hole, MA, 02543, U.S.A.

Changing climate and global depletion of fish stocks have added urgency to the century old quest to understand the factors controlling fish production. The leading hypotheses advanced to explain the large (orders of magnitude) inter-annual variability in recruitment emphasize rapid growth and a match to prey production in the first weeks after hatching when larvae drift as part of the plankton community. Here we show for two important North Atlantic ground fish (Atlantic cod, Gadus morhua and haddock, Melanogrammus aeglefinus) that seasonal patterns in the weight-specific growth (G) and the instantaneous mortality (M) rates of young larvae combine in some years to yield a window of opportunity when M falls below G within days after hatching and cohort biomass increases rapidly leading to potentially high recruitment. Contrary to expectations, this window occurs early in the seasonal production cycle (February-March) when water temperatures are near their annual minimum, fish larvae and their zooplankton prey are relatively scarce, and G is low. Later, faster-growing cohorts are rapidly lost to a suite of vertebrate and invertebrate predators, whose abundance, metabolism and consumption increase with temperature. Both species appear to follow Pope et al.’s (1994) ‘optimal fish strategy’ in a size-structured, seasonally-forced ecosystem, hatching in advance of the seasonal prey wave to stay ahead of the predator wave for as long as possible before passing through at the largest practical size, thereby minimizing predation mortality. Other factors being equal, an early and prolonged spring bloom should favor production of a strong year class.  

May 30, 12:00 (S7-3620)

Life strategies of dominant Antarctic calanoid copepods in late winter/early spring

Sigrid B. Schnack-Schiel1, Franz Josef Sartoris1, Astrid Cornils1, Stathys Papadimitriou2 and David N. Thomas2

1 Alfred Wegener Institute for Polar and Marine Research, 27515 Bremerhaven, Germany.  E-mail: Sigrid.Schiel@awi.de 

2 School of Ocean Sciences, University of Wales, Menai Bridge, LL59 5AB, UK

The life cycles of Antarctic copepods are all well timed to the distinct annual periodicity in primary production. However, our knowledge in particular of the transition time from winter to spring is not yet complete and studies especially on physiological and biochemical adaptations are extremely rare.

In September-October 2006 we studied the life strategies of calanoid copepods in the Scotia and Weddell Seas. The investigations included the vertical distribution, age structure, feeding, respiration, excretion, lipids, C:N and ion regulation. 

In September, a winter situation was encountered with a maximum in abundance at greater depths: the bulk of the copepod Calanoides acutus was concentrated below 1000 m and CV dominated. The specimens showed no or very low ingestion as well as very low respiration and excretion rates indicative of overwintering conditions. In contrast, Calanus propinquus occurred in upper waters and was clearly feeding. Six weeks later, in mid October, a spring bloom had developed in the Scotia Sea and C. acutus had left the winter quarters at depth and returned to the highly productive surface. Experiments revealed high ingestion, respiration and excretion rates. Interestingly, both C. acutus and Rhincalanus gigas had large amounts of ammonium in the haemolymph. This phenomenon was not detected in the other copepod species studied. The significance of these findings will be discussed with respect to the life strategies of the species and relationships to environmental parameters.

May 30, 12:20 (S7-3642)

Population structure and reproduction of the chaetognath Eukrohnia hamata in the Canada Basin, Arctic Ocean

Ksenia Kosobokova1 and Russell R. Hopcroft2
1 Shirshov Institute of Oceanology RAS, 36 Nakhimova ave., 117997 Moscow, Russia. E-mail: xkosobokova@ocean.ru
2 Institute of Marine Science, University of Alaska, Fairbanks, Alaska, USA

Population size structure, vertical distribution and parameters of reproduction of the chaetognath Eukrohnia hamata were studied in the Canada Basin of the Arctic Ocean during the summer of 2005. Analysis was based on stratified zooplankton collections covering the depth range from 3000 m to the surface. Individual length ranged from 2.5 to 38 mm. Younger juvenile specimens <10 mm comprised ~80% of the population, while specimens >20 mm contributed only 5%. Size of the mature specimens, carrying 2 ovoid egg-sacs within the marsupium, varied between 27 and 36 mm. The chaetognath was encountered throughout the Arctic surface water layer and Atlantic water down to 1000 m depth, but not deeper. Specimens with eggs and embryos in the marsupium, and the smallest young specimens of 2.5-3 mm, were found mostly between 500 and 750 m depths. Juveniles of 4-10 mm length showed a clear preference for the layer between 100 and 500 m suggesting the upward ontogenetic migration of the growing specimens to strata with richer prey densities. Number of eggs and embryos in egg sacs of mature specimens varied from 50 to 137 with a maximum of 266 eggs and embryos per specimen. Embryonic development was examined and documented from the egg stage to hatching for the first time.

May 30, 2:00 (S7-3570)

Control of Calanus finmarchicus dormancy patterns in the northwest Atlantic: the Lipid Accumulation Window hypothesis

Catherine Johnson1, Andrew Leising2, Jeffrey Runge3, Erica Head4, Pierre Pepin5, Stéphane Plourde6 and E. Durbin7
1 Department of Earth and Ocean Sciences, University of British Columbia, 1461-6270 University Boulevard, Vancouver, BC, V6T 1Z4, Canada. E-mail: c.johnson@unh.edu 

2 Pacific Fisheries Environmental Lab, National Marine Fisheries Service, 1352 Lighthouse Ave., Pacific Grove, CA, 93950, U.S.A.

3 School of Marine Sciences, University of Maine and Gulf of Maine Research Institute, 350 Commercial Street, Portland, ME 04101, U.S.A.

4 Fisheries and Oceans Canada, Bedford Institute of Oceanography, PO Box 1006,Dartmouth, NS B2Y 4A2, Canada

5 Fisheries and Oceans Canada, Northwest Atlantic Fisheries Centre, St John's, Newfoundland, A1C 5X1, Canada
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We seek to develop for inclusion in population dynamics modeling a mechanistic understanding of dormancy in the life cycle of Calanus finmarchicus. We compiled Calanus life cycle and environmental data sets, including ambient water temperature, food availability (measured as mean chlorophyll a concentration in the surface water column), photoperiod and life stage abundance cycles, across six regions in the NW Atlantic spanning 9 degrees of latitude. We used as proxies for dormancy entry and exit the proportion of stage CV (year day when the CV proportion is at one half of its climatological maximum proportion) and the proportion of adult females (yearday when adult females reach 10% of the population), respectively. Our first results show that no single observed environmental cue explains the range of dormancy patterns; rather, dormancy entry and emergence occur over a broad range of times, both among years and regions. We propose a “Lipid-Accumulation Window (LAW)” hypothesis, in which dormancy entry and exit involves interaction of multiple environmental factors with the copepod’s physiological responses, including lipid accumulation and development rates. We postulate that an individual enters dormancy when it has accumulated ≥ 50% of its dry weight as lipid by the end of stage CV; if this condition is not met, it continues molting to adult. The lipid accumulation rate is dependent on ambient temperature and food availability. There is, therefore, a seasonal window of conditions that will allow dormancy. We are testing this hypothesis using individual based models against the observed data. 

May 30, 2:20 (S7-3595)

Capital and income breeding as reproductive strategies in zooplankton

Øystein Varpe1, Christian Jørgensen1, Geraint A. Tarling2 and Øyvind Fiksen1

1 Department of Biology, University of Bergen, PO Box 7800. N-5020 Bergen, Norway.  E-mail; oystein.varpe@bio.uib.no 

2 British Antarctic Survey, Natural Environment Research Council, High Cross, Madingley Rd, Cambridge, CB3 0ET, UK.

Seasonality in food availability and predation risk strongly shapes zooplankton life histories. The seasonal cycle may cause time constraints on development, and therefore marked seasonality in the value of an egg. Phenology and life-history adaptations of later stages are expected to reflect such constraints. Some species prepare for reproduction by storing resources in advance, a reproductive strategy referred to as capital breeding. Capital breeders can, due to their stores, reproduce at times and places where food is unavailable, but where offspring value is potentially high. Others rely on concurrent food availability for reproduction, a strategy referred to as income breeding. High latitude zooplankton, and particularly copepods, offer a variety of examples along the capital-income breeder continuum. We discuss pros and cons of capital and income breeding and present general predictions motivated by a life history model of the Southern Ocean copepod Calanoides acutus. Our model predicts optimal life-history traits such as allocation of resources between growth and reproduction, timing of diapause, and breeding through income or capital pathways. The model is detailed on the individual states (somatic structure and energy reserves) and the model finds optimal life histories for all possible state combinations by dynamic programming. We show how capital breeding is used to shift breeding ahead of the feeding season, at a time when the value of an egg is high (developmental time constraint and predation risk reduced). The state-dependent model predicts that only parts of the population should be capable of, or will benefit from, early capital breeding.

May 30, 2:40 (S7-3607)

Life histories of Calanus sinicus and Calanus jashnovi (Copepoda: Calanoida) in the 1000 m water column of Sagami Bay, central Japan 

Takumi Nonomura, Ryuji J. Machida, Jun Nishikawa and Shuhei Nishida 
Plankton Laboratory, Ocean Research Institute, The University of Tokyo, 1-15-1 Minamidai, Nakano-ku, Tokyo, 164-8639, Japan. 
E-mail: nonomura@ori.u-tokyo.ac.jp 
Seasonal changes in abundance, development and vertical distribution of Calanus sinicus and C. jashnovi were investigated in Sagami Bay, central Japan on the basis of monthly stratified sampling in the 1000 m water column from May 2002 to January 2004. Calanus sinicus showed a biphasic life history at copepodite stage 5 (C5). All copepodite stages of C. sinicus occurred in the 0-200 m stratum throughout the year, with seasonal and annual variation in abundance. At the same time, some C5 showed a diapause below 200 m from spring to autumn. Integrated individual numbers of the diapausing C5 per m-2 in the 200-1000 m stratum were 2640-3728 (av. 3040) in May-June, 5792 in July, 3872-6112 (av. 5355) in September-October, and 0-368 (av. 135) in November-February. Thus, the population built up in the stratum below 200 m from spring to summer, was constant during autumn, and emerged from diapause and matured in early winter. Calanus jashnovi showed a diapause at C5 in the stratum below 400 m during May to January and did not show a biphasic life history like that of C. sinicus. Female and male C6 of C. jashnovi appeared in the 200-400 m stratum in February, and then a new generation of C5 and C4 was observed at 0-200 m in March. However, since the other early copepodite stages didn’t occur in any season, C. jashnovi probably doesn’t complete its life cycle in Sagami Bay. 
May 30, 3:00 (S7-3733)

Comparative ecology of Calanoides carinatus and Calanus agulhensis in the southern Benguela and Agulhas Bank ecosystems

Jenny A. Huggett
Marine and Coastal Management, Department of Environmental Affairs and Tourism, Private Bag X2, Roggebaai 8012, South Africa. E-mail: jhuggett@deat.gov.za
Calanoides carinatus and Calanus agulhensis are similarly sized species that dominate the copepod biomass of the southern Benguela and adjacent Agulhas Bank ecosystems off South Africa respectively. Calanoides carinatus, a typical upwelling species, is largely concentrated on the West Coast, which is characterised by wind-induced coastal upwelling from spring through to autumn. Highest densities of C. agulhensis occur on the central Agulhas Bank, a triangular extension of the southern continental shelf, which has a seasonal structure typical of temperate continental shelf systems. Both species are present year-round and display considerable overlap in distribution. However, the separation of their core areas suggests that there are fundamental differences between the two species that make them better suited to their respective areas of dominance, and allow them to maintain life-cycle closure there. Physical and environmental disparities between their core habitats present a number of key hypotheses to be tested: that C. carinatus and C. agulhensis (1) have different thermal preferences or tolerances, (2) have different dietary requirements in terms of food abundance, size and/or type, (3) are adapted to different scales of temporal variability of food availability, and (4) have different vertical migratory behaviour and/or population retention mechanisms. Data from laboratory- and ship-based experiments, diel vertical migration studies, and extensive sampling over 13 years are used to test these hypotheses.

May 30, 3:20 (S7-3485)

Chasing all kinds: Heterospecific mating, reproductive isolation and population dynamics in planktonic marine copepods

Erica Goetze and T. Kiørboe

Danish Institute for Fisheries Research, Dept. of Marine Ecology and Aquaculture, Kavalergården 6, DK-2920 Charlottenlund, Denmark. E-mail: erg@difres.dk 
Marine zooplanktonic species often co-occur in the water column with closely related congeners, and distinguishing conspecific from heterospecific potential mates is an important component of reproductive success for pelagic organisms. Through laboratory experiments on the copepod species Centropages typicus, Centropages hamatus, Temora longicornis, and Temora stylifera we demonstrate that diffusible chemical pheromones, which are known to play an important role in copepod mate finding, are not used for species discrimination in these species. Males are able to detect and track pheromone trails of females of not only the congeneric species but also across genera (Centropages – Temora). Furthermore, males will attempt to mate with heterospecific, congeneric females at comparable frequencies to conspecific females. In order to determine whether heterospecific mating attempts are common in natural populations, we calculate encounter rates of hetero- and conspecific combinations of Centropages females and males by combining laboratory measurements of copepod motility with field observations of adult abundances. Our results indicate that although temporal isolation may be an important contributor to reproductive isolation for Centropages species, at times when the species co-occur males may encounter and attempt to mate with heterospecific females at rates up to 9 females day-1. Heterospecific mating attempts may be relatively common in planktonic copepod populations.

May 30, 4:00 (S7-3505)

Seasonal changes in food quantity and quality for the development and egg production of the common North Sea copepods Temora longicornis and Pseudocalanus elongatus

Marja Koski1, Wim Klein Breteler2 and Jörg Dutz1
1 Danish Institute for Fisheries Research, Kavalergården 6, DK-2920 Charlottenlund, Denmark. E-mail: mak@dfu.min.dk
2 Royal Netherlands Institute for Sea Research, P.O.Box 59, NL-1790 Den Burg, The Netherlands

Copepod population dynamics and production in the sea are largely determined by temperature and food environment. In a bioassay approach, we evaluated the food quantity and quality over a seasonal cycle for the growth and egg production of the common North Sea copepods Temora longicornis and Pseudocalanus elongatus. Seston was sampled from December to October from a well-mixed water column of Marsdiep (Dutch Wadden Sea), and fed to cultured copepods at a constant temperature of 15 (C, thus excluding seasonal effects of temperature and copepod condition. In addition to copepod egg production and juvenile development, we measured the chlorophyll-a, POC: PON, fatty acid and sterol composition of the seston. The egg production of both copepods was low when feeding with seston collected in winter, but increased to high values with the seston from the spring bloom in March-April, coinciding with the highest seasonal concentrations of PUFAs and sterols. However, whereas T. longicornis egg production correlated with the concentration of polyunsaturated fatty acids and sterols, P. elongatus egg production appeared to be connected to seston PON concentration. The juveniles of both species were able to complete their development only in March, whereas during all other months the development ceased in early copepodite stages. Our results show a 3-fold difference in egg production due to the seasonal changes in food conditions, and suggest that only abundant high quality food allows juvenile copepods to develop into maturity.

May 30, 4:20 (S7-3360)

Effect of temperature on egg development time and hatching success of three congeneric Acartiid species (Copepoda: Calanoida) from the Straits of Malacca

Teruaki Yoshida1, Chin Fong Liong1, Tatsuki Toda2 and Bin Haji Ross Othman1
1 School of Environmental and Natural Resource Sciences, Faculty of Science and Technology, Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor, Malaysia. E-mail: teruaki.yoshida@gmail.com 

2 Department of Environmental Engineering for Symbiosis, Faculty of Engineering, Soka University, Tangi-cho, Hachioji, Tokyo 192-8577, Japan

Development time and hatching success are presented for eggs of three congeneric Acartiid copepods, Acartia spinicauda, A. erythraea and A. pacifica, from the Straits of Malacca (Malaysia). Development time was observed from the time spawned to hatching of eggs as nauplius stage I at six temperatures (10, 14, 18, 22, 27 and 31°C). Development times of the three species were significantly related to incubation temperature and each fitted to a Belehradek's function. Hatching success at temperatures from 14-31 oC was on average 61 ± 26, 78 ± 8 and 87 ± 8 % for A. erythraea, A. pacifica and A. spinicauda, respectively. The copepods’ eurythermic hatching success may be characteristic of coastal species which experience frequent temperature fluctuations. Egg development times of A. erythraea, A. pacifica and A. spinicauda are D=294(T-4.47)-2.05, D=894(T+1.94)-2.05 and D=352(T-4.30)-2.05, respectively. Similar Bělehrádek’s function is suggested to reflect the habitat distribution of A. erythraea and A. spinicauda which primarily inhabit tropical and sub-tropical waters while a lower ‘biological zero’ is reflective of A. pacifica distribution which can extend to temperate regions as far as Posvet and Amur gulfs (Sea of Japan).  Egg development times observed in this study are compared with findings from previous studies performed on other Acartia species and from other copepod genera. Estimation of egg development time and hatching success is an important first step to empirically determining generation duration and population dynamics of the plankton in the tropical coastal waters of the Straits of Malacca. 

May 30, 4:40 (S7-3304)

Predicting development times in marine copepods using an optimal life-history approach

Thomas Kiørboe1 and Andrew G. Hirst2
1 Danish Institute for Fisheries Research, Kavalergården 6, DK-2920, Charlottenlund, Denmark. E-mail: tk@difres.dk 

2 British Antarctic Survey, Natural Environment Research Council, High Cross, Madingley Road, Cambridge, CB3 0ET, United Kingdom

Strong inter-specific patterns are found in the development times (e.g. egg hatch times and egg-to-adult times) of marine and freshwater ectotherms across global temperature gradients. The metabolic theory of ecology hypothesises that these patterns are largely driven by activation energy and rates of chemical reactions in organisms. Another school regards development times as evolvable and adaptable, with development time an ‘optimal solution’; a trade-off between the benefits of achieving larger size with longer development (which allows higher fecundity rates) and the costs of having reduced survival with greater periods spent before achieving reproductive age. Although such approaches have been used to predict development time, generally these are at local or regional level, and often based on single species. Here we develop an optimal model to predict egg-to-adult times in marine copepods. Two measures of population fitness (r and R0) are used, parameterised using laboratory and field data, and finally tested against global data sets on development. Our predictions match the patterns in nature well . Our results suggest that as the relative forces on organisms change (e.g. mortality rates), shifts should be seen in development rates. Predation in the pelagic environments is a profound driver of morphology, behaviour and demography of zooplankton. Patterns found in rate processes can provide an insight into the evolutionary forces such as predation that shape these animals.

May 30, 5:00 (S7-3377)

Pseudocalanus species in the Baltic Sea and North Sea–Comparative field studies on the life cycles of congener species in adjacent waters

Jasmin Renz and Hans-Jürgen Hirche

Alfred Wegener Institute for Polar and Marine Research, P.O. Box 120161, 27515 Bremerhaven, Germany. 

E-mail: Jasmin.Renz@awi.de 
Distribution patterns and vital rates of congeneric copepod species often differ considerably in response to their physical and biological environment. We have compared the distribution, body size, egg production rate, stage duration and number of generations of Pseudocalanus elongatus from the North Sea and P. acuspes from the adjacent Baltic Sea. We conducted experiments on population dynamics of the two Pseudocalanus species during two intensive field studies in the framework of the German GLOBEC project and found remarkable differences in the life histories of these morphologically extremely similar species. The life cycle of P. elongatus in the southern North Sea is characterised by a reproduction peak during the phytoplankton bloom between March and May with rates up to 9 eggs female-1 d-1. Moulting rates are highest in spring, predicting stage durations well in the range of laboratory investigations at food saturation. Four to five generations per year can be distinguished by differences in female size. In contrast, P. acuspes from the central Baltic Sea shows egg production rates only 1/3 as great, with a peak in April/May. Its moulting rates are extremely low, and the predicted stage durations are 3-5 times longer than those of congeners. A life cycle with only 1 strong annual generation and potential minor cohorts during summer might reflect an adaptation to life in high latitudes. The results for species-specific differences in the life cycles of the Pseudocalanus congeners are discussed in light of biotic interactions and the specific physical environment of the two ecosystems. 

May 30, 5:20 (S7-3412)

The impact of hydrographic parameters on the vertical and spatial distribution of calanoid copepod species on the shelf off SW Sulawesi (Indonesia)

Astrid Cornils1, Schnack-Schiel, S.B.1, Bäurle, A.1, Richter, C.2

1 Alfred-Wegener-Institut for Polar and Marine Research, Bremerhaven, Germany. E-mail: Astrid.Cornils@awi.de 
2 Center for Marine Tropical Ecology, Bremen, Germany

The coastal waters of southwest Sulawesi are characterized by an extensive shallow shelf covered with coral reefs and islands of the Spermonde Archipelago. The species composition and abundance of the calanoid copepods within this area were examined in relation to hydrography, nutrient concentrations and phytoplankton biomass. Sampling was carried out along four cross-shelf transects across the archipelago. Zooplankton was collected at each station from 3 - 4 depth layers in the upper 30m during day by a vertically towed Apstein net (200 µm).

At all stations the majority of copepods were encountered below 10m where the diversity was highest. In total, we have identified 71 calanoid copepod species. The number of species decreased from the offshore waters (23 – 30 species) to the coast (12 - 16 species). The species composition changed considerably from the near shore (15-40m water depth) to offshore stations (>100m). At the coastal stations mainly neritic species occurred (Acartia erythraea, Metacalanus aurivilli, Pseudodiaptomus aurivilli, Temora turbinata, Tortanus gracilis) while at the offshore stations more oceanic species were found (e.g. Clausocalanus spp., Canthocalanus pauper, Cosmocalanus darwini, Rhincalanus rostrifrons, Subeucalanus subcrassus, Candacia spp., Euchaeta media, Temora discaudata, Scolecithrix danae). The most abundant taxa at all stations were species of the Paracalanidae and especially the genus Paracalanus.

The results will be discussed in relation to various environmental parameters such as temperature, salinity, nutrients and phytoplankton composition.

May 30, 5:40 (S7-3437)

Zooplankton distribution in the sewage polluted coastal waters of Thoothukudi coast, Gulf of Mannar, southeast coast of India

A. Srinivasan , Rajdeep Dutta and J. D. Jameson

Fisheries College and Research Institute, Tamilnadu Veterinary and Animal Sciences University. Thoothukudi- 628 008. India. 

E-mail: asrinivasanin@yahoo.co.in 

Thoothukudi coast is a part of the Gulf of Mannar in India, and the entire Gulf of Mannar has been declared as the first Marine Biosphere Reserve not only in India but also in all of Southeast Asia. It has also been declared a National Marine Park. The Gulf of Mannar is known to have its diversified fishery resources such as pearl oyster (Pinctada fucata), sacred chank (Xancus pyrum), coral reefs, seagrass beds, seaweeds, Amphioxus sp., balanoglossus (Ptychodera fluva) and sea cow (Dugong sp.). At present this coast is polluted due to urbanization and industrialization in general and particularly by the discharge of domestic sewage. Keeping this in view, the present investigation of the influence of sewage on the zooplankton species distribution and biomass, with reference to environmental characteristics, was made during August, 2004 - July,2005 at two stations: Station 1, a coastal site receiving sewage, and Station 2 at another coastal site not influenced by sewage. The recorded zooplankton species diversity in terms of species number during the period of study ranged between 11 and 22 and 22 and 40 at Stations 1 and 2, respectively. While the zooplankton density varied between 42,000 and 202,000 individuals/ m3 at Station 1, the zooplankton density varied between 112,000 and 339,000 individuals/m3 at Station 2. The minimum and the maximum densities of zooplankton were recorded, respectively, during May 2005 and October 2005 at Station 1 and during August 2004 and May 2005 at station 2 .The total numbers of zooplankton species recorded during the study were 41 at Station 1 and 67 at Station 2. The influence of the physicochemical characteristics of the study areas on the distribution of zooplankton will be discussed in detail.
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Effect of photoperiod on the egg production of Neodiaptomus satanas (Calanoida: Copepoda)

Ramanibai Ravichandran
Biomonitoring and Management Laboratory, Department of Zoology, University of Madras, Guindy Campus, Chennai – 600 025, Tamilnadu, INDIA. E-mail: rramani8@hotmail.com 

The calanoid Neodiaptomus satanas was reared in the laboratory to assess the impact of photoperiod exposure on egg production. To Know weather the day length act as a proximate factor for the production of diapausing eggs and subitaneous eggs in laboratory conditions, where N. satanas produced diapausing eggs at all conditions but subitaneous eggs are produced under 12L:12D and 14L:12D light regimes only. In N. satanas only the short day photoperiod (10L: 14D) induced the diapause egg production. When day length exceeds 12h N. satanas produced subitaneous eggs. The results suggest that the type of egg produced by N. satanas was affected primarily by photoperiod. 
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Diminishing density and diversity of copepods in the semi-enclosed docks of Mumbai Port, west coast of India 

Rosamma Stephen, Vijayalakshmi R. Nair, Jayalakshmy, K.V., Geetha Karlekar and Gajbhiye, S.N.

National Institute of Oceanography, Regional Centre, P.B. No.1913, Cochin-682018, Kerala, India. E-mail: rosa@niokochi.org
Ports and harbours are areas of intense human activities. Periodic dredging and disposal of waste in the harbour environment alter its physical and chemical properties. Constructions to provide dock facilities result in enclosed and semi enclosed water bodies, the biology of which has received little attention. The present study examines the physical properties, water quality, relative dominance and diversity of planktonic copepods from 29 locations within the Mumbai Port. The stations cover major docks, minor docks and bunders during postmonsoon (November 1996) and premonsoon (May1997) periods. The copepod communities in these enclosed and semi-secluded water bodies are considered and are compared with the populations at 13 stations in the open ocean area adjacent to Mumbai Port, a natural harbour. 

The average percentage contribution of copepods to zooplankton was 57.5 in the open ocean, while in the docks it was 88.3. The average population density of copepods in the open ocean (12506/100m3) was 7 times higher than that of the docks (1744/100m3). In the open ocean 23 species occurred during premonsoon with Acartia spinicauda and Acrocalanus sp. as the main contributors. During postmonsoon, 22 species were obtained and Acartia spinicauda and Canthocalanus pauper dominated. The density was low in the docks with minimum values during post monsoon. The number of species recorded at Indira, Victoria and Princess docks were respectively 13, 9 and 10 during premonsoon and 6, 6 and 9 during postmonsoon. Pseudodiaptomus sewelli, Paracalanus aculeatus, Acrocalanus longicornis, Pseudodiaptomus serricaudatus and Onacea sp. were the main components in the docks. In the Sasson dock located at the harbour entrance, 17 species were present during premonsoon but only 7 species were recorded during postmonsoon. Statistical interpretation for niche breadth and for differential factor groups of species were also attempted. The study showed a reduction in density and diversity of copepod population in the docks as compared to the open ocean. Limited flushing within the docks could be an adverse factor controlling the copepod community, so that only the tolerant species like Pseuododiaptomus spp. flourish.
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Reproductive cycles of dominant calanoid copepods in a subtropical lagoon

Ricardo Palomares-García and Roxana De Silva-Dávila

Centro Interdisciplinario de Ciencias Marinas (CICIMAR-IPN), Departamento de Plancton y Ecología Marina, Ave. IPN s/n, Col. Playa Palo de Santa Rita, C.P. 23096. La Paz, Baja California Sur, México. COFAA and EDI Grant recipients.

E-mail: rpalomar@ipn.mx
The seasonal cycles of reproduction of the dominant copepods Acartia clausi, Acartia lilljeborgii, Paracalanus parvus, Centropages furcatus, and Labidocera trispinosa, were studied at Bahía Magdalena, México. Egg production rate, clutch size and prosome length were compared with temperature, chlorophyll- a concentration, and small plankton volume during an annual cycle (June 2000 to May 2001). The water column showed mixed vertical distribution of temperature and chlorophyll-a concentrations throughout the year. Both variables, along with plankton volumes showed a strong seasonal variation. Mean sea surface temperature reached higher values during summer (25.8 °C) and minimum values in spring (15.3 °C), chlorophyll- a showed two maxima, one in early summer, and one during spring. Maximum plankton volumes were recorded during early spring. Each copepod species responded differently to the seasonal environmental change. The larger egg production values were registered when maximum population size of dominant species (A. lilljeborgii during summer-autumn, and A. clausi and P. parvus at the end of winter and in spring) occurred. Non-resident species were restricted to a particular season of the year (summer-fall in C. furcatus), or showed no seasonal preference (L. trispinosa). On average, the specific growth rate by egg production (EPR) during the 2000-2001 was suboptimal; however, maximum individual egg production values recorded were higher than the maximum egg production values recorded during previous studies in this bay. Sea surface temperature variation and food availability were the most important environmental factors affecting the production cycle of copepods in Bahía Madalena.
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Spatial variations in zooplankton diversity in composite wastewater

Subhro. K. Mukhopadhyay1, Abhishek. Roy Goswami2, Ashitava. Chatterjee3 and Buddhadeb. Chattopadhyay2 
1 Durgapur Govt. College, Durgapur-713214, India. E-mail: msubhro@vsnl.net 

2 Government College of Engineering and Leather Technology, Block LB Sector-III, Salt lake City, Kolkata- 700098, India

3 Directorate of Forest, Govt. of West Bengal, Kolkata-700027, India

Zooplanktonic groups like Cladocera, Copepoda, Rotifera, Ostracoda, are cosmopolitan in their clean freshwater habitats and are also found in toxic industrial and municipal wastewaters. The current study on zooplanktonic groups was done at five selected sites in Storm Water Flow (SWF) channel, Dry Weather Flow (DWF) channel, and a tannery wastewater stabilizing pond located at the east Calcutta wetlands, a Ramsar site. The study revealed 3 species of Cladocera, 2 species of Copepoda, 15 species of Rotifera, and 2 species of Ostracoda. The copepod Mesocyclops leuckartii was found in all the five sites, rotifers Asplanchna brightwelli, Brachionus angularis, B. calyciflorus and Cladocera Ceriodaphnia cornuta were found in four sites. Site wise variation in dominance, diversity, evenness and richness were calculated. Site1 a fish pond that stabilized composite wastewater showed the maximum species richness having 17 species, while site 2 SWF wastewater carrying canal showed only 4 species. The calculated Jack 1 values of sites 1 to 5 were 21.78, 3.77, 18.63, 12.5, and 16.95 respectively. Shannon-Wiener species diversity index (H/) values were almost similar for all the three relatively less polluted sites viz, Site 1 (1.959), site 4 (2.010), site 5 (2.047). However, at highly polluted sites 2 and 3, H/ values were calculated of 1.336 and 0.984, respectively. Simpson’s Dominance index (Dsimp) was maximum at site 3 (0.618), indicating maximum dominance. The situation at site 5 was the opposite and dominance was minimum (0.1680) while diversity was maximum. Discussion will focus on the role of the zooplankton community in amelioration of wastewater pollution.
Poster S7-3315

Regulation of diapause in the copepod Calanus finmarchicus 

Katie A. J. Hill, Valerie J. Smith and Andrew S. Brierley

Gatty Marine Laboratory, University of St Andrews, St Andrews, Fife, KY16 8LB, Scotland, UK. E-mail: kajh@st-andrews.ac.uk

The copepod Calanus finmarchicus is a vital component of the pelagic food web in North Atlantic and peripheral ecosystems. Its life cycle involves a dormant overwintering phase (known as diapause), which often occurs at great depth. At the onset of diapause, development is suppressed and the animals sink out of the surface waters. They remain at depth until the termination of diapause the following year, when individuals migrate back to the surface. The cues for diapause entry and exit remain unknown, as do the cellular mechanisms associated with the induction and termination of diapause. The lipid-based hormone methyl farnesoate (MF), the crustacean version of juvenile hormone III (a multifunctional hormone linked with diapause in insects), has been proposed to act as a possible cellular cue for diapause induction, but MF has never been identified in a copepod. Using material from the North Atlantic and Loch Etive - a Scottish sea loch -, we aim to test the association of MF with diapause induction by isolating an enzyme (farnesoic acid O-methyl transferase or FAMTase) that catalyses methylation of farnesoic acid to biosynthesise MF. We will isolate FAMTase from Calanus using molecular techniques, and then measure expression of the enzyme, and thus the production of MF through life events such as diapause. If the mechanisms driving diapause entry/exit can be elucidated, then progress could be made towards understanding likely consequences for this vital developmental stage of environmental changes such as warming and freshening. This in turn could inform future ecosystem management plans.
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Seasonal patterns of abundance, egg production and egg viability of the calanoid copepods Calanus helgolandicus and Calanus finmarchicus at a station off the north-western North Sea coast.

Kathryn B. Cook1, Steve Hay1, Susan Robinson1 and Claire Skinner2

1 FRS Marine Laboratory, PO Box 101, Victoria Road, Aberdeen, AB11 9DB. E-mail: K.Cook@marlab.ac.uk
2 School of Biological Sciences, Zoology Building, Tillydrone Avenue, University of Aberdeen, Aberdeen, AB24 2TZ.

Two Calanus copepod species (C. finmarchicus and C. helgolandicus) co-occur at a monitoring site, sampled weekly since 1997, 3km offshore of Stonehaven on the Scottish east coast (http://www.frs-scotland.gov.uk/). The former species is an Arctic boreal copepod shown to have been retreating north in response to ocean climate change, while the southern congener C. helgolandicus has expanded its range into these areas. We have investigated the contrasting seasonal occurrence and reproductive success of these species at our sampling site. Females have been incubated at field temperatures to determine egg production since 2003, while egg viability was determined from hatching success of the incubated eggs. Copepodite stage abundances, enumerated since 2000, were supplemented during 2003-2004 with counts of naupliar stages and gonad maturity analysis of females. Strong seasonality was evident, with peak C. finmarchicus abundance, reproduction and egg viability in the spring and summer, prior to the majority of the population entering its over-wintering resting state in autumn. By contrast C. helgolandicus, though present all year, were most fecund and abundant in summer and autumn. For both species egg viability was highly variable throughout the year, with C. helgolandicus eggs generally more viable in late summer and autumn. Egg production and hatching success are examined in relation to observed seasonal abundance and to environmental conditions. Results are discussed in relation to the implications of changes in the abundances and seasonal dominance of these copepods in the ecosystem.
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Impact of Botryococcus braunii Blooms on the Zooplankton of Paoay Lake 

Rey Donne Papa1, 2, J. T. Wu3, S. F. Baldia1, 2, C. Cho1, M. A. Cruz1, A. Saguiguit1 and R. Aquino1 

1 Department of Biological Sciences and  2    Research Center for the Natural Sciences, University of Santo Tomas, Manila, Philippines. E-mail: rspapa@mnl.ust.edu.ph
3 Research Center for Biodiversity, Academia Sinica, Nankang, Taipei 115, and Institute of Ecology and Evolutionary Biology, National Taiwan University, Taipei 106, Taiwan

Blooms of the colonial green alga Botryococcus braunii have been widely known to have toxic effects on a variety of aquatic organisms and have caused fish deaths. Zooplankton are also greatly affected by such harmful algal blooms and exhibit varying levels of tolerance and susceptibility to the toxic effects of B. braunii. In this study, a five month monitoring was done of the abundance and distribution of B. braunii in Paoay Lake. Plankton samples were taken from the surface and deep layers of the lake from 4 sampling sites. Data on the density (colonies /L) of B. braunii were found using Pearson coefficients to be correlated with zooplankton species diversity (H’) and richness (DMG) at those sites. The data revealed an increase in the density of B. braunii from an average of 9,670 Col. /L in May to 24,656 Col. /L in June. This slightly decreased to 23,085 Col. /L. in July. The highest recorded density was 44,732 Col./L in the waters surrounding Baranggay Nagbacalan during July. In total, there were 31 species of zooplankton present in the lake, with the rotifer Keratella procurva being the most abundant. A remarkable increase in the abundance of B. braunii at the 4 sampling sites was observed from May to June. This was associated with a decrease in the density of zooplankton and an alteration in the composition of zooplankton assemblages. On the whole, the species diversity and richness of zooplankton were lower when the abundance of B. braunii was elevated in the lake. The study suggests that both the composition and the abundance of zooplankton in Paoay Lake were negatively affected by the occurrence of B. braunii and possibly caused by the toxic effects from this green alga. 
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Reproductive responses of Calanus sinicus to food availability in the Jiaozhou Bay, China

Chaolun Li, S. Wang and S. Sun

KLMEES，Institute of Oceanology, Chinese Academy of Sciences, 7 Nanhai Road, Qingdao 266071, China.

E-mail: lcl@ms.qdio.ac.cn
Egg production rate (EPR), egg hatching success (HS) and effects of starvation on a calanoid copepod, Calanus sinicus, were measured from March to July in Jiaozhou Bay, China. A diatom dominated bloom was well developed inside the bay at the beginning of this study on March 14, with the chlorophyll a concentration reaching 14 mg m-3. Phytoplankton had decreased in the following cruise on March 20, and then increased again to a second peak in May/June. Females were reproductively mature and spawning throughout the study period. EPRs ranged from 5.2 to 42.5 eggs female–1 d–1. The highest EPR was found during the diatom bloom in March, while the lowest was found in July. EPRs were positively correlated with chlorophyll a concentration, but there was no correlation with temperature. Except for the significantly lower values (50%) observed during the diatom bloom, HS was generally high (>75%). Egg production gradually ceased within 3-5 days and the percentage of females with mature gonads decreased greatly after short-ter, experimental starvation (1 week). The oil storage was also partly consumed and the gonad materials were almost exhausted under long-term starvation (2 weeks). All the starvation effects were more evident at higher temperature. After feeding excess food for 2-3 days, however, the starved females resumed spawning, which suggests that food plays a key role in determining the reproduction of C. sinicus during its production season in Jiaozhou Bay.
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Diversity of Ichthyoplankton with reference to seasonal variation in the Arabian Sea

Lalithambika Devi C. B. and Binu M. S.
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Distribution of fish larvae serves as a valuable aid in resource assessment. Ichthyoplankton surveys during various seasons help to indicate shifts in the spawning of different species. This study includes the physico-chemical parameters in different seasons, the dominance and diversity of fish larvae collected from May 1998 to June 2002 from 8°N to 22°N lat. and 66°E to 77°E long, covering the Arabian Sea during spring intermonsoon, summer monsoon, fall intermonsoon and winter monsoon (JGOFS). The numerical abundance of fish larvae was maximum (63%) in summer monsoon and minimum in fall intermonsoon (7.9%). Areas of high density were the notable features of the summer monsoon. The larvae were mostly myctophids (35.6%), clupeids (19.96%), phosichthyids (9.95%), gobiids (9.66%), scombrids (6.71%), bregmacerotids (5.07%) and carangids (3.23%). We attempt to correlate the present data with the results of the International Indian Ocean Expedition (1960-1965).
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Combining time series data with spatial variability to study population dynamics of the large-sized calanoid copepod, Rhyncalanus nasutus, off Central/southern Chile 

Ruben Escribano, Alvaro Araneda

Center for Oceanographic Research in the Eastern South Pacific (COPAS), Departament of Oceanography, Universidad de Concepción, Chile. P.O. Box 42 Dichato, Chile. E-mail: rescribano@udec.cl
Rhincalanus nasutus (Copepoda: calanoida) is a widely distributed species in the upwelling zone off central and southern Chile. Little is known about its life cycle or population dynamics in this highly productive ecosystem. We have used monthly time series data from Station 18 (36º S) over the shelf, seasonal data from Station 40 in the offshore, and two large-scale oceanographic surveys carried out in the spring of 2004 and 2005 to assess the species annual life cycle, its seasonal and interannual variability and its mesoscale spatial distribution. All life stages were studied and stage-specific biomass was estimated. The population reached maximal abundances during the spring-summer period at Station 18, suggesting rapid growth under intense upwelling conditions. By late summer and early fall the population exhibited low abundances. The combination of data from the shelf and offshore stations, and the distributions observed in the large-scale grids indicates much of the temporal variability results from changes in spatial distributional patterns. Because of its large body size and abundance, this species may contribute substantially to zooplankton biomass and the carbon budget in the upwelling zone. 
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Copepod growth dynamics in detail; challenging the limits of carbon analysis

Charles B. Miller
College of Oceanic and Atmospheric Sciences, Oregon State University. Corvallis, Oregon 97331 USA. 

E-mail: cmiller@coas.oregonstate.edu 

Great intellectual and observational energy has gone to evaluating the mechanics of copepod growth and development. We have measures of stage duration, size at different stages and egg-biomass production. We have statistical and theoretical models. Yet, we do not have so clear a picture of growth dynamics as Steve Sulkin and Klaus Anger have developed for crab larvae. Copepods almost certainly develop in the same fashion as crab zoeae, with growth rate strongly modulated by an individual’s phase within its molt cycle. Initial growth is rapid for 40 to 60% of the molt-to-molt interval, producing about 80% of biomass growth for the stage. Then it slows, as does feeding rate, at a point Sulkin and Anger term the Point of Reserve Saturation (PRS). The physiology after PRS is hormonally switched to concentrate upon preparations for molting. Withdrawal of food at PRS does not prevent the next molt; it proceeds on schedule leading to reduced size at the next stage. Unlike zoeae, it is difficult to obtain groups of copepodites developing and molting closely in phase. Nevertheless, somebody can investigate the copepod pattern by determining exact age within stage using (1) frequent digital photography to catch exact specimen molt timing and by (2) measuring single-specimen biomass by refinements in carbon content determinations that are quite feasible but not commercially available. The consequences of molt phase ‘growth cycling’ for ecological interpretation of activity and size, of feeding and growth rates will be addressed.
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Alternative pathways of larval development of Humboldt Current krill, Euphausia mucronata
Tarsicio Antezana 1 and Carlos Melo 2 
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The larval series, pathways of development and growth rates of E. mucronata, have been studied from field samples and rearing experiments. A fixed number of 3 stages in the calyptopis phase are followed by a variable number of furcilia stages and forms. Furcilia forms were grouped in 7 stages based on development of pleopods and telson spines. Development ended in the juvenile phase with 5 pairs of setose pleopods (5”), 1 terminal spine (1t) and 2 posterolateral spines (2pl) on the telson. The frequency of occurrence of furcilia forms in the field and examination of exuviae in rearing experiments allowed for the identification of variable pathways of development. For furcilia 1 to furcilia 3 there were two numerically dominant pathways of pleopod development in the field and one different dominant pathway in the laboratory. Alternative pathways involve skipping or not an extra molt. For furcilia 3 to furcilia 7, there was a common dominant pathway of telson development for field and reared animals. The intermolt period (mean=4d, range=4-6d) was consistent with that of most euphausiids. Growth factor (stage-to-stage length ratio) was higher for C1 to F1 (1.28-1.60) than for furcilia stages (1.00-1.30). Larvae following the direct-short pathway, had more morphological change/molt and required less time to reach the juvenile phase than larvae on indirect pathways. Since short or long pathways are associated with optimal to poor environments, respectively, ontogenic variability in morphology, pathways and growth may be interpreted as an adaptive strategy of euphausiid species to spatially and temporally variable environments, such as the Humboldt Current.
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Effects of water masses and seasonal monsoons on the distribution of siphonophores in Taiwanese waters
Wen-Tseng Lo1, Shwu-Feng Yu1, Shih-Hong Wu2 and Don-Chung Liu2
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The Taiwanese waters of the western North Pacific Ocean have high oceanographic complexity, characterized by the succession of at least 3 water masses, seasonal monsoons, and high zooplankton diversity. Based on collections during a winter and a summer cruise in 2003-4, 73 species of siphonophores were recognized from 33 stations in Taiwanese waters. Siphonophore abundance did not differ significantly between summer and winter, but species richness was higher in winter than summer. Cluster analysis of hydrography distinguished 3 water masses in winter -- the Kuroshio Current (KC), the China Coastal Current (CCC), and the Transition zone (TZ), and two water masses in summer -- KC + South China Sea Waters (SCSW), and Taiwan Strait waters (TSW) + East China Sea waters (ECSW). The abundance and species richness of zooplankton were always higher in the TZ, while the CCC showed higher abundance but lower species richness as compared with the KC in winter. In summer, the TSW+ECSW had higher abundance and lower species richness as compared with KC+SCSW. The distribution of siphonophores showed clear association with water masses, having higher abundance and lower species richness in the CCC, and lower abundance and higher species diversity in the KC. The relationships between siphonophore abundance and environmental variables also were analyzed. Our results suggest that the TZ and KC may enrich the species diversity in Taiwanese waters, while the CCC may bring higher zooplankton abundance into northwestern Taiwanese waters. The succession of these water masses, as influenced by seasonal monsoons, may be important in determining the abundance and diversity of siphonophore assemblages.
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Vertical distribution of species of Eucalanidae (Copepoda: Calanoida) in the Arabian Sea

Irina Yu. Prusova1 and S. L. Smith2
1 Institute of Biology of the Southern Seas, 2 Nakhimov Avenue, 99011 Sevastopol, Ukraine. E-mail: zoo@ibss.iuf.net
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The numerical abundance and vertical distribution (0-1300 m) of 7 eucalanid species (Copepoda: Calanoida) were studied in the Arabian Sea based on zooplankton samples collected in the US JGOFS expeditions in 1994-95. The investigated species can be subdivided into two groups based on the patterns of vertical distribution in relation to the oxygen concentration. Representatives of the first group, small-sized eucalanids - Subeucalanus mucronatus, S. pileatus, S. subcrassus and S. subtenuis - occurred above the upper boundary of the oxygen minimum zone (OMZ) within the layer 0-150 m. The core of the S. pileatus population was situated in the upper 50 m, above the oxycline. The closely-related species, S. subtenuis and S. mucronatus, showed distinctive vertical segregation within the inhabited layer: the former was concentrated mostly above, and the latter - within the permanent oxycline. Representatives of the second group, large-sized eucalanids - Eucalanus elongatus, Pareucalanus attenuatus s.l. and S. crassus - were distributed throughout the layer 0-1300 m. Within the OMZ, only pre-adults (C4 and C5) and females of E. elongatus, P. attenuatus s.l. and S. crassus were present. It is hypothesized that specimens present within OMZ were diapausing. The investigated species showed no pronounced diurnal migrations. First and second copepodite stages (C1 and C2) of all the species were collected in the upper 100 m, indicating spawning occurred within the sub- surface layer. Subeucalanus subtenuis, S. pileatus and S. mucronatus were numerically dominant, constituting nearly 80 % of the total eucalanid number.
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Diel vertical distribution of zooplankton as constrained by the upper boundary of the oxygen minimum zone at the coastal upwelling region off northern Chile

Pamela Hidalgo, Erika Jorquera, Paula Mendoza, Ruben Escribano
Center for Oceanographic Research in the Eastern South Pacific (COPAS), Departament of Oceanography, Universidad de Concepción, Chile. P.O. Box 42 Dichato, Chile. E-mail: rescribano@udec.cl
A shallow (<50 m) oxygen minimum zone (OMZ) is a prominent feature in the coastal zone off northern Chile. The zoooplankton community must cope with this oxygen-deficient water. We have found from day/night stratified Multinet samples taken during the ZOMEI cruise (October 2005, northern Chile) that the whole zooplankton community is mainly comprised by copepods (>50%), with many species whose vertical distribution and diel migration appears to be restricted to the upper 50 m layer where there are strong vertical gradients in temperature, salinity and dissolved oxygen. Few species seem able to inhabit the OMZ either temporarily or permanently. Calanoid copepods, such as Paracalanus parvus, Acartia tonsa, Eucalanus inermis and Centropages brachiatus were the dominant species at two study sites. Short-term variability in oceanographic conditions was considered to determine the extent to which populations can perform vertical movements given the OMZ constraint. A negative relationship between numerical abundance and the number of species became evident when comparing sampling sites. The OMZ system may impose major ecological consequences for the zooplankton community in this upwelling region.
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Growth of Euphausia pacifica and Thysanoessa spinifera in the coastal NE Pacific
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Euphausia pacifica and Thysanoessa spinifera are the two dominant species of euphausiids in the coastal northeast Pacific. This is a dynamic environment, with seasonally strong upwelling and associated phytoplankton blooms. Instantaneous growth rate (IGR) experiments on these two species were conducted using animals collected off the coasts of Oregon, Washington and Northern California throughout 2001-2006. This time period encompasses some distinctly different oceanographic conditions with 2001, 2002 and 2006 being relatively cold and productive years, while 2003-2005 were warmer and less productive. IGR experiments determine change in length and intermoult period (IMP) and allow us to calculate growth in length in mm per day. Positive growth ranged from 0 to 0.9 mm per day. Negative growth occurred during all seasons, usually in larger animals of both species. Negative growth observed during the reproductive season may be a result of reproductive activity rather than of poor environmental conditions. Individual growth tended to decrease as animals got larger but was highly variable. There was no clear relationship between growth and surface chl concentration or water depth. 
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According to our recent results in the eastern tropical Pacific (ETPac), no night-day differences in near surface (0-200m) zooplankton biomass have been found during summer or winter cruises (Färber-Lorda et al., 2004b, Färber-Lorda et al., 2004c and Fernandez-Alamo and Färber Lorda, 2006). Trying to better understand these results and considering the special features of this wide area, we examined historical data to determine whether these differences were real or just the consequence of limited or too variable data. Historical data from the EASTROPAC cruises and other cruises were utilized. An ANOVA comparing night and day zooplankton volumes obtained with a 330 µm mesh net, showed significant differences. A multiple-way ANOVA comparing seasons or bimesters showed significant differences. However, even where significant differences were found, large areas of the ETPac show night/day zooplankton volume ratios close to 1. These are areas characterized in general by a shallow oxygen minimum layer (40 -100m) in which oxygen is lower than 1 ml/l. They cover a wide area in the northern hemisphere between 5 to 15° N and around the Costa Rica Dome. A smaller set of sample data obtained with a 505 µm mesh net also showed significant differences. It is hypothesized that low oxygen limits the vertical migration of zooplankton. Zooplankton biomass data from the entrance of the Gulf of California were also examined; they showed no-significant difference between day and night, although with a limited number of samples. A comparison with the California Current zooplankton volume data from the CalCOFI program was performed. Tridimensional analysis showed different characteristics for the California Current and higher night/day ratios. The implications for trophic relationships of no night-day difference in zooplankton biomass are discussed. 
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The effect of temperature on the development of the copepod Eucalanus bungii reared in the laboratory

Ken-ichi Sato, Atsushi Yamaguchi, Naonobu Shiga and Tsutomu Ikeda
Laboratory of Marine Biology, Graduate School of Fisheries Sciences, Hokkaido University, 3-1-1 Minatocho Hakodate, Hokkaido 041-8611, Japan. E-mail: os-papa@fish.hokudai.ac.jp
Eucalanus bungii is a large grazing copepod predominant in the subarctic Pacific Ocean. Mature females of E. bungii were caught at Site H in the Oyashio region in March 2006 and brought back to the land laboratory to obtain eggs for observations of the effect of temperature on its development. As food, a mixture of phytoplankton (Prorocentrum sp., Phaeodactylum tricornutum, Chaetoceros gracilis and Isochrysis sp.) was provided ad libitum. At 5 graded temperatures between 2.5 and 10℃, time to egg hatching decreased with the increase of temperature from 4.3 to 2.2 days, and naupliar development time, decreased from 53 to 23 days. Egg hatching success (57-77%) was not affected by the temperature. For copepodid stages, mortality increased suddenly beyond C4: among 57 C1 specimens 11 reached C5 and only 2 reached C6. The effect of temperature on the development time of each copepodid stage was expressed as Bélehradék function, and the results are compared with those of wild populations of this species in the Oyashio region.
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Relationship between seasonal occurrences of planktonic population and types of diapausing eggs in Acartia steueri from three geographically different sites in Sagami Bay, Japan
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Seasonal disappearances of planktonic populations are well known phenomena in coastal marine copepods. Diapausing eggs do not hatch during a few weeks to month (Type 1) and survive unfavorable seasons. Recently, diapausing eggs that hatch sporadically after a few days from spawning to several weeks (Type 2) are reported from some species including Acartia steueri, but we do not have enough information about relationships between seasonal occurrence of planktonic populations and this type of diapausing eggs. In this study, seasonal variation of abundance and hatching pattern of diapausing eggs were determined for A. steueri collected from three sites in Sagami Bay, Japan: the ports at Manazuru, Kawana and Ohse. We obtained data to explain the relationship between seasonal occurrences of planktonic populations and types of diapausing eggs. In Manazuru Port, A. steueri occurred during the sampling period and hatching of diapausing eggs incubated at field temperature occurred six days after spawning (Type 2). On the other hand, in Kawana and Ohse Ports, A. steueri disappeared from water column during summer and hatching of diapausing eggs incubated at field temperatures occurred later than at Manazuru Port (after 20 and 25 days from spawning in Kawana and Ohse Ports, respectively: Type 1). These results imply that the two types of hatching pattern in diapausing eggs would control the seasonal occurrence of planktonic populations differently. Producing diapausing eggs that have different hatching patterns depending on region may be advantageous for A. steueri to maintain populations under different habitat conditions.
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How does molting affect reproductive and feeding activities of Euphausia pacifica?
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The relationships among molting, reproductive processes and feeding activity were examined for Euphausia pacifica. Euphausiids were collected with a cylindrical-conical net (mouth diameter of 1.3 m and mesh size of 0.45 mm) obliquely hauled from 500 m depth at 30 stations in the sea area off northeastern Japan from 2-10 October, 2000. The mean percentage of molting individuals was 15.6%, 13.6% and 24.7% for daytime, nighttime and dawn, respectively without significant differences. In males, the percentage of molting individuals was fairly constant, ranging from 12.1 to 14.9% among various maturity stages without significant differences. In females, however, the percentage was significantly different among maturity stages. Molt percentage was higher than expected for IIB and lower than expected in IIID females. The contribution of molting individuals was the least, 6.9%, in females of maturity stage IIID. The result strongly suggests that IIID females molt less frequently, about half as often as less mature females or all stages of males. The mean stomach fullness, based on ratings from 0 to 4, was significantly different among molt stages: 2.17, 3.59 and 3.77 for molt, post-molt and pre-molt individuals, respectively. The mean stomach fullness of each molt stage also differed significantly among time periods. Therefore, feeding activity of molting individuals is considerably restricted compared with non-molting ones, but even molting ones showed an intrinsic feeding rhythm.
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What tell us interannual changes of zooplankton about long-term trends?
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Investigation of long-term trends in mesozooplankton (e.g. due to climate change) is usually based on monitoring data sets or on comparisons among data collected from time to time in the same region. Many times the second method is used, because long-term data are lacking. The aim of our study was to affirm how big changes may be seen from year to year, and to consider whether observed changes are really indicators of long-term trends or not. 

The Baltic is a semi-enclosed brackish sea situated in the temperate region (northern Europe). The most important factors influencing its pelagic fauna are salinity (decreasing from Danish Straits – the link with the North Sea - to the northeast and from the bottom to the surface) and temperature (characterized by seasonality). We used for comparison summer periods of three consecutive years 1998-2000. Mesozooplankton samples were collected from the Gulf of Gdansk (southern Baltic). The material was prepared and analyzed according to HELCOM methodology. 

The number of zooplankton was comparatively high. We observed some differences not only in the following years but the following months as well, both in numbers of particular taxa and in general tendency of its increase or decrease. Strong quality and quantity changes of zooplankton were visible from month to month of particular years and also between the same calendar months in different years. 

Based on three years of observations, we confirm an important direct influence of hydro-meteorological conditions (especially temperature) on the variability of zooplankton from year to year, and we recommend to compare data very carefully. 
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What determines the success of Sagitta enflata as a major zooplankton predator in the Humboldt Current System?
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This study is based on 3-years of monthly zooplankton sampling at a fixed point off Concepción (36°S) Chile. Reproduction of the chaetognath, Sagitta enflata, and its predation pressure upon zooplankton standing stock were assessed. Prior tonet tows, water temperature, conductivity and oxygen were measured with a CTDO profiler and microzooplankton samples were collected, in order to account for prey available for S. enflata offspring. All S. enflata specimens were measured and assigned to a maturity stage, and ingested prey were identified up to species level. Sagitta enflata accounted on average for 60% of total chaetognath abundance. The number of prey per chaetognath was highly variable during the whole period. It was lowest during upwelling events due to the rise of oxygen depleted water, with low removal rates of copepod standing stock (0 to 7% d-1), whereas above 4 ml O2 L-1 the removal rate increased exponentially up to 43% d-1. High removal rates are achieved by juvenile S. enflata that dominated between 45 and 60 days after reproduction. The sexual maturation process occurred during spring and summer once the phytoplankton bloom was established. The appearance of mature chaetognaths was coupled with an intensification of predation pressure upon Calanus chilensis, which might be essential for the maintenance of growth of chaetognath eggs by allowing higher lipid content, as compared to others copepod prey potentially available, such as Paracalanus parvus, Centropages sp., Acartia tonsa and Oithona sp. Once S. enflata reproduces and the phytoplankton bloom reduces in intensity, many nauplii were available for S. enflata offspring. Adequate adjustment between prey life cycle and S. enflata reproduction and spawning would be one of the main factors determining the dominance of these organisms in a highly heterogeneous habitat such as the coastal upwelling zone of the Humboldt Current. 
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The timing and location of spawning for the Euphausiids Euphausia pacifica and Thysanoessa spinifera off the Oregon coast, USA
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Euphausia pacifica and Thysanoessa spinifera are the dominant euphausiid species in the upwelling region off Newport, Oregon (USA). Our 10-year time series (1996-2005) of biweekly sampling shows peaks in eggs occurring from late February through early November with a great deal of interannual and cross-shelf variability. We are striving to explain the spawning patterns that we observe and to determine the cues for euphausiid spawning in our study area. Euphausiid egg density is poorly correlated with chlorophyll concentrations and surface temperature measured at the time of the net tows. This, along with the laboratory observation of a median 5 day interbrood period, suggests that there are unknown lag periods between upwelling events, phytoplankton blooms, and euphausiid spawning. We gain greater insight into the phenology of euphausiid spawning through the study of adult euphausiid densities (available from 2001 onward). Though adults were most abundant near the shelf break and beyond, their infrequent appearances at our inner shelf stations correspond well with peaks in egg density on the shelf. Despite consistently high concentrations of adults at our shelf break station, peaks in egg density are no higher than are found over the shelf. Continuous datasets (temperature and currents from a mooring on our transect line, wind data and the Bakun upwelling index) from the area are used to try to account for time lags and to understand the mechanisms that bring adults into shelf waters to spawn.
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Spatio-temporal variability in abundance and stage composition of three dominant Antarctic copepods along 140ºE in the Indian Sector of the Southern Ocean
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The large Antarctic, herbivorous copepods Calanoides acutus, Calanus propinquus, and Rhincalanus gigas are the dominant species in the Antarctic zooplankton. The objective of this study was to highlight major seasonal differences in their abundance and stage composition in the Indian sector of the Southern Ocean, in order to discuss the relationships among their life cycles, environmental conditions and the retreat of the sea-ice. Data for this study were collected during the time-series observations conducted on RSV Aurora Australis in November 2001, Hakuho Maru in January 2002, RV Tangaroa in February 2002, and the icebreaker Shirase in March 2002 along a transect on 140ºE between 61 and 66ºS. The 140ºE area is characterized by an extremely narrow seasonal ice zone. The distributions of C. acutus, C. propinquus, and R. gigas are separated on a biogeographic scale, and further by the timing of their development. Calanoides acutus is the first to ascend to the surface in spring and the first to descend to deeper water layers in autumn, followed by C. propinquus and then by R. gigas. According to the asynchronous development hypothesis, C. acutus should occur during the period of active development in a more advanced state than C. propinquus, while R. gigas would lag behind both of the others. In order to evaluate the life cycle of each species, it is therefore necessary to examine all three copepods simultaneously. Dynamics of sea-ice condition likely also influence their life cycles. 
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Dynamics of Baltic Sea zooplankton and its sensitivity to climate/physical forcing
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Long-term investigations in the Baltic Sea have documented large inter-annual fluctuations in the standing stock of dominant copepod species that are potentially linked to climate variability. While the biomass variation of Pseudocalanus sp. has largely been related to reduced salt water inflows and physiological constrains on reproduction, controlling mechanisms for the surface dwelling species Acartia spp. and Temora longicornis are ambiguous. Since the several species of the genus Acartia occurring in the Baltic Sea are generally not separated in long term studies, discrepancies in the apparent effects the hydrographical control may also result from the failure to separate species with different ecological preferences regarding temperature and salinity. In the presentation, we will summarise results from a GLOBEC Germany field campaign conducted to study the spatio-temporal dynamics and stage composition of standing stocks of T. longicornis, A. bifilosa and A. longiremis in the southern Baltic Sea in 2002/2003. The variations in standing stocks are compared to the seasonal variation of the reproductive success and dynamics of resting eggs in the sediment. While the recruitment of the Acartia species in spring depends strongly on the emergence of nauplii from resting eggs, egg production of the individuals surviving the winter is the source for the first generation in Temora longicornis. The life cycle strategies of the different species are compared with regard to their sensitivity to physical forcing and in view of the relevance of phenology for the interpretation of long-term variations in standing stocks. 
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The impact of climate change on zooplankton in an Arctic fjord
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Kongsfjorden is a glacial fjord on the northwest coast of Spitsbergen in the Svalbard archipelago that is influenced by water masses of Atlantic, Arctic and glacial origin. The effects of climate change are already apparent in Svalbard, with considerably reduced sea ice cover in Kongsfjorden during the winter of 2005/06 and water temperatures ~2oC above average. Intrusions of Arctic and Atlantic water masses into the fjord are usually restricted to the spring and summer months, with a density front at the fjord entrance preventing water mass intrusions from the shelf in winter. However, in February 2006, there was an intrusion of Atlantic water into the fjord, which raised water temperatures by several degrees and altered the composition of the fjord’s winter zooplankton community. A sediment trap deployed at a depth of 100 m on a long-term hydrographic mooring in the outer basin of Kongsfjorden has provided us with the first winter zooplankton time-series in the fjord. The trap was deployed from September 2005 to May 2006. The Arctic species Metridia longa dominated the trap samples prior to the influx of Atlantic water in February. Copepods introduced during this anomalous advection event included late stages of Calanus finmarchicus, Calanus glacialis, Calanus hyperboreus and Paraeuchaeta norvegica. The early introduction of these species into the fjord, and thus increased copepod biomass relative to typical winter conditions with no advection, has implications for utilisation of the spring phytoplankton bloom and pelagic-benthic coupling in the fjord.
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Continuous zooplankton time-series are difficult to obtain in the Arctic using standard zooplankton sampling methods due to the often adverse conditions experienced. The Scottish Association for Marine Science (SAMS) and the Norwegian Polar Institute (NPI) have been maintaining a long-term hydrographic/biological mooring in the outer basin of Kongsfjorden, Svalbard, to study exchange processes in the fjord. A sediment trap deployed on the mooring from April to September 2002 has, for the first time, demonstrated the close relationship between water mass advection and changes in zooplankton community composition in the fjord. Three phases in zooplankton community composition were identified in 2002, with intrusions of Arctic water and then Atlantic water marking the abrupt transition points between phases. Sediment traps have also provided the first winter zooplankton time-series in the fjord, with traps deployed at two depths (100 and 200 m) in the outer basin for nine months from September 2005 to May 2006. Winter 05/06 was unusually warm in Svalbard, with reduced sea ice cover, water temperatures ~2oC above average, and an anomalous intrusion of Atlantic water into Kongsfjorden in February. The intrusion of Atlantic water altered the fjord’s winter zooplankton community, with the introduction of late stages of Calanus finmarchicus, Calanus glacialis, Calanus hyperboreus and Paraeuchaeta norvegica. Under normal winter conditions, zooplankton from the shelf are not advected into the fjord until the spring and summer months.

Poster S7-3480

How does the Arctic copepod Calanus glacialis cope with the thermal regime in the subarctic White Sea?
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The arctic copepod Calanus glacialis is one of the dominant components of the zooplankton community of the subarctic White Sea. This population is a relict of the glacial period isolated at present from the main part of the species distributional area. The specific thermal regime of the White Sea, with pronounced summer warming of the 50-m upper water layer up to 12-15ºC, has a strong effect on the species life cycle and patterns of its seasonal/ontogenetic vertical migration. Most of the year C. glacialis resides in the water mass below 50 m depth, where temperature remains negative throughout the year. The time favorable for reproduction and growth in productive surface waters is restricted to a short period between the ice melt (May) and the summer temperature rise (July). Warming of the upper layers up to 5ºC then induces reproductive dormancy in females, with further warming forcing the downward migration of the population into the colder deep layers. The high abundance of the C. glacialis population in the White Sea indicates that this arctic species is able to cope with the seasonal surface warming, and should continue to do so provided the cold water “refuge” at depth is maintained. Our observations suggest that C. glacialis could be more tolerant of Arctic warming than it is usually believed.
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The importance of the rotifer Brachionus plicatilis is well recognized. Various culture techniques have been adopted for the production of this important live food organism. In Japan, a mixture of freshwater and sea water is usually used for its continuous culture. In the production cycle of Brachionus plicatilis, 20, 40 and 60% water is exchanged on days-2, 3 and 4, respectively. On day-5, a fresh culture is started with 100% new water. Rotifers are fed with Chlorella spp. A mat used for removal of settled organic debris is cleaned every day. The density of rotifers is maintained around 400-500 organisms/l to achieve sustainable production. In the present study, an attempt has been made to simplify the labour-intensive production of the live food. Brachionus plicatilis were cultured in 100 l plastic, cylindrical tanks using 100% sea water without exchange of water in between. Culture tanks were cleaned on day-5 and were filled with 100% fresh sea water. The culture was continued for 2 months. Chlorella spp. was used as food (@200/ml, twice daily). Water quality parameters like temperature, salinity, conductivity and dissolved oxygen were monitored regularly. The mat was cleaned every other day. A steady production of Brachionus plicatilis was obtained throughout the culture period. Their number ranged from 512 to 1027/ ml, without any culture crashes. Application of this method may simplify the production of this important live food organism. 
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The Galapagos Islands have unique physical attributes that contribute to their considerable diversity of marine life. At the base of this biota are the phytoplankton and zooplankton. Previous scientific studies in the Islands have neglected this smaller flora and fauna. Research in this area is essential to the understanding of the Galapagos marine environment. I am determining the community structure and distribution of zooplankton over the Galapagos platform. Over 200 zooplankton samples were taken from 72 stations across the Archipelago. There were a total of seven sampling cruises between September 2004 and July 2005. Because of their large numbers in the samples, species identification has focused mainly on copepods. Over 121 species of copepods have been identified. Species richness is high across all samples, and distributional patterns and species composition are related to the distinct climate zones and the bathymetry of the Islands. The zooplankton data acquired give insight about the composition of the lower trophic levels in these regions, and they provide a baseline analysis of the zooplankton community that can be compared with future studies. This will be essential for assessing the response of the zooplankton community to climatic variations or management policies in the Islands. Results have already changed the current understanding of the global distribution of several species of zooplankton. 
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Salinity effects on the life cycle traits of two genetically divergent populations of Eurytemora affinis (Copepoda: Calanoida): a laboratory study
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The calanoid Eurytemora affinis is one of the most abundant copepod species in many estuaries in the Northern Hemisphere. While E. affinis populations are often morphologically (i.e. taxonomy) indistinguishable, the species complex is composed of genetically distinct clades, representing divergent evolutionary histories. The most distant clades, genetically and morphologically (i.e. phylogenetically), are transatlantic clades: North American and European (Lee 2000a). To determine whether the genetic variations might contribute to physiological differences within this copepod species complex, we tested some life cycle traits of two populations of E. affinis under 3 salinities (5, 15 and 25 psu) at only one temperature, 10°C, and under food satiation. Common experiments applied to both populations were based on an individual approach. We compared the life cycle strategies of populations reared under culture conditions (>10 generations) from St. Lawrence salt marshes (Canada) and from the Seine estuary (France). The life cycle study revealed important differences in the salinity tolerance between the populations. Although the St Lawrence individuals developed and reproduced quite well under all salinities studied, Seine individuals exhibit high mortality during development under highest salinity. The clutch size (eggs/clutch) was on average two times higher for St Lawrence females compared to Seine females. Regardless of salinity, the longevity of St Lawrence adults was about 2-fold higher than the longevity of Seine adults. It is assumed that such differences could be due to genetic and morphological differences resulting from divergent evolution. These results confirm that the use of egg production parameters for the same species from the literature may be erroneous. Different experimental protocols may introduce several biases in estimating copepod egg production, which also affects values in the literature. Our results show that the reproductive longevity of copepods is a crucial parameter in estimating total egg production of copepods. Our hypotheses will be tested in the future by increasing the range of experimental temperatures and by using other estuarine copepod species (i.e. Acartia, Pseudodiaptomus). 

a Lee C. E. (2000). Global phylogeography of a cryptic copepod species complex and reproductive isolation between genetically proximate populations. Evolution.54 (6): 2014-2027.
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The copepod Eurytemora affinis plays a key role in the food web of many estuaries in the Northern Hemisphere as in the Seine estuary, France. This copepod dominated the estuarine zooplankton through the year in 1996 and exhibited very high abundances during spring season (>190 000 ind.m-3). It was necessary to understand the population dynamics of E. affinis at different scales (spatial and temporal) to identify the effects of a single or a combination of external factors (i.e. salinity, temperature, food, etc.). Within the framework of a multidisciplinary project aiming at understanding the life cycle strategies of E. affinis in the Seine estuary, several high-frequency sampling cruises were realized during 2005. At the tidal scale, the results obtained confirmed the maintenance of the population of E. affinis within the oligohaline zone. At the annual scale, E. affinis population decreases drastically during summer and was replaced by the population of another copepod Acartia tonsa. This later species seems to be well adapted to high temperatures observed in the Seine estuary. Moreover, our sampling strategy based on Eulerian techniques (fixed station) was always realized in the same position near the mouth of the estuary. Consequently the optimal salinity range for E. affinis (around 5) was under sampled. Although these slight sampling biases, the dominance of Acartia sp. during summer was previously documented in the Seine estuary and also on other European estuaries. We suggest that the summer season is a critical period in the life cycle strategy of E. affinis in the Seine estuary (and other similar estuaries). In order to test these hypotheses the effects of high temperatures (>20°C) on the life cycle traits of E. affinis and A. tonsa from the Seine estuary should be studied experimentally.
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Foraging behavior of the European whitefish Coregonus lavaretus larvae on copepods

Sofiane M. Mahjoub1, 2, Orlane Anneville3, Juan C. Molinero3, Sami Souissi2 and Jiang –S. Hwang1
1 Institute of Marine Biology, National Taiwan Ocean University. 2 Pei-Ning Road 20224, Keelung, Taiwan R.O.C.

E-mail: D95340005@ntou.edu.tw 
2 Université des Sciences et Technologies de Lille-Lille1, CNRS-FRE 2816 ELICO, Marine Station ; 28 Av. Foch, 62930 Wimereux, France.

3 Institut National de la Recherche Agronomique, Station d’Hydrobiologie Lacustre, BP 511, 75 Av. de Corzent, 74203 Thonon Les Bains cedex, France.

Successful fish recruitment relies not only on adult spawning stocks and physical processes, but also on the availability of prey. Indeed, feeding success is a key factor for larval growth and survival. However, feeding success is highly determined by the small-scale processes occurring during the predator-prey interaction. Comparing the feeding responses of larval fish to different environments (marine, brackish and lacustrine) in different latitudes (temperate and tropical) can give us insight about the mechanisms regulating the energy transfer from a lower to a higher consumer level. In this framework we studied the European whitefish (Coregonus lavaretus) of a sub-alpine Lake. We investigated the predatory behavior of 3 wild C. lavaretus larvae collected from Lake Annecy (France), fed upon zooplankton primarily composed by copepods. A preliminary set of 57 predator-prey events were recorded and analyzed using image processing software. The successful predatory sequence of this species consists of: the encounter, the pursuit, the fixation, the attack, and the capture. While attacking its prey the European whitefish larvae exhibits an “S” shaped posture and moves only a few mm toward its prey to engulf it. Average attack speed was 27±10.6mms-1 and capture success ratio (capture/attack) was 0.26. The implications of the feeding responses of the larval C. lavaretus for its energetic balance are considered. Particularly, the potential consequences of zooplankton community structure on larval growth are discussed. 
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Seasonal ascent of Calanus finmarchicus as driving force for herring feeding migration
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The seasonal development of Calanus finmarchicus was studied in relation to the physical environment and phytoplankton bloom dynamics in the Norwegian Sea. Additionally, the feeding migration of Norwegian spring spawning herring was studied in relation to prey abundance and environmental factors that may affect their feeding migration. The surveys were spatially and temporally designed to include the seasonal production cycle of plankton and the feeding migration of Norwegian spring spawning herring, carried out on a basin-scale from March to August 1995. Variations in the timing of C. finmarchicus seasonal development within and between water masses were linked to the phytoplankton development, both following a path of delayed seasonal development toward the west and north. This path coincides with the clockwise feeding migration pattern of herring. Herring abundance was positively associated with the overwintering population of C. finmarchicus. We suggest that spatial gradients and temporal dynamics of the seasonal ascent of the C. finmarchicus overwintering generation provide stimuli for and affect the feeding migration of herring. Herring predation on the overwintering population of C. finmarchicus was estimated at 9 % of the production of older stages of C. finmarchicus. The distribution of the overwintering generation of C. finmarchicus seems important for the direction of the herring migration, but the effect of predation by herring on the population of C. finmarchicus may be limited. 
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Can hard clam larval survivorship explain recruitment failure in Great South Bay: A modeling study
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A biochemically-based model was developed to simulate the growth, development, and metamorphosis of hard clam (Mercenaria mercenaria) larvae. Larvae are simulated in terms of protein, neutral lipid, polar lipid, carbohydrate, and ash content. Initial biochemical content of the larva is determined by egg composition and changes in content occurs as the larva grows and in response to the biochemical composition of available food. Simulations that used environmental conditions from Great South Bay, Long Island, showed that variations in temperature and food quantity produce small changes in overall larval survivorship relative to that obtained from average conditions. The largest decrease in larval survivorship resulted from variations in the quality of food available to the larva. Reductions in food lipid content resulted in lowest larval survival rate. These results suggest that potential changes in food quality during the past decade may contribute factor to the present low recruitment rates of hard clam larvae in Great South Bay.
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Trophic interactions between diatoms, non-diatoms and zooplankton; why polyunsaturated aldehydes cannot be considered as diatom defence metabolites
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The interactions among diatoms, non-diatoms, protozooplankton and copepods were considered using multi-nutrient models, including an age/stage resolving description of copepod demography. The model shows the stoichiometric implications of grazing on different phytoplankton prey growing under combinations of light, N and Si limitation. It also incorporates a prey-selectivity function capable of switching between food items of varying quality. The results show clearly that the production of polyunsaturated aldehydes, or other stage-impacting toxins, should not be considered to provide a defence for the organisms (diatoms) associated with their production. This does not necessarily imply that on occasion such toxins may not have a negative impact on copepod growth (depending on copepod demography and predator-prey matching). However, other interactions between the plankton may in part compensate for any short term impacts at the levels of both phytoplankton growth and copepod growth. While evolutionary pressure over the long term may be expected to select for copepods that avoid diatoms, such pressure is at least as likely to stem from the poor nutritional value of such a diet, when phytoplankton are nutrient deprived, as from the production of any toxins during their consumption.
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Significance of variability in food and temperature on copepod survival, growth and reproduction
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The calanoid copepods Acartia clausi, Pseudocalanus sp., and Temora longicornis, and the cyclopoid copepod Oithona similis from Norwegian coastal waters were used to study inter-specific differences in starvation sustainability. Acartia clausi was also used to study effects of variable temperature on growth, stage-specific size and variable food level on egg production. Finally, the effect of variable food level on growth and stage-specific size of Acartia tonsa was studied. Pseudocalanus sp showed a steady mortality rate during starvation of around 3.7 % d-1 over the whole experimental period of 26 days, whereas O. similis showed a high (7.0 % d-1) mortality rate over the first 12 days, thereafter reducing to 0.6 % d​-1. Both A. clausi and T. longicornis showed three phases in their mortality response to starvation. Acartia clausi showed an initial mortality rate of 2.0 % d-1 over the first six days, followed by high mortality (8.4 % d-1) between days 7 and 15, thereafter reduced mortality (1.7 % d-1). Temora longicornis had an initial period of 8 days with a mortality of 2.9 % d-1, followed by an intermittent period (days 9-19) when the mortality was high (6.7 % d-1), and ending with low mortality (0.9 % d-1). Acartia clausi nauplius I and II (NI and NII), held at saturated food condition in three temperature treatments over 10 days, 12.5°C, 10/15°C (12h/12h), and 15°C, reached on average one development stage further at 15°C compared to the two other treatment groups. Warmer temperatures tended to have a negative effect on the individual size of the last two nauplius stages, whereas there was a positive correlation between individual size and temperature in the CI and CII that developed. Adult female A. clausi held at 11°C with Rhodomonas baltica as food in three different treatments, 75 ug C l-1, 0/150 ug C l-1 (24h/24h), and 150 ug C l-1, showed highest egg production in the high food condition, and lowest with 75 ug C l-1. However, after some days delay the fluctuating food condition gave the same egg production as the high food condition. Variable (0/150 ug C l-1) food condition in A. tonsa resulted in a lower average stage (stage 6.3, where NI = 1; CVI = 12) than at 75 and 150 ug C l-1 (stage 7.3 for both) after 10 days from start (stage 4.1). Average naupliar size did not differ between treatments whereas average copepodite size was larger for 150 ug C l-1 than for the other two treatments. The results illustrate how environmental variability may influence survival, development and growth in different ways for different copepod species, thereby contributing to the species succession in zooplankton communities.
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Seasonal abundance of zooplankton south of Iceland – a multivariate approach
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Seasonal variations in zooplankton abundance and composition, as well as life history of some common zooplankton species, were studied in relation to hydrography and chlorophyll a between February 1997 and March 1998. The sampling was carried out at two stations south of Iceland near the main spawning grounds of several commercially important fish species. Abundance of zooplankton was low during winter, peaked in June/July (~1.000.000 individuals m-2) and remained relatively high until August. A total of 63 species and taxonomic groups were identified in the samples. In general, copepods dominated the zooplankton (65%-95%). Temora longicornis, Oithona spp. and Calanus finmarchicus were the most abundant species (~ 30%, 22%, 15% of the total zooplankton, respectively). Less important groups were Evadne nordmanni (~7%), Pseudocalanus spp. (~4%), Copepoda nauplii (~3%) and Microcalanus spp. (~3%). Canonical correspondence analysis (CCA) was used to relate seasonal change in community structure to environmental variables. A clear seasonal cycle in species composition was revealed. Chlorophyll a was found to be the most important environmental variable in explaining the species composition, followed by temperature and salinity. The CCA further demonstrated a separation between early summer species (i.e. E. nordmanni and Podon leuckarti) primarily associated with phytoplankton, late summer species (i.e. T. longicornis and Acartia spp.) closely correlated to temperature and winter species with Scolecithricella minor and Metridia spp. being relatively abundant.
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Reproduction and development of the copepods Rhincalanus gigas, Calanus simillimus and Pleuromamma robusta during an iron-induced phytoplankton bloom (EIFEX) in the Southern Ocean
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The Southern Ocean is characterised by low temperatures and a short growth season for primary producers, potentially limiting zooplankton growth and reproduction. However, the association of spawning events with phytoplankton concentration is not yet clearly demonstrated. Egg production experiments were performed with the three dominant copepod species Rhincalanus gigas, Calanus simillimus and Pleuromamma robusta during the European iron fertilization experiment (EIFEX) over a period of approximately five weeks. In response to the iron fertilization, a diatom bloom developed with chlorophyll a concentrations up to 3.1 µg Chl a L-1. Rhincalanus gigas showed a clear response to increasing chlorophyll a concentrations and the total egg production of the R. gigas population was highest just after the peak of the bloom at day 30 after fertilization. The average production was 50 eggs female-1 day-1. The percentage of egg producing females increased from about 0 to 90 % during the course of the experiment. The results are supported by the maturation of the gonads determined by means of microscopy, which reflected the response to enhanced chlorophyll concentrations. The egg and naupliar abundances reflected this response as well, and increasing animal concentrations were determined inside the fertilized patch during the course of EIFEX. While the egg production rate of C. simillimus was nearly the same inside and outside the fertilized area, P. robusta did not produce eggs in the experimental incubations regardless of the environmental situation. The results from the egg production experiments will be discussed in relation to the development and abundance changes of the copepod species in the field.
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Fluctuations of the copepod community in Magdalena Bay, Baja California Sur, México
Gabriela Ma. Esqueda-Escárcega1 and Sergio Hernández-Trujillo1, 2
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The objective of this paper was to study the variability of the copepods between 1997-98 and 2000-2001 to distinguish trends in the copepod community in the Magdalena bay. 105 copepod species were identified and accounted. The copepod diversity index fluctuated between 0.8 and 3.2 bits/ind and the higher values were related to SST anomalies ranked 2-4 ºC. The abundance of copepods showed a maximum in April 1998 (> 1·106 ind·100 m-3) and lower values in both November 1997-98 and 2000-01 (~ 30,000 ind·100 m-3). Highest abundance concentration was recorded at chlorophyll a concentrations between 1.5 to 2.5 mg m-3. Eleven species determined the community structure, and Acartia clausi, Paracalanus aculeatus and Paracalanus parvus, were the most frequent and abundant species. A. clausi ranked 7-88% relative abundance and 94% occurrence; a negative trend of A. clausi abundance was observed along the period related to the SST. The relation between A. clausi density and chlorophyll a concentration no showed significant relationship, despite of had positive correlation. Seasonal cycle of abundance of copepoda and the dominant species is proposed.
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The effects of eddy transport on zooplankton biomass and community composition in the western Arctic
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In September 2004, we identified an anticyclonic, cold-core eddy in the Chukchi Sea and conducted a survey of its physical, chemical and biological properties. The eddy, located over the continental slope north of the Chukchi Shelf in the western Arctic, had a radius of ~ 8 km and was centered over a bottom depth of ~ 160 m. The core of the eddy was composed of water of Pacific origin as suggested by its physical and chemical properties and by the presence of copepods from the North Pacific Ocean (Neocalanus flemingeri and Metridia pacifica). Vertical distributions of zooplankton were associated with the physical structure of the water column. For most taxa, concentrations in the eddy core were elevated compared to waters of similar density in the basin. Higher abundances of Metridia longa, Oithona similis, Oncaea and Pseudocalanus within the eddy appear to be related to a combination of aggregation behaviors and retention mechanisms, and underline the important role of eddies in shelf-basin exchanges. An important exception was Calanus glacialis which had high concentrations above the eddy core. Our observations suggest that although the eddies found in the western Arctic are relatively small, their impact on the biological community in terms of mediating transport from the Arctic shelves into the basin interior can be significant. Alterations in the extent and timing of these key mesoscale processes could alter food webs and drive large ecosystem changes.
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The effects of hydrostatic pressure on eggs of calanoid copepod: Calanus sinicus
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The effects of hydrostatic pressure on egg development of Calanus sinisus were examined. Egg development was observed under six temperatures (5, 8, 10, 15, 20 and 25 °C) and four pressures (1, 5, 10 and 100 atm). Egg development time was not affected by hydrostatic pressure. However, the egg hatching success significantly decreased with increasing pressure conditions. Most of the nauplii hatching under high pressure (10, 50, and 100 atm) were deformed and apoptotic cell degradation was detected in these abnormal nauplii. Eggs of C. sinicus did not tolerate even 10 atm, which is the pressure at 100 m depth. Although the lowest temperature tolerated by C. sinicus eggs is lower than 5 °C as tested in the laboratory, the northern limit of distribution of C. sinicus is the Oyashio front, where mean annual maximum temperature at 20-30 m depth is 13.0±1.0 °C. Egg development time of C. sinicus at 13 °C is estimated as 1.21 days by the Bělehrádek’s function (D=53.4(T+0.86)-1.44 ; where D is the development time in days and T is temperature in °C). Considering that egg sinking rate may be 70 m day-1, and that the spawning depth could be about 20 m, the egg hatching depth would be approximately 100 m (=10 atm). These data suggest that eggs of C. sinicus would not survive in the Oyashio region. The effect of hydrostatic pressure should be considered as a factor controlling zooplankton distribution as well as temperature. 
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Identification and understanding of multi-scale, key physical-biological interactions in determining ecosystem structure and secondary production are one of the major goals of GLOBEC. This presentation will review the status of small-scale process studies, which have been accomplished and enhanced within GLOBEC and/or projects relevant to GLOBEC research objectives. We classified the small scale into the two levels: (1) micro-scale physical processes including isotropic turbulence and dissipation (spatial scale: 1 mm to 1 m both vertically and horizontally, temporal scale: 1 sec to 1 hour), and (2) upper-ocean mixed-layer and pycnocline processes (spatial scale: 1~20 m vertical and up to 20 km horizontal, temporal scale: 20~30 seconds to 1 year). While the majority of experimental studies on micro-scale processes have been done as part of GLOBEC-like, rather than within GLOBEC studies, processes of patchiness formation at small to mesoscale by individual responses to physical cues have been actively investigated by various GLOBEC projects, through field observations based on newly innovated high-resolution 3-D observation systems and development of IBMs. These accomplishments have successfully advanced our understanding of the link between small and meso-scale physical-biological processes. 
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Atsushi Tsuda1, Hiroaki Saito2 and Hiromi Kasai3

1 Occean Research Institute, University of Tokyo, Nakano, Tokyo 164-8639, Japan. E-mail: tsuda@ori.u-tokyo.ac.jp 

2 Tohoku National Fisheries Research Institute, Shiogama, Miyagi 985-0001, Japan

3 Hokkaido National Research Institute, Kushiro, Hokkaido 085-0802, Japan

Ontogenetically migrating copepods (Neocalanus plumchrus, N. flemingeri, N. cristatus and Eucalanus bungii) are abundantly distributed throughout the subarctic North Pacific including marginal seas, and they contribute as an important food source for higher trophic level animals and as transporters of organic matter to the ocean interior. Previous studies showed that their life history features, such as timing of development and vertical segregation of Neocalanus copepods, are relatively similar between eastern and western subarctic gyres, but that those of E. bungii are locally variable. We investigated the life cycles and vertical distribution of these copepods in the southwestern Sea of Okhotsk based on seasonal sampling. The timing of development in the surface layer for these copepods in the Sea of Okhotsk was later than in the Oyshio region, and the seasonal overlap in development among the species was greater. In contrast, the vertical distributions during the growing period extended to deeper layers with stronger segregation by species. In conclusion, the productive season is later and shorter in the Sea of Okhotsk due to fast-ice formation, and the seasonal segregation in utilization of surface layers ise replaced by vertical segregation among the sympatric, ontogenetically migrating copepods. 
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Vertical distribution and migration of nearshore and offshore zooplankton in relation to the oxygen minimum zone off central Peru 
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Vertical distribution and Diel Vertical Migration (DVM) of the zooplankton community were studied nearshore and offshore at two stations off Central Peru (12º02.03 S, 77º W) in April 2006. Zooplankton was collected at 5 depth strata by vertical hauls with a Multinet (300 μm) every 3 hours for 24 hours. Oceanographic data were collected and chlorophyll was estimated after each haul. The dominant species nearshore were Acartia tonsa (74.2%), larvae of the polychaete Magelona sp. (6.4%) and Centropages brachiatus (3.3%). Acartia tonsa (54%) and Eucalanus inermis (20%) were dominant offshore. Significant positive correlations between vertical distribution and temperature and oxygen were observed for all taxa, except for adults of Acartia tonsa, copepodites of A. tonsa and copepod nauplii, for which no significant correlations were found. Cypris larvae of barnacles and Discinichia lamellosa larvae (Brachiopoda) showed positive correlations with salinity. The zooplankton community was concentrated in the upper layers, indicating a strong constraint by the oxycline. However, some taxa, such as Magelona sp. larvae (nearshore) and Eucalanus inermis (offshore) apparently performed DVM down to anoxic layers. Other taxa, such as A. tonsa (nearshore), showed ontogenetic vertical migration, the adults being located in the upper 20 m, and copepodites and nauplii occupying deeper layers. We discuss changes in zooplankton composition at onshore vs. offshore stations which occurred over 24 hours in relation to the oxygen minimum zone. 
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The annual reproductive cycle of Acartia tonsa, the dominant copepod in the nearshore zone of the central Peruvian coast, was studied from November 2005 to December 2006 with 2 or 3 samplings per month off Callao (9m water depth). Females were collected with a WP-2 net and oceanographic data and phytoplankton samples were collected simultaneously. Seventy females were separated and incubated in cell wells for 24 hours. After counting the eggs they were incubated for another 24 hours to measure the egg viability.

Clutch size ranged from 1 to 41 eggs female-1 d-1 (mean 9 eggs female-1 d-1); egg production rate was between 0.9 to 12.6 eggs female-1 d-1. The maximum value was obtained in February and was probably related to higher temperatures. Egg viability varied from 3.4 to 100%; the lowest values were found between April and May, coincident with very low values of oxygen content in the surface layer. The effect of phytoplankton composition and environmental conditions on egg production is discussed. 
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Vertical distribution of Calanus sinicus and C. jashnovi (Copepoda: Calanoida), based on genetic identification, in Sagami Bay, central Japan 
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Genetic differentiation among Calanus sinicus collected from Sagami Bay, central Japan, adjacent to the Kuroshio Current, Calanus jashnovi from the Kuroshio Extension region and Calanus pacificus from the Oyashio region were examined for mitochondrial srRNA and nuclear ITS I and ITS II genes, using adult females (C6) which are morphologically distinguishable. The highest levels of genetic differentiation among species were observed at srRNA, followed by ITS I and ITS II. The intraspecific genetic distance of srRNA within C. sinicus (0.000-0.002) was lower than the interspecific genetic distance (0.119-0.149), indicating that DNA sequences of these gene loci are consistent with the morphological differences among species, providing a basis for identification of immature specimens. Vertical distribution of Calanus species throughout all copepodite stages was investigated in Sagami Bay in May 2006, based on stratified sampling in the upper 1000 m. On the basis of the genetic markers, 22 individuals analyzed were allocated into C. sinicus or C. jashnovi that were also distinguished by the prosome length (PL). Most individuals of C. sinicus were found in the 0-50 m layer; however, C5 of C. sinicus of ca. 2000 μm PL were also observed below 200 m. While C5 of C. jashnovi of ca. 2500 μm PL were distributed below 600 m, the other stages of C. jashnovi were almost absent throughout the water column. These data suggest that C. sinicus and C. jashnovi are able to diapause at C5. 
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Ontogenetic migration of copepods obtained with an upward migrating swimmer trap in the Amundsen Gulf, Canadian Arctic in the CASES 2003-2004
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An upward-migrating swimmer trap (UST) which can collect sequentially 12 samples of zooplankton moving upward was deployed at 100 m above the bottom of the central part to the Amundsen Gulf for 280 days from October 2003 to July 2004 as par of the CASES 03-04 Project. The UST was used to observe the ontogenetic vertical migration of copepods. The upward migrating zooplankton were obtained every 15 days other than the first two periods. A seasonal change in migration was apparently observed in adult Calanus hyperboreus, the upward flux rates (ind/m2/d) of which were low before January and high in January-March. The maximum rate of upward flux was observed during April. Just after that peak flux of adults, nauplii of C. hyperboreus became the major migrants. The primary observation suggested that ontogenetic upward migration began in January and lasted until April, with maximum upward flux toward the end. Changes in reproduction and development of the new generation occurred in early May. The timing of the upward migration seems to be earlier than that observed in the subarctic.
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Spatial patterns in larval species diversity in the Strait of Sicily (Central Mediterranean). Could they be linked to hydrographic features?
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The present study represents an attempt to test the hypothesis that the hydrodynamics of the Strait of Sicily would affect the distribution and biodiversity of species of larval fish. A multidisciplinary data set was collected during an oceanographic survey accomplished on board O/V “Urania” in summer 2003. Plankton samples and hydrological data were used. Among the fish larvae a total of 38 families and 59 species were recognized in the biological samples. The results show that larval assemblages seem to be mainly linked to bathymetric areas, and that the main circulation features have limited effects on the reported assemblages. Specifically, two main assemblages were identified, roughly representing coastal areas and offshore regions. Offshore stations are characterised by a quite uniform presence of mesopelagic and bathypelagic larvae, with Cyclothone braueri as the most abundant species, and generally these stations have higher diversity levels. Coastal stations are dominated by gobidae, clupeidae and thunnidae, together with larvae of demersal species in shallower regions. Interestingly, the Cape Passero area, identified as a retention area for fish larval stages in previous studies, is characterised by high diversity indices and high larval abundances. 
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An Antarctic opportunist, Salpa thompsoni
Patricia Kremer1 and Laurence P. Madin2
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Studies over the past several years have established the importance of sea ice to the life history of Antarctic krill. Concurrently, studies near the Antarctic Peninsula (AMLR) have shown an inverse correlation between “krill years” and “salp years” in the shelf waters of that region, also implicating the importance of ice cover. Historical data of macro-zooplankton in the same region show an overall decrease in krill and increase in salps over the past several decades. As with several other Salpa species, S. thompsoni, the dominant salp of the Southern Ocean, is capable of forming “blooms” and dominating the zooplankton biomass over large geographic areas. These blooms are the result of the seasonal population growth of the salps. Our study quantifies both the somatic and reproductive growth of S. thompsoni in an attempt to better understand the population dynamics of this pelagic opportunist. We measured somatic growth rates >0.10 d-1 for small aggregates and 0.07 d-1 for newly released solitaries. During the early summer, reproductively mature solitaries were carroed about 800 embryonic aggregates apportioned among 3 blocks. These high rates demonstrate the salp’s potential for rapid population growth during favourable conditions, adapting it to boom-bust population dynamics on an annual cycle. Although the diet of salps is similar to that of krill, there are marked differences in both life history and composition (for salps only about 0.2 % of the live weight is carbon). The impact of decreased krill and increased salps on higher trophic levels is not Currently known. 
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Summer ichthyoplankton assemblage structure in the Strait of Sicily in relation to the key hydrographic features
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The ichthyoplankton in the waters of Strait of Sicily have been studied during summer from 1998 to 2006. Data from these collections were used to examine spatial and temporal pattern in species assemblages in order to analyse annual variations in ichthyoplankton density, species composition and assemblage diversity and to relate observations to oceanographic conditions in the waters of the Central Mediterranean Sea. Species composition and distribution pattern of ichthyoplankton are mainly influenced by some key hydrographic features. We demonstrate that summer ichthyoplankton assemblages is fundamentally linked to variations in macro- and meso-scale topography and suggest that these intrinsic associations may be modified by spatial and temporal variations in local hydrographic conditions. 
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The effect of suspended sediment from sand-bed on Acartia hongi (Cpoeoida: Calanoida) in Kyeonggi Bay, Korea

Ji-ho Seo, Joong-ki Choi
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The effects of suspended sediment(SS) on Acartia hongi were investigated at surface water in Kyeonggi Bay, Korea, in October, November, December, 2005 and February, 2006. For this purpose, we carried out field experiments using SS pumped up into the surface layer from the sand bed by dredge boat and laboratory experiments using pre-treated fine clay added to the seawater samples. The abundance of A. hongi slightly decreased just after sand pumping from the sea-bed due to the high concentration of SS, while abundance of A. hongi at a distance from pumping site was similar to that before sand pumping. Acartia hongi abundance slightly decreased just after pumping but it recovered within four hours around the pumping area. Abundance of A. hongi showed significant correlations with overall mesozooplankton abundance and SS concentration. High SS in the ocean had a momentary influence on A. hongi. In laboratory experiments, growth rate(G), ingestion rate(I) and egg production rate(EPr) of A. hongi were negatively related to SS, and the relationships were described by the equations G=0.099e-0.210SS(r2=0.83, p<0.05), I=-0.136SS + 1.809(r2=0.67, p<0.05), EPr=-1.024SS + 24.81(r2=0.85, p<0.05). However, the mortality(M) of A. hongi was positively related to SS and the relationship was described by the equation M=4.261e0.191SS(r2=0.86, p<0.05).
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Effect of a total solar eclipse event on the vertical distribution of zooplankton in the Mediterranean Sea 

Epaminondas D. Christou, Antonia Giannakourou and Dimitris Georgopoulos
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The possible effect of a total solar eclipse on marine zooplankton was investigated at a fixed station (depth 210m) close to Kastelorizo island (Eastern Mediterranean). The abundance and vertical distribution of microzooplankton (ciliates) and mesozooplankton in the water column was recorded before, during, and after the eclipse, during a 7 hour period. For microzooplankton, 7 replicates of water samples were taken every 10m in the 0 -100m layer. For mesozooplankton, 6 replicates of samples were collected from several layers (0-10m, 10-20m, 20-50m, 50-100m, 100-200m) with a WP-2 net (200μm mesh size). Vertical profiles of temperature, salinity, turbidity and light were also recorded. The ciliate community responded to the rapid decrease in light intensity during the eclipse, adopting their night-time behaviour. It was clear that ciliates showed a non-random distribution and tended to accumulate at 30m depth before and after the eclipse, with a vertical spreading in the water column during totality. The mesozooplankton community showed some high abundances close to surface which may be explained by migratory behaviour. The magnitude and the importance of these responses are discussed.
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Seasonal cycles of Calanus spp. abundance at fixed time series stations on the Scotian and Newfoundland Shelves (1999-2005)

Erica Head1 and Pierre Pepin2
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Zooplankton have been collected in vertical net hauls from bottom to surface at approximately monthly intervals outside Halifax (Stn. HL2) and St. John’s (Stn. 27) harbours since 1999. Calanus finmarchicus, Calanus glacialis and Calanus hyperboreus are important contributors to the zooplankton biomass, with C. finmarchicus usually most abundant. At HL2, C. finmarchicus reproduction is earlier (spring) and occurs over a shorter period than at Stn. 27, where young stages (CI-CIIIs) show a peak in abundance in summer but are present year-round, except during March and April. At both sites the spring bloom peak is in April, and while it is short-lived at HL2, it generally persists into May at Stn 27. Egg-laying starts before the spring bloom at both sites and the timing of the appearance of the CIs is probably controlled by temperature. Calanus glacialis are more abundant at Stn 27 than at HL2, while the opposite is true for C. hyperboreus. Calanus glacialis and C. hyperboreus abundances peak in April at HL2, and in May or June, respectively, at Stn. 27, and both species are absent for much of the year. This and the stage structures of the populations suggest that egg-laying occurred elsewhere. The observed seasonal cycles reflect the influence of advection at the sampling sites. 
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A Synthesis of the Biology and Ecology of Centropages typicus
François Carlotti 
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A synthesis of 9 papers recently published in a special issue of Progress in Oceanography and reviewing the current knowledge and understanding of the biology and ecology of Centropages typicus obtained over the last 30 years, is presented. Thirty researchers contributed to this special issue. Centropages typicus is a temperate calanoid copepod with a wide range of distribution in the North Atlantic and adjacent shelf seas and in the northern region of the Mediterranean Sea. The review covers the characteristic of behaviour, feeding, metabolism, growth and development, and reproduction and explains the temporal and spatial distributions of this species in Mediterranean Sea and in the North Atlantic shelf areas. The amount of knowledge converges to explain why Centropages typicus is such a successful copepod species in these coastal areas. The review also points out which future directions of research are needed to better quantify its role in the trophic food chain of pelagic coastal ecosystems.
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Zooplankton communities on the continental shelf of the Yellow Sea and the East China Sea
Tao Zuo1, 2, Rong Wang1
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Abstract: Zooplankton communities of the continental shelf of the Yellow Sea (YS) and East China Sea (ECS) were classified based on net plankton samples collected in autumn 2000 and spring 2001. A total of 210 species with more than two occurrences were identified. There were 112 common species in both seasons．The most common species in autumn were Sagitta nagae, Calanus sinicus, Sagitta enflata and Euchaeta concinna, parts of an average abundance of 6,018 individuals m-2. Spring dominants were C．sinicus, Sagitta crassa, S. nagae, Paracalanus parvus and Euphausia pacifica, all occurring at over 75% of the stations investigated, parts of an average abundance of 9,271 individuals m-2． Calanus sinicus accounted for 87 of total abundance in spring. Multivariate analysis delineated five communities: (i) YS Neritic Community with representative species Labidocera euchaeta, Centropages abdominaisl; (ii) the YS Central Community with representative species Themisto gracilipes; (iii) YS and ECS Mixed Water Community; (iv) ECS Inshore Mixed water Community (v) ECS Offshore Mixed Water Community with representative species Rhincalanus rostrifrons and Pterosagitta draco. Temperature and salinity were more important in effects upon zooplankton communities of the continental shelf than were chlorophyll a or nutrient elements.
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Autumn diurnal vertical distribution of copepod in the Yellow Sea and the East China Sea

Tao Zuo1, Rong Wang2
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Abstract: Diurnal vertical structure of copepod species diversity and biomass were investigated in the Yellow Sea (YS) and the East China Sea (ECS) based on time series of plankton net samples from four stations with different hydrographic conditions, i.e. an inshore station (S1) with low salinity YS surface Water, an offshore station (S2) with YS Cold Water and strong thermocline, a shallow and low salinity station (S3) near the Yangtze estuary, and an offshore station (S4) near the ECS shelf edge. A total of 69 species were identified. Calanus sincus was dominant at S1 and S2, comprising 67% and 85% of the total copepod biomass, respectively. Calanus sinicus, Paracalanus aculeatus, Euchaeta concinna, Euchaeta plana were dominant at S3, and P. aculeatus, Eucalanus subcrassus, Undinular vulgaris, E. plana at S4. Most species at S1, S3 and S4 had similar, normal diurnal vertical migrations, ascending around midnight and descending in the daytime, although they differed in the scope of their migrations. No significant migration was observed at S2, where species retained their positions below or above the thermocline all day and all night. Calanus sinicus and Oithona sp. were collected in deeper layers within the YS cold water. The small species Paracalanus sp., Acartia sp. and some tropic species, e.g, E. plana , occurred mostly in the upper water layer. The thermocline had stronger effects on copepod vertical distributions in the YS and ECS in autumn than didsalinity, chla or species diets.
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Life-cycles and feeding of predominant copepod species in the Bornholm Basin (Baltic Sea) as indicated by lipid dynamics
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Life-cycles and trophodynamics of the predominant copepod species Pseudocalanus acuspes, Temora longicornis and Acartia longiremis in the Bornholm Basin (Baltic Sea) were investigated during monthly field work in 2002 and 2003 as part of the German GLOBEC project and are discussed in respect to copepod distribution and stage structure. Lipid accumulation for overwintering started in early summer for P. acuspes in copepodite stages IV and V with high amounts of wax esters, whereas T. longicornis females did not switch from reproduction to lipid anabolism (triacylglycerols) before late autumn. This arrest in development and reproduction apparently represented an “active diapause” of both species. Lipid stores of A. longiremis females were not elevated during winter, suggesting that most females may not survive the winter season and that resting eggs might be an important source for population recruitment in the following year. According to fatty acid (FA) markers in storage lipids, distinct interspecific and interseasonal differences could be identified. Lipids of T. longicornis contained indicators for herbivory, with diatom- and dinoflagellate-signals increasing in times of high egg production and lipid accumulation. A. longiremis selected strongly against diatoms at all times, which was most likely a consequence of ambush feeding on large motile prey. A remarkable characteristic in the FA patterns of the copepods consisted in the relatively parallel seasonal progression of 18:1(n-9) with times of peak ciliate biomass in the seston. This reflects an occasionally high relevance of ciliates in the pelagic food web of the Baltic Sea.
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Mating success and sex ratio and their consequences for population growth of copepods 
Keun-Hyung Choi and Wim Kimmerer 
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Mating behavior of the copepods has been an important subject of behavioral ecology of zooplankton. Yet, little is known about how mating success translates into population growth, and how sex ratio alters the population growth despite much information available as to what environmental factors may alter the copepod sex ratio. We combined experimental measurements of mating success of two estuarine copepods (Acartia hudsonica and Eurytemora affinis) with a model of mating probability to determine mate search parameters. We then incorporated the estimated mate search volume into a population model incorporating sex ratio to examine population growth. The search volume of E. affinis (4.7 ± 0.6 L h-1) was substantially greater than that of A. hudsonica (0.16 ± 0.02 L h-1). This difference may be due to the more efficient search by male E. affinis which are tracing a sex pheromone produced by females, than that of A. hudsonica males searching for females only through hydromechanical signals. In addition, E. affinis males become ready to mate in a shorter time (0.9 ± 0.1 hours) than A. hudsonica males (6.6 ± 0.4 hours). Consequently, the critical density of the E. affinis population (0.01 individuals m-3) was substantially lower than that of A. hudsonica (0.1 individuals m-3). Copepod population growth rate depends on interactions among mating probability, sex ratio, reproductive rate of mated females, and mortality. For a given dependence of mating probability on density (which may be species-specific), higher reproductive rate or survival allows a lower density to support positive growth. 
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Characteristic time-scales of pelagic copepod egg production
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Egg production is an essential process for the population dynamics of copepods, as it represents the recruitment of new offspring. For decades, zooplanktonologists have used it as an index of copepod population production. Here we review the different parameters affecting egg production and particularly their time scales from small-scale patchiness to diurnal rhythm up to seasonal and decadal variations. Comparison of egg production rates should be established from protocols specifying a set of environmental parameters and female characteristics.
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Adaptation of lipolytic enzyme pattern and response in the fatty acid composition of Temora longicornis females (Calanoida, Copepoda) due to different diets under laboratory conditions
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Temora longicornis, a calanoid copepod with low energy reserves and high metabolic requirements, is a key species in the North Sea zooplankton community. Since the North Sea is characterised by high seasonal variation in food quality, the digestive system of T. longicornis must respond fast to use different food sources efficiently. Lipids play a major role in studies of copepod feeding, because (1) they are an important energy source, and (2) different diets can be traced by specific dietary fatty acids. Information, however, on the capacity of the lipid metabolism to adapt to changing food is scarce. Therefore, we have studied the fatty acid composition and lipolytic enzyme patterns of T. longicornis in relation to food supply. Adult females were incubated for three days, feeding either upon the diatom Thalassiosira weissflogii or upon the heterotrophic dinoflagellate Oxyrrhis marina. The enzyme patterns of single females were identified by SDS-PAGE using a fluorescent substrate for lipases/esterases at the start and the end of the experiments. The fatty acid compositions were analysed by gaschromatography. In females fed with T. weissflogii the portion of the fatty acids 16:2(n-4) and 16:3(n-4) increased by a factor of 2.5 and 6.3, respectively. The portion of 22:6(n-3) doubled in individuals fed with O. marina. This shows that the dietary fatty acids have been digested and incorporated in the copepod’s lipids within three days. In both groups, new enzyme bands (30 to 100 kDa) appeared, indicating a high adaptive capacity of the lipolytic enzyme complex to different diets.
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Observations on egg production rates of Clausocalanus furcatus from a subtropical coastal area
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We analyzed egg production rates of the dominant tropical copepod Clausocalanus furcatus off the Rio de Janeiro coast (Brazil) during winter 2001 and summer 2002. The study area is subjected to bottom intrusions of cold and nutrient-rich South Atlantic Central Water (SACW), eventually leading to upwelling episodes under favorable wind conditions. Our main objective was to verify whether egg production and hatching in this species were influenced by SACW intrusions. We carried out experiments at 9 stations on each cruise by incubating individual females in natural seawater for 24 hours, then allowing the produced eggs to hatch for another 24 hours. Clausocalanus furcatus remained virtually restricted to the upper mixed layer, where chlorophyll a concentrations were relatively low (1 μg L-1), staying above the SACW located below the thermocline. Mean egg production rates were usually low, ranging from 0.1 to 13 eggs female d-1, with a grand mean of 5 ± 9 eggs female d-1 in both cruises. Maximum egg production by individual females reached 63 eggs female d-1. Hatching success was low (< 30 %) for most replicates and experiments, probably as a result of too short incubation times. Correlation between egg production rate and chlorophyll was relatively weak (r2 = 0.32), suggesting that copepods were either exposed to a diluted food environment or that other food items predominated in the females’ diet. We explore the latter possibility by comparing the observed egg production rates with vertical profiles of microzooplankton abundance and biomass obtained from the same stations.
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Coupling of Calanoides carinatus production with South Atlantic Central Water intrusions off the southeastern Brazilian shelf
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Stage-specific biomass and secondary production of Calanoides carinatus were estimated on the southeastern Brazilian shelf using different regression approaches (Huntley-Lopez, Hirst-Lampitt, and Hirst-Bunker methods). Since C. carinatus is a major component of the zooplankton community in coastal upwelling systems, we hypothesized its abundance and production would increase during intrusions of the South Atlantic Central Water (SACW), which are more frequent and extensive in summer. SACW intrusions cause a system shift from warmer (> 22 oC), oligotrophic (Chl-a < 1 µg L-1) water to colder (<20 oC), mesotrophic (Chl-a ~ 6 µg L-1) conditions. All copepodite stages (CI – CVI) occurred at high abundance during summer, while few individuals appeared in winter. Copepodite V and females dominated in summer and winter, respectively. Biomass was higher at coastal stations (bathymetry < 100 m) than in intermediate (100 - 200 m) and outer shelf (> 200 m) stations. Early development stages (CI and CII) occurred mainly above 20 m, while the average depth of CVs and adults was at 60 – 80 m, with intermediate stages between. Mean depth-integrated secondary production rates varied from 1 to 153 mg C m-2 d-1 (figures from the Huntley-Lopez model), with higher values in summer and at coastal stations, following biomass distribution patterns. Estimates from the Hirst-Lampitt and Hirst-Bunker methods corresponded to 15 and 37.5% of the Huntley-Lopez model output, respectively. Overall, these rates corresponded to an average of 0.4 to 2.8 % of primary production during summer, and were similar to those encountered in other South Atlantic upwelling systems. 
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Forecasting the future for the cladoceran Bosmina longispina in the Gulf of Riga, Eastern Baltic Sea
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The cladoceran Bosmina longispina is a key summer zooplankton species in the Gulf of Riga, making up to 50% of the total biomass and thus being involved in nutrient regeneration and various food-webs. Its reproductive success, and consequently Bosmina abundance, depends on water temperature, stratification regime and upon the bottom conditions, as the cladoceran life cycle includes a resting egg stage. 

Global climate change is expected to raise the water temperature and decrease the salinity in the Gulf of Riga due to higher river runoff, which will also lead to higher nutrient content and turbidity. The aim of this study was to identify the present state of conditions for the Bosmina resting eggs in the field and to find the reasons for the horizontal and vertical distribution patterns of eggs in the Gulf. Bosmina resting eggs were collected by sampling the sediment at stations chosen to represent the major sediment types and oxygen conditions in the Gulf. The results are expected to provide basic information for at least hypothetical forecasts regarding the cladoceran community dynamics in the course of further climatic fluctuations.
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Vertical distribution and diel vertical migration of main copepod species in the Bornholm Basin (Baltic Sea)
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Vertical distribution and diel vertical migration (DVM) of copepods are widely studied topics in zooplankton behavioural research. We present results from two intense field studies in June 2001 and April, July, August and November 2002 for the Cenral Baltic Sea. Stage-specific data were obtained for the five major calanoid copepod species in this area (Pseudocalanus acuspes, Acartia bifilosa, Acartia longiremis, Centropages hamatus, Temora longicornis) and for one cyclopoid species (Oithona similis). Samples were taken with conventional multiple opening-closing nets, deployed repeatedly to account for horizontal patchiness in the distribution. Concurrently measured hydrography, fluorescence and fish distribution were used to explain the observed distribution and migration patterns. Overall, the copepods could be separated into two groups with distinctly different vertical distribution patterns. Both Acartia species, C. hamatus and T. longicornis inhabited the upper water layers, within which T. longicornis performed a diel vertical migration in the summer months, staying in midwater during the day and moving upwards at night. Pseudocalanus acuspes and O. similis dwelled deeper, in and under the halocline. However, P. acuspes showed an ontogenetic vertical migration, with the younger stages dwelling less deep than the older stages. All species showed seasonal differences in their vertical distribution. To analyse the differences between the day and the night distributions, we used a statistic introduced by Beet et al. (2003) for zooplankton DVM.
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Are Engraulis encrasicolus eggs and larvae declining in the Guadiana estuary? Results before and after the Alqueva dam construction
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Studies of plankton dynamics in estuarine and coastal areas often neglect the role of freshwater inflow and runoff. However, it was the beginning of the operation of the Alqueva Dam, in February 2002, that by doubling the volume of water already stored above the Guadiana river dams was responsible for changes in the ecosystems downstream. The decrease in freshwater discharge and nutrient loading affects the primary productivity of the estuary and coastal zone and hence influences the trophic structure and ecosystem sustainability in these areas. Data from Engraulis encrasicolus eggs and larvae collected in contrasting hydrologic years characterized by high and low freshwater discharges, before and after the Alqueva dam construction, were analysed. Changes in salinity, nutrients and turbidity, which were mainly due to changes in freshwater input, had an important influence on the structure of the planktonic assemblages. A general decline of productivity of the estuary was registered from chlorophyll measurements. Nevertheless, coastal upwelling can also influence the productivity of the lower estuarine area during short periods both in winter and in summer. Short-term freshwater pulses during spring also enhanced production. As phyto-zooplankton coupling in these systems is an important regulator of processes in the trophic web, changes in the dominant groups can have consequences for upper levels. The results show decreasing importance of this estuary as a spawning ground for anchovy. Also, increased importance was registered of other species such as Pomatochistus microps and Pomatochistus minutus, with benthonic eggs, from which hatch advanced larvae not so dependent on zooplankton production as are anchovies. The nutritional condition of anchovy larvae was in general lower than that of gobiid species. Since freshwater “pulses” can be managed by regulating the freshwater release from hydrotechnical structures, understanding the relationships between the periodicity and magnitude of inflow pulse events and the estuarine ecosystem structure and healthy functioning is a crucial step towards the development of management tools to support the maintenance of production and fishing grounds. Only continued monitoring can help to distinguished between climate effects and dam effects.
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Diatom-copepod interactions: linking nutritional quality with possible toxicity
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The interaction between copepods and their food sources has been under intense scrutiny for many years. Especially the usefulness of diatoms as food has been questioned in recent years, as several authors have shown that copepods when feeding on a diatom diet produce eggs that do not hatch, and in several cases also produce fewer eggs. Polyunsaturated aldehydes produced when the algal cell is damaged have been invoked as an explanation for these observations, although nutritional deficiencies of single diatom diets have also been used as an explanation for the observed effects. Here we present experiments carried out to coalesce nutritional and toxicity aspects of copepod-diatom interactions. We investigated under which circumstances diatoms produce the highest quantities of polyunsaturated aldehydes, and fed those diatoms to the copepod Temora longicornis. At the same time, we carried out experiments aimed to tease apart the effects of toxicity of the aldehydes and nutritional imbalances present in diatoms. 

