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Microzooplankton and meroplanktonic
larvae at two seamounts in the subtropical
and tropical NE Atlantic
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Spatial distribution patterns of microzooplankton (0.055-0.3 mm) biomass and abundance were studied in relation to the
hydrographic situation and the local flow field in the waters off Ampere and Senghor, two shallow seamounts in the subtrop-
ical and tropical NE Atlantic, in comparison with unaffected open ocean reference sites. Ampeére was sampled during
November/December 2010 and Senghor during December 2011 and February 2013. The study includes taxonomic compos-
ition, abundance of meroplanktonic larvae and an estimation of the respiratory carbon demand. Biomass (dry weight) stand-
ing stocks of microzooplankton in the upper 100 m ranged between 30-120 mgm™ > over Ampére and 140-260 mgm™ > over
Senghor Seamount, corresponding to 33 and 24% of the total zooplankton (0.055-20 mm). Highest total abundance was
always found in the upper 50 m with numbers of 1070-5060 Ind m™3 at Ampére and 5050-20,000 Ind m™3 at Senghor
with microzooplankton contributing 70-95%. Zooplankton accumulated mainly at the thermocline coincident with the
deep fluorescence maximum and was ascertained by food supply rather than by oxygen limitation. The microzooplankton
contribution to the total respiratory carbon demand was ~50% in the subtropical waters off Ampére and ~30% at
Senghor, reflecting the important role of microzooplankton in the waters of the NE Atlantic subtropical gyre. Clear evidence
of local seamount effects resulting in enhanced microzooplankton biomass compared with the unaffected reference sites were
not detected. However, we confirmed Senghor as a hotspot for meroplanktonic larvae, suggesting a retention potential that
results in significantly enhanced larval abundance in the seamount waters as compared with the open ocean.
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INTRODUCTION

The abrupt topography of seamounts in all oceans provides
particular habitats of hard substrata and soft bottom for
the benthic fauna as well as for associated pelagic communi-
ties, in contrast to the general flat and sediment-covered
deep-sea plains (Rogers, 1994; Stocks & Hart, 2007). In the
water column, current-topography interactions between sea-
mounts and the surrounding oceanic flows may generate
meso-scale variability and affect the local retention time of
water masses, including particles, phytoplankton and
smaller zooplankton (Genin & Boehlert, 1985; Roden, 1994;
Lavelle & Mohn, 2010). The uplift of deeper nutrient-rich
water associated with the biological retention potential of sea-
mounts may be increased by hydrodynamic processes such as
seamount associated eddies (Richardson, 1980, 1981), Taylor
caps/columns or tidal resonance and seamount-trapped
waves (see White et al., 2007; Lavelle & Mohn, 2010).
Despite the hypothesis of seamounts as places of enhanced
biomass and production (Rogers, 1994), only limited evidence
suggests that seamounts can support elevated biomass and
abundance of the benthic invertebrate fauna (see Genin,
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2004; Clark et al., 2010; Rowden et al,, 2010). However, 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 recruit-
ment of the benthic population. Boehlert & Mundy (1993)
assumed seamounts as sources of eggs and larvae leading to
assemblages of ichthyoplankton. Though meroplanktonic
larvae, belonging to the micro- and mesozooplankton com-
munity, are an important factor for recruitment, food
supply and production in a seamount ecosystem, related
studies are sparse (e.g. Mullineaux & Mills, 1997; Metaxas,
2011).

The microzooplankton community, usually defined as the
size fraction 0.02-0.2 mm, includes protists such as ciliates
and foraminiferans, but also metazoan larvae and small
metazoans like small copepods and nauplius and copepodite
stages of copepods. We also consider dinoflagellates as part
of the microzooplankton here (Sherr & Sherr, 2007). In par-
ticular the small developmental stages of copepods are an
important prey for fish larvae and other zooplanktivorous
consumers (Turner, 2004), and on the other hand exert an
important grazing impact on phytoplankton communities,
which are seasonally dominated in low latitudes by extremely
small cells of nano- and picoplankton (Landry ef al, 1995).
However, there is still little knowledge on the small zooplank-
ton groups and their trophic position in the marine food web
as compared with, for example, larger copepod taxa, because
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the small-sized zooplankton has usually been undersampled
in the oceanic realm due to the common usage of nets with
mesh sizes >o0.2 mm (Gallienne & Robins, 2001; Turner,
2004).

Using a multiple opening and closing net system with a
mesh size of 0.055 mm, the present study assesses the spatial
distribution of microzooplankton in relation to the mesozoo-
plankton fraction at Ampeére and Senghor, two shallow sea-
mounts in the subtropical and tropical NE Atlantic, with
special attention to the abundance of invertebrate larvae. In
particular we were interested whether and where microzoo-
plankton is accumulated over Ampeére and Senghor. The
study further addresses the question whether meroplanktonic
larvae are retained in seamount surrounding waters as pro-
posed by Mullineaux & Mills (1997) and whether the sea-
mounts may be considered as hotspots in the open ocean
for larvae from benthic invertebrates, such as corals, gastro-
pods, bivalves, polychaetes and echinoderms, which have
been sampled during cruises to Senghor in September/
October 2009 and to Ampere in May 2005 and in
November/December 2010 (Beck et al., 2006; Christiansen
& Koppelmann, unpublished data; Molodtsova & Vargas,
unpublished data; Chivers et al., 2013). Complementary to
our previous study on mesozooplankton (Denda &
Christiansen, 2014), we focus on small-sized zooplankton
and give an assessment of the respiratory carbon demand
and the taxonomic composition in order to better understand
the trophic position of the microzooplankton and their impact
on the phytoplankton community in the oligotrophic system
of the NE Atlantic subtropical gyre as compared with the
mesotrophic system of the tropical gyre. In this context we
addressed the following questions:

(a) How do the local current regime and the hydrographic
conditions affect the microzooplankton distribution in
distinct seamount regions (summit plateau, rim, slope,
up- and downstream sides) compared with open ocean
reference sites in terms of biomass and abundance?

(b) How does the large-scale current regime of the subtropical
and tropical gyre affect the microzooplankton distribu-
tion at Ampere and Senghor Seamounts, respectively, in
terms of biomass, abundance and respiratory carbon
demand?

(c) Are Ampere and Senghor Seamounts hotspots for benthic
invertebrate larvae, featuring enhanced larval abundance
as compared with the open ocean?

MATERIALS AND METHODS

Study sites

AMPERE SEAMOUNT

Ampere Seamount was sampled during cruise M83/2 of RV
‘Meteor’ in November/December 2010. Ampere, within the
sphere of the NE Atlantic subtropical gyre, belongs to
the Horseshoe Seamounts Chain, which is located between
the island of Madeira and the Portuguese mainland
~360 NM west of the Strait of Gibraltar at 35°02'N
012°54'W (Figure 1). The current regime around Ampere is
mainly driven by the Azores current and the Mediterranean
outflow. 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 (Figure 2A), partially overgrown with macroalgae in
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Fig. 1. Locations of Ampere and Senghor Seamounts and the far field sites
(FF) in the NE Atlantic. Bathymetric data source: GEBCO (IOC et al., 2003).

the photic zone (Christiansen, unpublished data). The sea-
mount has a conical shape with a small, rough summit
plateau and steep rocky slopes and canyons (Kuhn et al.,
1996; Hatzky, 2005) as well as sediment-covered areas. For
comparison, one open ocean reference station (hereafter
referred to as ‘far field’) ~70 NM south-west of Ampere
Seamount, located at 33°48'N 013°00'W, was also sampled.
Water depth was about 4400 m over a flat sedimentary plain.

SENGHOR SEAMOUNT

Senghor Seamount was sampled during the cruises P423 and
P446 of RV ‘Poseidon’ in December 2011 and February 2013.
Senghor is located ~60 NM east of the island of Sal, Cape
Verde at 17°12'N 021°57'W (Figure 1). The ocean dynamics
around Senghor are mainly characterized by the north equa-
torial current system which drives the NE Atlantic tropical
gyre (see Mittelstaedt, 1991; Lathuiliere et al., 2008) and by
the Cape Verde frontal zone between North and South
Atlantic central water (Zenk et al., 1991). Water depth at
the base of the seamount is about 3300 m; the minimum
summit depth is 9o m (Figure 2B). Senghor Seamount has a
nearly circular shape with a small summit plateau and features
a heterogeneous surface structure, which was shown by several
ROV dives during cruise My79/3 of RV ‘Meteor’ in September/
October 2009 (Christiansen & Koppelmann, unpublished
data). The summit plateau is covered with sediment in most
parts but also shows rocky areas in the centre, 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 alter-
nates with rocky areas. For comparison, an unaffected open
ocean reference station (hereafter referred to as ‘far field’)
~60 NM north of Senghor Seamount, located at 18°05'N
022°00'W, was sampled. Water depth was about 3300 m
over the flat sedimentary plain.
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Fig. 2. (A) Bathymetry and sampling locations of CTD and MultiNet® at Ampére Seamount on cruise M83/2 in November/December 2010 (credit bathymetric
data: J. Hatzky, AWI). (B) Bathymetry and sampling locations of CTD and MultiNet® at Senghor Seamount on cruise P423 in December 2011 and P446 in

February 2013 (credit bathymetric data: A. Schmidt, IFM-GEOMAR).

Hydrographic data collection

CTD (Conductivity-Temperature-Depth) casts were per-
formed around Ampeére and Senghor seamounts and at the
far field sites, using a Seabird CTD equipped with sensors
for temperature, conductivity, oxygen and fluorescence. In
our study we examined CTD stations in the proximity of
the zooplankton sampling stations, covering the upper
100 m of the water column over the summit plateau and
rim and the upper 1000 m of the water column over the
mid slopes and at the far field sites (Figure 2A, B; Table 1).
Direct current velocity data were obtained from two vessel-
mounted ADCP (Acoustic Doppler Current Profiler) surveys
at Ampere (M83/2) and Senghor seamounts (P446). ADCP
data were not collected during the P423 Senghor cruise due
to technical problems. ADCP measurements were conducted
with 38 kHz (M83/2) and 75 kHz (P446) Teledyne RDI
Ocean Surveyor systems. Single ping velocity profiles were
recorded along with corresponding records of position,
heading and time. Depth bin size settings varied between
16 m (depth range 27-651 m, Ampeére Seamount) and 8 m
(depth range 22-814 m, Senghor Seamount). Two-minute
ensemble velocity averages were created from all single ping
ADCP velocity profiles. Further processing was carried out
using the Common Oceanographic Data Access System
(CODAS) developed by the University of Hawaii (Firing
et al, 1995; http://currents.soest.hawaii.edu/docs/adcp_doc/
index.html) and following the guidelines for shipboard
ADCP measurements by the GO-SHIP group (Firing &
Hummon, 2010). Individual processing steps included evalu-
ation and correction (if applicable) of transducer misalign-
ment, as well as estimating transducer orientation, velocity
amplitude scale factor and navigation. Resulting ship speed
estimates were used to calculate absolute currents. Depth
bins with per cent good values less than 80% of the return
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signal were discarded. Owing to the heterogeneous data distri-
bution, ADCP velocities at each depth bin were spatially inter-
polated over a uniform grid using the DIVA software (Data
Interpolating Variational Analysis; Troupin et al., 2010).
The grid size was set to 0.02° (~1 NM) in latitude and longi-
tude. DIVA employs optimal interpolation and error analysis
of spatially scattered data based on meaningful estimates for
the spatial correlation length scale L and the signal to noise
ratio N. A characteristic seamount length scale (L =0.2°
inside the 1000 m isobath) was considered adequate to
resolve the principal dynamic scales at both seamounts. \
was set to a constant and uniform value of order unity (A =
1) to reduce potential artefacts in the interpolated velocity
fields from the mismatch between high-resolution along-track
and low-resolution cross-track measurements. The horizontal
distributions of flows were plotted at particular depths roughly
corresponding to the surface depth (43 and 38 m), the depth
of the summit plateau (91 and 86 m), the lower rim of the
plateau (251 and 246 m) and the mid slope (395 and 398 m)
of Ampere and Senghor seamounts, respectively.

Monthly composites (December 2011, February 2013) of
absolute geostrophic currents (cms™ ") were calculated from
daily AVISO satellite altimetry (http://www.aviso.altimetry.
fr/en/home.html) to compare major surface circulation fea-
tures surrounding Senghor Seamount. The altimetry data ana-
lysed here are multi-mission datasets from up to four satellites
at a given time on a 0.25° regular grid. The altimetry data pro-
cessing and gridding methodology are described in detail in
the SSALTO/DUACS User Handbook (2006).

Zooplankton sampling

Zooplankton were collected using vertical hauls with a
Hydro-Bios 0.25 m>MultiNet® (Weikert & John, 1981)
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Table 1. Haul data for CTD and MultiNet during expeditions to Ampere Seamount in November/December 2010 and to Senghor Seamount in
December 2011 and February 2013.

Station No. Gear Date Time Position Lat N long W Water depth (m) Sampling depth (m) Location
M83/2 2010 Ampere
946 CTD 22.11. Night 33°47.96' 13°00.05’ 4413 0-1000 Far field
1178 CTD 08.12. Night 35°03.03 12°49.63' 1751 0-1000 Slope E
1194 CTD 09.12. Day 35°00.99 12°53.45' 1270 0-1000 Slope S
1245 CTD 12.12. Night 35°08.00" 12°53.60 1694 0-1000 Slope N
1267 CTD 14.12. Night 35°03.63 13°04.94 1740 0-1000 Slope W
1330 CTD 18.12. Day 35°04.47 12°54.27 106 0-100 Summit
969-970 MultiNet 25.11. Night 33°48.03 13°59.98’ 4418 1000-0 Far field
1279-1280 MultiNet 14.12. Night 35°01.69 12°52.66 1055 1000-0 Slope S
1282-1283 MultiNet 15.12. Night 35°03.20" 12°50.75 1094 1000-0 Slope E
1284 MultiNet 15.12. Night 35°03.30" 12°51.87 307 250-0 Rim E
1285 MultiNet 15.12. Night 35°02.13 12°53.82/ 223 200-0 Rim S
1298-1299 MultiNet 15.12. Night 35°03.29 13°00.83 1044 1000-0 Slope W
1316-1317 MultiNet 17.12. Night 35°06.40" 12°53.95' 1037 1000-0 Slope N
1326 MultiNet 18.12. Day 35°04.99 12°53.80 376 300-0 Rim N
1328 MultiNet 18.12. Day 35°03.52 12°55.29 268 250-0 Rim W
1329 MultiNet 18.12. Day 35°03.72 12°53.41 127 100-0 Summit
P423 2011 Senghor
729 CTD 11.12. Night 18°05.03' 22°00.02 3294 0-1000 Far field
739 CTD 13.12. Night 17°12.39' 21°57.80 133 0-100 Summit
744 CTD 13.12. Day 17°14.49' 21°57.42 1059 0-1000 Slope N
753 CTD 14.12. Night 17°06.86 21°56.15’ 1652 0-1000 slope S
771 CTD 15.12. Day 17°11.03 22°00.77 1079 0-1000 slope W
780 CTD 16.12. Day 17°11.68 21°54.78 1031 0-1000 slope E
731-734 MultiNet 12.12. Night 18°05.00" 22°00.00’ 3294 1000-0 far field
737-738 MultiNet 13.12. Day 17°14.48 21°57.39 1088 1000-0 Slope N
745-746 MultiNet 13.12. Night 17°14.48' 21°57.39 1088 1000-0 Slope N
751-752 MultiNet 14.12. Night 17°11.62 21°54.78 1039 1000-0 Slope E
756-757 MultiNet 14.12. Day 17°11.62' 21°54.78 1039 1000-0 Slope E
766-767 MultiNet 15.12. Night 17°08.10 21°56.76' 1079 1000-0 Slope S
764-765 MultiNet 15.12. Night 17°11.05’ 22°00.77 1044 1000-0 Slope W
784 MultiNet 17.12. Day 17°11.29/ 21°57.26' 100 90-0 Summit
785-786 MultiNet 17.12. Day 17°11.05' 22°00.77 1044 1000-0 Slope W
P446 2013 Senghor
499.1 CTD 08.02. Night 17°14.10' 21°55.50" 1190 0-1000 slope NE
500.3 CTD 08.02. Day 17°11.34 21°56.37 232 0-180 Rim E
501.1 CTD 08.02. Day 17°11.26/ 21°57.24 102 0-100 Summit
502.3 CTD 08.02. Day 17°11.29 21°58.20" 253 0-250 Rim W
518.5 CTD 13.02. Night 17°11.07 22°00.75’ 1077 0-1000 Slope W
524.1 CTD 14.02. Night 17°11.60' 21°54.77 1049 0-1000 Slope E
525.3 CTD 14.02. Day 17°10.18' 21°57.23 227 0-240 Rim S
526.1 CTD 14.02. Day 17°12.62 21°57.49 231 0-180 Rim N
520.1 CTD 15.02. Day 18°04.99’ 22°00.02 3295 0-1000 Far field
499.2-5 MultiNet 08.02. Day 17°14.10' 21°55.50" 1179 1000-0 Slope NE
500.1-2 MultiNet 08.02. Day 17°11.34 21°56.31 253 240-0 Rim E
501.2-3 MultiNet 08.02. Day 17°11.23 21°57.21 102 95-0 Summit
502.1-2 MultiNet 08.02. Day 17°11.29 21°58.16' 233 225-0 Rim W
518.1-4 MultiNet 13.02. Day 17°11.03 22°00.75’ 1072 1000-0 Slope W
524.2-5 MultiNet 14.02. Day 17°11.60' 21°54.78 1038 1000-0 Slope E
525.1-2 MultiNet 14.02. day 17°10.17 21°57.25 251 240-0 Rim S
526.2-3 MultiNet 14.02. Day 17° 12.63 21° 57.51 216 200-0 Rim N
529.2-5 MultiNet 15.02. Day 18°04.97' 21°59.97 3286 1000-0 Far field

equipped with five nets. The mesh aperture was 0.055 mm.
The sampling design comprised a vertical profile at the far
field station and two orthogonal transects across the sea-
mounts, one in north-south and one in east-west direction,
with stations at the mid slopes down to 1000 m depth, at
the rim of the plateau and at the summit centre (Figure 2A,
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B; Table 1). The water column was subdivided into the follow-
ing sampling intervals, depending on the maximum water
depth:  1000-750-500-400-300-200-100-50-25-0 m.
The net was lowered and hauled up with 0.5 m s~ *. In order
to achieve this vertical resolution with a five nets MultiNet®
sampler at the slope stations, the 1000 m profiles were split
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into two casts, one from 1000 to 300 m and a second one from
300 m to the surface. During the Senghor surveys each cast
was usually performed twice, in order to get two complete ver-
tical profiles at each station, to allow for statistical analyses
(Table 1). In 2011 one day and one night profile were obtained
at each station, in 2013 samples were taken only during
daytime. Due to technical problems of the ship, the sampling
design could not be completed as planned, and some stations
are missing from each cruise. At Ampere Seamount casts were
performed only once independent of daytime due to lack of
ship time.

Upon recovery of the MultiNet®, the nets were rinsed with
seawater and the catch transferred into PE bottles. The mater-
ial was preserved in a 4% formaldehyde-seawater solution buf-
fered with borax for biomass determination and taxonomic
identifications.

Biomass analyses and carbon demand

In the laboratory, the zooplankton samples were fractionated
by sieving into the size classes 0.055-0.3 and 0.3 -20 mm
(hereafter referred to as ‘microzooplankton’ and ‘mesozoo-
plankton’). The separation between micro- and mesozoo-
plankton is usually o.2 mm, but fractionating through a
0.3 mm sieve allowed an estimation of the importance of
microzooplankton in comparison with previous data of the
present study sites (Denda & Christiansen, 2014) and with
the often used 0.3 mm net samples focusing on calanoid cope-
pods (e.g. Roe, 1988; Wiebe et al., 1992; Fabian et al., 2005;
Koppelmann & Weikert, 2007). 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). After wet weight determination the size fractions
were split into two subsamples by a modified Folsom plankton
splitter (McEwen et al., 1954). One half was transferred into
sorting fluid (0.5% propylene phenoxetol, 5% propylene
glycol and 94.5% H,O; Steedmann, 1976) for counts and taxo-
nomic analyses. For dry weight determination the other half
was filtrated in a volume of 250 ml distilled water on a pre-
combusted (at 500°C for 0.5 h) and pre-weighed fibreglass
filter (Whatman GF/C, ¢ 45 mm), and oven-dried at 60°C
for 24 h until the sample reached a stable weight.

The volume of the filtered water for each net was calculated
by multiplying the net opening (0.25 m®) with the sampling
interval as measured by the pressure sensor, assuming a filtra-
tion efficiency of 100%. Biomass (dry weight) was standar-
dized to milligrams per 1 m* (mg m™ ). Standing stocks in
terms of biomass integrated over the whole water column or
a given depth range were calculated as mgm™ .

For the calculation of the respiratory carbon demand mean
individual dry weight (mg Ind ") was determined by dividing
the dry weight of the sample by the number of individuals in
the parallel sample. Individual respiration rates were calcu-
lated from mean individual dry weight and temperature for
each sample, respectively, using a multiple-regression model
after Ikeda (Ikeda et al., 2001):

In R = —0.399 + 0.801 In W + 0.069T

with R = individual O, respiration rate (ulInd " h™'); W=
mean individual dry weight (mg Ind™"); T = mean tempera-
ture in sampling intervals (°C). The individual oxygen respir-
ation rates (ulInd™"h™') were multiplied by the total
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number of individuals (Ind m™?); the resulting community
oxygen respiration rates (wlm™ > h™") were then converted
to carbon equivalents RC (ug m™ > h™ ") by the equation:

RC =R*RQ *12/22.4

where RQ is a respiratory quotient of 0.97 (Omori & Ikeda,
1984; Ikeda et al., 2000) and 12/22.4 is the weight (12 g) of
carbon in 1 mole (22.4 L) of carbon dioxide (Ikeda et al,
2000). Respiratory carbon demands for distinct depth layers
were calculated as mgm™ >d ". Since lkeda’s regression
model refers only to epipelagic zooplankton, calculated
respiration rates of zooplankton for the mesopelagic zone
(300-1000 m) were reduced by 50% to consider the effect
of pressure, following Ikeda et al. (2006), who concluded
that mesopelagic respiration rates were in the order of
one-half that of epipelagic respiration.

Taxonomic analyses

Microzooplankton samples of M83/2 were split by a plankton
splitter after Wiborg (1951), using a subsample of 1/5, 1/10, 1/
20 or 1/25. Microzooplankton samples of P423 and P446 were
split using a Stempel pipette. Depending on the total number
of individuals, an aliquot of 2.5, 5 or 10 mL was removed by
the pipette from the sample diluted in a conical flask of
250 mL. Mesozooplankton samples were split using a modi-
fied Folsom plankton splitter (McEwen et al., 1954) to a sub-
sample of 1/2, 1/4, 1/8 or 1/16.

Protistan and metazoan zooplankton were sorted and
counted under a dissecting microscope, identified at phylum,
class or order level or at developmental stage and grouped as
follows: Dinoflagellata, other Protista (Foraminifera and
Tintinnina), Appendicularia, other pelagic non-Crustacea
(Cnidaria, Mollusca, Polychaeta, Chaetognatha, Thaliacea),
invertebrate larvae (without nauplii of holoplanktonic organ-
isms, but including Cirripedia larvae), nauplii (including
mainly Copepoda, but also Euphausiacea, Decapoda, which
were not counted separately), and other pelagic Crustacea
(Ostracoda, Cladocera, Hyperiidea, other Amphipoda,
Decapoda, Euphausiacea, Mysidacea, other Harpacticoida).
Copepoda were identified at the family, genus or species
level, such as the most abundant Micro-/Macrosetella spp.,
Oithona spp., Oncaea spp., Paracalanidae and Clausocalanidae.
Other less abundant or juvenile copepod taxa were grouped
and presented in the graphic results as other Cyclopoida and
other Calanoida, respectively. A particular focus was on the
identification of invertebrate larvae of Cnidaria, Gastropoda,
Polychaeta, Cirripedia and Echinodermata. Exoskeletons,
according to Wheeler (1967) and Weikert (1977), and frag-
ments of gelatinous organisms like Siphonophora were not
considered in this study.

Counts were multiplied by the division factor of the sub-
sample, and abundance was standardized to individuals per
1m® (Ind m™?). Standing stocks integrated over the whole

water column or a given depth range were calculated as Ind m ™.

Data analyses

Prior to the statistical analyses, data were log transformed
[Y =log (Y + 1)] in order to reach approximate normal dis-
tribution and homogeneity of variances, tested using the
Kolmogorov-Smirnov and the Levene tests, respectively.
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Biomass standing stocks of microzooplankton (mgm™?)
and abundance standing stocks of meroplanktonic larvae
(Ind m™*) were calculated for two depth layers: o100 and
100-1000 m, roughly corresponding to the epipelagic zone
above the summit depths and the mesopelagic zone including
the lower epipelagic. Within each layer differences in standing
stocks of biomass and abundance between distinct seamount
regions and the far field were tested statistically for locations
with two replicate hauls available. One-way analyses of vari-
ance (ANOVA) (Lozan & Kausch, 2004; Sokal & Rohlf,
2009) were used, followed by a priori hypothesis tests using
contrasts to test for differences between distinct pairs of
samples (summit vs. rim, summit vs. slope, rim vs. slope,
up- vs. downstream, seamount vs. far field, Senghor,,,,
vs. Senghor,,,; Ampere vs. Senghor,,,,, Ampere vs.
Senghor,,, ;).

All statistical tests were performed using the SYSTAT 8.0
statistical package (SPSS Inc., 1999). For clarity, only signifi-
cant results of t-tests and ANOVAs/a priori tests are given
in the text in form of ¢ and F values, respectively, together
with degrees of freedom and significance levels of P < 0.05
and P < o.o1. Full statistical results are available in the elec-
tronic supplement (Table S1-3).

In order to investigate similarities between distinct sea-
mount regions and the far field in terms of zooplankton abun-
dance standing stocks, multivariate analyses were performed
by group-average linked cluster analysis and non-metric
multi-dimensional scaling (MDS) using PRIMER 6 v. 6.1.6
(Clarke & Gorley, 2006). All identified taxa and developmen-
tal stages were included, resulting in 24 groups for Ampere, 44
groups for Senghor in 2011 and 50 groups for Senghor in
2013. Abundance of each group was integrated over o-100
and 100-1000 m depth, calculated as Ind m™*. Abundance
standing stocks of the respective depth layer were square-root
transformed and Bray- Curtis similarity matrices were calcu-
lated to generate clusters, which were described by non-metric
MDS plots with 10 restarts to determine lowest stress giving a
good ordination of similarities into the corresponding dis-
tance matrix. Statistically significant differences (P < 0.05)
among groups of locations in the cluster analyses were deter-
mined by similarity profile tests (SIMPROF) (Clarke &
Warwick, 2001; Clarke & Gorley, 2006).

Linkage between the physical and biological data was deter-
mined by the BEST (Biota and/or Environment matching)
procedure using the BIO-ENV method (PRIMER 6 v. 6.1.6;
Clarke & Gorley, 2006). For each cruise physical and biologic-
al data of the slope stations, the summit and the far field were
used. For Senghor,,, ; the rim stations were also included, but
not for the other cruises since zooplankton or hydrographic
data are missing. Physical variables included depth, tempera-
ture, salinity, oxygen and fluorescence from the CTD casts.
For Ampére and Senghor,,, ,, absolute current velocity and
direction from the ADCP collections were also included.
Mean values were calculated for each MultiNet® sampling
interval. Physical variables except depth were log transformed
[Y =log (Y + 1)] according to Clarke & Warwick (2001).
The values for each physical variable were normalized,
having their mean subtracted and being divided by their
standard deviation, making it possible to derive meaningful
distances between values of physical variables on completely
different scales with arbitrary origins. Dissimilarity matrices
of the physical variables were calculated by Euclidean distance.
Biological data were square-root transformed and Bray-
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Curtis similarity matrices were calculated. The analyses were
done on the abundances of all identified groups (Ind m™?)
and, separately, on the abundance of meroplanktonic larvae
(Ind m™3) as well as on micro- and mesozooplankton
biomass (mgm *) (mean values of parallel hauls). The
BIO-ENV procedure then measures the matching entries of
the physical and biological matrices by a Spearman rank cor-
relation and selects the combination of physical variables
which maximizes the correlation coefficient (Clarke et al.,
2008).

RESULTS

Hydrography

Hydrographic conditions at Ampere Seamount and the far
field site indicate a strong stratification of the water column
during November/December 2010 (Figure 3). A homogeneous
warm mixed surface layer extended over the upper 60-8o m
with temperature ~18.6°C and salinity ~36.4 above the sea-
mount. In the far field, temperature and salinity of the
mixed layer were higher with 20.4°C and 36.7, respectively.
An oxygen maximum occurred between 80 and 100 m in
the far field with values of 7.5 ml L™ '. Over the seamount
slopes, oxygen concentrations reached 6.7-7.0 mLL™" but
without showing a distinct maximum. Over the shallow
summit no oxygen increase was obvious. Coincident with
the oxygen maximum, the relative fluorescence data in the
far field showed a maximum at around 8o m. Due to technical
failure fluorescence data are not available for the seamount.
Below the mixed layer a steep gradient in temperature, salinity
and oxygen extended over 20m, followed by a gradual
decrease of temperature and oxygen to 1000 m depth at all
deep stations. In contrast, salinity increased below 600 m
depth reaching maximum values of >36 at 1000 m depth.
This deep salinity increase was more pronounced over the
slopes than in the far field.

Over Senghor Seamount and at the corresponding far field
site hydrographic conditions indicate a well stratified water
column during both sampling seasons (Figure 3). Surface
water temperature was ~24.5°C in December 2011 and
~22.1°C in February 2013, building a warm mixed surface
layer in the upper 50-75 m with salinity values of 36.4 and
35.8, respectively. This layer was characterized by a distinct
oxygen maximum of 4.6 mL L™" and was markedly thinner
above the summit and the eastern slope as compared with
the western slope and the far field site in 2013. At the
bottom of the mixed layer of the deep stations the relative
fluorescence data (not available for far field 2011) show a
deep maximum between 35 and 70 m, and salinity reached
a peak of 36.8. A steep gradient in all parameters extended
down to 150 m, marking the thermocline. Below 150 m, tem-
perature decreased gradually to 6.3°C at 1000 m, and salinity
to 34.9. Oxygen had a minimum of 1.3 mL L™ " at 400-500 m
and increased gradually below this depth, reaching concentra-
tions of >2 mL L™ " at 1000 m.

DIVA objective analysis was used to create gridded com-
posites of all ADCP velocity profiles without removing the
tidal component and each sampling period. The resulting
maps represent realistic spatial and temporal snapshots of
predominant flow characteristics during each sampling
period provided that changes in flow patterns are sufficiently
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Fig. 3. Vertical profiles of temperature (T; °C), salinity (S), oxygen (O,; mL L™ ") and fluorescence (F; Ampere: mg m™?; Senghor: RFU = relative fluorescence
unit) for the summit, E and W slope and the far field of Ampére Seamount in November/December 2010 and Senghor Seamount in December 2011 and
February 2013.
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Fig. 4A. Gridded current velocities (cm s~ ') at Ampére Seamount in December 2010 derived from 2 min ensemble averaged 38 kHz ADCP data from the M83/2
cruise using DIVA objective analysis. Flow vectors and current speeds are presented at four discrete depth levels (43, 91, 251, 395 m) and every third flow vector is
shown. Filled contours denote current speed magnitudes. The contour interval is 5 cm s™ . Please note that colour scales and intervals in Figure 4A, B are different.
Solid depth contours represent the 500, 1000, 2000, 3000 and 4000 m isobaths (shallowest water depths at the seamount centre). Depth contours were taken from
the 1 min Smith & Sandwell seafloor topography V17.1 (Smith & Sandwell, 1997).

small. Below 400 m the general flow fields marginally
changed at both seamounts. Analysis of geostrophic currents
from daily AVISO altimetry indicated largely synoptic
surface flow conditions at both seamounts at the time of
sampling (for Senghor seamount see Figure S1 in the elec-
tronic supplement; Ampere Seamount not shown).
However, the gridded ADCP data most likely underestimate
the presence of higher frequency motions in the original
data. Water current estimates from ADCP measurements
at Ampere Seamount indicate generally south-eastward
flow in the upper 100m with maximum currents of
35 cms | to the south of the seamount and 15-25cm s *
directly impinging at the seamount. Weaker currents (5-
10cms ') were observed downstream of the seamount at
the eastern and south-eastern slopes (Figure 4A). At 251 m
and 395 m depth the flow was ~10-15cm s ' to the east.
At the northern slope of the seamount a deflection to the
north/north-east was apparent at all depths, reaching magni-
tudes of 30—40 cm s™ ' in the upper 100 m and 20 cm s™ ' in
deeper waters.

Senghor Seamount was dominated by south-westward
flow with magnitudes up to 15 cm s ' in the upper 100 m
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during the cruise in February 2013 (Figure 4B). At 246 m
and 398 m depths the flow was ~5-10cms ' to the
south/south-west and steady on the east side of the seamount
at all depths. At the south-western and western slopes flow
direction was more variable. No ADCP measurements were
available in December 2011, but further analysis of AVISO
altimetry based surface currents indicate that large-scale
flow patterns are dominated by a persistent cyclonic eddy-
like recirculation located to the south-east of Senghor
Seamount in both sampling periods which introduces flow
to the south-west of the seamount (Figure S1). The feature
is more pronounced and attached to the seamount in
February 2013 with maximum flow speeds up to
20cm s ', which agrees well with near-surface ADCP flow
characteristics (Figure 4B).

Abundance and composition

TOTAL ZOOPLANKTON
In terms of abundance, microzooplankton made up 65-95%
of the total zooplankton (0.055-20 mm; hereafter means
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Fig. 4B. Gridded current velocities (cm s~ ') at Senghor Seamount in February 2013 derived from 2 min ensemble averaged 75 kHz ADCP data from the P446
cruise using DIVA objective analysis. Flow vectors and current speeds are presented at four discrete depth levels (38, 86, 246, 398 m) and every third flow vector is
shown. Filled contours denote current speed magnitudes. The contour interval is 2 cm s™ . Please note that colour scales and intervals in Figure 4A, B are different.
Solid depth contours represent the 500, 1000, 2000 and 3000 m isobaths (shallowest water depths at the seamount centre). Depth contours were taken from the

1 min Smith & Sandwell seafloor topography V17.1 (Smith & Sandwell, 1997).

‘micro- and mesozooplankton’) over each seamount, and
highest abundance was always found in the upper 50 m.
Within the microzooplankton community at the slopes of
Ampere Seamount and the far field nauplii, Oncaea spp.
and Clausocalanidae occurred in equal parts of 100-
440 Ind m™? in the upper 100 m, corresponding to 10-25%
each of the total microzooplankton (Figure 5A). Over
the rim and especially the summit numbers of other
calanoid copepods (240-1400 Ind m™?) and nauplii (230-
1460 Ind m™?) were markedly enhanced as compared with
the slope and the far field. Other invertebrate larvae were
scarce with a maximum occurrence of 12 Ind m 3 (<1%)
over the summit. Below 100 m Oncaea spp. remained the
most numerous organism (10-130Ind m™?), making up
30-40% of all individuals.
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At Senghor Seamount the microzooplankton composition
was similar during both sampling seasons (Figure 5A). In the
upper 25 m dinoflagellates showed up in high numbers over
the seamount (1120-3950Indm™?), especially over the
summit in 2011, as compared with the far field (200-
800 Ind m ™). Nauplii were overall the most numerous organ-
isms, reaching abundances of 2460- 4700 Ind m™? (40-55% of
the total microzooplankton) in the upper 100 m. Other inverte-
brate larvae occurred in numbers of 130-260 Ind m™ 2 (1-2%)
in the upper 25 m across the seamount, but were nearly absent
at the far field site. Calanoid copepods in the upper layer made
up 450-1790 Ind m™?3, contributing to 15-25% of the abun-
dance, and were dominated by species of the families Para-
and Clausocalanidae. Below 100 m the number of cyclopoid
copepods increased and exceeded calanoids. Oncaea spp.
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Fig. 5A. Vertical distribution of microzooplankton (0.055-0.3 mm) abundance (Ind m™?) with taxonomic composition at summit, rim, slope and far field of
Ampere Seamount in November/December 2010 and of Senghor Seamount in December 2011 and February 2013.

contributed 25-45% to the total zooplankton between 100- Within the mesozooplankton Clausocalanidae (55-
300 m with 420-950 Ind m™? and remained the most abun- 170Ind m™3) and other calanoid copepods (66—
dant organism in the mesopelagic zone beside nauplii. 338 Ind m™?) were the most abundant organisms in the
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Fig. 5B. Vertical distribution of mesozooplankton (0.3 —-20 mm) abundance (Ind m™?) with taxonomic composition at summit, rim, slope and far field of Ampére
Seamount in November/December 2010 and of Senghor Seamount in December 2011 and February 2013.

upper 100 m over Ampere Seamount, making up 10-20 and
30-45% of all mesozooplankton (Figure 5B). Below 100 m
numbers of mesozooplankton decreased from 75 to
12Indm™? down to 1000 m, with calanoids making up
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35-55%, and Oncaea spp. and Micro-/Macrosetella spp.
10-20% each. Invertebrate larvae showed up in numbers of
1-10Ind m ™3 (1-4%). At the far field site mesozooplankton
abundance of the upper 100 m was markedly lower than at the
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Fig. 6. Non-metric multi-dimensional scaling (MDS) plots, based on cluster analyses of depth integrated zooplankton abundance standing stocks within locations
of Ampére Seamount in November/December 2010 and Senghor Seamount in December 2011 and February 2013 and the far field sites. Significant location cluster

groups are circled, defined by % similarity between samples (SIMPROEF-test).

seamount, reaching in total 230-340 Ind m™ 3. Especially
Clausocalanidae (30-42 Ind m™?) and other calanoid cope-
pods (75-84 Ind m™3) occurred in comparable low numbers.

Over Senghor Seamount highest mesozooplankton abun-
dance was found at all locations in the upper 50 m (600-
1230 Ind m™?) (Figure 5B). The composition was similar
during both years with Clausocalanidae (30-530 Ind m™?)
and other calanoid copepods (60-310 Ind m™?) as the most
abundant organisms in the upper 100 m, making up 10-50
and 15-35%, respectively, of the mesozooplankton. Below
100m Oncaea spp. was the most numerous organism
(18-38 Ind m™?), beside calanoid copepods, contributing
20-50% to the total mesozooplankton. The abundance of
invertebrate larvae made up 1-4% in the larger size fraction
(1-12 Ind m™3). The mesozooplankton composition at the
far field site was comparable to Senghor slope.

ASSOCIATIONS BETWEEN ZOOPLANKTON AND

LOCATION

The group-average linked cluster analyses and the SIMPROF
permutation test showed in general a high level of 80-94%
similarity between locations in terms of zooplankton abun-
dance standing stocks (Ind m™*) in depths of o-100 and
100-1000 m, respectively. For the upper 100 m of Ampere
seamount and the far field site two clusters of locations were
defined with average internal similarity of 88% and dissimilar-
ity between clusters of 18%. One group was formed by the
northern and southern slope and the far field. The second
group included the summit, all rim stations and the eastern
and western slope (Figure 6). In the deeper waters no cluster-
ing was detected. In the upper 100 m of Senghor Seamount
and the far field in 2011 the internal similarity was about
90% and dissimilarity about 12% between three distinct
groups. The far field was separated from the seamount (P <
0.05), but no clear distributional pattern was defined within
the seamount locations, neither in the shallow nor in the
deeper waters. In 2013 four significantly separate clusters of
locations (P < 0.05) were defined at Senghor with average
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internal similarity of 88 and 15% dissimilarity between clus-
ters. Both far field casts formed one group, separated from
the seamount locations. Within the seamount one group com-
prised the summit and the eastern and western rim. The
second group was formed by the northern slope and the
third one by the eastern and western slope and the northern
and southern rim. Below 100 m two clusters of locations
were defined: the northern slope was separated from all
other slope stations and the far field.

The BIO-ENV analyses showed that in the waters off
Ampere seamount temperature best explains the structure of
the zooplankton abundance data (Ind m™?) (Spearman rank
correlation coefficient rg = 0.760, P < o.01). For Senghor in
2011 the best match between matrices of physical data and
zooplankton abundance was given by four physical variables,
depth, temperature, salinity and oxygen (rs = 0.897, P <
0.01), while for Senghor in 2013 it was given by temperature
only (rs = 0.793, P < 0.01).

MEROPLANKTONIC LARVAE

Invertebrate larvae, excluding nauplii of copepods, euphau-
siids and decapods, of both size fractions were pooled and
their abundance was analysed for each seamount station and
far field site, respectively. Larvae of cnidarians, gastropods
and polychaetes were most abundant; other taxa such as bar-
nacles, echinoderms, tunicates or bivalves were rarely
observed (<2 Ind m™?). In general, meroplanktonic larvae
were concentrated in the upper 50 m; below 200 m larval
abundance was generally low (Figure 7A-C). Small differ-
ences in composition could be detected between the seamount
locations: in the upper 100 m over Ampere Seamount larvae
of gastropods were most abundant over the summit, the
southern and eastern rim and at the far field site (12-
46 Ind m™~3), whereas cnidarians (16-52Indm™3) were
more abundant over the seamount slopes (Figure 7A).
Polychaete larvae appeared frequently in the near-bottom
water layers of summit and rim (13-27 Ind m™3) and were
the most abundant group in deeper waters.
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Fig. 7A. Vertical distribution of meroplankton abundance (Ind m™?) and composition at summit, rim, slope and far field of Ampére Seamount in November/

December 2010.

At Senghor Seamount in December 2011 larvae of poly-
chaetes were the dominating group of meroplankton in
nearly all samples (12-193 Ind m™?) (Figure 7B). Gastropod
larvae occurred in numbers of 16-96 Ind m™? in the upper
10om of the slope stations. Cnidarians reached relatively
high abundances in some samples particularly in the upper
25m during both sampling times at Senghor with 16-
64 Ind m™ 3. At the far field site meroplanktonic larvae were
rarely found in the whole water column (1-13 Ind m™?3).

In February 2013, larvae of polychaetes were also the most
abundant group (16-267 Ind m™*) making up 55-95% of the
meroplankton (Figure 7C). Especially at the rim stations they
showed up in high numbers in the bottom-near water layers
between 100 and 240 m. Relatively high numbers of gastropod
larvae were observed at the north-eastern slope and at the
northern and southern rim (41-160Ind m™3). As in 2011
meroplanktonic larvae were scarce at the far field site in all
depth layers (1-32 Ind m™?).
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The distribution of total meroplanktonic larvae was tested
statistically for differences between distinct seamount regions
and the far field in terms of abundance standing stocks,
integrated over o-100 and 100-1000 m depth without any
significant differences among the respective seamount
regions (see Table Si for full statistical results). Over
Ampeére Seamount standing stocks ranged between 1960
and 7360 Ind m™* in the upper 100 m and from 2480 to
4570 Ind m™ * between 100 and 1000 m. In the upper 100 m
over Senghor in December 2011 mean standing stocks of mer-
oplanktonic larvae reached 3720-14,600Indm™* and
between 100 and 1000 m 5310-9250 Ind m™* In February
2013 standing stocks ranged from 4660 to 12,800 Ind m™*
in the upper 100 m and from 2890 to 11,600 Ind m™* in the
deeper layer. In both years the standing stocks were signifi-
cantly higher at the seamount than at the far field site in the
upper 10om (far field,,,;, =630Ind m * ANOVA,,,,:
F, ,= 13.11, P <o.05; a priori: F, , = 34.95, P < 0.01; far

13


https://doi.org/10.1017/S0025315415002192

14 | A. DENDA ET AL.

Senghor Dec 2011
Abundance (Ind m™)

0 50 100 400 0 50 100 400 0 50 100 400 0 50 100 400
0 N aa
ST = e
| R
200
£
_..C_ /
§ 400 1 /
600 -
e\*
800 _ @\OQ
Far field
1000 P . . .
60 4 3 2 1
Distance (NM)
Abundance (Ind m"a)
0 50 100 400 0 50 100 400 0 50 100 400
’ - =T e
[]
Summit
200
E
= 4
‘g 400
o
600
800 e\N
go®
1000 . . . ; : : ! ’
4 3 2 1 0 1 2 3 4
Distance (NM)
larvae: [EEE Cnidaria [ Gastropoda Polychaecta [ Echinodermata other
—  Silhouette of Senghor Seamount

Fig. 7B. Vertical distribution of meroplankton abundance (Ind m™?) and composition at summit, slope and far field of Senghor Seamount in December 2011.

field,,,; = 952 Ind m™?; ANOVA,,,;: Fgy = 3.51, P < 0.05;
a priori: F, g = 22.30, P < 0.01).

Between both sampling periods at Senghor the abundance
of meroplanktonic larvae was similar in the whole water
column. In general standing stocks of meroplankton were
higher by a factor of 1.5-2.5 at Senghor than at Ampere
and differed significantly in the upper 100 m (ANOVA:
F, ;0 = 7.07, P < 0.01; a prioti,g,,: F, ;o = 10.23, P < o0.01; a
priorisg, 5t Fy 50 = 11.62, P < 0.01).

The BIO-ENV analyses showed that in the waters off
Ampere Seamount depth, salinity and temperature best
explain the structure of the abundance data (Ind m™?) of
the meroplanktonic larvae (Spearman rank correlation coeffi-
cient rg =o0.770, P < o0.01). For Senghor in 2011 the best
match between matrices of physical data and larval abundance
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was given by four physical variables, depth, temperature,
oxygen and fluorescence (rs = 0.394, P < o.01), while for
Senghor in 2013 it was given by depth, temperature, salinity
and oxygen (rs = 0.566, P < 0.01).

Vertical biomass distribution

Vertical distribution of micro- and mesozooplankton biomass
was analysed separately for each seamount and far field
station, showing similar profiles for both seamounts
(Figure 8A-C). Profiles from Ampere Seamount present the
biomass distribution at night, except for the summit and the
northern and western rim stations, where casts were performed
during daytime. Around the summit plateau of Ampere
Seamount mean microzooplankton biomass was 1.11 mgm’ >
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2013.

at the surface and declined to 0.14 mg m™? in the bottom near
water layer (Figure 8A). At the surface over the slopes mean
biomass was 1.37 mgm °, decreasing to 0.2y mgm™’ at
150 m. Around 300 m a slight increase followed before concen-
trations declined to 0.06 mg m™* at 1000 m. Biomass concen-
tration of mesozooplankton was about twice as high as that of
microzooplankton and ranged between 1.91 and 0.45 mgm™ >
around the summit and between 2.54 and 0.14 mg m™? at the
slopes. In the far field micro- and mesozooplankton biomass
was in the same range as in the seamount waters.

On the Senghor survey in 2011 the far field station and the
southern slope were sampled at night, the summit during the
day. For the northern, eastern and western slopes day and
night profiles are presented, indicating, especially at the north-
ern slope, diel vertical migration within the mesozooplankton,
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but not obviously for the microzooplankton. Over the summit
microzooplankton biomass was 2.68 mgm™ > at the surface
and 1.98 mg m > close to the bottom (Figure 8B). Mean con-
centrations over the slopes declined gradually from
2.79 mgm ° at the surface to 0.12 mgm > at 1000 m. At
the far field site mean microzooplankton biomass (11.34-
o.32mgm °) was two to four times higher than over
Senghor slope. Mesozooplankton concentrations were in the
same order of magnitude at both locations and ranged
between 7.87 and 0.26 mg m™ >. In general biomass concentra-
tion of mesozooplankton was about four times higher than
that of microzooplankton at Senghor Seamount.

Profiles from Senghor in 2013 show the biomass distribu-
tion during daytime. Over the summit plateau mean micro-
zooplankton biomass ranged between 3.21 and 0.79 mgm™?

3
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Fig. 8A. Vertical distribution of micro- (0.055-0.3 mm) and mesozooplankton (0.3 -20 mm) biomass (dry weight; mg m™®) on a logarithmic scale at summit,

rim, slope and far field of Ampere Seamount in November/December 2010.

(Figure 8C). Over the slopes biomass was 3.38 mg m™ * at the
surface and declined towards 1000 m to 0.17 mg m™ . At the
far field concentrations ranged from 2.06 to 0.13 mgm™ >.
Mesozooplankton biomass was between 9.87 and
2.08 mg m’ * at the shallow stations. Over the slopes highest
concentration of 14.42mgm > occurred between 25 and
50 m. Below, biomass declined towards 1000 m (0.42 mgm™ )

with a slight peak around 450 m (2.56 mgm™?). At the far

field site concentrations ranged between 8.23 and
0o35mgm ° and showed a similar vertical profile than
Senghor slope.

The BIO-ENV analyses showed that in the waters off
Ampere Seamount temperature best explains the structure
of the biomass (mgm™?) data (Spearman rank correlation
coefficient 7= 0.809, P < 0.01). For Senghor in 2011 the
best match between matrices of physical data and zooplankton
biomass required three variables, temperature, salinity and
oxygen (rs = 0.849, P < 0.01), while for Senghor in 2013 it
was given by temperature only (r, = 0.796, P < 0.01).

Spatial distribution of biomass standing stocks

For each seamount comparisons in terms of biomass standing
stocks were made between all stations for the upper 100 m,
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corresponding roughly to the mixed layer and the minimum
depth (95-120 m) of the summit topography, and between
slope and far field stations for the water column of 100-
1000 m (Figure 9A, B). At Ampere Seamount microzooplank-
ton biomass ranged between 30 and 120 mg m™ * in the upper
100 m, corresponding to 34% of the total zooplankton
biomass, with the highest concentration over the northern
slope (Figure 9A). The area of the lowest biomass extended
over the summit and the northern and western rim during
daytime. At night the mesopelagic biomass (100-1000 m)
reached 9o-150 mg m™ *. No significant differences between
rim and slope stations or between north-west up- and south-
east downstream side were detected (see Table S2 for full stat-
istical results). The microzooplankton biomass of the far field
site was in the same range as the seamount values at night,
both in the upper 100 m (90 mg m™*) and in the mesopelagic
waters (110 mgm’™ °).

Standing stocks from Senghor Seamount in December
2011 show the distribution at night for the far field station
and the southern slope and at daytime for the summit.
Since the vertical microzooplankton distribution did not indi-
cate strong differences between day and night (Figure 8B)
mean standing stocks are presented for the northern,
eastern and western slopes. In the upper 100 m the mean
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Fig. 8B. Vertical distribution of micro- (0.055-0.3 mm) and mesozooplankton (0.3 -20 mm) biomass (dry weight; mg m™?) on a logarithmic scale at summit,

slope and far field of Senghor Seamount in December 2011.

biomass of microzooplankton was about 180 mg m™* corre-
sponding to 24% of the total zooplankton biomass
(Figure 9B). A mean stock of 200 mg m™* was measured for
the deep stations in 100-1000 m. Biomass standing stocks
at the far field site (~500 mg m™*) were twice as high as at
the seamount in both depth layers, with a significant differ-
ence in the mesopelagic zone (ANOVA: F,,= 3.14, P<
0.05; a priori: F, , = 9.09, P < 0.05; see Table S2 for full stat-
istical results).

In February 2013 during daytime mean biomass standing
stock in the upper 100 m was about 200 mgm™* and in
mid water about 270 mg m™ * making up 20% of the total
biomass, respectively (Figure 9B), without significant differ-
ences between the distinct seamount regions (see Table S2
for full statistical results). At the far field site mean standing
stocks were similar to the seamount with 190 mg m™* in the
upper 100m and 260 mgm * between 100 and 1000 m.
Between north-east up- and south-west downstream side no
significant differences were detected, nor between seamount
and far field.

In comparison of both sampling periods at Senghor
biomass standing stocks were similar in the upper 100 m,
but were significantly enhanced in the deeper waters in
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February 2013 (ANOVA: F,,, = 22.46, P < o0.01; a priori:
F,,,=12.62, P<o0.01). Comparisons among standing
stocks of both seamounts indicate significant differences in
the upper 100 m (ANOVA: F, ;, = 27.54, P < o0.01) and in
the deeper waters (ANOVA: F,,,=22.46, P <o.01),
showing in both years a 2.5 times higher microzooplankton
biomass at Senghor than at Ampere.

Carbon demand

The respiratory carbon demand of the zooplankton standing
stock was compared between summit, rim and slope of
each seamount, and the far field site in 0o-100 and 100-
1000 m depth, separated for micro- and mesozooplankton
(Figure 10). In the waters of Ampeére Seamount and at the far
field site the contribution of each size fraction to the total
respiratory carbon demand was about 50% in the whole
water column. In the upper 100 m the mean total carbon
demand ranged from 16.5 mgm >d ' over the summit to
29.1mgm > d " over the slope. Between 100 and 1000 m a
mean carbon demand of 13.1 mgm™>d™ " was calculated for
the slope and of 15.0 mgm™>d ™" for the far field site.

17


https://doi.org/10.1017/S0025315415002192

18 A. DENDA ET AL.

Senghor Feb 2013
Biomass log (mg m'3)
00101 1 1000101 1 10 00101 1 1

0 00101 1 10 00101 1 10

0 4
\ N
) /
/ /
. 200 | |
E } l
= ,f
= A
& 400 (
a /
600 /
/
800 4 /
1000 Far fleld/ i i i i i i . .
60 4 3 2 1 0 1 2 3
Distance (NM)
Biomass log (mg m'a)
00101 1 10 00101 1 1000101 1 1000101 1 10 0.0101 1 10
0 3 ; a0 M
4
?
—. 200 4
£
£ 4
S 400 ]
(=]
600 1
800
1000
4 3 2 1 o 1 2 3 4
Distance (NM)
microzooplankton mesozooplankton
day ———

/ Silhouette of Senghor Seamount

Fig. 8C. Vertical distribution of micro- (0.055-0.3 mm) and mesozooplankton
rim, slope and far field of Senghor Seamount in February 2013.

At Senghor Seamount the contribution of microzooplank-
ton to the total carbon demand was 30-40% in the whole
water column during both years (Figure 10). In December
2011 mean total respiratory carbon demand in the upper
1oom was 93.5mgm -d ' over the summit and
96.6 mgm > d ' over the slope, while at the far field site it
was 132.4mgm  ~d ', in which the microzooplankton
made up 60%. Between 100 and 1000 m mean carbon
demand ranged from 29.9 mgm™>d™ " at Senghor slope to
41.3mgm > d " at the far field site, where the smaller frac-
tion contributed 54%.

In February 2013 the respiratory carbon demand of the
upper 100 m over Senghor was in the same range as in
December 2011 (Figure 10). During this sampling time the
mean carbon demand of 95.6mgm *d ' at the far
field site was similar to the seamount values with a contri-
bution of 35% for the microzooplankton to the total
carbon demand. In the deeper waters mean total carbon
demand was 43.1mgm “d” " at Senghor slope and
46.;7mgm > d " at the far field site.

The carbon demand was similar for both size fractions,
respectively, between both sampling periods at Senghor
Seamount in the upper 100 m, but was significantly higher
in the deeper waters in February 2013 (microzooplankton:
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(0.3-20 mm) biomass (dry weight; mg m™*) on a logarithmic scale at summit,

ANOVA: F,,,=19.71, P <o.01; a priori: F, ,, = .02, P <
0.05; mesozooplankton: ANOVA: F,,, = 45.09, P < 0.01; a
priori: F, ,, = 10.56, P < 0.01). In comparison of both sea-
mounts the respiratory carbon demand of each size fraction
in both layers was 3-4 times higher at Senghor in both
years than at Ampere, the difference being significant in the
upper 100 m (microzooplankton: ANOVA: F, ,, = 86.49, P
< 0.01; mesozooplankton: ANOVA: F, ,, = 87.04, P < 0.01)
as well as in the deeper waters (microzooplankton: ANOVA:
F,,,= 19.71, P < 0.01; mesozooplankton: ANOVA: F, ,, =
45.09, P < 0.01) (see Table S3za-b for full statistical results).

DISCUSSION

The principal objective of this study was to investigate the
importance of microzooplankton within subtropical and trop-
ical seamount pelagic communities in the NE Atlantic, and
whether spatial distribution patterns of microzooplankton in
terms of biomass and abundance exist, which can be attribu-
ted to local and large-scale current-topography interactions
and hydrographic conditions. The carbon demand of the
micro- and mesozooplankton communities was evaluated
with respect to the distinct trophic regions which enclose
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each seamount. Furthermore we assessed the potential of the
two seamounts studied as sources for benthic invertebrate
larvae in the open ocean.

The sampling design and processing were similar to our
previous study on mesozooplankton, sampled by a 0.25 m*-
MultiNet® system with a 0.3 mm mesh size, at Ampere and
Senghor seamounts (Denda & Christiansen, 2014). In com-
parison with those data, the biomass of the mesozooplankton
fraction at Ampere Seamount, derived from the 0.055 mm
MultiNet® by sieving the sample through a 0.3 mm mesh,
was generally about three to four times higher than that
sampled directly with the 0.3 mm MultiNet® with same
hauling speed during the same cruise. The reasons for the

Ampeére Nov/Dec 2010

Senghor Dec 2011

difference might be a higher filtration pressure through the
0.3 mm net during sampling and also probably a methodo-
logical bias during the sieving procedure in the lab and clog-
ging of the 0.3 mm mesh, which was done by two different
people for the 0.055 mm net samples and the 0.3 mm net
samples. All samples from the Senghor surveys were
handled by the same person, and the biomass was exactly
in the same order of magnitude as that on the previous
cruise in September/October 2009, indicating that a systemat-
ic bias during the sieving procedure in the lab was unlikely.
The relative biomass distribution across each seamount did
not differ between the two mesozooplankton fractions and
thus seemed not to be affected by the different nets.

Senghor Feb 2013

v,
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Fig. 10. Depth integrated respiratory carbon demand (mgm™*d™ ") of micro- (0.055-0.3 mm) and mesozooplankton (0.3 -20 mm) standing stocks at summit,
rim, slope and far field of Ampere Seamount in November/December 2010 and of Senghor Seamount in December 2011 and February 2013.
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In our previous study (Denda & Christiansen, 2014) the
distribution of mesozooplankton was assessed at day and
night to identify a possible influence of the topography of
each seamount on the diel vertical migration (DVM). In the
present study zooplankton sampling was performed inde-
pendent of daytime because we assumed DVM would have
a minor effect on the biomass distribution of the microzoo-
plankton. Most small copepods, such as species of Oncaea,
Oithona, Clausocalanus and Paracalanus, which were most
abundant in the microzooplankton samples of Ampere and
Senghor seamounts, are generally known to exhibit no appar-
ent DVM (Ohman, 1990; Bottger-Schnack, 1992; Lo et al.,
2004). This was confirmed by the vertical profiles in our
study (Figure 8B), whereas the mesozooplankton biomass dis-
tribution indicates the typical pattern of DVM at Senghor sea-
mount in 2011, with populations occupying greater depths
during the day and shallower depths at night. Although
some microzooplankton taxa may perform diel vertical migra-
tions (e.g. Ohman, 1990; Hays, 1996), these are usually
restricted to short distances and are unlikely to affect our
results on the depth-integrated biomass distributions.

The influence of the large-scale current regime
and the local flow field on biomass and
abundance

Ampere Seamount belongs to the sphere of the NE Atlantic
subtropical gyre (37°-24°N), whereas Senghor Seamount is
located in the adjacent cyclonic tropical gyre (19°-10°N).
Both gyres are separated by the Cape Verde frontal zone
(CVFZ; e.g. Zenk et al.,, 1991). The larger biomass standing
stocks of microzooplankton at Senghor as compared with
Ampere can be attributed to differences in productivity in
the two areas: whereas the subtropical gyre to the north of
the CVFZ is oligotrophic (Robinson et al., 2002), the waters
south of the CVFZ are considered as nutrient-rich (Pastor
et al., 2008) with a strong influence of the Mauritanian upwell-
ing (e.g. Pastor et al., 2008; Mason et al., 2011) and enhanced
chlorophyll concentrations which may extend up to 300-
400 km from the shore (Lathuiliere et al., 2008) into the
area of Senghor Seamount.

Some seamounts are known as potential locations of
enhanced plankton production, at least for short periods, as
compared with the surrounding ocean (e.g. Genin &
Boehlert, 1985; Dower et al., 1992; Mourifio et al., 2001). In
the waters off Ampere a tendency of a generally higher abun-
dance of the micro- and mesozooplankton around the summit
plateau was observed as compared with the far field. Since we
cannot confirm this observation statistically and no clear asso-
ciated pattern can be seen in the cluster analyses, we assume
common patchiness as the main reason for the observed vari-
ability rather than possible seamount effects on the zooplank-
ton. At Senghor Seamount in 2011 the total abundance of
microzooplankton was in the same order of magnitude as in
the far field, but the biomass standing stock was significantly
lower at the seamount, meaning that the mean individual
biomass (data not shown) was also lower. However, it is not
clear whether different taxa or different developmental
stages were responsible for this. Temperature and salinity at
both sampling locations were characteristic for the water
masses south of the CVFZ (e.g. Tomczak, 1981; Pierre et al.,
1994), but we cannot exclude an influence of the strongly
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meandering frontal zone by filaments or associated eddies at
the far field station at times, generating meso-scale variability
(Onken & Klein, 1991; Zenk et al., 1991) and possibly affecting
densities of phyto- and zooplankton. In 2013 the biomass
standing stocks did not differ between Senghor Seamount
and the far field, suggesting that the far field station was not
affected by extensions of the CVFZ, at least during the sam-
pling period. Differences in the flow field of the far field site,
as indicated by AVISO altimetry based surface currents
(Figure S1), might have caused the variability observed in
the zooplankton biomass between 2011 and 2013 at this
station. The persistent cyclonic eddy-like recirculation
located to the south-east of the seamount was more pro-
nounced in February 2013 (Figure S1). Zooplankton
biomass was similar in both years in the upper 100 m, but
in the deeper waters standing stocks were significantly
higher in February 2013 than in December 2011. The upwell-
ing within the cyclonic eddy probably generates enhanced
plankton densities, that are transported off the eddy by
lateral advection also into deeper waters.

Microzooplankton biomass showed some small-scale
spatial variability at each seamount, which might be attributed
to some extent to the interaction of the local flow field with the
seamount topography. ADCP measurements across Ampere
indicate strong impinging currents of 15-25cms ' from
the north-west in the upper 250 m, probably causing the
low biomass over the summit plateau and the northern and
western rim stations by advection of plankton away from
the seamount. On the eastern and southern side enhanced
accumulations of microzooplankton occurred in an area of
lower current velocities. We generally assumed depleted
biomass on the upstream side of the seamount, but biomass
was enhanced also over the northern slope, where a calm
area was generated above the 1000 m isobaths, before currents
turned to the north/north-east with velocities of 30-
40 cm s . The mesozooplankton distribution did not indi-
cate any clear connection to the flow field. Thus, we cannot
verify a clear pattern of depleted biomass on the upstream
and enhanced biomass on the downstream side for the zoo-
plankton distribution at Ampére Seamount, coincident
with observations on the meso- and macrozooplankton
(>o0.3 mm) during the same cruise (Denda & Christiansen,
2014).

ADCP measurements across Senghor in 2013 showed
steady impinging currents of 10-15 cm s~ from the north/
north-east, which could cause the generation of a recirculation
cell on the top of the seamount affecting the local retention
time of water masses and passive particles at the seamount
summit (see Roden, 1987; Beckmann & Mohn, 2002; Genin,
2004; Lavelle & Mohn, 2010). But for Senghor it seems gener-
ally unlikely that a Taylor column could persist above the sea-
mount for longer periods due to the high, primarily tide- and
trade wind-driven, spatio-temporal current variability in the
region (Miiller & Siedler, 1992; Vangriesheim et al., 2003;
Dumont et al., submitted). Consistently, observations of cur-
rents did not detect any evidence for a recirculating flow in
the upper 200 m during the cruises, neither in September/
October 2009 (Dumont et al., submitted) nor during this
study in February 2013. This supports previous observations
on larger meso- and macrozooplankton (>o0.3 mm) at
Senghor in 2009 (Denda & Christiansen, 2014), and also at
other seamounts in the NE Atlantic (Nellen, 1973; Hirch
et al., 2009; Martin & Christiansen, 2009), where no evidence
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of higher production, expressed as high concentrations of zoo-
plankton biomass, was found in the seamount system. Rather,
the impinging currents were deflected by the seamount gener-
ating a calm area with low current velocities in lee at the
south/south-western side. But a substantial accumulation of
micro- and mesozooplankton in this potential calm area was
not observed. No significant differences were detected
between north-east up- and south-west downstream side
and no corresponding clustering occurred between the
respective stations based on zooplankton abundance, coinci-
dent with observations on the meso- and macrozooplankton
(>0.3 mm) during September/October 2009 (Denda &
Christiansen, 2014). By contrast, Huskin et al. (2001), for
example, observed a significantly higher zooplankton
biomass at the downstream side of Great Meteor
Tablemount, which is located between two south-westward
currents (Siedler & Onken, 1996; Mohn & Beckmann,
2002). Thus, although local effects of current-topography
interaction can influence the zooplankton distribution at a
seamount at times, this cannot be generalized.

The influence of oxygen concentration and
food supply on the vertical distribution

The vertical zooplankton distribution reflected the hydro-
graphic situation of the stratified water column around each
seamount. The structure of the abundance and biomass
between distinct seamount locations and the far field site
was best explained by temperature for Ampeére and for
Senghor in 2013 by the BIO-ENV analyses, while at Senghor
in 2011 temperature, salinity and oxygen were equivalent
factors. However, the physical parameters do not change con-
tinuously throughout the water column. There is a strong dis-
continuity layer, where phytoplankton is accumulated, which
on the other hand is associated with enhanced oxygen concen-
trations. This covariance of different factors may mask causal
relationships between single environmental variables and zoo-
plankton distribution in statistical analyses.

The hydrographic situation over Ampere and at the far
field site was characterized by a strong stratification of the
water column, typical for a subtropical ocean in winter, with
a thermo- and halocline at 60-80o m. Zooplankton was
accumulated right below the thermocline in the zone of the
oxygen and the deep fluorescence maximum, which were at
least clearly present at the far field site. During 6 and 7
December a cyclonic depression passed over the region with
strong south-westerly winds (7-8 Beaufort) mixing the
upper layer so that both the oxygen maximum layer and the
deep chlorophyll maximum over Ampere Seamount almost
completely dissipated (Kaufmann & Diniz, unpublished
data). Thermal stratification was still present and presumably
phytoplankton and particles were still associated with the
thermocline leading to zooplankton accumulations due to
sufficient food availability.

Over Senghor Seamount maximum densities of zooplank-
ton occurred in the surface mixed layer and were also coinci-
dent with the distinct deep fluorescence maximum and
oxygen maximum, featuring also higher respiration rates
within this zone. Oxygen is a key factor for efficient metabol-
ism, and in areas with a strong oxygen minimum zone (OMZ)
the gradient in oxygen concentrations below the thermocline
affects the vertical distribution of zooplankton biomass and
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abundance, as described by Saltzmann & Wishner (1997a)
for a seamount in the eastern tropical Pacific with most mid-
water zooplankton excluded from the core of the OMZ
(<o1mLL™"). But many copepod species, such as
Clausocalanus spp., Oncaea spp., Euchaeta spp., Oithona
spp. and Corycaeus spp., were present throughout the OMZ
(<o.2mL L™ Saltzmann & Wishner, 1997b). Experiments
on hypoxia tolerance by Stadler & Marcus (1997) showed
that nauplii and adults of three calanoid species avoided
neither severely hypoxic (<o.s mLL™") nor moderately
hypoxic (1.0 mL L™ ") layers. Although oxygen concentrations
above Senghor decreased strongly below the thermocline, they
were always >1.0 mL L™ " and therefore not critically low for
most zooplankton. Instead we assume that the zooplankton
distribution over Senghor is mainly determined by the food
supply, showing a typical decline in biomass and abundance
with depth. Small peaks in microzooplankton abundance
occur at ~4oo m, representing a food source for larger
omni- and carnivorous plankter in the mesopelagic zone,
which is reflected in a slight biomass increase of the mesozoo-
plankton at the respective depth.

The composition of the zooplankton
community

In the past, most studies of oceanic zooplankton have concen-
trated on larger meso- and macrozooplankton (Pfaffenhofer,
1993; Gallienne & Robins, 2001), using a medium mesh size
(0.2-0.3 mm) and consequently undersampling, among
others, the smaller copepod species and developmental
stages, as copepodites and nauplii (Greene, 1990; Calbet
et al, 2001; Gallienne & Robins, 2001). However, their
important role 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).

In the tropical waters off Senghor seamount nauplii were
the most abundant microzooplankton and made up 35-55%
of the total abundance, whereas in the winter condition of
the subtropical waters off Ampere, the relative abundance of
nauplii was lower and in the same order of magnitude as
that of copepodites and adults. Copepodites and adults of
the cyclopoid family Oncaeidae were present in high densities
throughout the whole water column at both seamounts. This
family is generally known as widespread in all parts of the
oceans and at all depths (Pfaffenhofer, 1993). Individuals of
the genus Oithona occurred also in high numbers, as well as
the small calanoid families Para- and Clausocalanidae and
the harpacticoid Microsetella. All these small copepod
species, which reach an adult length <o0.6 mm, were much
more abundant in the fine-meshed nets (0.055 mm) than
the larger taxa, emphasizing the important role of small cope-
pods in the pelagic food web. The strong grazing impact of
microzooplankton, primarily on phytoplankton <20 wm,
can produce a significant removal of the primary production
(>100%; Bottjer & Morales, 2005). For mesozooplankton,
larval fish and other planktivorous consumers, microzoo-
plankton are important prey items (e.g. Turner, 2004;
Calbet, 2008), and the distribution of fish larvae and other pre-
dators can be affected by microzooplankton distribution pat-
terns (Sanchez-Velasco & Shirasago, 1999). In the diet of
seamount-associated fish species oncaeid copepods play a
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key role and were found at Seine Seamount in the NE Atlantic
as the main prey in the snipefish Macroramphosus spp. and
the boarfish Capros aper (Christiansen et al., 2009) and at
Ampere seamount in the parrot seaperch Callanthias ruber
(Denda, 2015).

The taxonomic variability at the levels studied was highest
in the upper mixed layer, which is typical for a tropical region
as reported by Saltzmann & Wishner (1997b) for the eastern
Pacific. The vertical differences in taxonomic composition of
small copepods over Ampere and Senghor seamounts
seemed to be mainly determined by food availability and
feeding ecology. The omnivorous Clauso- and Paracalanidae
were concentrated in the mixed layer, where, at least over
Senghor, a large amount of dinoflagellates occurred. Both
copepod families are known as important grazers of phyto-
plankton and protozoans, especially dinoflagellates and cili-
ates (Kleppel, 1993; Calbet & Landry, 1999; Suzuki et al.,
1999). Microsetella spp., the most common harpacticoid
copepod in our study, was present in all depth layers and is
often found in association with marine snow aggregates as
food source (Uye et al., 2002; Koski et al., 2005), but with
main concentration in the epipelagic zone, as reported also
for the Arabian Sea (Bottger-Schnack, 1996).

Below the thermocline Oncaea spp. made up 35-45% of
the total abundance. This genus is known for an opportunistic
omnivorous to carnivorous feeding behaviour (Pfaffenhofer,
1993; Kattner et al, 2003). Oncaea is suggested to utilize a
variety of prey organisms and to feed on particles and organ-
isms attached to marine snow and houses or body walls of
salps, appendicularians or chaetognaths, using them as phys-
ical substrate and food source (Ohtsuka & Kubo, 1991;
Ohtsuka et al., 1993; Go et al, 1998). Bottger-Schnack
(1994) also found higher relative abundance of Oncaea in
deeper layers than in the epipelagic zone in the Eastern
Mediterranean and the Arabian Sea and regarded this
copepod as common down to meso- and bathypelagic zones
for wide areas.

The taxonomic composition at Senghor showed in general
a high level of similarity between the different seamount sites
based on the abundance of distinct taxa. The separation of the
far field from the seamount stations in the cluster analyses of
the upper 100 m can be attributed to the much higher abun-
dance of dinoflagellates over Senghor, especially around the
summit. Passive particles may be accumulated at the sea-
mount summit by current-topography interaction (Roden,
1987; Beckmann & Mohn, 2002; Genin, 2004; Lavelle &
Mohn, 2010), but since a closed recirculation cell can be
excluded to persist above Senghor for longer periods,
topography-generated upwelling and particle trapping seem
to be unlikely mechanisms to affect the secondary production
(see Genin, 2004; Genin & Dower, 2007). Rather, enhanced
vertical mixing of the waters near the summit, indicated by
upward displacement of the isotherms and isohalines in the
upper 100 m due to variable tidal flow (Dumont et al., submit-
ted), might induce nutrients and detritus to the surface mixed
layer and increase dinoflagellate abundance at times. Such
doming of isopleths has been observed in a previous study
at Senghor Seamount in April 2005 (Hanel et al, 2010).
However, since the abundance of taxonomic groups other
than dinoflagellates was not higher over Senghor as compared
with the far field, it seems unlikely that the doming of iso-
pleths is a permanent feature and the nutritional input
lasted long enough for a transfer to higher trophic levels,
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which would require several weeks to months according to
the typical zooplankton generation times (Genin & Boehlert,
1985; Dower & Mackas, 1996; Genin & Dower, 2007).

The distribution of meroplanktonic larvae

Seamounts can host diverse and abundant communities of
benthic invertebrates, but the mechanisms of their recruit-
ment and their dispersal as well as larval travelling between
isolated habitats, such as seamounts, are not fully understood
(Clark et al., 2010; Shank, 2010). The physical mechanisms,
which affect the plankton communities through current-top-
ography interaction, such as fronts, internal waves and baro-
tropic tides, can vary strongly between individual seamounts
and may generate Taylor caps, rectified flows or eddies,
which may result in varying larval dispersal and distribution
patterns in different seamount habitats.

Since seamounts provide habitats for benthic deep-sea and
shallow-water organisms (Rogers, 1994; Shank, 2010) at
depths which usually host only pelagic fauna in the open
ocean, we expected and indeed confirmed Senghor Seamount
to be a hotspot for meroplanktonic larvae in the open
ocean, with significantly enhanced larval abundance in the
seamount waters as compared with the far field site that sug-
gests a potential for larval retention at this seamount. This
supports the hypothesis by Mullineaux & Mills (1997) that
larvae of benthic invertebrates are retained in flows near the
seamount, although direct evidence of such flow features
like Taylor caps, eddies formed in lee of the seamount, or a
rectified flow generated by seamount-trapped waves (see
Mullineaux & Mills, 1997 and references therein) was rarely
found at Senghor. In the upper 120 m the steady south-
westward flow across Senghor did not result in the generation
of a recirculating flow over the seamount (see also Dumont
et al., submitted), as mentioned above. But around the rim
of the summit plateau from 120 to 200 m (Mohn, unpublished
data) and in deeper waters from 250 to 400 m and down to
600 m the observations suggest weak recirculating near-
bottom flows around Senghor (Dumont et al., submitted),
potentially retaining larvae close to the seamount, as indicated
by small larval accumulations in the waters around the lower
edge of the summit plateau and on the upper slopes. But since
it is unlikely that this recirculating water extended into the
surface layers because of high current variability (Dumont
et al., submitted), enhanced vertical mixing induced by
upward displacement of the isotherms and isohalines above
Senghor seems to be the major mechanism for the high
larval abundance in the upper mixed layer. Trapping and rec-
tification of diurnal internal tides can generally be excluded as
retention mechanisms because Senghor is located equator-
wards of 30°N, where trapped waves are not assumed to
occur (Beckmann & Mohn, 2002; Dumont et al., submitted).
It is not known for either for Senghor or Ampere whether a
possible retention could last long enough for meroplanktonic
larvae to complete their planktonic stages from a few days to a
few weeks or even months (e.g. Parker & Tunnicliffe, 1994;
Castelin et al., 2012) and settle at the seamount, or whether
larvae are transported away from the seamount by lateral
advection.

Over Ampeére Seamount the expected higher abundance of
meroplanktonic larvae, as compared with the far field, was not
found, suggesting that larvae were not retained as a result of
the local flow field and thus did not accumulate at the
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seamount, or that larval release was low during the time of
sampling, but data about seasonality of larval release in this
area are not available. The cyclonic depression that passed
over the region within the 2 weeks between the sampling at
the far field site and at the seamount may have disrupted pos-
sible larval accumulations over Ampere and advected the
larvae off the seamount. Thus not only spatial differences
may affect the meroplankton abundance at a seamount as
compared with the open ocean, since temporal variability
also could be an important factor.

At all sampling locations depth and temperature were the
key factors explaining the vertical structure of larval abun-
dance, which was generally highest in the upper mixed
surface waters above the thermocline. No significant indica-
tion for local differences between summit, rim or slope sta-
tions was observed, apart from the slight trend of larval
accumulation around the edge of the plateau of Senghor
Seamount. At Fieberling Guyot in the eastern North Pacific
Mullineaux & Mills (1997) reported highest absolute larval
numbers on the summit at roughly 500 m and lower values
above the flank with cnidarians, polychaetes and gastropods
as the dominant larval taxa. In our study polychaete larvae
were overall the most abundant meroplanktonic larvae, espe-
cially around the summit plateau and also between 100-
300 m over the slopes. This agrees well with studies on the
macrofauna on Senghor Seamount by Chivers et al. (2013)
during a previous cruise, which showed a high polychaete
abundance with highest biomass levels on the seamount
summit (~130 m) and lower standing stocks on the upper
northern mid slope (~800 m) in the presence of low oxygen
concentration, however, not all producing planktonic larvae.
Similarly, polychaetes were the most abundant component
of the Ampeére macrofauna with highest individual numbers
on the eastern mid slope (~1700 m) (Lamont & Chivers,
unpublished data). Cnidarian larvae were rarely found in
the deep zones over Senghor and Ampere and were more
abundant in the surface layers, while gastropod larvae
appeared also in depth around the summit plateau. Larvae
of bivalves and barnacles were only sporadically observed in
the plankton samples from Ampére Seamount and over
Senghor. Information about macro- and megafauna on both
seamounts is sparse. Molodtsova & Vargas (unpublished
data) found corals as the most common megafauna on the
plateau and the upper slope of Ampeére during our cruise,
representing a potential larval source. Already on previous
cruises to Ampere in 2005 and 2009 high densities of soft
corals were observed in places on the summit and rim by an
altimeter-controlled camera sled (Christiansen, unpublished
data). Beck et al. (2006) reported 191 species of benthic gastro-
pods and 48 species of bivalves from grab samples from 110 m
down to 800 m water depth at Ampeére Seamount in 2005. In
general a larval development of more than 2 weeks for bivalves
suggests a greater potential for dispersal than for settlement on
the seamount. The enhanced probability of lateral advection
off the seamount during a long larval period possibly results
in rare abundance of bivalves and larvae, as observed at
Cobb Seamount (Parker & Tunnicliffe, 1994). Barnacle
nauplii were found only sporadically in February 2013
around the summit plateau of Senghor Seamount, belonging
to the genus Lepas, which is often attached to floating
objects in subtropical and tropical waters (Southward, 1998;
Castro et al., 1999; Arnsberg, 2001). Larvae of echinoderms
were also scarce, although ROV dives on a previous cruise
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to Senghor Seamount in 2009 showed diverse habitats with
high densities of brittle stars, sea urchins and holothurians,
but also sponges and small crustaceans, besides high
numbers of corals in places on the plateau and on the upper
slope (Christiansen & Koppelmann, unpublished data).

The variability of zooplankton respiratory
carbon demand

The community respiratory carbon demand was estimated
from individual respiration rates based on the mean individ-
ual weight for each sample. Since the mean individual
weight is strongly influenced by the occurrence of even a
few very large organisms, using mean size tends to overesti-
mate community respiration depending on the actual size dis-
tribution within each sample. Hence, the presented
respiratory carbon demand can only be an approach and
should be used with some caution.

Respiratory carbon demand of microzooplankton in the
epi- and mesopelagic zones was about one half of the total
zooplankton demand in the waters off Ampere Seamount
and about one third over Senghor, emphasizing the import-
ance of the small-sized zooplankton for the conversion of
carbon in the biogeochemical cycle in subtropical and tropical
areas, as indicated in previous studies (e.g. King et al, 1978;
Hernandez-Ledn et al., 1999; Calbet, 2008). In absolute
terms, the carbon demand of the microzooplankton commu-
nity at Senghor was three to four times higher than at Ampere,
which can be attributed to the higher biomass at Senghor on
the one hand, and to the higher weight-specific respiration
rates due to higher temperatures and smaller mean body
size in the tropical realm (Hernandez-Leon & Ikeda, 2005)
on the other hand.

Differences in the contribution of the microzooplankton to
the total carbon demand between the two trophic regions may
be attributed to the size structure of the phytoplankton com-
munity and the corresponding availability as prey for the
microzooplankton. Usually larger phytoplankton cells domin-
ate in areas of higher productivity, and numbers of extremely
small cells are depressed (Landry ef al., 1995; Edwards ef al.,
1999), resulting in favourable conditions for larger zooplank-
ton. At Ampere and other NE Atlantic seamounts in higher
latitudes with a deep nutrient depletion, e.g. Great Meteor
Tablemount, the phytoplankton community comprises
mainly nano- and picoplankton, which are specialized in
low nutrient levels (Kaufmann, 2004; Kaufmann et al., unpub-
lished data). For example, nano- and picoplankton contribu-
ted 56-95% of total chlorophyll a in the waters off Ampere
Seamount in May 1996 (Kaufmann, 2004), and within the
adjacent Azores current, Fernandez & Pingree (1996) mea-
sured a percentage of picoplankton of more than 90% of the
chlorophyll. The low ingestion rates of copepods (>0.2 mm)
on chlorophyll a as described by Huskin et al. (2001) for the
waters off the Azores indicate that larger copepods belonging
to the mesozooplankton do not exploit the abundant picoalgae
to a large extent. Hence, microzooplankton is considered to be
more important than larger copepods for the control of phyto-
plankton in a subtropical oligotrophic region (Jackson, 1980;
Huskin et al., 2001), as confirmed by the size-specific respira-
tory carbon demand estimated for the Ampere Seamount area.
In waters of the Canaries, Aristegui et al. (2001) regarded
microzooplankton (protozoans and smallest metazoans) as a
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key component of the trophic web, controlling more than 80%
of the primary production.

In tropical waters we would generally also expect low nutri-
ent concentrations and a phytoplankton community domi-
nated by picoplankton. However, the tropical waters south
of the CVFZ, including the area of Senghor Seamount, are
characterized as mesotrophic (Pierre et al, 1994; Morel,
1996) due to occasional influence of the frontal system.
Rapidly increasing nutrient concentrations below the thermo-
cline (25-30 m) were measured over Senghor in 2009 by
Kaufmann et al. (unpublished data), being as high there as
at Ampere only at 250 m depth. Accordingly, Kaufmann
et al. (unpublished data) assumed diatoms and dinoflagellates
to be more abundant than nano- and picoplankton in the
waters off Senghor. Diatoms and dinoflagellates show higher
growth rates at high nutrient concentrations and are primarily
grazed by larger copepods resulting in a higher biomass and
carbon demand of mesozooplankton compared with micro-
zooplankton as observed over Senghor in 2011 and 2013 con-
trary to Ampere in the oligotrophic region.

CONCLUSIONS

This study confirms that microzooplankton forms a consider-
able fraction of the zooplankton community at seamounts and
is an important link between small phytoplankton cells and
planktivorous consumers. The percentage contribution of
microzooplankton to the total zooplankton biomass and to
the respiratory carbon demand depends on the overall prod-
uctivity, with lower productivity favouring smaller phyto-
plankton and subsequently also smaller zooplankton, as
reflected in the two trophic regimes around Ampere and
Senghor seamounts.

Clear evidence of local seamount effects resulting in higher
primary and secondary production in the seamount ecosys-
tems and expressed by high concentrations of microzooplank-
ton biomass as compared with the unaffected open ocean, was
not found. In contrast the chosen far field site off Senghor
might be influenced towards higher production by the
CVFZ or upwelling filaments at times. The horizontal distri-
bution of total microzooplankton biomass and abundance
across each seamount did not indicate any correlations with
the topography or the local flow field, either at Ampere or
at Senghor. However, we can confirm Senghor as an
example of a larval hotspot for benthic invertebrates in the
open ocean with the expected higher larval abundance in
the seamount surrounding waters that suggests retention
potential for this seamount.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be found at
http://www.journals.cambridge.org/MBI
ACKNOWLEDGEMENTS

Our thanks go to the crews of RV ‘Meteor’ and RV ‘Poseidon’
as well as to our colleagues on board for their skilful help and

assistance with sampling for making the cruises successful. We
would like to thank Dr Barbara Springer and Dr Manfred

https://doi.org/10.1017/50025315415002192 Published online by Cambridge University Press

Kaufmann (Biological Oceanography, University of Madeira,
Centre of Life Sciences, Marine Biology Station of Funchal,
Funchal) for the processing of the CTD data, as well as two
anonymous reviewers for their constructive comments
which helped to improve the manuscript considerably.

FINANCIAL SUPPORT

Shiptime and financial support were provided by the DFG
(Deutsche Forschungsgemeinschaft) and the Universitit
Hamburg.

REFERENCES

Aristegui J., Hernandez-Leon S., Montero M.F. and Gémez M. (2001)
The seasonal planktonic cycle in coastal waters of the Canary
Islands. Scientia Marina 65(Suppl. 1), 51-58.

Arnsberg A.J. (2001) Arthropoda, Cirripedia: the barnacles. In Shanks
ALL. (ed.) An identification guide to the larval marine invertebrates
of the Pacific Northwest. Corvallis, OR: Oregon State University
Press, pp. 157-177.

Beck T., Metzger T. and Freiwald A. (2006) BIAS. Biodiversity inventor-
ial atlas of macrobenthic seamount animals. OASIS Deliverable 25
Final Report, 125 pp.

Beckmann A. and Mohn C. (2002) The upper ocean circulation at Great
Meteor Seamount. Part II: retention potential of the seamount induced
circulation. Ocean Dynamics 52, 194-204.

Boehlert G.W. and Mundy B.C. (1993) Ichthyoplankton assemblages
at seamounts and oceanic islands. Bulletin of Marine Science 53,
336-361.

Bottger-Schnack R. (1992) Community structure and vertical distribu-
tion of cyclopoid and poecilostomatoid copepods in the Red Sea. IIL
Re-evaluation for separating a new species of Oncaea. Marine
Ecology Progress Series 80, 301—304.

Bottger-Schnack R. (1994) The microcopepod fauna in the Eastern
Mediterranean and Arabian Seas: a comparison with the Red Sea
fauna. Hydrobiologia 292/293, 271-282.

Bottger-Schnack R. (1996) Vertical structure of small metazoan plankton,
especially noncalanoid copepods. 1. Deep Arabian Sea. Journal of
Plankton Research 18, 1073-1101.

Bottjer D. and Morales C.E. (2005) Microzooplankton grazing in a
coastal embayment off Concepcion, Chile, (~36° S) during non-
upwelling conditions. Journal of Plankton Research 27, 383-391.

Calbet A. (2008) The trophic roles of microzooplankton in marine
systems. ICES Journal of Marine Science 65, 325-331.

Calbet A., Garrido S., Saiz E., Alcaraz M. and Duarte C.M. (2001)
Annual zooplankton succession in coastal NW Mediterranean
waters: the importance of the smaller size fractions. Journal of
Plankton Research 23, 319—-331.

Calbet A. and Landry M.R. (1999) Mesozooplankton influences on the
microbial food web: direct and indirect trophic interactions in the
oligotrophic open-ocean. Limnology and Oceanography 44, 1370-
1380.

Castelin M., Lorion J., Brisset J., Cruaud C., Maestrati P., Utge J. and
Samadi S. (2012) Speciation patterns in gastropods with longlived
larvae from deep-sea seamounts. Molecular Ecology 21, 4828-4853.

Castro J.J., Santiago J.A. and Hernandez-Garcia V. (1999) Fish asso-
ciated with fish aggregation devices off the Canary Islands
(Central-East Atlantic). Scientia Marina 63, 191 -198.


http://www.journals.cambridge.org/MBI
https://doi.org/10.1017/S0025315415002192

MICROZOOPLANKTON DYNAMICS AT TWO NE ATLANTIC SEAMOUNTS

Chivers A.J., Narayanaswamy B.E., Lamont P.A., Dale A. and
Turnewitsch R. (2013) Changes in polychaete standing stock and
diversity on the northern side of Senghor Seamount (NE Atlantic).
Biogeosciences 10, 3535-3546.

Christiansen B., Martin B. and Hirch S. (2009) The benthopelagic fish
fauna on the summit of Seine Seamount, NE Atlantic: composition,
population structure and diets. Deep-Sea Research II 56, 2705-2712.

Clark M.R., Rowden A.A., Schlacher T.A., Williams A., Consalvey M.,
Stocks K.I., Rogers A.D., O’Hara T.D., White M., Shank T.M. and
Hall-Spencer J.M. (2010) The ecology of seamounts: structure,
function, and human impacts. Annual Review of Marine Science 2,
253-278.

Clarke K.R. and Gorley R.N. (2006) PRIMER v6: user manual/tutorial.
Plymouth: PRIMER-E Ltd, 192 pp.

Clarke K.R., Sommerfield P.J. and Gorley R.N. (2008) Testing of null
hypotheses in exploratory community analyses: similarity profiles
and biota-environment linkage. Journal of Experimental Marine
Biology and Ecology 366, 56-69.

Clarke K.R. and Warwick R.M. (2001) Change in marine communities:
an approach to statistical analysis and interpretation. 2nd edition.
Plymouth: PRIMER-E Ltd, 176 pp.

Denda A. (2015) Zooplankton dynamics, fish zonation and trophic inter-
actions at two seamounts in contrasting regimes of the Eastern
Atlantic. Dissertation, Universitit Hamburg, Hamburg, 213 pp.

Denda A. and Christiansen B. (2014) Zooplankton distribution patterns
at two seamounts in the subtropical and tropical NE Atlantic. Marine
Ecology 35, 159-179.

Dower ].F., Freeland H. and Juniper S.K. (1992) A strong biological
response to oceanic flow past Cobb Seamount. Deep-Sea Research
39, 1139-1145.

Dower J.F. and Mackas D.L. (1996) ‘Seamount effects’ in the zooplankton
community near Cobb Seamount. Deep-Sea Research I 43, 837-858.

Dumont M., Kiriakoulakis K., Legg S., Mohn C., Peine F., Wolff G. and
Turnewitsch R. (submitted) Tidally-induced enhancement of carbon
export about a tall seamount detected using the thorium-234
method. Deep-Sea Research I, submitted.

Edwards E.S., Burkill P.H. and Stelfox C.E. (1999) Zooplankton herbiv-
ory in the Arabian Sea during and after the SW monsoon, 1994.
Deep-Sea Research II 46, 843—863.

Fabian H., Koppelmann R. and Weikert H. (2005) Full-depths zoo-
plankton composition at two deep sites in the western and central
Arabian Sea. Indian Journal of Marine Sciences 34, 174-187.

Fernandez E. and Pingree R.D. (1996) Coupling between physical and
biological fields in the North Atlantic subtropical front southeast of
the Azores. Deep-Sea Research I 43, 1369-1393.

Firing E. and Hummon J.M. (2010) Shipboard ADCP measurements.
The go-ship repeat hydrography manual: a collection of expert
reports and guidelines. IOCCP Report 14, 1-11.

Firing E., Ranada J. and Caldwell P. (1995) Processing ADCP data with
the CODAS software system version 3.1. Honolulu: Joint Institute for
Marine and Atmospheric Research/NODC, University of Hawaii at
Manoa.

Gallienne C.P. and Robins D.B. (2001) Is Oithona the most important
copepod in the world’s ocean? Journal of Plankton Research 23,
1421-1432.

Genin A. (2004) Bio-physical coupling in the formation of zooplankton
and fish aggregations over abrupt topographies. Journal of Marine
Systems 50, 3-20.

https://doi.org/10.1017/50025315415002192 Published online by Cambridge University Press

Genin A. and Boehlert G.W. (1985) Dynamics of temperature and
chlorophyll structures above a seamount: an oceanic experiment.
Journal of Marine Research 43, 907-924.

Genin A. and Dower J.F. (2007) Seamount plankton dynamics. In Pitcher
T.J., Morato T., Hart P.J.B,, Clark M.R,, Haggan N. and Santos R.S.
(eds) Seamounts: ecology, conservation and management. Oxford:
Blackwell, pp. 85-100.

Go Y.B., Oh B.C. and Terazaki M. (1998) Feeding behavior of the poe-
cilostomatoid copepods Oncaea spp. on chaetognaths. Journal of
Marine Systems 15, 475-482.

Greene C.H. (1990) A brief review and critique of zooplankton sampling
methods: copepodology for the larval ecologist. Ophelia 32, 109-113.

Hanel R., John H.-C., Meyer-Klaeden O. and Piatkowski U. (2010)
Larval fish abundance, composition and distribution at Senghor
Seamount (Cape Verde Islands). Journal of Plankton Research 32,
1541-1556.

Hatzky J. (2005) Ampere seamount. In Wille P.C. (ed.) Sound Images of
the ocean in research and monitoring. Berlin: Springer, p. 471.

Hays G.C. (1996) Large-scale patterns of diel vertical migration in the
North Atlantic. Deep-Sea Research I 43, 1601-1615.

Hernandez-Leon S. and Ikeda T. (2005) A global assessment of mesozoo-
plankton respiration in the ocean. Journal of Plankton Research 27,
153-158.

Hernandez-Leon S., Postel L., Aristegui J., Gomez M., Montero M.F.,
Torres S., Almeida C., Kiihner E., Brenning U. and Hagen E.
(1999) Large-scale and mesoscale distribution of plankton biomass
and metabolic activity in the northeastern central Atlantic. Journal

of Oceanography 55, 471-482.

Hirch S., Martin B. and Christiansen B. (2009) Zooplankton metabolism
and carbon demand at two seamounts in the NE Atlantic. Deep-Sea
Research II 56, 2656-2670.

Huskin I., Anadon R., Medina G., Head R.N. and Harris R.P. (2001)
Mesozooplankton distribution and copepod grazing in the subtropical
Atlantic near the Azores: influence of mesoscale structures. Journal of
Plankton Research 23, 671-691.

Ikeda T., Kanno Y., Ozaki K. and Shinada A. (2001) Metabolic rates of
epipelagic marine copepods as a function of body mass and tempera-
ture. Marine Biology 139, 587-596.

Ikeda T., Sano F., Yamaguchi A. and Matsuishi T. (2006) Metabolism of
mesopelagic and bathypelagic copepods in the western North Pacific
Ocean. Marine Ecology Progress Series 322, 199—211.

Ikeda T., Torres J.J., Hernandez-Leon S. and Geiger S.P. (2000)
Metabolism. In Harris R.P., Wiebe P.H., Lenz J., Skjoldal H.R. and
Huntley M. (eds) ICES zooplankton methodology manual. San Diego,
CA: Academic Press, pp. 455-532.

I0C, IHO, BODC (2003) Centenary Edition of the GEBCO Digital Atlas,
published on CD ROM on behalf of the Intergovernmental
Oceanographic Commission and the International Hydrographic
Organization as part of the General Bathymetric Chart of the
Oceans. British Oceanographic Data Centre. Available via British
Oceanographic Data Centre.

Jackson G.A. (1980) Phytoplankton growth and zooplankton grazing in
oligotrophic oceans. Nature 284, 439-441.

Kattner G., Albers C., Graeve M. and Schnack-Schiel S.B. (2003) Fatty
acid and alcohol composition of the small polar copepods, Oithona
and Oncaea: indication on feeding modes. Polar Biology 26, 666-671.

Kaufmann M. (2004) Der Einfluss von Seamounts auf die klein- und
mesoskalige Verteilung des Phytoplanktons im zentralen, subtropischen
Nordostatlantik. Dissertation, Christian- Albrechts-Universitit zu Kiel,
Kiel, 157 pp.

25


https://doi.org/10.1017/S0025315415002192

26

A. DENDA ET AL.

King F.D., Devol A.H. and Packard T.T. (1978) Plankton metabolic
activity in the eastern tropical North Pacific. Deep-Sea Research 25,
689-704.

Kleppel G.S. (1993) On the diets of calanoid copepods. Marine Ecology
Progress Series 99, 183 -195.

Koppelmann R. and Weikert H. (2007) Spatial and temporal distribution
patterns of deep-sea mesozooplankton in the eastern Mediterranean —
indications of a climatically induced shift? Marine Ecology 28, 1-17.

Koski M., Kiorboe T. and Takahashi K. (2005) Benthic life in the pelagic:
aggregate encounter and degradation rates by pelagic harpacticoid
copepods. Limnology and Oceanography 50, 1254—1263.

Kuhn T., Halbach P. and Maggiulli M. (1996) Formation of ferromanga-
nese microcrusts in relation to glacial/interglacial stages in Pleistocene
sediments from Ampere Seamount (Subtropical NE Atlantic).
Chemical Geology 130, 217-232.

Landry M.R., Constantinou J. and Kirshtein J. (1995)
Microzooplankton grazing in the central equatorial Pacific during
February and August, 1992. Deep-Sea Research II 42, 657-671.

Lathuiliere C., Echevin V. and Lévy M. (2008) Seasonal and intraseasonal
surface chlorophyll-a variability along the northwest African coast.
Journal of Geophysical Research 113, Co5007.

Lavelle J.W. and Mohn C. (2010) Motion, commotion, and biophysical
connections at deep ocean seamounts. Oceanography 23(Sp. Issue 1),
90-103.

Lo W.-T., Shih C-T. and Hwang J.-S. (2004) Diel vertical migration of the
planktonic copepods at an upwelling station north of Taiwan, western
North Pacific. Journal of Plankton Research 26, 89-97.

Lozan J.L. and Kausch H.
Naturwissenschaftler, 3.
Auswertungen, 300 pp.

(2004) Angewandte Statistik  fiir
Auflage, Hamburg: Wissenschaftliche

Martin B. and Christiansen B. (2009) Distribution of zooplankton
biomass at three seamounts in the NE Atlantic. Deep-Sea Research IT
56, 2671 -2682.

Mason E., Colas F., Molemaker J., Shchepetkin A.F., Troupin C.,
McWilliams J.C. and Sangra P. (2011) Seasonal variability of the
Canary Current: a numerical study. Journal of Geophysical Research
116, 1-20.

McEwen G.F., Johnson M.W. and Folsom T.R. (1954) A statistical ana-
lysis of the performance of the plankton splitter, based on test observa-
tions. Archiv fiir Meteorologie, Geophysik und Bioklimatologie Serie A
7> 502-527.

Metaxas A. (2011) Spatial patterns of larval abundance at hydrothermal
vents on seamounts: evidence for recruitment limitation. Marine
Ecology Progress Series 437, 103—117.

Mittelstaedt E. (1991) The ocean boundary along the northwest African
coast: circulation and oceanographic properties at the sea surface.
Progress in Oceanography 26, 307-355.

Mohn C. and Beckmann A. (2002) The upper ocean circulation at Great
Meteor Seamount. Part I: Structure of density and flow fields. Ocean
Dynamics 52, 179-193.

Morel A. (1996) An ocean flux study in eutrophic, mesotrophic and oligo-
trophic situations: the EUMELI program. Deep-Sea Research I 43,
1185-1190.

Mourifio B., Fernandez E., Serret P., Harbour D., Sinha B. and Pingree
R. (2001) Variability and seasonality of physical and biological fields at
the Great Meteor Tablemount (subtropical NE Atlantic). Oceanologica
Acta 24, 1-20.

Miiller B. and Siedler G. (1992) Multi-year current time series in the
eastern North Atlantic Ocean. Journal of Marine Research 50, 63-98.

https://doi.org/10.1017/50025315415002192 Published online by Cambridge University Press

Mullineaux L.S. and Mills S.W. (1997) A test of the larval retention
hypothesis in seamount-generated flows. Deep-Sea Research I 44,

745-770.

Nellen W. (1973) Untersuchungen zur Verteilung von Fischlarven
und Plankton im Gebiet der Groflen Meteorbank. ‘Meteor’
Forschungschungsergebnisse Reihe D 13, 47-69.

Ohman M.D. (1990) The demographic benefits of diel vertical migration
by zooplankton. Ecological Monographs 60, 257 -281.

Ohtsuka S. and Kubo N. (1991) Larvaceans and their houses as important
food for some pelagic copepods. Proceedings of the Fourth
International Conference on Copepoda. Bulletin of Plankton Society
Japan Sp. Vol., 535-551.

Ohtsuka S., Kubo N., Okada M. and Gushima K. (1993) Attachment and
feeding of pelagic copepods on larvacean houses. Journal of
Oceanography 49, 115-120.

Omori M. and Ikeda T. (1984) Methods in marine zooplankton ecology.
New York, NY: John Wiley and Sons, 332 pp.

Onken R. and Klein B. (1991) A model of baroclinic instability and waves
between the ventilated gyre and the shadow zone of the North Atlantic
Ocean. Journal of Physical Oceanography 21, 53 -66.

Parker T. and Tunnicliffe V. (1994) Dispersal strategies of the biota on an
oceanic seamount: implications for ecology and biogeography.
Biological Bulletin 187, 336-345.

Pastor M.V., Pelegri J.L., Hernandez-Guerra A., Font J., Salat J. and
Emelianov M. (2008) Water and nutrient fluxes off northwest
Africa. Continental Shelf Research 28, 915-936.

Pfaffenhofer G.A. (1993) On the ecology of marine cyclopoid copepods
(Crustacea, Copepoda). Journal of Plankton Research 15, 37-55.

Pierre C., Vangriesheim A. and Laube-Lenfant E. (1994) Variability of
water masses and of organic production-regeneration systems as
related to eutrophic, mesotrophic and oligotrophic conditions in the
northeast Atlantic ocean. Journal of Marine Systems 5, 159—170.

Richardson P.L. (1980) Anticyclonic eddies generated near the Corner
Rise Seamount. Journal of Marine Research 38, 673 -686.

Richardson P.L. (1981) Gulf Stream trajectories measured with free-
drifting buoys. Journal of Physical Oceanography 11, 999-1010.

Robinson C., Serret P., Tilstone G., Teira E., Zubkov M.V., Rees A.P.,
Malcolm E. and Woodward S. (2002) Plankton respiration in the
Eastern Atlantic Ocean. Deep-Sea Research I 49, 787-813.

Roden G.I. (1987) Effects of seamounts and seamount chains on ocean
circulation and thermohaline structure. In Keating B., Fryer P.,
Batzia R. and Boehlert G. (eds) Seamounts, islands and atolls.
Washington, DC: American Geophysical Union, pp. 335-354.
[Geophysical Monograph, no 43.]

Roden G.I. (1994) Effects of the Fieberling seamount group upon flow
and thermohaline structure in the spring of 1991. Journal of
Geophysical Research 99, 9941-9961.

Roe H.S.J. (1988) Midwater biomass profiles over the Madeira Abyssal
Plain and the contribution of copepods. Hydrobiologia 167/168,
169-181.

Rogers A.D. (1994) The biology of seamounts. Advances in Marine
Biology 30, 305-350.

Rowden A.A., Schlacher T.A., Williams A., Clark M.R., Stewart R.,
Althaus F., Bowden D.A., Consalvey M., Robinson W. and
Dowdney J. (2010) A test of the seamount oasis hypothesis: seamounts
support higher epibenthic megafaunal biomass than adjacent slopes.
Marine Ecology 31(Suppl. 1), 1-12.


https://doi.org/10.1017/S0025315415002192

MICROZOOPLANKTON DYNAMICS AT TWO NE ATLANTIC SEAMOUNTS

Saltzmann J. and Wishner K.F. (1997a) Zooplankton ecology in the
eastern tropical Pacific oxygen minimum zone above a seamount: 1.
General trends. Deep-Sea Research I 44, 907-930.

Saltzmann J. and Wishner K.F. (1997b) Zooplankton ecology in the
eastern tropical Pacific oxygen minimum zone above a seamount: 2.
Vertical distribution of copepods. Deep-Sea Research I 44, 931-954.

Sanchez-Velasco L. and Shirasago B. (1999) Spatial distribution of some
groups of microzooplankton in relation to oceanographic processes in
the vicinity of a submarine canyon in the north-western
Mediterranean Sea. ICES Journal of Marine Science 56, 1-14.

Schmoker C., Hernandez-Leon S. and Calbet A. (2013)
Microzooplankton grazing in the oceans: impacts, data variability,
knowledge gaps and future directions. Journal of Plankton Research

35, 691—706.

Shank T.M. (2010) Seamounts: deep-ocean laboratories of faunal con-
nectivity, evolution, and endemism. Oceanography 23(Spec. Issue 1),
108-122.

Sherr E.B. and Sherr B.F. (2007) Heterotrophic dinoflagellates: a signifi-
cant component of microzooplankton biomass and major grazers of
diatoms in the sea. Marine Ecology Progress Series 352, 187-197.

Siedler G. and Onken R. (1996) Eastern recirculation. In Krauss W. (ed.)
The warm water sphere of the North Atlantic Ocean. Berlin: Gebriider
Borntrager, pp. 339-364.

Smith W.H.F. and Sandwell D.T. (1997) Global seafloor topography
from satellite altimetry and ship depth soundings. Science 277,
1957 -1962.

Sokal R.R. and Rohlf F.J. (2009) Introduction to biostatistics. Dover
edition. New York, NY: W.H. Freeman, 361 pp.

Southward A.]J. (1998) New observations on barnacles (Crustacea:
Cirripedia) of the Azores region. Arquipélago 16A, 11-27.

SPSS Inc. (1999) Systat 8.0: statistics. Upper Saddle River, NJ: Prentice
Hall.

Ssalto/Duacs User Handbook (2006) (M)SLA and (M)ADT Near-Real
Time and Delayed Time Products, SALP-MU-P-EA-21065-CLS,
Edition 4.4. http://www.aviso.oceanobs.com/fileadmin/documents/
data/tools/hdbk_duacs.pdf

Stadler L.C. and Marcus N.H. (1997) Zooplankton responses to hypoxia:
behavioral patterns and survival of three species of calanoid copepods.
Marine Biology 127, 599-607.

Steedmann H.F. (1976) Examination, sorting and observation fluid. In
Steedmann H.F. (ed.) Zooplankton fixation and preservation. Paris:
UNESCO Press, pp. 182-183.

Stocks K.I. and Hart P.J.B. (2007) Biogeography and biodiversity of sea-
mounts. In Pitcher T.J., Morato T., Hart P.].B., Clark M.R., Haggan N.
and Santos R.S. (eds) Seamounts: ecology, fisheries and conservation.
Oxford: Blackwell Publishing, pp. 255-281.

Suzuki K., Nakamura Y. and Hiromi J. (1999) Feeding by the small cala-
noid copepod Paracalanus sp. on heterotrophic dinoflagellates and
ciliates. Aquatic Microbial Ecology 17, 99-103.

https://doi.org/10.1017/50025315415002192 Published online by Cambridge University Press

Tomczak M. Jr (1981) An analysis of mixing in the frontal zone of South
and North Atlantic Central Water off North-West Africa. Progress in
Oceanography 10, 173-192.

Tranter D.J. (1962) Zooplankton abundance in Australasian waters.
Australian Journal of Marine and Freshwater Research 13, 106-142.

Troupin C., Machin F., Ouberdous M., Sirjacobs D., Barth A. and
Beckers J.-M. (2010) High-resolution climatology of the Northeast
Atlantic using Data - Interpolating Variational Analysis (DIVA).
Journal of Geophysical Research 115, Co8005. doi: 10.1029/
2009JCo005512.

Turner J.T. (2004) The importance of small planktonic copepods
and their roles in pelagic marine food webs. Zoological Studies 43,
255-266.

Uye S., Aoto I. and Onbé T. (2002) Seasonal population dynamics and
production of Microsetella norvegica, a widely distributed but little-
studied marine planktonic harpacticoid copepod. Journal of
Plankton Research 24, 143-153.

Vangriesheim A., Bournot-Marec C. and Fontan A. (2003) Flow vari-
ability near the Cape Verde frontal zone (subtropical Atlantic
Ocean). Oceanologica Acta 26, 149-159.

Weikert H. (1977) Copepod carcasses in the upwelling region South of
Cap Blanc, N.W. Africa. Marine Biology 42, 351-355.

Weikert H. and John H.C. (1981) Experiences with a modified Bé mul-
tiple opening-closing plankton net. Journal of Plankton Research 3,
167-176.

Wheeler E.H. (1967) Copepod detritus in the deep sea. Limnology and
Oceanography 12, 697 -702.

White M., Bashmachnikov I., Aristegui J. and Martins A. (2007)
Physical processes and seamount productivity. In Pitcher T.J.,
Morato T., Hart P.J.B., Clark M.R,, Haggan N. and Santos R.S. (eds)
Seamounts:  ecology, conservation and management. Oxford:
Blackwell, pp. 65-84.

Wiborg K.F. (1951) The whirling vessel, an apparatus for the
fractioning of plankton samples. Fiskeridirektoratets Skrifter Serie
Havundersokelser 9, 1-16.

Wiebe P.H., Copley N.J. and Boyd S.H. (1992) Coarse-scale horizontal
patchiness and vertical migration of zooplankton in Gulf Stream
warm-core ring 82-H. Deep-Sea Research 39(Suppl. 1), S247-S278.

and

Zenk W., Klein B. and Schroder M. (1991) Cape Verde frontal zone.
Deep-Sea Research 38(Suppl. 1), S505-S530.

Correspondence should be addressed to:
A. Denda
Institut fir Hydrobiologie und Fischereiwissenschaft,
Universitit Hamburg, Grof3e Elbstrafle 133, 22767 Hamburg,
Germany
email: anneke.denda@uni-hamburg.de

27


http://www.aviso.oceanobs.com/fileadmin/documents/data/tools/hdbk_duacs.pdf
http://www.aviso.oceanobs.com/fileadmin/documents/data/tools/hdbk_duacs.pdf
mailto:anneke.denda@uni-hamburg.de
https://doi.org/10.1017/S0025315415002192

	Microzooplankton and meroplanktonic larvae at two seamounts in the subtropical and tropical NE Atlantic
	INTRODUCTION
	MATERIALS AND METHODS
	Study sites
	AMP&Egrave;RE SEAMOUNT
	SENGHOR SEAMOUNT

	Hydrographic data collection
	Zooplankton sampling
	Biomass analyses and carbon demand
	Taxonomic analyses
	Data analyses

	RESULTS
	Hydrography
	Abundance and composition
	TOTAL ZOOPLANKTON
	ASSOCIATIONS BETWEEN ZOOPLANKTON AND LOCATION
	MEROPLANKTONIC LARVAE

	Vertical biomass distribution
	Spatial distribution of biomass standing stocks
	Carbon demand

	DISCUSSION
	The influence of the large-&?h 0,14;scale current regime and the local flow field on biomass and abundance
	The influence of oxygen concentration and food supply on the vertical distribution
	The composition of the zooplankton community
	The distribution of meroplanktonic larvae
	The variability of zooplankton respiratory carbon demand

	CONCLUSIONS
	SUPPLEMENTARY MATERIAL
	ACKNOWLEDGEMENTS
	FINANCIAL SUPPORT
	REFERENCES


