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Summary

More than 125000 large seamounts >1000 m in height are predicted to occur on the ocean floor; most
of them are active or extinct undersea volcanoes. Compared to the flat areas of the deep-sea plains,
seamounts provide different habitats of hard substrata and soft bottom and have special geochemical
and biological features. Recent seamount research has shown that seamount ecosystems may be highly
variable, indicating that the classical picture of seamounts being areas of enhanced productivity cannot
be generalised. The reasons why some seamounts appear to be much more productive than the
surrounding ocean, while others do not show conspicuous differences, are still poorly understood.
However, with regard to the sustainable exploitation and the management of natural resources at
seamounts, such as fish and minerals, further knowledge of the driving forces and mechanisms in

seamount ecosystems is absolutely necessary.

The present study compares the zooplankton communities and the benthopelagic fish fauna at two
shallow seamounts, Ampére and Senghor, in relation to the large-scale and local current fields and
hydrographic conditions of the contrasting regimes of the subtropical and tropical NE Atlantic gyres.
Spatial and temporal distribution patterns of different zooplankton size fractions were elucidated in
terms of biomass, abundance and taxonomic composition across the seamounts, which both reach into
the euphotic zone. In order to detect possible seamount effects on the zooplankton due to, for example,
current-topography interactions an unaffected open ocean reference site was always sampled for
comparison. The study addressed several specific objectives. (1) The diel vertically migrating
zooplankton was assessed to identify a possible influence of the topography, and how this affects the
food supply to seamount residents. (2) Respiratory carbon demand was estimated for distinct
zooplankton size fractions, in particular to assess the role of microzooplankton for the phytoplankton
control and for the carbon conversion in subtropical vs. tropical areas. (3) Another question was,
whether a seamount may be considered as larval source in the open ocean for benthic invertebrates. (4)
Within the pelagic communities nutritional sources, trophic interactions and pathways were elucidated
and linked to the benthopleagic fish fauna of the seamounts and the adjacent abyssal plains. (5)
Furthermore these fish communities were characterised in a zoogeographical context in comparison

with other NE Atlantic Seamounts.

Micro- (0.055-0.3 mm) and mesozooplankton (0.3-20 mm) standing stocks and respiratory carbon
demand were three to six times higher at Senghor Seamount than at Ampére, respectively, indicating
nutritional and productive differences between both seamount systems associated with the different

trophic realms. While the zooplankton community at Ampére Seamount reflects the oligotrophic
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character of the NE Atlantic subtropical gyre, with microzooplankton attaining an important role for
carbon conversion and the control on phytoplankton, the nutrient-rich waters of the cyclonic tropical
gyre feature a higher zooplankton abundance of different composition at Senghor Seamount, with a
lower contribution of microzooplankton to the total carbon demand. Surveys across Ampeére show
clear differences in the mesozooplankton distribution between day and night, reflecting the pattern of
diel vertical migration, and a reduced biomass over the summit plateau. This gap formation over the
plateau, associated with a general lower biomass, results from the blocked advection of vertically
migrating zooplankton staying at depths greater than the summit. At Senghor Seamount no day-night
related distribution patterns were observed, pointing to a high proportion of non-migrating
zooplankton residing at the thermocline in the layer of the fluorescence maximum and a high food
supply. Evidence for a general build-up of higher zooplankton biomass was not found as compared to
the open ocean reference sites, neither at Ampere nor at Senghor. Topography-generated upwelling
and trapping of passive particles can generally be assumed as an unlikely mechanism to affect
secondary production at both seamounts. Only a higher abundance of dinoflagellates suggests possible
interactions between current and topography over Senghor Seamount at times, such as upward
displacement of isopleths and associated enhanced vertical mixing into the surface layer. Senghor
Seamount was confirmed as a source for meroplanktonic larvae, with significantly enhanced larval

abundance in the seamount surrounding flows as compared to the open ocean.

For the identification of food sources and trophic relationships a combination of stomach content and
stable isotope ratio (8"°C and 5'°N) analyses was used. Based on epipelagic particulate organic matter
(POM), zooplankton usually occupied the 1 and 2™ trophic level and included herbivorous,
omnivorous and carnivorous taxa. Feeding types of fish species comprised mainly zooplanktivores and
mixed feeders, but also benthivores, piscivores, and predator-scavengers. They had trophic positions
between the 2™ and 4™ trophic level. Differences in stomach contents and stable isotope signatures
indicate a resource partitioning among the benthopelagic fishes through distinct habitat choice, vertical
feeding positions and prey selection. The lack of larger diel vertically migrating zooplankton over the
summit plateau and the presence of non-migrating taxa in the stomach contents of the
zooplanktivorous bottom associated fishes indicate that topographic trapping of diel vertical migrators
on the summit plateau seemed to be of minor importance for the food supply at the seamounts. Rather,
horizontal current-driven advection of the planktonic prey from the surrounding ocean was assumed as
major food source for the benthopelagic fish fauna at Ampére and Senghor. The varying 5'"°C and 5"°N
signatures and correlations among the seamount systems and the reference sites indicate that the
nutritional sources and the trophic structure of pelagic and benthopelagic communities may be highly
variable not only at seamounts, but also over the uniform abyssal plains of the different regimes,
pointing to a more complex food web in the tropics than in the subtropics. But, despite differences in
production and trophic pathways in the surface layers, the remaining nutritional sources seem to be

comparable in the deep-sea among all sampling sites, as were biomass, abundance and respiration.
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Zusammenfassung

Das Vorkommen grofler Seeberge mit einer Hohe von mehr als 1000 m in den Ozeanbecken wird auf
125000 geschétzt. Hierbei handelt es sich in den meisten Féllen um aktive oder erloschene
unterseeische Vulkane. Im Vergleich zu den umliegenden flachen Tiefseeebenen weisen Seeberge
verschiedenartige Habitate von Hartsubstrat bis Weichboden auf und verfiigen tliber spezielle
geochemische und biologische Eigenschaften. Die aktuelle Forschung an Seebergen hat gezeigt, dass
Seeberg-Okosysteme sehr vielfiltig sind und die klassische Vorstellung von Seebergen als Gebiete
erhdhter Produktivitdt im Vergleich zum offenen Ozean nicht verallgemeinert werden kann. Die
Ursachen, weswegen Okosysteme einiger Seeberge deutlich produktiver erscheinen als der umgebende
Ozean, wihrend andere keine klaren Unterschiede aufweisen, sind weitgehend unbekannt. Ein
fundiertes Verstdndnis der funktionalen Zusammenhénge und treibenden Krifte innerhalb eines
Seeberg-Okosystems ist jedoch eine zentrale Vorraussetzung fiir die nachhaltige Nutzung natiirlicher

Seebergressourcen, wie Fisch und mineralische Rohstoffe.

Die vorliegende Arbeit vergleicht die Zooplanktongemeinschaften und die benthopelagische
Fischfauna an zwei flachen Seebergen, Ampére und Senghor, im subtropischen und tropischen
Nordostatlantik und setzt sie in Beziehung zu den vorherrschenden lokalen und grof3rdumigen
Stromungsverhéltnissen und hydrographischen Bedingungen. An den Seebergen, die beide in die
euphotische Zone reichen, wurden raumliche und zeitliche Verteilungsmuster verschiedener
ZooplanktongroBenfraktionen bzgl. ihrer Biomasse, Abundanz und taxonomischen Zusammensetzung
analysiert. Um einen mdglichen Effekt des Seebergs auf das Zooplankton aufdecken zu kdnnen, wurde
parallel jeweils eine unbeeinflusste Referenzstation im offenen Ozean beprobt. In diesem
Zusammenhang beleuchtet die vorliegende Arbeit einige spezifische Aspekte. (1) Die Verteilung
taglich vertikal wandernden Mesozooplanktons wurde dahingehend untersucht, ob sie durch die
Topographie der Seeberge beeinflusst wird und wie sich dies auf den Nahrungseintrag der Seeberg
assoziierten Fischfauna auswirkt. (2) Respirationsraten und respiratorischer Kohlenstoffbedarf wurden
fiir verschiedene GroBenfraktionen des Zooplanktons ermittelt, um bestimmen zu kdnnen, welche
Rolle besonders das Mikrozooplankton in der Kontrolle des Phytoplanktons sowie im Stoffkreislauf in
den unterschiedlichen Regionen einnimmt. (3) Eine weitere Frage war, ob Seeberge eine Quelle fiir
Larven benthischer Invertebraten im offenen Ozean darstellen. (4) Innerhalb des Zooplanktons und
Mikronektons wurden Nahrungsquellen und trophische Verbindungen beleuchtet, sowie deren

Kopplung mit der benthopelagischen Fischfauna der Seeberge und der angrenzenden Tiefseeebenen.
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(5) Die Fischgemeinschaften wurden zudem zoogeographisch eingeordnet und mit anderen

nordostatlantischen Seebergen verglichen.

Die Bestiande des Mikro- (0.055-0.3 mm) und Mesozooplanktons (0.3-20 mm) sowie der
entsprechende respiratorische Kohlenstoffbedarf waren drei bis sechs mal héher am Senghor als am
Ampére Seamount, was auf regional unterschiedliche Nahrstoff- und Produktionsbedingungen in den
umgebenden Gebieten zuriickzufiihren ist. Die Zooplanktongemeinschaft am Ampére spiegelt den
oligotrophen Charakter des nordostatlantischen subtropischen Wirbels wider, wobei das
Mikrozooplankton eine wichtige Rolle im Kohlenstoffumsatz einnimmt. Im Gegensatz zu den
Gebieten um den Ampére Seamount, fordern die ndhrstoffreicheren Gewdsser des zyklonischen
tropischen Wirbels am Senghor eine hohere Planktondichte anderer Zusammensetzung und einem
geringeren Anteil des Mikrozooplanktons am Kohlenstoffbedarf. Die Verteilung des
Mesozooplanktons iiber dem Ampére Seamount weist typische, durch tiagliche Vertikalwanderung
bedingte Unterschiede zwischen Tag und Nacht auf, sowie eine generell reduzierte Biomasse {iber
dem Gipfelplateau. Diese Liickenbildung iiber dem Plateau entsteht, wenn vertikal wanderndes
Zooplankton in Tiefen unterhalb des Gipfels verbleibt und eine Advektion der Plankter auf das Plateau
durch die Topographie des Seebergs verhindert wird. Am Senghor Seamount traten keine Tag-Nacht
Unterschiede auf, was einen hohen Anteil nicht wandernden Zooplanktons andeutet, welches
hauptsédchlich an der Thermokline in der Schicht des Fluoreszenzmaximums und eines hohen
Nahrungsangebots akkumuliert war. Hinweise flir eine generell hhere Zooplanktonbiomasse im
Vergleich zu den unbeeinflussten Referenzstationen gab es nicht, weder am Ampere noch am Senghor.
Topographie induzierter Auftrieb und die Akkumulation passiver Partikel iiber dem Seeberg lieBen
sich als typische Mechanismen, welche die Sekundarproduktion beeinflussen konnen, an beiden
Seebergen ausschlieBen. Lediglich eine hohere Abundanz an Dinoflagellaten {iber dem Senghor
Seamount weist auf mogliche Interaktionen zwischen Topographie und Strémung hin und ist
vermutlich die Folge von vertikaler Verlagerung der Isothermen und Isohalinen und damit
einhergehender stirkerer Durchmischung der Oberfldchenschicht. Senghor Seamount konnte als
Quelle fiir meroplanktonische Larven durch signifikant erhhte Abundanz der Invertebratenlarven in

den Seeberg umgebenden Stromungsbiandern im Vergleich zum offenen Ozean bestitigt werden.

Primére Nahrungsquellen und trophische Beziehungen wurden mit Hilfe von Mageninhaltsanalysen
und stabilen Isotopensignaturen (5"°C and 3'°N) identifiziert. Basierend auf oberflichennahem
partikuldrem organischem Material gehorten Zooplanktonorganismen zumeist der 1. und 2.
trophischen Ebene an und beinhalteten herbivore, omnivore und carnivore Taxa. Als Hauptnahrung
der benthopelagischen Fische wurden Zooplankton und Mikronekton identifiziert, aber es gab auch
Hinweise auf benthivore und piscivore Erndhrungsweisen, sowie auf rauberische Aasfresser. Die
trophischen Positionen der Fische erstreckten sich iiber die Ebenen zwei bis vier. Unterschiede in den

Mageninhalten und Isotopensignaturen zeigen eine Ressourcenteilung durch Habitatwahl, vertikale
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FraBpositionen und Beutepriferenzen innerhalb der benthopelagischen Seebergfische an. Das
Ausbleiben des groBeren vertikal wandernden Zooplanktons iiber dem Gipfelplateau sowie die
Priasenz nicht wandernder Taxa in den Mageninhalten der zooplanktivoren Boden assoziierten Fische
deuten darauf hin, dass das Blockieren und Abfangen des abwérts wandernden Zooplanktons auf dem
Gipfelplateau an beiden Bergen nicht zu einer erhohten Nahrungsverfiigbarkeit fiihrt. Eher scheint
horizontale Advektion der planktischen Beuteorganismen aus dem umgebenden Ozean der treibende
Mechanismus der Nahrungsversorgung der benthopelagischen Fischfauna an Ampére und Senghor

Seamount zu sein.

Die unterschiedlichen 3"°C und 5"°N Signaturen und Korrelationen zwischen den Seebergsystemen
und den Referenzstationen deuten darauf hin, dass die Nahrungsbedingungen und die trophische
Struktur pelagischer und benthopelagischer Gemeinschaften hochst variabel sein konnen. Diese
Variabilitt tritt nicht nur an den Seebergen auf, sondern auch iiber den gleichformigen Tiefseeebenen
beider Regionen, mit einem komplexeren Nahrungsnetz in den Tropen als in den Subtropen. In der
Tiefsee scheinen an beiden Seebergen und Ebenen die verbleibenden Nahrungsressourcen, ebenso wie
Biomasse, Abundanz und Respiration, vergleichbar zu sein, trotz der Unterschiede in der Produktion

und den trophischen Vernetzungen an der Oberflache.
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General Introduction

3.1 Seamount ecosystems

The term seamount has been defined many times (e.g. Menard 1964; Schmidt & Schmincke 2000;
Wessel et al. 2010) based on different aspects, such as the temporarily breach of the sea level, the
tectonic setting of seamounts, their minimum size and their shape (see Staudiegel et al. 2010). But
there is no explicit definition that is generally accepted, since distinct research disciplines define
seamounts in quite different ways (Staudiegel et al. 2010). Staudiegel et al. (2010) combined all the
diverse perspectives and features studied under one inclusive umbrella definition that describes
seamounts as “any geographically isolated topographic feature on the seafloor taller than 100 m,
including ones whose summit regions may temporarily emerge above sea level, but not including
features that are located on continental shelves or that are part of other major landmasses”. More
than 125000 large undersea mountains >1000 m in height are predicted to occur on the ocean floor,
many of them in linear seamount chains, and are classified as shallow if the summit lies within the
photic layer (Genin 2004). Their abundance varies considerably among the ocean basins (Wessel
2007) and up to 30000-50000 large seamounts are located in the Pacific basin alone (Wessel 2007,
Wessel et al. 2010).

In contrast to the general flat sediment-covered abyssal plains, the topography of seamounts provides
special habitats of hard substrata and soft bottom for the benthic fauna as well as for associated pelagic
and benthopelagic communities (Rogers 1994; Stocks & Hart 2007; Clark et al. 2010b; Morato et al.
2010), which form complex ecosystems within the surrounding current regime (Fig. 3-1). The abrupt
seamount topography of varying shape and size interferes with ocean currents and affects local
circulation patterns by the formation of seamount-associated eddies (Richardson 1980; Richardson
1981), Taylor caps/columns, tidal resonance and seamount-trapped waves (see Genin & Boehlert
1985; Dower et al. 1992; Lavelle & Mohn 2010) or increased vertical mixing (Erikson 1998). These
hydrodynamic features generate advection, upwelling or local retention of water masses, including
particles, phytoplankton and smaller zooplankton (Genin & Boehlert 1985; Roden 1994). The uplift of
deeper nutrient-rich water into the euphotic zone through hydrodynamic processes may enhance local
autochthonus production over a seamount, especially in oligotrophic regions (Genin & Boehlert 1985;
Dower et al. 1992; Mouriiio et al. 2001), and may cause changes in food sources and feeding
conditions compared to allochthonus input from the surrounding open ocean (see Genin & Dower
2007). However, enhanced productivity is not a consistent feature at seamounts and may be highly

variable dependent on the complex physical processes and the specific topographic characters (White
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et al. 2007). Evidence for enhanced primary production does exist at some seamounts (e.g. Genin &
Boehlert 1985; Dower et al. 1992; Comeau et al. 1995), but as no subsequent increase in secondary
production has been found, it is suggested that the retention time of the recirculating flow and
therefore of the additional phytoplankton biomass over the seamount is too short to be locally
transferred to higher trophic levels and to increase zooplankton or nekton biomass (Genin & Boehlert
1985; Dower & Mackas 1996; Genin & Dower 2007). In many cases the zooplankton biomass is even
lower over the top of the seamount than in the surrounding waters, as observed at some NE Atlantic
(Nellen 1973; Martin & Christiansen 2009; Denda & Christiansen 2014), Mediterranean (Denda &
Christiansen 2011) and Pacific seamounts (Genin et al. 1988; Genin et al. 1994).

Fig. 3-1. Seamount ecosystem (Stefanowitsch 2015, modified after Mackay in Consalvey et al. 2010).

At several seamounts, especially in the Pacific, aggregations of demersal and benthopelagic fishes in
high biomass concentrations have been reported (Koslow 1997; Parin et al. 1997; Koslow et al. 2000),
supporting the assumption of seamounts being attractive locations of enhanced food supply in the open
ocean for usually dispersed fish stocks as well as for typical shelf species. Most studies on the feeding
ecology of seamount fishes suppose that large fish aggregations on seamounts are rather supported by
advected pelagic food than by locally enhanced primary production (Porteiro & Sutton 2007), which
is, as mentioned above, not a generalised phenomenon at seamounts. One important mechanism for
the food supply to the benthopelagic community at shallow seamounts is the advection of diel
vertically migrating zooplankton and micronekton over the summit and upper slopes, associated with
topographic blockage and bottom trapping at dusk and day, when the blocked zooplankton can easily
be consumed by seamount residents (Isaacs & Schwartzlose 1965; Genin et al. 1988; Genin et al.
1994; Haury et al. 2000; Wilson & Boehlert 2004). The concentration of pelagic prey appears to be an
important factor for the specification of feeding strategies, habitat choice and resource partitioning in

seamount associated fish assemblages (Fock et al. 2002a, b; Porteiro & Sutton 2007). However, the
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specific mechanisms driving trophic interactions between benthopelagic fishes and the pelagic

community are not fully understood (Porteiro & Sutton 2007).

Seamounts have also been suggested to host species-rich benthic communities (Richer de Forges et al.
2000; Koslow et al. 2001; Samadi et al. 2006) different to those on the soft sediment-dominated
abyssal plains (Rogers 2004). Especially sessile organisms, such as corals, hydroids, sponges and
crinoids, which require hard substrate for attachment, are typical for seamounts (Rogers 2004). But
also other organisms, such as crabs, lobsters, mobile echinoderms, polychaetes and molluscs settle on
the diverse seamount substrates (Rogers 2004). Many of the sessile suspension feeders favour exposed
areas near the peak or around the rim of the summit plateau, where strong currents supply them with
food and disperse their eggs and larvae (Rogers 2004). It has been demonstrated by Mullineaux &
Mills (1997) that current-topography interactions can retain larvae in seamount associated flows,
which is likely to affect the recruitment to maintain the benthic populations. But only limited evidence
exists that seamounts can support elevated biomass and abundance of the benthic invertebrate fauna

(see Genin 2004; Clark et al. 2010b; Rowden et al. 2010).

Due to their habitat diversity, their vertical range and their geographical isolation seamounts are
known for a high rate of speciation among their populations and some are considered as hotspots of
endemic species (e.g. Shank 2010; Stocks et al. 2012). On the other hand, seamounts are also
supposed to act as stepping stones for oceanic dispersal, particularly of typical shelf and slope species
across large distances, for example, between continental margins and mid ocean ridges (Santos et al.
1995; Almada et al. 2001; Shank 2010), featuring faunal similarity among seamounts and within shelf

and slope communities.

Since many seamounts host commercially valuable pelagic and demersal fish species, they have
become important fishing grounds. Especially benthopelagic deep-sea fishes are associated with and
often restricted to the isolated seamount habitats (e.g. Clark et al. 2010a; Morato et al. 2010),
including many species of commercial interest. But overfishing and the destructive impact of bottom
trawling on the benthic communities have led to rising concern about the vulnerability of seamount
ecosystems in the past decades (e.g. Clark 2001; Clark & Koslow 2007; Clark et al. 2010b). For
example, forming large aggregations over seamounts, deep-sea fishes are rapidly depleted in stock size
by trawling (Clark et al. 2010b). Due to their longevity, low fecundity and slow growth rates they
recover only slowly from fishing impacts, if at all, once they have been overexploited (Clark 2001;
Morato et al. 2008; Clark et al. 2010b). Similarly, sessile organisms like corals and sponges grow
extremely slowly, and their recovery after disturbance may take decades or even centuries. But the
human impact on seamount communities may not be restricted to fishing. In recent years the interest
for exploitation of mineral resources in the deep-sea has considerably increased, and the mining of

ferromanganese crusts at seamounts possibly will have a greater impact on the highly vulnerable
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habitats in the future than trawling (Clark et al. 2010b). Further knowledge about the functioning of
seamount ecosystems will be necessary for conservation strategies and the establishment of marine

protected areas in order to prevent an unsustainable exploitation of seamount resources.

3.2 Microzooplankton vS. mesozooplankton

In a seamount ecosystem meroplanktonic larvae are an important factor for recruitment, food supply
and production, but in most zooplankton studies invertebrate larvae, in particular larvae in the deep
ocean, are not considered (e.g. Mullineaux & Mills 1997). Studies on zooplankton communities have
often concentrated on larger mesozooplankton (>0.2 mm) (Pfaffenhofer 1993; Gallienne & Robins
2001) with special focus on calanoid copepods as the generally most abundant and important taxa
within this community (e.g. Roe 1988; Fabian et al. 2005; Koppelmann & Weikert 2007).
Meroplanktonic larvae <0.2 mm and other small metazoans like copepods, copepodites and nauplii
belong to the microzooplankton, usually defined as the size fraction 0.02-0.2 mm, including also
protists like ciliates and flagellates. Especially the small copepods and nauplii are an important prey
for fish larvae and other zooplanktivorous consumers (e.g. Turner 2004; Calbet 2008), and on the
other hand exert an important grazing impact on phytoplankton communities of extremely small cells
of nano- and picoplankton (Landry et al.1995; Boéttjer & Morales 2005). However, due to the common
usage of plankton nets with mesh sizes of >0.2 mm, the smaller sized zooplankton has usually been
under sampled in the oceanic realm (Gallienne & Robins 2001; Turner 2004). There is also little
knowledge of microzooplankton groups and developmental stages regarding their trophic position in
the marine food web and their role in carbon conversion, as compared to, for example, larger calanoid
copepod taxa, although their importance in the pelagic system as generally the most abundant
metazoans in the ocean (e.g. Gallienne & Robins 2001; Turner 2004) has been widely recognized

(Aristegui et al. 2001; Turner 2004; Schmoker et al. 2013).

3.3 Respiratory carbon demand

Respiration rates of zooplankton communities provide a useful assessment of the role of zooplankton
in the consumption, secondary production, the energy flow and the carbon cycle in an oceanic realm.
Respiration is an index of energy demand and represents the minimum requirements of organisms for
organic carbon (Herndndez-Leon & Ikeda 2005; Ikeda et al. 2006). Respiration rates reflect feeding
and related swimming activity in zooplankton species (see Schmoker & Hernandez-Leon 2003) and
might therefore be an indication of increased food supply in a system. The assessment of respiration
rates and the respiratory carbon demand of different sized zooplankton groups may elucidate
geographical differences in their control of phytoplankton and their importance for carbon conversion

in the biogeochemical cycle.
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Direct determination of respiration involves the incubation of zooplankton under controlled
environmental conditions, which is impractical in case of analysing large and diverse communities and
nearly impossible for deep-living animals due to physical damage during capture and retrieval (Owens
& King 1975) and the possible effects of decompression, unless pressurized experimental chambers or
in situ incubation are available, which are highly demanding in terms of technical and financial effort
(e.g. Smith 1982; Koyama et al. 2002). In the present study respiratory oxygen consumption rates of
taxonomically mixed zooplankton size fractions were calculated from body mass (mean individual
weight) and habitat temperature, using a general multiple regression model between those quantities
from literature, and were converted to carbon equivalents (see Ikeda 1985; Ikeda et al. 2001; Ikeda et
al. 2006). However, this is only an approach, since the model, which has been established in different
temperate regimes, refers directly only to distinct taxonomic groups of epipelagic (<250 m)
zooplankton (Ikeda 1985; Ikeda et al. 2001). For the respiration rates of deep-sea zooplankton a
general reduction to about 30-60 % that of epipelagic respiration is assumed (Torres et al. 1994; Ikeda
et al. 2006), maybe affected by hydrostatic pressure, oxygen concentrations, limited light and food
supply (Childress 1995; Ikeda et al. 2006).

3.4 Stable isotopes in trophic analyses

Biochemical markers, such as stable isotopes, are effective and common tools for the identification of
trophic interactions within marine food webs (e.g. Hobson & Welch 1992; Post 2002). Whereas
stomach content analysis provides information of recently ingested prey, stable isotope ratios of
carbon ("*C/"*C) and nitrogen (’N/'*N) are a measure of assimilated diet integrated over time (e.g.

Davenport & Bax 2002).

Ratios of heavier to lighter stable isotopes in organic matter change from prey to predator due to
isotopic fractionation during feeding and metabolism (Peterson & Fry 1987). Usually the heavier
isotope (**C or °N) is retained and accumulated in the consumer tissue relative to its diet, mainly due
to primary loss of the lighter isotope by respiration and excretion (Checkley & Entzeroth 1985;
Peterson & Fry 1987). Along the food chain this isotopic fractionation is reflected in a stepwise
enrichment of isotope ratios between consumers and their diets. The stable isotope signature of carbon
(8"C) changes little from prey to predator with usually small enrichment of about 0.4-1 %, and is
used to track the diet and carbon source of an organism (DeNiro & Epstein 1978; Fry & Sherr 1984;
Peterson & Fry 1987; Post 2002). The nitrogen isotope ratio (8'°N) is usually enriched by 1-5 %o for a
single feeding step and allows for estimation of the trophic position of an organism in a food web with
respect to the trophic signature of primary producers (DeNiro & Epstein 1981; Minagawa & Wada
1984; Michener & Schell 1994; Mill et al. 2007). In the ocean correlations between 8'°N and §"°C

values of producers and consumers may indicate whether a food web is mainly dependent on a single
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primary food source, or relies on several energy providers (e.g. Polunin et al. 2001; Drazen et al. 2008;

Reid et al. 2012), pointing to differences in trophic structures and feeding conditions.

3.5 Objectives of the study

The present study compares the pelagic communities, for the first time, of a size range from
microzooplankton to micronekton, and the nutritional links to the benthopelagic fish fauna at two
shallow seamounts, Ampére and Senghor, in relation to the large-scale and local current fields and
hydrographic conditions of the contrasting regimes of the subtropical and tropical Eastern Atlantic. At
the subtropical Ampére plankton production and distribution are supposed to be affected by local
seamount effects through, for example, tidal resonance, trapped waves and tidal rectification, since the
seamount is located within the critical latitudes (>30° N) for the trapping of diurnal internal tides,
which may induce vertical displacement of isotherms and isohalines over a seamount (Beckmann &
Mohn 2002). The faunal composition at Ampére may be influenced by the dispersal of typical
Mediterranean species via the Mediterranean outflow and the formation of meso-scale Mediterranean
eddies, so-called meddies (O’Neil Baringer & Price 1999). In contrast, at Senghor Seamount the
plankton community is expected to be rather influenced by large-scale flow features, such as seasonal
filaments of the Mauritanian upwelling (e.g. Mittelstaedt 1991; Vangriesheim et al. 2003) and the
Cape Verde frontal zone (e.g. Zenk et al. 1991), than by topography interaction with the local flow
field. Since Senghor is located close to the equator, where the influence of the Coriolis force on the
current regime is small, no tidal resonance exists and seamount trapped waves do not occur
(Beckmann & Mohn 2002; Dumont et al. subm.), the retention potential of this seamount is supposed

to be small, presumably not affecting the local plankton production and distribution.

Spatial and temporal distribution patterns of different zooplankton size fractions were elucidated in
terms of biomass, abundance and taxonomic composition over the seamount summits, around the rim
of the summit plateau and on the slopes. In order to detect possible seamount effects on the
zooplankton due to, for example, current-topography interactions, an unaffected open ocean reference
site (hereafter referred to as ‘far field”) was always sampled for comparison. The study addressed
several specific objectives. The diel vertically migrating zooplankton was assessed to identify a
possible influence of the topography, and how this affects the food supply to seamount residents. The
role of microzooplankton was elucidated in the different regions, particularly for the control of
phytoplankton and carbon conversion, in context of the estimated respiratory carbon demand of
distinct zooplankton size fractions. Whether a seamount may be considered as larval source in the
open ocean for benthic invertebrates, since the retention of meroplanktonic larvae in seamount
surrounding flows could maintain the recruitment of the benthic population (Mullineaux & Mills
1997), was another question. Within the pelagic community trophic interactions of zooplankton and

micronekton were elucidated, using stable isotope ratios as trophic marker, to detect possible
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differences between nutritional sources and pathways, for example, due to different shares of
autochthonus and allochthonous food supply at the seamount compared to the open ocean. Nutritional
links and potential pelagic food sources to the benthopelagic fish fauna on the shallow summits of the
seamounts, the slopes and the adjacent abyssal plains were identified using a combination of stable
isotope ratios and stomach content analyses. Furthermore the benthopelagic fish communities were
characterized at different depths and locations at and around Ampére and Senghor seamounts in a

zoogeographical context in comparison with other NE Atlantic seamounts.

Ampere Seamount belongs to the Horseshoe Seamounts Chain between the island of Madeira and the
Portuguese mainland, and is located ~360 nm west of the Strait of Gibraltar within the sphere of the
oligotrophic subtropical NE Atlantic gyre (see Longhurst 1995; Lathuiliere et al. 2008; Fig. 3-2).
Ampere is a conical shaped seamount and rises from a base depth at 4500 m to a summit depth at 120
m with one peak of 55 m. Senghor Seamount is located near the equator in a mesotrophic tropical
region (see Morel 1996; Bory et al. 2001; Vangriesheim et al. 2003) ~60 nm east of the Cape Verde
islands. Water depth at the base of the nearly circular shaped seamount is ca. 3300 m with a minimum

summit plateau depth of 90 m.
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Fig. 3-2. Locations of Ampeére and Senghor seamounts and the far field sites (FF) in the NE Atlantic with
schematic surface circulation (after Lathuiliére et al. 2008; Mason et al. 2011). AC, Azores Current; CC, Canary
Current; MC, Mauritania Current; NEC, North Equatorial Current; CVFZ, Cape Verde Frontal Zone; RCG,
Recirculation Gyre.
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The following manuscripts focus on the distribution patterns of micro- and mesozooplankton and
benthopelagic fishes, on the respiratory carbon demand for different zooplankton size fractions and on
the trophic interactions of selected zooplankton, micronekton and fish species at each seamount

compared to the open ocean.

Manuscript 1 - Zooplankton distribution patterns at two seamounts in the subtropical and
tropical NE Atlantic focuses on the biomass distribution of mesozooplankton at Ampére and Senghor
seamounts in relation to local and large-scale hydrodynamic features in a subtropical area as compared
to a tropical region. Distribution patterns of distinct zooplankton size fractions were investigated for
small-scale spatial patterns across each seamount with respect to diel vertical migration as well as their
importance for carbon conversion. Evidence of higher primary and secondary production in the
seamount ecosystems, expressed by high concentrations of zooplankton biomass as compared to the

unaffected open ocean, was not detected.

In Manuscript 2 - Microzooplankton and the dispersal of meroplanktonic larvae at two
seamounts in the subtropical and tropical NE Atlantic the importance of microzooplankton within
the pelagic community at the subtropical Ampére Seamount and the tropical Senghor Seamount was
investigated, and whether spatial distribution patterns of microzooplankton in terms of biomass and
abundance exist due to local current-topography interactions and hydrographic conditions. The
contribution of the microzooplankton community to the total zooplankton respiratory carbon demand
was evaluated with respect to the distinct trophic regions in which each seamount is located.
Furthermore the potential of the two seamounts as source for benthic invertebrate larvae in the open

ocean was assessed.

The aim of Manuscript 3 - From the epipelagic zone to the abyssal plain: Trophic interactions of
zooplankton and benthopelagic fishes at two seamounts in the tropic-subtropical NE Atlantic
was to identify possible differences in feeding conditions and trophic structures at Ampére and
Senghor seamounts compared to the open ocean as well as between the oligotrophic subtropical and
the mesotrophic tropical region. Spatial differences in the composition of organic matter and in the
diets and trophic positions of selected zooplankton and micronekton species were assessed from stable
isotope analyses. The diets and trophic positions of benthopelagic fishes were investigated using a
combination of stomach content and stable isotope ratios and were compared to the trophic signatures

of the potential pelagic food sources sampled from the epipelagic to the abyssal zone.
In Manuscript 4 - The fish fauna of Ampére Seamount (NE Atlantic) and the adjacent abyssal

plain an inventory of benthic and benthopelagic fishes and their vertical zonation is presented and

compared to other NE Atlantic seamounts.
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Manuscript 5 - Demersal fishes from Senghor Seamount and the adjacent abyssal plain (Central
Eastern Atlantic) focuses on the deep-water biodiversity of the Cape Verde fish fauna in a

zoogeographical context.
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Zooplankton distribution patterns at two seamounts in the subtropical

and tropical NE Atlantic

Anneke Denda & Bernd Christiansen
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4.1 Abstract

Spatial distribution patterns of zooplankton biomass in relation to local and large-scale hydrographical
and biological driving forces were studied at Ampere and Senghor, two shallow seamounts in the
subtropical and tropical NE Atlantic, respectively. The study includes a first assessment of the
taxonomic composition and an estimation of the respiratory carbon demand of the zooplankton
community. Zooplankton was sampled during three cruises at the seamount and open ocean reference
sites in May and September/October 2009 and in November/December 2010. Zooplankton standing
stocks and the corresponding respiratory carbon demand were about 6 times higher at Senghor than at
Ampére, with mean stocks of 24.7 and 4.6 g m™, respectively, in the upper 1000 m. Mean respiratory
carbon demand in the epipelagic zone was calculated as 61.4 mg m? day™ for Senghor and 9.6 mg m
day™ for Ampére. At neither site were differences between seamount and open ocean sites significant.
However, horizontal surveys across Ampére Seamount show clear differences between day and night
distributions and a reduced biomass above the summit. Across Senghor, zooplankton biomass
increased from the SW to the NE flank, with the highest concentrations in the subsurface layer of the
chlorophyll maximum and just above a strong oxycline. The zooplankton community at Ampére
Seamount reflects the oligotrophic character of the NE Atlantic subtropical gyre whereas the nutrient-
rich waters of the cyclonic tropical gyre at Senghor support a higher biomass. This difference in the
zooplankton biomass between the two seamounts can be attributed to the large-scale hydrographical

features governing the productivity regimes rather than to regional seamount effects.

Keywords: carbon demand; composition; distribution patterns; seamount; subtropical-tropical NE

Atlantic; zooplankton
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4.2 Introduction

Seamounts are widespread elevations of usually volcanic or tectonic origin, which rise at least 1000 m
above the ocean bottom (Rogers 1994). Through the interaction of their abrupt topography and the
surrounding current regime, seamounts may affect the large-scale flow of the ocean and generate
meso-scale variability in the water column (Roden 1994). In contrast to the surrounding flat sediment-
covered abyssal plains, seamounts feature different habitats of hard substrata and soft bottom and have

special geochemical and biological features.

For several seamounts, especially in the Pacific, aggregations of demersal and benthopelagic fish in
high biomass concentrations have been reported (Rogers 1994; Koslow 1997; Parin et al. 1997;
Koslow et al. 2000), leading to the assumption of higher primary and secondary production in the
seamount ecosystem. A local increase in the chlorophyll a concentration has been observed over some
seamounts shallower than ~300 m such as Minami-Kasuga (Genin & Boehlert 1985), Cobb (Dower et
al. 1992) and Great Meteor (Mourifio et al. 2001), but this persisted only for short periods of days to 3
weeks. The chlorophyll a enhancement has been related to the occurrence of a Taylor column, an
anticyclonic circulation cell trapped over the seamount summit (e.g. Freeland 1994; Beckmann &
Mohn 2002), producing an uplift of deeper nutrient-rich water associated with particle retention
(Genin & Boehlert 1985; Dower et al. 1992). But as there has been no evidence of any subsequent
increase in secondary production, it is suggested that the retention time of the recirculating flow and
therefore of the additional phytoplankton biomass above the summit is too short to be transferred to
higher trophic levels and to increase zooplankton or nekton biomass (Genin & Boehlert 1985; Dower
& Mackas 1996; Genin & Dower 2007). In many cases the zooplankton biomass is even lower above
the seamount summit than in the surrounding waters, as observed at Great Meteor (Nellen 1973) and
Seine and Sedlo seamounts in the NE Atlantic (Martin & Christiansen 2009). Advection of diel
vertically migrating zooplankton associated with bottom trapping at dusk may be an important process
for supplying the benthopelagic community over shallow seamounts with food, as the blocked
zooplankton can easily be consumed by fish (Isaacs & Schwartzlose 1965; Genin et al. 1988, 1994;
Haury et al. 2000; Wilson & Boehlert 2004). Over intermediate and deep seamounts an enhanced
horizontal flux of plankton and organic particles due to strong interactions between amplified currents,
internal waves and the seamount topography (Genin & Dower 2007; Clark et al. 2010) may be the

major mechanism supporting high consumer biomass (Genin & Dower 2007).

Most studies suggest that the interaction between the flow field and the topography in combination
with the general productivity regime is the key driver for shaping the pelagic communities at
seamounts. The present study compares the biomass distribution of zooplankton at two seamounts in
different hydrographical settings and different seasons. Ampere Seamount in the subtropical NE

Atlantic lies within the sphere of the subtropical gyre, where the Azores frontal system as well as the
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seasonal variability of the NW African upwelling system (e.g. Mittelstaedt 1991; Van Camp et al.
1991) may influence the production at the seamount. At depths below 800 m, Ampere is reached by
the Mediterranean outflow, which may affect the faunal composition of the seamount. In addition, the
formation of meso-scale Mediterranean eddies, so called meddies (O’Neil Baringer & Price 1999),
contribute to the dispersal of Mediterranean fauna in the NE Atlantic. Besides these large-scale
hydrodynamic features, local seamount effects such as tidal resonance may influence the plankton

biomass and production as well.

Senghor Seamount near the Cape Verde islands is located close to the equator (e.g. Morel 1996; Bory
et al. 2001; Vangriesheim et al. 2003), where the influence of the Coriolis force on the current regime
is small and no tidal resonance exists, which might be an important process for the biological retention
potential of seamounts. The lack of seamount-trapped waves close to the equator could play an
important role in the production at the seamount if this is not compensated by other local mechanisms
such as Taylor caps, topographic trapping or trophic subsidy. Apart from these local seamount effects,
the production at Senghor may be affected by the episodic input of Saharan dust (e.g. Chester et al.
1979; Kremling & Streu 1993; Prospero 1996; Bory et al. 2001) and seasonally by filaments of the
Mauritanian upwelling (e.g. Mittelstaedt 1991; Vangriesheim et al. 2003). The ocean dynamics around
Senghor Seamount is mainly characterized by the north equatorial current system which drives the
north Atlantic tropical gyre (e.g. Mittelstaedt 1991; Lathuiliere et al. 2008), and by the Cape Verde
frontal zone (CVFZ) between North (NACW) and South Atlantic central water (SACW) (Zenk et al.
1991). The following main questions are addressed with respect to the biomass of meso- and

macrozooplankton:

(1) Does the zooplankton biomass differ between the seamounts and the unaffected open ocean
reference stations in terms of standing stock and vertical distribution?

(2) Does the zooplankton biomass show a spatial variability between distinct regions of the
seamount (summit plateau, rim, slope, upstream, downstream) in terms of standing stock,
vertical and size distribution patterns?

(3) Does the zooplankton biomass show a temporal variability between day and night in terms of
vertical and size distribution patterns?

(4) Does the zooplankton community differ between a tropical and a subtropical seamount in the
effects of the local and large-scale hydrodynamic features and the effects of different sampling

seasons?

Zooplankton distribution above NE Atlantic seamounts has rarely been investigated before (e.g.
Nellen 1973; Martin & Christiansen 2009). Processes such as particle retention or plankton advection
and topographic blockage were more frequently observed at seamounts in the Pacific. Our study

presents basic knowledge on spatial distribution patterns in relation to latitudinal and seasonal
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differences in terms of the local and large-scale current regime, compared for the first time between a

subtropical and a tropical seamount.

4.2.1 Study sites
4.2.1.1 Ampére Seamount

Ampére Seamount is located in the subtropical NE Atlantic ~360 nm west of the Strait of Gibraltar
and belongs to the Horseshoe Seamounts Chain between the island of Madeira and the Portuguese
mainland (Fig. 4-1). The seamount rises from a base depth at 4500 m to a summit depth at 120 m, with
one small peak rising to 55 m, partially overgrown with macroalgae in the photic zone (Christiansen
unpubl. data). The seamount has a conical shape with a small, rough summit plateau and steep rocky
slopes and canyons (Halbach et al. 1993; Kuhn et al. 1996; Hatzky 2005) as well as sediment-covered
flat areas. For comparison, one open ocean reference station (hereafter referred to as “far field”) ca. 70
nm southwest of Ampére Seamount, located at 33° 48 N, 013° 00” W was also sampled. Water depth

was about 4400 m above a flat sedimentary plain.
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Fig. 4-1. Locations of Ampere and Senghor Seamount.

4.2.1.2 Senghor Seamount

Senghor Seamount is located in a tropical region ca. 60 nm east of the Cape Verde islands (e.g. Morel
1996; Bory et al. 2001; Vangriesheim et al. 2003) (Fig. 4-1). Water depth at the base of Senghor
Seamount is ca. 3300 m; the minimum summit depth is 90 m. Senghor Seamount has a nearly circular
shape with a small summit plateau, and features a heterogeneous surface structure, as shown by
several ROV dives during cruise M79/3 of RV Meteor in September/October 2009 (Christiansen &
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Koppelmann 2011). The summit plateau is covered with sediment in most parts but also shows rocky
areas in the center, and ripple marks indicate strong currents at a water depth of 100 m. At the edge of
the summit plateau at a depth of 320 m the sea floor is also sediment-covered, but without ripple
marks. Along the slopes down to the deep sea floor, soft bottom alternates with rocky areas. For
comparison, a far field station ca. 60 nm north of Senghor Seamount, located at 18° 05* N, 022° 00’
W, was sampled. Water depth was about 3300 m above a flat sedimentary plain.

4.3 Materials and Methods

4.3.1 Zooplankton sampling
Zooplankton was caught by oblique and horizontal hauls with a 1 m2-Double-MOCNESS (Multiple

Opening and Closing Net and Environmental Sensing System; Wiebe et al. 1985) and by vertical hauls
with a 0.25 m2-Hydro-Bios-MultiNet® (MSN, Weikert & John 1981). The MOCNESS carried 20 nets
of 333 um mesh size and sensors for temperature and salinity. Environmental data (temperature,
salinity) were recorded simultaneously during sampling. The towing speed was 2 knots. The Multi-
Net® was equipped with five 300 pm nets. MOCNESS and MultiNet® casts were generally performed
during both day and night, to allow the study of diel vertical migration. The sampling took place in
different seasons, not as part of the sampling design but due to logistics. Thus biomass concentrations
of zooplankton will generally be affected by seasonal variability and will differ in spring, autumn and
early winter besides the seamount correlated and latitudinal effects we want to assess in the present

study.

Ampére Seamount was sampled during cruise P384 of RV Poseidon in May 2009 and during cruise
M83/2 of RV Meteor in November/December 2010. On cruise P384, two oblique hauls were taken at
the eastern mid slope with the MOCNESS and four horizontal hauls were taken above the summit of
Ampere Seamount at 50 m depth and close to the bottom depth of the summit plateau (Fig. 4-2).
During M83/2 the MOCNESS was used for four oblique hauls at the far field site and for 10 hauls at
the eastern and western mid and deep slopes of the seamount. Sampling took place from close to the
bottom to the surface. The sampling design with the smaller MultiNet® comprised four vertical
profiles at the southern far field station and two orthogonal transects, one in a north-south and one in
an east-west direction, across Ampére Seamount, with stations above the mid slopes down to 1000 m
depth, above the rim of the plateau and above the summit. The water column was subdivided into
following sampling intervals for MOCNESS and MultiNet® hauls, depending on the maximum water
depth: 3000-2500-2000-1500-1000-750-500-400-300-200-100-50-25-0 m.

Zooplankton was sampled at Senghor Seamount during cruise M79/3 of RV Meteor in
September/October 2009. Four obligue MOCNESS hauls were taken at the far field site and six hauls
above the northwestern (NW) and southeastern (SE) slopes of Senghor Seamount (Fig. 4-2). The
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whole water column, subdivided into smaller sampling intervals, was sampled from a few meters
above the bottom to the surface. Additionally, four horizontal hauls were taken above the seamount
summit at 50 m depth and close to the bottom depth of the summit plateau. The sampling strategy with

the MultiNet® and the sampling intervals were the same as at Ampére Seamount.

Upon recovery of the MOCNESS and the MultiNet®, the nets were rinsed with seawater. The material
was preserved in a 4 % formaldehyde-seawater solution buffered with borax for biomass

determination and taxonomic identifications.
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Fig. 4-2. Bathymetry and sampling locations at Ampere and Senghor seamounts. The locations of the
MOCNESS, MSN and CTD hauls are shown for Ampére Seamount in May 2009 on cruise P384 and in
November/December 2010 on cruise M83/2 and for Senghor Seamount in September/October 2009 on cruise
M79/3.

26



4 Manuscript 1

4.3.2 Biomass analyses

In the laboratory, the zooplankton samples were fractionated by sieving into the size classes <0.5, 0.5-
1, 1-2, 2-5, 5-20 and >20 mm and gelatinous organisms >20 mm. The wet weight of each size fraction
was measured after removal of the interstitial water with 70 % alcohol according to the method of
Tranter (1962). Wet weights were used instead of more accurate quantities of biomass, like dry
weights, in order to preserve samples for subsequent taxonomic identification. Biomass (wet weight)
was standardized to milligrams per 1 m3 (mg m3). Standing stocks in terms of biomass for the whole

water column or a given depth range were calculated as g m?, respectively.

4.3.3 Statistical analyses

For the statistical analyses, data were log-transformed [Y' = log (Y+1)] to achieve approximate normal
distributions and homogeneity of variances. One- and two-way analyses of variance (ANOVA,; Clarke
1993; Lozan & Kausch 2004) were used to test for differences between zooplankton standing stocks

and between vertical zooplankton distributions of the far field and the seamount stations as well as for

differences between up- and downstream sites of a seamount.

4.3.4 Calculation of respiratory carbon demand

After wet weight determination, the size fractions of the integrated nets, which were not used for
taxonomic analyses, were dried at 60 °C for 48-72 h until the sample reached a stable weight. The
mean percentage of dry weight per size class was used to convert wet weights to dry weights. Size-
specific respiration rates were calculated from body mass (dry weight) and temperature using a
multiple-regression model after Ikeda et al. (2001):

In (ul O, Ind™ h™) = -0.399 + 0.801 In (dry weight Ind™) + 0.069 temp
with temp = mean temperature of sampling intervals. The respiratory oxygen consumption rates were
converted to carbon equivalents by the equation:

pg C Ind*h™ = pl O, Ind* h** RQ * 12/22.4
using a respiratory quotient (RQ) of 0.97 (Omori & Ikeda 1984; Ikeda et al. 2000) and the atomic ratio
of 12/22.4, where 12 g is the weight of carbon in 1 mol of 22.4 | carbon dioxide (Ikeda et al. 2000).
The carbon respiration rates per individual (ug Ind™ h™') were divided by individual dry weight (mg
Ind™) to estimate the biomass-specific respiration rates (mg mg™ h™). Community rates (mg m™ day™)
were calculated as the product of the biomass-specific respiration rates at the sampled depth layers and
the corresponding biomass (mg dry weight m™). Respiratory carbon demands for distinct depth layers
were calculated as mg m™ day™. Since Ikeda’s regression model refers only to epipelagic zooplankton,
calculated respiration rates of zooplankton for the meso/bathypelagic zone (200-3000 m) were reduced
by 50 %, following Ikeda et al. (2006), who concluded that meso/bathypelagic respiration rates were

in the order of one-half to one-third that of epipelagic respiration.
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4.3.5 Taxonomic analyses

Since this study is focused on biomass, only an overview of the taxonomic composition of
zooplankton at the deep slopes of Ampére and Senghor seamounts will be presented here. For
taxonomic analyses the fractionated zooplankton were sorted into higher taxonomic groups.
Copepoda were identified to family or genus level, abundant taxa to species level. Carcasses,
according to Wheeler (1967) and Weikert (1977), were counted separately, as were fragments of

gelatinous organisms such as Siphonophora.

4.4 Results

4.4.1 Hydrography

At Ampére Seamount in spring 2009 the hydrographic profiles indicate a shallow, warm, surface layer
with temperature of 18.0 °C and a salinity of 36.6 PSU in the upper 20-30 m (Fig. 4-3). A gradual
decrease in temperature followed down to 800 m and in salinity to 600 m. Down to 1200 m,
temperature remained rather constant, but salinity increased with some variability. Below this depth,
both temperature and salinity decreased to minimum values of 2.9 °C and 35.0 PSU, respectively, at
3000 m.

In winter 2010, a warm surface layer of uniform temperature and salinity extended in the upper 60-80
m at all sampling locations (Fig. 4-3). Temperature varied between 18.8 °C at the seamount and 20.4
°C in the far field. Salinity was about 36.6 PSU. Below the mixed layer a steep gradient in temperature
and salinity extended over 20 m, followed by a gradual decrease to 600 m depth at all stations. Down
to 1200 m the temperature remained rather constant, whereas salinity increased, more pronounced at
the slopes than at the far field site, followed by a decrease below 1200 m. At the greatest depth of
4500 m in the far field, temperature was 2.4 °C and salinity 34.9 PSU.

Surface water temperature at the far field site and at the slopes of Senghor was about 27.8 °C, building
a warm mixed surface layer in the upper 20-30 m with salinity values about 36.2 PSU (Fig. 4-3).
Down to 50 m, a steep gradient occurred with temperature and salinity decreasing. Between 100 and
1000 m temperature gradually decreased at all locations. The minimum temperature of 2.6 °C was
observed in the far field, close to the bottom at 3300 m depth. Salinity generally decreased down to
800 m but showed some higher variability between 150 and 400 m at the slopes and in 500 m depth at
the far field site. Below 800 m, salinity remained rather constant (34.9 PSU) with a slight increase
between 900 and 1200 m.
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Fig. 4-3. Vertical profiles of temperature (°C) and salinity (PSU) at Ampeére and Senghor seamounts and in the
far field. Data are shown for Ampeére Seamount in May 2009 and November/December 2010 and for Senghor
Seamount in September/October 2009. ff, far field; s, slope.

4.4.2 Zooplankton compo

sition

Zooplankton were sorted into the following major groups: Cnidaria, Mollusca, Polychaeta, Cladocera,

Harpacticoida, Cyclopoida, Calanoida, Ostracoda, Malacostraca, Chaetognatha, Tunicata, Crustacea-,

fish- and other larvae, Stomiiformes (dragonfishes) and Myctophidae (laternfishes). At both

seamounts, Calanoida were generally the most numerous organisms in the whole water column (Fig.

4-4),
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At Ampére Seamount, Calanoida made up 44-77 % of the total zooplankton, with generally lower
shares above 200 m as compared with the deeper layers. By contrast, Cyclopoida (16-26 %) and
Mollusca (2-11 %) had the highest relative abundances in the upper 100 m. Ostracoda were rarely
observed in the upper 25 m, whereas Chaetognatha (2-11 %) tended to be the most important in the
bathypelagic layers. All other groups contributed less than 5 % to the total zooplankton at all depths.
At Senghor Seamount, Calanoida contributed 49-85 % to the total zooplankton and had markedly
higher shares below 500 m than above. No clear patterns were observed for Cyclopoida (4-37 %),
Ostracoda (1-12 %) and Chaetognatha (1-12 %). All other groups contributed less than 5 % to the total

zooplankton at all depths.
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Fig. 4-4. Relative composition (%) of the major zooplankton groups (Ind m®) during night at the E slope of
Ampeére Seamount in December 2010 and at the NW slope of Senghor Seamount in October 20009.

4.4.3 Distribution of standing stocks and size classes

The standing stocks of zooplankton in the upper 1000 m were compared between slope and far field
stations. In November/December 2010, mean stocks at Ampere differed little between stations, but
were twice as high at the mid-eastern slope in May 2009 (Fig. 4-5). For the bathypelagic zone, data are
only available for the far field site and the deep slope from the winter 2010 period. Here, standing

stocks were about half as high as in the upper 1000 m.

The difference between the epi/mesopelagic and the bathypelagic zones was much more pronounced at
Senghor Seamount than at Ampeére, the standing stocks being nearly one order of magnitude lower in
the layer 1000-2500 m (Fig. 4-5). Standing stocks in the upper 1000 m were slightly higher at the

seamount stations than in the far field, but the reverse was found in the bathypelagic zone.
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Fig. 4-5. Standing stock of zooplankton (<20 mm) biomass (g m2) and size composition (%) at the slopes of
Ampere and Senghor seamounts and in the far field. Data are shown for Ampére Seamount in May 2009 and
November/December 2010 and for Senghor Seamount in September/October 2009 (mean values of day and

night MOCNESS hauls). sl, slope.

Differences between the far field and the pooled slope stations, for each seamount respectively, were
not statistically significant for either Senghor or Ampére (Table 4-1). However, the zooplankton
standing stock in the upper 1000 m (slope stations pooled) was significantly higher at Senghor than at

Ampere, whereas below 1000 m the standing stocks did not differ significantly (Table 4-1).

Table 4-1. One-way ANOVA for differences in biomass standing stocks between seamount slopes and the far
field.

depth (m) fixed effect location n df F-ratio p

0-1000 pmpers slope W 112 oms  oser
0-1000 fa??lgeTg relope a 18 as 0097
0-1000 égqn%?:ce)rssl?op;fe r 114 368791 <0.001
1000-3000 é?npgehrsrssl?op;fe > 12 25 065

df, degrees of freedom; F, F-ratio of mean squares; p, probability of error.
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The size composition of zooplankton in terms of biomass in the upper 1000 m was similar at all

Ampére Seamount sampling sites (Fig. 4-5). The size classes 0.5-20 mm contributed nearly equally to

the total biomass, whereas the size class <0.5 mm contributed a markedly lower share. A slightly

higher contribution of the smaller size classes was observed in spring 2009. Below 1000 m, the size
distribution shifted to a predominance of size class 2-5 mm, but the 0.5-1 mm fraction reached only

10-12 %.

At Senghor Seamount the size composition of zooplankton in the upper 1000 m was similar to Ampére

and differed little between sampling sites (Fig. 4-5). However, in the bathypelagic zone the size

composition changed in favor of the size fraction 1-2 mm, contributing 40 % of the total biomass,

whereas the share of the larger fraction 2-5 mm decreased.

4.4.4 Small-scale distribution of standing stocks in the upper 100 m: orthogonal

transects

At Ampére Seamount, stocks of mesozooplankton showed some variability between stations, but no

clear spatial pattern or day-night differences were detected in the upper 100 m (Fig. 4-6).
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Fig. 4-6. Small-scale distributio