Z4: Trophic interactions across the Mid-Atlantic Ridge


Project title: Trophic interactions of copepods, euphausiids, chaetognaths and fish across the Mid-Atlantic Ridge (MAR-ECO project Z4)

Principal Investigator: Astthor Gislason.

Project participants:

Iceland: Astthor Gislason, Hafsteinn Gudfinnsson, Héðinn Valdimarsson, Olafur S. Astthorsson, Thorsteinn Sigurdsson.

Faroes: Eilif Gaard, Høgni Debes.

Norway: Webjørn Melle, Ulf Båmstedt, Tone Falkenhaug.

Background and rationale

The zooplankton community over the Mid-Atlantic Ride and in adjacent areas is characterised by low diversity and few species (Beaugrand et al., 2000). Yet, there are several indications that the biological productivity of these areas is high. Thus, the sea area over the Reykjanes Ridge and in the Irminger Sea serves as nursery and feeding area of the large oceanic redfish stock (Sebastes mentella), which with an average stock size of around 2 million tonnes is utilised by several nations and supports a total fishery of about 110.000 tonnes (Anonymous 1999). The redfish is a pelagic species and zooplankton is an important part of the diet (Einarsson, 1960; Bainbridge & McKay, 1968; Magnússon & Magnússon, 1995, Jakobsdóttir 1997). A further indication of the biological productivity of the Reykjanes Ridge and nearby areas are the so-called deep scattering layers. They are a characteristic feature of the sea areas on both sides of the Reykjanes Ridge (the Irminger Sea and the Iceland Sea) and occur in various intensities throughout vast areas (Magnússon, 1996; Sigurdsson et al., 2002). A great variety of organisms are found in these layers, but the major components are myctophids (several species), viperfish (Chauliodus sloani), jellyfish (several species), cephalopods (several species) and euphausiids (mainly Meganyctiphanes norvegica) (Magnússon, 1996). The biomass of the organisms found in these layers is uncertain but it is probably very high (Magnússon, 1996). The sea areas over the Reykjanes Ridge are also important as feeding areas for several baleen whale species (for instance the fin whale and the sei whale) (Sigurjónsson, 1995). Every spring and summer the whales undertake feeding migrations to the area from the wintering/breeding grounds at lower latitudes. During the summer feeding period, zooplankton and small fish is an important component of the food (Sigurjónsson & Víkingsson, 1998). Taken together all this suggests that the secondary productivity of the Reykjanes Ridge and adjacent areas is high. With this in mind it is clearly of interest to study the productivity and trophic interactions within the zooplankton community in the area.

The most abundant mesozooplankon species over the Reykjanes Ridge are the copepods Calanus finmarchicus, Oithona spp., Oncaea spp. and P. norvegica, the euphausiids Thysanoessa longicaudata and Meganyctiphanes norvegica, the chaetognaths Eukrohnia hamata and Sagitta elegans, and the pteropod Spiratella retroversa (Bainbridge and Corlett 1968, Gislason 2002). These species occupy different trophic positions in the food web. Thus, C. finmarchicus is predominantly herbivorous, whereas Oithona spp., Oncaea spp., Thysanoessa longicaudata and Meganyctiphanes norvegica are omnivorous. The copepod P. norvegica, the chaetognaths and the pteropods are carnivorous (Paffenhöfer, 1993, Sabatini & Kiörboe 1994; Svensen & Kiörboe 2000, Falk-Petersen et al. 2000). Fish and cetaceans are at the top of the food web. Figure 1 illustrates a simplified food web for the pelagic ecosystem over the Reykjanes Ridge. In this project we shall use various methods to describe and quantify trophic interactions between the major components of the ecosystem.
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Figure 1. Simplified food web of the pelagic ecosystem over the Reykjanes Ridge.

Several nations have for many decades conducted commercial fisheries on the Reykjanes Ridge. The fisheries have been targeting species like oceanic redfish, tuna, swordfish and sharks. Research related to these fisheries has yielded valuable information on the abundance and distribution of fishes associated with the ridge, especially of those species that are of commercial interest (e.g. Magnusson and Magnusson 1995a,b, Sigurdsson et al. 2002). Information on the ecological processes that structure and sustain the ridge communities is, however, still very limited. Further, surprisingly few studies have aimed at providing basic taxonomical or ecological understanding.

The functioning of food webs depends on both resources (bottom-up effects) and consumers (top-down effects). These two controlling mechanisms function simultaneously, but depending on the system their importance may vary. On large time and space scales production at higher trophic levels depends on the production at lower levels (bottom-up control). Thus, the productivity of the deep-water fauna of the Reykjanes Ridge depends ultimately on the seasonal phytoplankton production in the surface layers. The primary production is in turn influenced by light, nutrient availability, stratification, turbulence and advection. The productivity at a given trophic level may be controlled by predators (top-down control). The large oceanic redfish stock in the Irminger Sea may for instance limit the stock sizes of its principal prey (myctophids and euphausiids). Concerning the pelagic ecosystem over the Reykjanes Ridge there is, however, little observation to illustrate such controls. In this context it is, however, of significance, that mesopelagic fish seem to influence both the depth distribution and the mortality of overwintering C. finmarchicus in the area (A. Gislason unpublished data). It is essential for understanding the pelagic ecosystem to identify the functional groups in the system and how energy and matter flow through them.

As stated previously the productivity of the deep-water fauna rests ultimately on the primary producers. Material produced by the primary producers is transferred to deeper layers by two ways, i.e. by sinking of aggregates (“marine snow”) and the carcasses of large pelagic animals, and by the diurnal migration of large herbivores and carnivores (Angel 1977). The oceanic macrofauna must therefore either migrate up to the surface to feed or wait for food particles to sink or migrate to a depth where they can be captured. The mesopelagic nekton has adopted the first strategy and performs extensive diel vertical migrations. Benthic and benthopelagic animals rely more on utilising food supply from above through sedimentation and migration. Analysis of these processes of energy and material transport in the vertical dimension will be central tasks the present project. One station will be occupied during at least 24 hours in order to examine diel variations in vertical distribution and feeding of both plankton and nekton.

A comparative study has shown that the coupling between primary and secondary producers is weaker in the North Atlantic Ocean than in the North Pacific Ocean (Parsons and Lalli 1988). This means that a considerable part of the spring bloom in the North Atlantic Ocean is not consumed by zooplankton of the epi- and mesopelagic layers, but sinks out from the euphotic layer to the deep water communities as phytodetritius. The reasons for the weak coupling between primary and secondary producers in the North Atlantic may be related to the fact that the life history of the dominant herbivore in the North Atlantic, C. finmarchicus, is only loosely linked to the spring bloom dynamics. In order to understand the trophic interactions of the lower levels of the food chain it is therefore necessary to consider the life history of the dominant animals in relation to the seasonal phytoplankton growth. In this poject we will seek to do this.
Goals and objectives

The proposed research will examine the organisation and trophic structure of the pelagic ecosystem over the Reykjanes Ridge from phytoplankton to fish as apex predators. Special emphasis will be on describing and quantifying trophic interactions of copepods, euphausiids, chaetognaths and fish at a transect across the Mid-Atlantic Ridge.

We aim at providing an estimate of the biomasses at the various trophic levels and the energy flow through the ecosystem. Vertically migrating zooplankton act as a link between the primary producers at the surface and the deep-sea animals, and therefore we will give special attention to diel changes in vertical distribution and feeding.

Physical factors influence the primary productivity, distribution and diel migration of species and we will therefore interpret all our results in relation to water mass characteristics and hydrography.

Methods

Study area

Figure 2 shows the northernmost MAR-ECO sub-area. The present study will focus on this area. Five stations at a transect running perpendicular to the Ridge will be occupied.
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Figure 2. Map showing the location of the northernmost MAR-ECO sub-area, with the five stations of the present study indicated by white dots. Diel variations will be studied at the mid-station. For comparison, stations that were occupied during 1996 and 1997 as part of the EU funded TASC programme are also shown.

Research vessel and time frame

The proposed research will be carried out on the RV Arni Fridriksson as part of a redfish survey in the Irminger Sea and adjacent areas from 14 June - 11 July 2003. Approximately one week will be devoted to this project. The wide area coverage of the redfish survey will further provide for selected sampling at some other stations in this larger area.

Participation

A multidisciplinary team of physical oceanographers, biologists and engineers with expertise on taxonomy, biological and technical sampling methods, hydroacoustics etc. will participate in the cruise. Further mammal and bird experts will probably also participate in the cruise. The RV Arni Fridriksson can accommodate a scientific crew of 15-20.

Observations, sampling equipment and data analysis

In the proposed study existing technologies will be used for monitoring the trophic interactions in the pelagic ecosystem. The target groups will be phytoplankton, copepods, euphausiids, chaetognaths and fish.

Observations will include both intensive studies at five stations, among them one diel station (Figure 2), and the overall mapping of water mass characteristics, phytoplankton biomass and zooplankton abundance by towing an undulating vehicle (Nu-shuttle) between the stations of intensive studies.

Hydrography: Temperature and salinity will be recorded with a CTD (Sea Bird Electronics SBE-911 plus). Samples for nutrient measurements will be collected from selected depths for later analysis ashore.

Phytoplankton: Sea water samples (1 l) for phytoplankton measurements (chlorophyll a and primary production) will be taken from depths of 0, 10, 20, 30, 50, 100, 150 and 200 m with. The samples will be filtered through GF/C filters for chlorophyll measurements. The filters will then be wrapped in aluminium foil and frozen immediately. The chlorophyll measurements will be undertaken on board. The chlorophyll filters will be extracted in 90 % acetone, homogenised for improved extraction and measured spectrophotometrically according to the standard method of Anon (1966).

Seawater samples for primary production will be tapped from the water bottles into 50 ml borosilicate bottles and inoculated according to the 14C method of Steeman-Nielsen (1952).

Zooplankton: The zooplankton will be sampled with a Multinet sampler (0.25 m2 opening, 180 (m mesh size) that will be towed vertically from the bottom and to the surface. The Multinet will be deployed at least three times at each station thereby obtaining 13 depth stratified samples to the bottom (0-50-100-200-400-600-800-1000-1200-1400-1600-1800-2000-2200. The zooplankton samples will be preserved in 4% neutralised formalin until analysis in the laboratory. Gelatinous zooplankton will be sorted out from all net samples and as far as possible, identified onboard. If possible, the net samples from the Multinet will be subsampled. One half will be fractionated and frozen for later dry weight determinations, while the other half will be fixed for later species identification on land. The formalin samples will be analysed with respect to abundance, biomass and stage frequencies (copepods, euphausiids) and gut contents. The length of euphausiids and chaetognaths will be measured for population structure analysis.

At each station life zooplankton will be collected with a WP2 net (0.25 m2 opening, 180 (m mesh size). The life samples will be used for measursing egg production and gut fluoresecence.

Nekton: A GLORIA-type midwater trawl with cod-end lined with fine mesh net will be used to sample pelagic fish, cephalopods and gelatinous zooplankton. The catch will be identified to species and subsamples taken for each species for length measurements. Further, stomach samples will be taken to identify food remains.

Hydroacoustics: To monitor the distribution and abundance of pelagic fish and macroplankton, acoustic measurements with a Simrad EK500 echo sounder with three transducers (38, 120, 200 kHz) in a protruding keel.

Towed vehicles: In order to map the pelagic communitiy in the surface layers (0-150 m) a towed body (Nu-Shuttle), equipped with depth, salinity, temperature sensors, a fluorometer, a light meter and an OPC (Optical Plankton Counter), will be deployed at the legs between stations.

Station work at the diel station: The vertical distribution and feeding activity (gut contents) of target groups will be monitored with nets and acoustics. The aim is to occupy the same station for 30 hours taking depth stratified samples every six hours with the Multinet and the GLORIA trawl.

Some characteristics of the equipment and sampling gears is given in Table 1.

Table 1. Sampling gears and instruments.

	Gear type
	Characteristics
	Primary operation depth (m)
	Mouth size / Mesh size / No. nets

	CTD
	Sea Bird Electronics SBE-9
	0 - bottom
	

	Fluorometer
	
	0 - bottom
	

	Echo sounder 


	Simrad EK500 split-beam, Transducer frequencies: 38, 120, 200 kHz
	0 - bottom
	

	Multinet
	Multiple-opening-closing net, depth stratified sampling
	0-bottom
	0.25 m2 / 180 μm / 5 nets

	WP-2
	Simple net, integrated sampling
	0-bottom
	0.25 m2 / 180 μm / 1 net

	Nu-Shuttle
	Towed vehicle, equipped with CTD, light meter, fluorometer, OPC
	0-150 m
	

	GLORIA-type midwater trawl
	
	150-900 m
	Maximum circumference ~1020 m, vertical opening ~45 m. Cod-end lined with fine meshed (40 mm) net


Other instrumentation, for which there are no specific plans under the present project, but that may be made available, includes the BIONESS multiple-opening-closing net (1m2 /200 μm/ 8 nets) and an shipborn ADCP, and a multibeam bottom mapping echo sounder (EM 300, 10-5000m).
Workplan and schedule

The time schedule for the project during 2003 is given in Table 2.

Table 2. Tasks and time schedule during 2003

	Task
	2003

	
	J
	F
	M
	A
	M
	J
	J
	Á
	S
	O
	N
	D

	Sample collection at sea
	
	
	
	
	
	X
	X
	
	
	
	
	

	Analysis of samples
	
	
	
	
	
	
	
	X
	X
	X
	X
	X


Deliverables for 2003

1) July 2003: Sample collection at sea finished.

2) August 2003: Environmental data (TS) analysed. Zooplankton dry weight analysed.

3) September 2003: Calculation of primary production.

4) October 2003: Zooplankton gut fluoresence analysed.

5) December 2003: Data from egg production measurements analysed (counting of eggs, size measurements of females, gonad stage determinations). Hydroaucustic data analysed.

The analysis of the gut contents of plankton and nekton will start in 2003.

Expected results

We anticipate that the proposed study will answer questions such as if the trophic structure varies along an east-west gradient across the ridge. Further, by comparing our results with those from another MAR-ECO project (Z1 Distribution, abundances and species composition of zooplankton in cross-frontal and cross-ridge transects of the Mid-Atlantic Ridge) we hope to be able to assess if the trophic structure varies from north to south. By extracting relevant information from the scientific literature we will be able to evaluate if the trophic structure of the mid-Atlantic ecosystem is similar to the slope regions of the eastern and western sides of the Atlantic. These are all topics that are of interest in the MAR-ECO project (Anonymous 2001). The results will be useful for elucidating how the life history of key species is linked to their position in the food web. It is hoped that the results will further our understanding of how the productivity of a commercially important fish stock (the oceanic redfish) is linked to that of the lower trophic levels and water mass characteristics.

References

Angel, M. V. 1977. Pelagic biodiversity. In: Ormond, R. F. G., Gage, J. D. and Angel, M. V. (eds). Marine biodiversity: patterns and processes. Cambridge University Press, Cambridge, U.K. 449 pp.

Anonymous 1966. Determination of photosynthetic pigments in sea-water. UNESCO-SCOR, Paris, 69 pp.

Anonymous 1999. Report of the North-Western Working Group. Advisory Committee on Fisheries Management. ICES CM 1999/ACFM: 17, 329 pp.
Anonymous 2001. Patterns and Processes of the Ecosystems of the Northern Mid-Atlantic (MAR-ECO). Science Plan. 27 pp.

Bainbridge, V. and McKay, J. 1968. The feeding of cod and redfish larvae. ICNAF Special Publications, 7: 187-217.
Bainbridge,V. and Corlett, J 1968. The zooplankton of the NORWESTLANT surveys. International Commision for the Northwest Atlantic Fisheries (ICNAF). Special Publication no. 7: 101-122.

Beaugrand, G., Reid, P. C., Ibañez, F. and Planque, B. 2000. Biodiversity of North Atlantic and North Sea copepods. Mar. Ecol. Prog. Ser. 204: 299-303.
Einarsson, H., 1960. The fry of Sebastes in Icelandic waters and adjacent seas. Rit Fiskideild. 2(7): 1-67.
Falk-Petersen Hage, W., Kattner, G., Clarke, A. and Sargent, J. 2000. Lipids, trophic relationships and biodiversity in Arctic and Antarctic krill. Can. J. Fish. Aqiuat. Sci. 57 (Supp. 3): 178-191.

Gislason, A. 2002. Life cycle strategies and seasonal migrations of oceanic copepods in the Irminger Sea. Manuscript submitted to Hydrobiologia.

Jakobsdottir, K. B. 1997. Fæða litla karfa (Sebastes vivipares, Kröyer, 1845) í sjónum umhverfis Ísland. (The food of Sebastes vivipares (Kröyer, 1845) in the sea around Iceland. In Icelandic). Hafrannsóknastofnun fjölrit, 57: 35-44.

Magnusson, J. V. and Magnusson, J. 1995. The distribution, relative abundance, and biology of the deep-sea fishes of the Icelandic slope and Reykjanes ridge. Deep-Water fisheries of the North Atlantic Oceanic Slope. Ed. A.G.Hopper. pp. 161-199.
Magnússon, J. 1996. The deep scattering layers in the Irminger Sea. J. Fish Biol. 49: 182-191.
Magnússon, J. and Magnússon J. V. 1995. Oceanic redfish (Sebastes mentella) in the Irminger Sea and adjacent waters. Sci. Mar. 59: 241-254.

Paffenhöfer, G. A., 1993. On the ecology of marine cyclopoid copepods (Crustacea, Copepoda). J. Plankton Res. 15: 37-55.

Parsons, T. R. and Lalli, C. M. 1988. Comparative oceanic ecology of the plankton communities of the subarctic Atlantic and Pacific Oceans. Oceanogr. Mar. Biol. Annu. Rev. 26:317-359.

Sabatini, M. and Kiørboe, T. 1994. Egg production, growth and development of the cyclopoid copepod Oithona similis. J. Plankton Res. 16: 1329-1351.

Sigurdsson, Th., Jónsson, G. and Sveinbjörnsson, S. 2002. Deep scattering layer over Reykjanes Ridge and in the Irmainger Sea ICES CM 2002/M:09, 22 pp.

Sigurjónsson, J. 1995. On the life history and autecology of North Atlantic rorquals. In Blix, A. S., L. Walløe & Ulltang, Ø. (eds), Whales, seals, fish and man. Elsevier Science: 425-441.

Sigurjónsson, J. and Víkingsson G. 1998. Seasonal abundance of and estimated food composition by cetaceans in Icelandic and adjacent waters. J. Northw. Atl. Fish. Sci. 22: 271-287.
Steemann-Nielsen, E 1952. The use of Radio-active Carbon (C-14) for Measuring Organic Production in the Sea. J Cons Perm Int Explor Mer 18: 117-140
Svensen, C. and Kiörboe, T. 2000. Remote prey detection in Oithona similis: hydromechanical versus chemical cues. J. Plankton Res. 22. 1155-1166.

Preliminary budget for 2003

In the following table a tentative budget for 2003 is presented. The budget contains the estimated costs of the MRI only. All figures are in Icelandic kronas.
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Shiptime

RV Arni Fridriksson for 7 days

7

X

1,200,000.00 kr.

8,400,000.00 kr.

2.

Consumables

320,000.00 kr.

(Flowmeters, nets, chemical, vials etc.)

3.

Travels

622,080.00 kr.

Collaborative meeting in Bergen (3 participants, 5 days)

Airfare

3

X

85,000.00 kr.

Accomodation

3

X

5

X

11,500.00 kr.

Other costs

3

X

6

X

10,810.00 kr.

622,080.00 kr.

4.

Labour costs onboard

Four scientists for 7 days

4

X

7

X

43,000.00 kr.

1,204,000.00 kr.

Two technicians for 7 days

2

X

7

X

31,000.00 kr.

434,000.00 kr.

5.

Labour cost ashore

1 scientist for 2 months

1

X

2

X

415,000.00 kr.

830,000.00 kr.

2 technicians for 2 months

2

X

2

X

295,000.00 kr.

1,180,000.00 kr.

6

Other items unidentified (overhead etc.)

3,403,000.00 kr.

7.

Total costs

17,015,160.00 kr.
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		1.		Shiptime

				RV Arni Fridriksson for 7 days						7		X		1200000						8400000

		2.		Consumables																320000

				(Flowmeters, nets, chemical, vials etc.)

		3.		Travels																622080

				Collaborative meeting in Bergen (3 participants, 5 days)

				Airfare						3		X		85000

				Accomodation		3		X		5		X		11500

				Other costs		3		X		6		X		10810						622080

		4.		Labour costs onboard

				Four scientists for 7 days		4		X		7		X		43000						1204000

				Two technicians for 7 days		2		X		7		X		31000						434000

		5.		Labour cost ashore

				1 scientist for 2 months		1		X		2		X		415000						830000

				2 technicians for 2 months		2		X		2		X		295000						1180000

		6		Other items unidentified (overhead etc.)																3403000

		7.		Total costs																17015160






