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Abstract: Preliminary results of the pilot study of the zooplankton in the region between the Ross
and Scotia Seas from November 2017 to April 2018 are presented. In total, 53 zooplankton samples
were collected in the top 100 m water layer using vertical tows of a 0.1 m2 Juday net from four
Ukrainian longliners operating during the Antarctic toothfish fishery. Total zooplankton abundance
ranged from 3 to 2836 ind m−3 with a global mean of 360 ± 550 (±1SD) ind m−3. The highest
abundances were recorded at the northeastern Ross Sea. At those stations, small copepods (mainly
Oithona spp., Oncaea spp., Ctenocalanus spp. and copepod nauplii) numerically dominated the
samples. Total biomass ranged from 0.3 to 85 mg DW m−3 with a mean of 10.9 ± 14.5 mg DW m−3.
The highest biomasses were recorded at the eastern Ross Sea, where pelagic tunicates Salpa thompsoni,
siphonophores and ctenophora Callianira sp. accounted for >90% of total zooplankton biomass.
At other stations, zooplankton biomass generally ranged from 5 to 20 mg DW m−3 with no clear
pattern in distribution. The community composition was driven by the sampling latitude and/or
season rather than longitudinally. This pilot study emphasized the unique opportunity to investigate
zooplankton dynamics in the regions traditionally not sampled during the oceanographic surveys.
It also created unprecedented opportunities to increase the seasonal and geographical zooplankton
sampling coverage using ships of opportunity at a fraction of a dedicated oceanographic survey costs.
The potential of such surveys are enormous in both providing invaluable information, contributing
to existing long-term databases and enhancing an international collaboration in the Southern Ocean,
particularly in light of recent modeling initiatives of the whole Antarctic system undertaken by the
Commission for the Conservation of Antarctic Marine Living Resources.
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1. Introduction

Zooplankton play a pivotal role in the world’s oceans, acting as a fundamental link between
primary producers and top predators as well as commercially valuable fisheries [1–3]. Moreover,
zooplankton contributes significantly to the biochemical cycling and export production affecting the
cycling of carbon and other micro- and macronutrients in the ocean. It is a ubiquitous component
of the biological pump mediating the organic matter removal from the surface to the deep ocean [4].
Zooplankton is a diverse group of organisms with crustacean plankton consistently dominating
this group abundance and biomass [5]. Although zooplankton is extensively studied across marine
environments, it is still poorly resolved in the biochemical and fisheries models. It is thus critical to
gain a thorough understanding of the lower trophic level dynamics in pelagic ecosystems to be able to
predict ecosystem responses under various climate change scenarios [6,7].

Since 1954, when A. de C. Baker [8] postulated the circum-Antarctic distribution of the Antarctic
plankton, zooplankton has been repeatedly studied in the Atlantic (Antarctic Peninsula and Scotia Sea),
Indian (Prydz Bay Region) and to a lesser extent in the Pacific (mainly the Ross Sea) sectors [5,9,10].
At the moment, we have a good understanding of species distribution patterns, biogeography,
life cycles of major species, and long-term variability of the Antarctic pelagic ecosystems (see overview
in [5,11]). Nevertheless, some regions of the Southern Ocean even today remain poorly sampled [12,13].
Historically, the area between the eastern parts of the Ross Sea and the Bellingshausen Sea in the Pacific
Sector of the Southern Ocean receive little attention largely due to complicated logistics [12].

Recently, citizen science collections and observations, as well as ad-hoc sampling during
commercial operations, have become a viable source of additional and often unique biological
information at relatively low costs. While often such observations include only basic sampling,
these collections provide important distributional data in areas that traditionally have been inadequately
sampled, and improves seasonal and inter-annual coverage. During the 2017–18 season, the basic
oceanographic data collections (as a pilot study) were carried out from long-line Ukrainian fishing
boats during the licensed Antarctic toothfish fishery. This paper reports preliminary findings based
on samples collected during austral summer in the poorly sampled coastal regions between the Ross
and Bellingshausen seas as well as in the region east of the South Orkney Islands. The aims of this
study were threefold: (a) to describe spatial and temporal zooplankton distribution; (b) to describe
zooplankton composition; and (c) to investigate the development of the pelagic community in the top
100 m water layer.

2. Materials and Methods

Data on zooplankton composition, distribution and density were collected in the Pacific and
Atlantic sectors of the Southern Ocean during five voyages onboard four Ukrainian longliners:
SRTM (medium fishing trawler, freezer stern trawler) Calypso, Koreiz, Marigolds, and Simeiz, between
November 17, 2017 and April 10, 2018 (Table 1, Figure 1). Zooplankton vertical tows were performed
mainly during the daylight using a Juday net with a mouth area of 0.1 m2 and a mesh size of 100 µm.
Nets were deployed generally to 100 m depth and retrieved at the speed of ≤1 ms−1. The net filtering
surface to mouth area ratio was ~5.5 and volume filtered was calculated multiplying the distance net
travelled (wire length) by the mouth area. The volume filtered ranged from 10 to 20 m3 (Table 1).
Zooplankton was preserved in a 4% buffered formaldehyde-seawater solution. At some stations,
sea surface temperature was recorded (Table 1).
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Table 1. List of stations conducted onboard Ukrainian long-liners during austral summer 2017–2018
in the Pacific and Atlantic sectors of the Southern Ocean. Abbreviations: K, Koreiz; M, Marigolds;
C, Calypso; S, Simeiz; nr, not recorded.

Station
No. Date Time Latitude

(South)
Longitude

(West)
Depth Sampled

(m)
Volume Filtered,

m3
SurfaceT
◦C

K1 11/17/2017 17:00 68.187 112.308 103 11.0 0.0
K2 11/21/2017 17:40 69.520 111.607 100 13.0 −1.0
K3 11/26/2017 17:00 70.672 111.422 104 10.5 −1.7
K4 12/3/2017 13:50 70.717 111.620 111 13.5 −1.8
K5 12/9/2017 17:20 70.917 113.965 125 13.0 −1.7
K6 12/14/2017 17:20 72.430 117.173 118 12.0 −1.8
K7 12/16/2017 12:35 73.932 117.172 141 20.0 −1.6
K8 1/28/2018 18:30 71.910 120.702 109 12.0 −1.6
M1 11/28/2017 11:25 65.503 177.599 101 10.5 nr
M2 1/16/2018 10:00 72.088 176.695 100 11.0 nr
M3 1/16/2018 17:00 72.872 179.983 100 11.0 nr
M4 1/17/2018 0:30 73.177 177.594 100 11.6 nr
M5 1/18/2018 9:10 75.008 163.665 100 10.0 nr
M6 1/18/2018 18:20 75.034 157.864 100 10.5 nr
M7 1/19/2018 10:50 74.638 147.513 100 11.0 nr
M8 1/21/2018 20:10 74.068 135.990 100 10.5 nr
M9 1/24/2018 19:50 74.068 131.488 100 10.5 nr
C1 12/12/2017 22:45 65.380 178.397 100 11.6 nr
C2 1/14/2018 16:20 72.648 176.247 100 10.2 nr
C3 1/18/2018 9:40 74.142 139.456 100 11.6 nr
S1 11/29/2017 18:00 64.573 171.133 113 12.0 nr
S2 12/1/2017 15:00 64.593 171.072 113 13.0 nr
S3 1/11/2018 21:35 74.112 136.119 118 13.0 nr
S4 1/28/2018 1:40 72.583 121.128 99 14.0 nr
S_1 2/27/2018 10:00 61.905 37.583 118 12.0 0.2
S_2 2/27/2018 14:30 62.000 36.833 122 13.0 0.0
S_3 2/27/2018 15:30 61.999 36.502 121 14.0 0.0
S_4 2/27/2018 19:30 61.583 35.667 122 13.0 0.0
S_5 2/27/2018 21:30 61.430 34.247 114 14.0 0.0
S_6 2/27/2018 23:00 61.350 34.673 112 13.0 0.0
S_7 2/28/2018 9:15 60.932 35.067 121 14.0 0.7
S_8 2/28/2018 11:15 60.833 36.167 118 12.0 1.5
S_9 2/28/2018 13:45 61.169 36.180 113 12.0 1.4

S_10 2/28/2018 15:30 61.257 36.669 113 12.0 1.6
S_11 2/28/2018 18:00 61.333 37.250 113 12.5 1.6
S_12 2/28/2018 20:30 61.500 36.833 104 12.0 1.5
S_13 2/28/2018 21:30 61.500 36.417 98 12.0 1.5
S_14 3/2/2018 12:40 61.667 39.167 109 11.0 1.4
S_15 3/2/2018 14:00 61.750 38.667 109 12.0 1.4
S_16 3/2/2018 16:20 61.998 39.168 106 11.0 1.4
S_17 3/2/2018 18:00 61.998 38.667 103 11.0 1.4
S_18 3/2/2018 21:10 62.017 40.634 103 11.0 1.4
S_19 3/31/2018 17:30 60.002 34.007 116 12.0 0.7
S_20 3/31/2018 19:30 60.333 34.417 108 11.0 0.7
S_21 3/31/2018 21:25 60.658 34.678 91 10.5 0.7
S_22 4/2/2018 21:10 60.583 35.333 100 11.0 0.8
S_23 4/8/2018 5:30 59.592 35.422 100 11.0 0.9
S_24 4/8/2018 9:20 59.672 36.167 104 12.0 1.0
S_25 4/10/2018 7:30 61.250 37.833 113 12.0 1.2
S_26 4/10/2018 13:20 60.916 38.298 108 11.0 1.2
S_27 4/10/2018 15:40 60.666 37.833 106 11.0 1.3
S_28 4/10/2018 20:20 60.255 36.752 100 11.0 1.4
S_29 4/10/2018 21:40 60.207 37.167 94 11.5 1.4



J. Mar. Sci. Eng. 2020, 8, 488 4 of 16

J. Mar. Sci. Eng. 2020, 8, x FOR PEER REVIEW 4 of 18 

 

 
Figure 1. Sample collections carried out from Ukrainian long-liners during austral summer 2017–2018 
in the Pacific and Atlantic sectors of the Southern Ocean. In the insert, SIMEIZ collections, NW, 
northwestern South Orkney Islands (27 February to 3 March, 2018); SE, southeastern South Orkney 
Islands (31 March to 10 April, 2018). Station abbreviations: K, Koreiz collections (17 November, 2017 
to 28 January, 2018); M, Marigolds collections (28 November, 2017 to 24 January, 2018); C, Calypso 
collections (12 December, 2017 to 18 January, 2018); S, Simeiz collections (29 November, 2017 to 28 
January, 2018). 

Zooplankton taxa were identified to the lowest taxonomic level when possible. For four major 
calanoid copepod species, Metrida gerlachei, Calanus propinquus, Calanoides acutus, and Rhincalanus 
gigas, all copepodite stages were identified. In the lab, the whole sample was initially processed by 
identifying, measuring, and counting all large (>10 mm) and rare (clearly visible <10 mm) organisms. 
The smallmouth area and fine mesh size likely significantly under-sampled large (>10 mm) 
organisms and their density estimates should be considered with caution. The remaining sample was 
processed either entirely if there where <200 individuals or sub-sampled (1/2 to 1/8) using a plankton 
splitter till approximately 200–300 individuals remained. This was used to quantify all organisms 
with the exception of small calanoids (Ctenocalanus and Clausocalanus), Oithona spp., Oncaea spp., 
Microsetella spp., copepod nauplii and crustacean eggs, which were counted in 5 mL sub-sample 
constituting 1/20 or 1/30 of the total sample. Abundance was calculated by dividing the count data 
by the proportion of the sample processed and then dividing the total count by the volume filtered 
and expressed as ind m−3. Biomass was calculated using conversions of zooplankton species and stage 
data to mg dry weight (DW) using [14] multiplied by the abundance data and expressed as mg DW 
m−3. 

To compare plankton communities, a non-metric cluster and MDS analyses were performed 
using the Plymouth routines in multivariate ecological research (PRIMER 6; [15]) computer package 
according to the procedure described by Field et al. [16]. Species abundance data were log10(x + 1) 
transformed, and a station similarity matrix generated using the Bray–Curtis metric. Cluster analysis 
was then applied using group average sorting. To test for significant numerical differences between 
identified clusters and seasons, ANOVA was conducted on log-transformed abundance and biomass 
data [17]. 

MDS was performed on the similarity matrix. A SIMPROF test was conducted (α = 0.01) to 
determine statistical significance between clusters [15]. 
  

Figure 1. Sample collections carried out from Ukrainian long-liners during austral summer 2017–2018
in the Pacific and Atlantic sectors of the Southern Ocean. In the insert, SIMEIZ collections, NW,
northwestern South Orkney Islands (27 February to 3 March, 2018); SE, southeastern South Orkney
Islands (31 March to 10 April, 2018). Station abbreviations: K, Koreiz collections (17 November, 2017 to
28 January, 2018); M, Marigolds collections (28 November, 2017 to 24 January, 2018); C, Calypso collections
(12 December, 2017 to 18 January, 2018); S, Simeiz collections (29 November, 2017 to 28 January, 2018).

Zooplankton taxa were identified to the lowest taxonomic level when possible. For four major
calanoid copepod species, Metrida gerlachei, Calanus propinquus, Calanoides acutus, and Rhincalanus gigas,
all copepodite stages were identified. In the lab, the whole sample was initially processed by
identifying, measuring, and counting all large (>10 mm) and rare (clearly visible <10 mm) organisms.
The smallmouth area and fine mesh size likely significantly under-sampled large (>10 mm) organisms
and their density estimates should be considered with caution. The remaining sample was processed
either entirely if there where <200 individuals or sub-sampled (1/2 to 1/8) using a plankton splitter
till approximately 200–300 individuals remained. This was used to quantify all organisms with the
exception of small calanoids (Ctenocalanus and Clausocalanus), Oithona spp., Oncaea spp., Microsetella
spp., copepod nauplii and crustacean eggs, which were counted in 5 mL sub-sample constituting 1/20
or 1/30 of the total sample. Abundance was calculated by dividing the count data by the proportion
of the sample processed and then dividing the total count by the volume filtered and expressed as
ind m−3. Biomass was calculated using conversions of zooplankton species and stage data to mg dry
weight (DW) using [14] multiplied by the abundance data and expressed as mg DW m−3.

To compare plankton communities, a non-metric cluster and MDS analyses were performed using
the Plymouth routines in multivariate ecological research (PRIMER 6; [15]) computer package according
to the procedure described by Field et al. [16]. Species abundance data were log10(x + 1) transformed,
and a station similarity matrix generated using the Bray–Curtis metric. Cluster analysis was then
applied using group average sorting. To test for significant numerical differences between identified
clusters and seasons, ANOVA was conducted on log-transformed abundance and biomass data [17].

MDS was performed on the similarity matrix. A SIMPROF test was conducted (α = 0.01) to
determine statistical significance between clusters [15].
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3. Results

3.1. Spatial Patterns in the Zooplankton Density and Composition

Total zooplankton abundance ranged from 2.9 to 2836 ind m−3 with a global mean of 360 ± 550
(±1 SD) ind m−3. The highest abundances were recorded at the northeastern Ross Sea (Figure 2A).
At those stations, small copepods (mainly Oithona spp., Oncaea spp., Ctenocalanus spp. and copepod
nauplii) numerically dominated samples (Figure 3). At the remaining stations, zooplankton abundances
usually varied between 100 and 500 ind m−3 with the tendency to increase from the west to the east
(Figures 2A and 3). With the exception of a few stations, small copepods accounted for >>60% of
total abundance (Figure 3). The second most abundant group comprised of large calanoid copepods
contributing from 10 to 40% of the total abundance. There was a tendency of increasing large copepod
contributions at the northerly stations occupied in the Ross and the Scotia seas (Figure 3). It was
also noted that the highest contributions and densities of small copepods coincided with the stations
characterized by high phytoplankton concentrations. Phytoplankton concentration was not measured
and inferred from phytoplankton dominating in zooplankton samples. The third-largest zooplankton
group was composed of euphausiids accounting for 5 to 60% of total abundance. At the western
stations, it was mostly presented by Thysanoessa macrura, while in the Scotia Sea, larval stages (mostly
calyptopis 1) of Euphausia superba dominated reaching densities of 304 ind m−3 (Sta. S_20; Figure 3).
Other groups combined seldom contributed more than 5% to the total zooplankton abundance.
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Figure 3. Zooplankton total abundance (upper panel) and contribution of major taxonomic groups
(lower panel) in the Pacific and Atlantic sector of the Southern Ocean during austral summer 2017–18.

Total biomass ranged from 0.3 to 85 mg DW m−3 with a mean of 10.9 ± 14.5 mg DW m−3.
The highest biomasses were recorded at two stations (M1 and C2) of the eastern Ross Sea (Figure 2B).
The first station was characterized by generally high concentrations of small and large copepods as well
as pelagic tunicates, Salpa thompsoni, and siphonophores, while on the station C2, ctenophora Callianira
sp. accounted for >90% of total zooplankton biomass (Figure 4). At other stations, zooplankton biomass
generally ranged from 5 to 20 mg DW m−3 with no clear pattern in distribution (Figures 2B and 4).
Generally, at the stations with biomass levels <5 mg DW m−3, small copepods accounted for >60%
of total biomass, while in the majority of stations, large calanoid copepods composed the largest
proportion (range 3 to 99%) of total biomass (Figure 4). At some stations, other groups contributed
significantly to total zooplankton biomass: e.g., euphausiids, up to 46% (Sta. S_23); amphipods, mainly
Themisto gaudichaudii,—up to 28% (Sta. S_11); jellies—up to 54% (Sta. C3); chaetognaths, up to 6%
(Sta. S_14) (Figure 4). A similar to abundance tendency of increasing euphausiid contributions from
west to east was observed (Figure 4). Other groups combined generally contributed <<20% to the total
zooplankton biomass.

3.2. Dynamics of the Copepod Community

With several exceptions, total copepod density ranged between 100 and 300 ind m−3 and was
generally higher in the Scotia Sea compared to the Ross Sea and Amundsen Sea stations (Figure 5).
Nevertheless, three stations with the highest (>1000 ind m−3) copepod abundances were observed in
the north-east Ross Sea. At all stations, small copepods dominated the samples: Oithona spp at Sta. S1,
Oithona spp., Ctenocalanus spp., and copepod nauplii at Sta. M1; and with the addition of Oncaea spp.
at Sta. C1 (Figure 5). Overall, Oithona spp. and copepod nauplii were prominent components of the
copepod community (Figure 5). While Oncaea spp. contributed substantially in the southern stations
of both Ross and Amundsen Seas, the north-western part of the Scotia Sea survey was nearly devoid
of this species (Figure 5). Instead, the contribution of larger calanoids, e.g., C. propinquus, C. acutus,
and M. gerlachei was significant.
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Abundances of C. acutus, C. propinquus and M. gerlachei ranged from 0.3 to <90 ind m−3 (Figures 6–8)
with not significantly different means: 14.7 ± 18.3, 7.2 ± 13.6, and 11.2 ± 19.8 ind m−3, respectively.
Both C. propinquus and M. gerlachei were mostly caught in the Scotia Sea (Figures 7 and 8), while C. acutus
was found across all regions (Figure 6). It was similar for all species as they all followed a seasonal
progression in the development composition. Generally, copepodites 4–5 and adult individuals
dominated at the Scotia and Ross Sea stations, with the exception of the north-east Ross Sea region
(Figures 6–8). Developing populations of all copepods (copepodites 1 to 4 dominated) were observed
in the Scotia Sea during the survey conducted in February to March 2018 (Figures 6–8).J. Mar. Sci. Eng. 2020, 8, x FOR PEER REVIEW 9 of 18 
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3.3. Community Composition Dynamics

Cluster analysis revealed five major station groupings and two outliers (Figure 10). Clusters
1 and 2, which were separated from each other at ~67% similarity, broadly corresponded to north
western and south eastern Scotia Sea stations (Figures 1 and 10A). Cluster 4 was separated at ~50%
similarity and was composed of stations conducted in the northeast of the Ross Sea, while clusters
3 and 5, separated at ~55% similarity, included a mixture of the stations of all Ross, Amundsen and
Scotia seas (Figures 1 and 10A). These clusters were also visible using the MDS analysis (Figure 10B).
The outliers were characterized by either very low zooplankton density or low diversity.J. Mar. Sci. Eng. 2020, 8, x FOR PEER REVIEW 12 of 18 
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Figure 10. Cluster (A) and MDS (B) analyses of zooplankton collections (by species abundance
only) in the southern parts of the Pacific and Atlantic sectors of the Southern Ocean during austral
summer 2017–18.

The total zooplankton abundance of cluster 1 was the highest and was significantly higher
(ANOVA, p < 0.05) than total abundance in clusters 2 to 4, while clusters 2 to 5 abundances did not
differ significantly (ANOVA, p > 0.05) (Figure 11; Table 2). Although a similar pattern was observed
for total biomass, biomasses were not significantly different among clusters (Figure 11, Table 2).
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Figure 11. Zooplankton total abundance (left panels) and biomass (right panels), as well as taxonomic
group composition (bottom panels, respectively), in the Pacific and Atlantic sector of the Southern
Ocean during austral summer 2017–18 in clusters identified in Figure 10A.

Table 2. Species composition and densities of zooplankton communities identified using the cluster
analysis presented in Figure 10A. Total abundance (A) and biomass (B) are expressed as ind m−3 and
mg DW m−3, while numbers in columns are proportions.

Species Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
A B A B A B A B A B

Calanoides acutus 0.4 5.3 9.9 50.4 10.3 27.6 3.4 6.8 5.2 36.6
Metridia gerlachei 0.1 0.4 3.3 6.3 4.4 5.1 9.5 6.1 1.1 1.4

Pleuromamma spp. 0 0 0.4 <0.1 0 0 <0.1 <0.1 0.1 <0.1
Ctenocalanus/Clausocalanus 13.6 20.2 10 5.5 6.2 1.8 15.9 8.1 8.2 10.3

Paraeuchaeta spp. 0 0 0.7 0.5 0.9 0.5 0.1 1.7 0.1 0.1
Euchirella rostromagna 0 0 0 0 0 0 <0.1 0.1 <0.1 0.1

Calanus propinquus 0 1.5 4.6 18.8 0.4 2.5 15.4 51.3 3.8 12.4
Calanus simillimus 0 1.8 0 0 0 0 0 0 0 0
Rhincalanus gigas 0.4 14.2 0.1 0.9 <0.1 0.2 <0.1 0.1 0.1 0.7

Oithona spp. 62.4 34.9 50.9 10.6 30.2 3.2 28.9 5.5 43.9 20.8
Oncaea spp. 3.5 1.1 2.3 0.3 35.1 2.1 1.1 0.1 5.5 1.4

Microsetella spp. 1.4 0.5 0.1 <0.1 0 0 0 0 0 0
Thysanoessa macrura 0.6 4.1 0.9 1.9 <0.1 0.1 0.5 5.7 0.1 2.2

Euphausia crystallorophias 0 0 0 0 <0.1 1.8 0 0 0 0
Euphausia superba 0 0 0.5 0.1 0 0 21 10.8 <0.1 0.8

Crustacea eggs <0.1 <0.1 1.9 <0.1 <0.1 <0.1 1 <0.1 7.1 <0.1
Copepoda egg clusters 0 0 0 0 <0.1 <0.1 0 0 <0.1 <0.1

Copepoda nauplii 17.3 0.2 11.9 0.1 9.5 0 2.5 <0.1 22 0.2
Themisto gaudichaudii 0 0 <0.1 1.8 0 0 <0.1 2.3 <0.1 9.4

Vibilia antarctica <0.1 2 0 0 0 0 0 0 0 0
Primno macropa <0.1 <0.1 <0.1 <0.1 0 0 0 0 <0.1 0.1

Hyperiella dilatata 0 0.1 0 0 <0.1 0.4 0 0 0 0
Eusirus sp. 0 0 0 0 <0.1 0.2 0 0 0 0

Nematocarcinus spp. 0 0 <0.1 <0.1 0 0 0 0 0 0
Ostracoda <0.1 0.2 <0.1 0.1 0.5 1 0.1 0.4 0.1 0.3

Spongiobranchaea australis 0 0 <0.1 <0.1 <0.1 <0.1 0 0 0 0
Clione antarctica <0.1 0.6 <0.1 0.1 <0.1 <0.1 0 0 0.1 <0.1
Limacina helicina <0.1 0.2 0.7 0.6 0.1 0.2 0.3 0.2 1.2 0.9

Rhinchonerella bongraini <0.1 0.2 <0.1 0.1 0 0 0 0 0 0
Pelagobia longicerrata 0.1 0.1 1.3 0.6 1.4 0.5 0.1 0.2 0.9 1.2
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Table 2. Cont.

Species Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
A B A B A B A B A B

Tomopteris spp. <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Sagitta gazellae <0.1 <0.1 <0.1 0.1 <0.1 0.2 0 0 <0.1 <0.1

Eukrohnia hamata <0.1 0.3 0.1 0.7 0.2 0.6 0.1 0.3 0.1 0.5
Medusae <0.1 0.3 <0.1 0.4 0 0 0 0 <0.1 0.5

Appendicularia 0.1 0.1 0.1 <0.1 0.5 0.2 <0.1 <0.1 0.4 <0.1
Salpa thompsoni 0.1 7.2 0 0 0 0 0 0 0 0

Pyrostephos vanhoeffeni <0.1 4.4 0 0 0 0 0 0 0 0
Calicopsis borchgervinki 0 0 0 0 <0.1 0.2 0 0 0 0

Calianira sp. 0 0 0 0 <0.1 51.7 <0.1 0.1 0 0
Total abundance (mean ± 1SD) 1620 ± 1124 121.0 ± 148.3 164.2 ± 86.6 317.5 ± 133.1 419.1 ± 218.8

Total biomass (mean ± 1SD) 26.2 ± 20.1 5.2 ± 4.1 13.8 ± 22.6 14.9 ± 9.0 8.0 ± 8.3

SIMPROF routine confirmed that differences in composition between the five groupings, with the
cluster and MDS analyses being significant (p < 0.01). Cluster 1 assemblage was numerically dominated
(>95% of total abundance) by small copepods, mainly Oithona spp. (62%), copepod naluplii (17%),
Ctenocalanus/Clausocalanus group (14%) and Oncaea spp. (4%) (Table 2); by biomass the same species
dominated with the addition of R. gigas (14%), S. thompsoni (7%), T. macrura, and siphonophores (4% each)
(Table 2, Figure 11). Clusters 2 and 3 had the lowest total abundance and by numbers dominated by
small and large copepods (Figure 11). Cluster 2 assemblage was dominated (in descending order of
species > 5% of abundance) by Oithona spp., copepod nauplii, Ctenocalanus/Clausocalanus, and C. acutus
(Table 2). In terms of biomass, small copepods collectively accounted for ~ 16% of the standing
stock, while large copepods dominated samples: C. acutus (50%), C. propinquus (19%), and M. gerlachei
(6%) (Table 2). Cluster 3 assemblage, although numerically similar to previous one, had gelatinous,
mostly cnidarian, zooplankton comprising most of the standing stock (52%), while large and small
copepods accounted for ~30% and ~10%, respectively (Table 2, Figure 11). Assemblage belonging to
cluster 4 was numerically dominated by small copepods followed by large copepods and euphausiids
(Figure 11), but by biomass, large copepods, mainly C. propinquus (>50%), and calyptopis larvae
of E. superba (11%) were most important contributors to the zooplankton standing stock (Figure 11;
Table 2). Similar to cluster 1, numerically small copepods (>80%) followed by large copepods dominated
cluster 5 assemblage (Figure 11). This cluster was different from others because amphipods, mainly
Themisto gaudichaudii, contributed nearly 10% of the total zooplankton standing stock (Table 2).

4. Discussion

Presented data, in general, reflects the community composition and dynamic seasonal pattern
of zooplankton in the region south of the Antarctic Convergence described in the literature [5,18–21].
It should however, be pointed out that while average densities and biomass levels were within the
documented range, it was on the higher side of the estimates. This can be explained by a 100 µm mesh
used in this study. In comparison, the majority of other estimates were obtained with nets equipped
with mesh ≥200 µm [18,22–25]. It has been shown that in general, a 200 µm mesh net retains on average
~20% and ~40% less biomass and abundance, respectively, compared to a similarly designed 100 µm
mesh net [26]. Indeed much higher (>5000 ind m−3) epipelagic zooplankton densities have also been
documented, but those were coincident with high numbers of pteropods or euphausiid larvae [27–29].
Overall, the distribution of zooplankton varied considerably and generally had low abundances at
the southernmost stations, while generally opposite trend was observed for total biomass. It is linked
to the copepod community composition and occasional catch of a single macroplankton organism.
In addition, closer to the continent, the majority large calanoid species dominated by adults ready
for spawning.

There was no surprise that large copepods C. acutus, C. propinquus, and M. gerlachei generally
dominated the zooplankton biomass and small copepods accounted for the majority of the zooplankton
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abundance in the top 100 m layer of water [5,19,30–32]. The macrozooplankton could have been largely
under-sampled by the net with a small mouth area and fine mesh size that is designed to sample
mesozooplankton. Following Baker’s [8] predictions, the community composition was differentiated
according to the sampling latitude and/or season rather than longitudinally. The main composition of
copepods and their development followed spatial and temporal patterns described by Voronina [33]
for the whole Southern Ocean. Similar regional specifics have also been documented in various
sectors of the Southern Ocean, e.g., the Ross Sea and western Amundsen Sea [10,13,27], the Weddell
Sea [30,34,35], and the Cosmonaut Sea and the Prydz Bay Region [9,19,31,36–38].

A few observations are noteworthy. First, the substantial contribution of the pelagic tunicate
S. thompsoni to the total abundance and biomass in the northeastern Ross Sea region. The salps were
dominated by the small-sized blastozooids (aggregate forms), indicating recent asexual reproduction in
the area, which was already ongoing in November 2017. This species was never encountered throughout
the remaining survey until the end of the sampling season in April 2018. Second, while C. acutus was
prominent across all surveys, both M. gerlachei and C. propinguus were most abundant and prevalent
in the eastern part of the sampling area, particularly towards the austral fall. Third, there was a
close coincidence, in both western and eastern surveys, of high small copepod numbers and samples
dominated by the phytoplankton. While phytoplankton concentrations were not directly quantified,
samples with large quantities of phytoplankton are a good proxy of the phytoplankton bloom conditions.
Therefore, high quantities of small copepods and nauplii may have occurred either due to the net
clogging at high phytoplankton concentrations that caused their better retention in the sample, or high
phytoplankton densities could have been boosted copepod reproduction. We tend to favor the second
explanation here. Fourth, Antarctic krill larvae were encountered only during the survey east of
the South Orkney Islands. They had an unusually early developmental stage composition and were
dominated by early (1 and 2) calyptopis stages, pointing to the late spawning season in 2017/18,
which likely occurred at the beginning of March. The advanced stages (furcilia 1 to 3) were also present
in the samples, but in very low numbers, and were likely indicators of spring/early summer krill
spawning events. There is high uncertainty whether or not early krill larvae will be able to survive
through the approaching winter, which may be a prerequisite for low krill recruitment during the next
year. Finally, east of the South Orkney Islands, significant densities of the amphipod T. gaudichaudii
were encountered; but was not observed in both the Ross and Amundsen Seas. Themisto is a carnivorous
species contributing to mesozooplankton consumption [39,40]. It was also shown that this species
might be an efficient predator on pelagic tunicates [41], thus responsible for decreasing zooplankton
standing stock and salp population in the area.

In conclusion, it is important to emphasize that this pilot study opens new opportunities to
investigate zooplankton dynamics using ships of opportunity in regions traditionally not sampled
during the oceanographic surveys. These are preliminary results of the first such study, which could
be further analyzed in-depth in follow up publications. Moreover, it will provide unprecedented
opportunities to increase the seasonal and geographical zooplankton sampling coverage at a fraction
of the cost of the full-scale oceanographic surveys. Such opportunities do not only provide invaluable
information in regions that lack scientific efforts [12] but, more importantly, create an opportunity to
establish and maintain international and hopefully long-term collaborations. In the end, such efforts
would contribute a long way to supplement the already ongoing Southern Ocean continuous plankton
recorder (SO-CPR) surveys and will be critical in monitoring long-term changes in the Southern Ocean
pelagic ecosystem. Pilot studies like this could pave the way for building a long-term sampling
program. Finally, a recently started initiative to model the Antarctic system will benefit from the
additional information obtained in similar surveys.
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