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ABSTRACT 

In November 2019, a first joint Chilean–Argentinian research cruise was conducted 

along the eastern section of the Beagle Channel (BC). Here we present the results of 

the microbial plankton (2–200 μm cell size) abundance and composition analyses in 

relation to water masses and environmental variables, along a longitudinal transect 

characterized by contrasting hydrology. Plankton samples were analyzed within the 

photic zone along the channel and at two fixed stations during two short time series (a 

first one of 30 and a second one of 42 h). Results revealed a spatial zonation in the 

composition and structure of the plankton assemblages, related to bathymetry, water 

temperature and nutrient availability but also, a small-scale temporal variability due 

mainly to a rise in air and water temperature. The inner (westernmost) and outer sectors 

of the sampled area, west and east of Mackinlay Strait, respectively, were characterized 

by low plankton abundances, mostly dominated by nanoflagellates and some large 

diatoms. In contrast, the easternmost sector of BC, showed the highest total cell 

abundances, displaying a high diversity of small and large diatoms. Notably, in the inner 

BC (fixed station F1), chl-a concentrations almost doubled in 24 hours, along with an 

increase in total plankton abundance and the dominance of small diatoms and 
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nanoflagellates. Rapid changes in plankton relative abundance were also observed east 

to Mackinlay Strait. This highlights the large spatial (km) and temporal (hours to days) 

plankton heterogeneity along the eastern section of the BC, scales which should be 

considered for further sampling strategies. 

 

1.INTRODUCTION 

It is well established that phytoplankton dynamics are shaped by fluctuations at 

different temporal scales (Harris 1980; Reynolds, 1990): from semidiurnal tidal cycles, 

diurnal cycles in light (Cloern, 1991; Lucas and Cloern, 2002; Wetz et al., 2006, Leles et 

al., 2014), seasonal changes in light, temperature, stratification, and nutrients (Almandoz 

et al., 2011; Iriarte et al., 2018), to interannual, long-term climate variability (Alvarez-

Cobelas et al., 2019, Harris et al., 2014). In subantarctic environments, the physical and 

chemical environment may vary rapidly in temporal but also small-scale spatial variation 

(Swart et al., 2015; Thomalla et al., 2011). Wind storms (Iriarte et al., 2001; Carranza 

and Gille 2014) and heavy precipitation (Käse and Geuer, 2018) as well as calm weather 

accompanied by high radiation (Boyd, 2002; Arrigo et al., 2008) could therefore alter the 

typical phytoplankton succession pattern, modulating phytoplankton communities, 

especially during the spring-summer season. The subantarctic BC is a semi-estuarine 

system connecting the Pacific and Atlantic Oceans. The BC shows marked hydro-

meteorological seasonal cycles, with air temperatures between 5 and 14 ºC during 

austral summer, when the prevailing Southwest winds are intensified (Garreaud et al., 

2009), and temperatures between -1 and 5 ºC during winter (Iturraspe et al., 1989). The 

main hydrographic features include a dominant west to east circulation influenced by 

Subantarctic Waters (SAAW), the Cape Horn Current, and a strong spatial gradient in 

freshwater discharge (Giesecke et al., 2021). An intricate bottom bathymetry, with depths 

varying from 644 m depth on the western Pacific side (Balestrini et al., 1998) to ~40 m 

depth on the eastern, Atlantic side (Valdenegro and Silva, 2003), separates the channel 

into several microbasins. Surface salinities increase in winter and decrease in spring-

summer due to freshwater input, driving water column stratification and the formation of 

a seasonal pycnocline at around 60 m (Giesecke et al., 2021). The tidal regime is mixed 

semidiurnal with average tidal amplitudes of 1.2 m, ranging from 0.67 to 2.18 m 

(Balestrini et al., 1998). 

In November 2019, a joint Chilean-Argentinian cruise along the eastern section of 

the BC addressed the question of how meteorological, physical and chemical variables 

influence the distribution of plankton community’ structure, size-fractions, composition 

and abundance along the BC during austral spring on both the spatial and short-term 
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(from hours to days) temporal scale. We hypothesize that rapid variations in 

environmental conditions could lead to an identifiable short term-response in plankton 

composition, related to the combination of changing meteorological and hydrographical 

conditions. To test this, here we assess the microbial plankton structure (2–200 μm cell 

size organisms) in terms of species composition, size-fraction groups, and abundance 

both across a longitudinal transect and at two fixed stations (in the inner and outer BC, 

according to Iachetti et al., 2021). This allows us to analyze the temporal and spatial 

scales of plankton variability along the eastern section of the BC (east of 68.6º W). This 

study further provides contextual information about plankton abundance and 

composition to other works in the Special Issue on the Binational Cruise in the BC. 

 

2. MATERIALS AND METHODS 

2.1. Field work and sample processing 

From November 9 to 15, 2019, the first binational Chilean-Argentinian expedition 

along the BC was conducted onboard the R/V Victor Angelescu. Eight discrete stations 

were sampled along a longitudinal W-E transect (Fig. 1). Two additional fixed stations 

were sampled every 6 hours for 42 h at F1 (54°53.32’S, 67°46.92’W) and 30 h at F2 

(54°54.03’S, 67°16.31’W), west and east of Mackinlay Strait, respectively. Fixed stations 

were performed following the semidiurnal tidal cycle.  

 

Figure 1. Location of the study area in the southern tip of South America (A), Tierra del 

Fuego (B) and study area with the sampled stations (C) along the W to E transect (red 

stars) and fixed stations, sampled on the way back (yellow stars). The solid black line 

indicates the Argentine-Chilean border. 1/3 PAGE 
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2.2. Physical and chemical variables 

At each station and during each of the sampling events at the fixed stations F1 and 

F2, a SeaBird SBE-9 CTD was deployed for vertical profiling and discrete water 

sampling. The CTD was additionally fitted with auxiliary sensors of oxygen, PAR, and 

fluorometry, and was attached to twelve 8 L Niskin bottles (SBE-32 rosette) for water 

sampling. In addition, underway surface (4 m) seawater temperature data were 

continuously measured by means of a Seabird SBE 38 CTD. Water samples were 

collected at surface (5 m, 22 samples), chlorophyll-a (chl-a) maximum (10 to 32 m) and 

at ~10 meters from the bottom, for later analysis of dissolved inorganic nutrients 

(nitrate+nitrite, phosphate and silicic acid) at IFOP's Center for Harmful Algae Studies 

(CREAN), using Seal Analytical AQ-400 autoanalyzer (Mequon, WI, USA) according to 

international standard techniques (EPA, 2000; APHA / AWWA / WEF, 1999, 2000; 

USEPA, 1983, 1993; for more details see Schloss et al., 2023). Data between the surface 

and the maximum of chl-a will be used in the present study.  

 

2.3. Biological parameters 

2.3.1. Total and size-fractionated chlorophyll-a 

For total chl-a (chl-aTOT) determination, 200 mL seawater subsamples from each 

depth were filtered onto GF/F filters (0.7 μm nominal pore size) in triplicate and kept 

frozen at -80°C until analysis. Size-fractionated chl-a subsamples were obtained by three 

sequential steps; 500 mL of seawater were prefiltered through a 20 μm nitex mesh and 

the eluted water was sequentially filtered through 2 μm nucleopore (chl-a 2-20 μm, 

nanoplankton fraction) and 0.7 μm GF/F filters (chl-a 0.7-2 μm, picoplankton fraction). 

Chl-a >20 μm (microplankton fraction) was determined as the difference between chl-

aTOT and the other size-fractions (Iriarte et al., 2000; Gonález et al., 2010, 2016; Jacob 

et al., 2014). Chl-aTOT and size-fraction chlorophyll were extracted during 24 h in cold 

and dark conditions with 90 % acetone and determined with fluorometry (Trilogy, Turner 

Design), according to standard procedures (Parsons et al., 1984). 

 

2.3.2. Diversity of the eukaryotic unicellular nano- and microplankton  

At all stations Seawater samples (100 mL) for nano- and microplankton qualitative 

analyses were collected on vertical net tows (20 m to surface) using a 25 µm mesh net. 

Samples were fixed with formaldehyde neutralized with Borax (4 % final concentration) 

and examined using a Leica DM2500 optical microscope equipped with phase contrast. 

For nano- and microplankton quantitative analysis, seawater subsamples (250 mL) 

from depths mentioned above (see 2.2) were fixed with acidic Lugol’s solution at 2 % 
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final concentration (Alder and Morales, 2009) and stored in the dark at 4 °C until analysis. 

Eukaryotic cells >2 μm were identified to the lowest possible taxonomic level according 

to Tomas (1997) and regional references (Almandoz et al., 2011; Iachetti, 2018; Guinder 

et al., 2020). At least 300 cells were counted with an IROSCOPE inverted microscope 

SI_PH922394 according to Utermhöl (1958). For colonial individuals, the number of cells 

in a colony were counted. Plankton abundance was then expressed in cell L-1. In the 

present study, the term plankton refers to the size range >2 μm, that could be identified 

using optical microscopes.  

 

2.4. Data analysis 

For data analysis, stations were grouped according to Iachetti et al. (2021), who 

established two well defined hydrological sectors according to their bathymetry and 

environmental conditions, separated by the Mackinlay Strait; the inner BC (E1, E5, E8, 

F1) and the outer BC (E9, E11, E13, F2). The easternmost stations (E15, E16), beyond 

Picton Island, were not considered by Iachetti et al. (2021), thus hereafter referred to as 

“mouth” of BC (see description in results). 

Hourly data of meteorological variables, i.e., air temperature (TAIR), wind speed and 

direction were provided by the Global Atmospheric Watch Station (VAG-Ushuaia) 

located on the Ushuaia Peninsula (54º 50.92′ S, 68º 18.53′ W). For statistical analyses, 

the average wind-speed and air temperature of the 24 h before the actual sampling times 

were considered.  

The Brunt-Väisälä buoyancy frequency (BV) was calculated at each station; the 

highest buoyancy frequency value was used as a proxy for the mixed layer depth (MLD; 

Mann and Lazier, 2013). 

CTD fluorometry data were converted into chlorophyll values (CTD-Chlorophyll) by 

calibration with discrete chlorophyll-a concentration values (chl-aTOT) recorded during the 

cruise. For each station, biological data from only the first two sampling depths (2 to 3 

discrete samples were averaged between 5 and 32 m depth) were considered in this 

publication. For statistical analysis and summary information in Tables 1 and 2, 

hydrographical variables were processed as follows: for Salinity (S), Seawater 

Temperature (Tw), Sigma Theta (σt) and CTD-chlorophyll, the median was considered, 

to obtain a robust value with less outlier data influence. For inorganic nutrients, total and 

discrete size-fractionated chl-a and nano- and microplankton abundances, the average 

value was considered.  

Multivariate Principal Component Analysis (PCA) was performed to identify 

associations between meteorological and hydrographic parameters and spatial 

ordination patterns among the sampled stations, at a spatial and a temporal scale. Silicic 
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acid was not included in the analysis as concentrations were below the detection limit 

(0.64 μmol L-1) in almost all the samples.  

Hierarchical Cluster Analysis and a nMDS ordination were performed. Previously, a 

square root transformation was applied to the biological data to reduce heterogeneity 

among the different taxa abundance considered, i.e., nano- and micro-sized diatoms, 

nano and micro-sized dinoflagellates, nano- and micro-sized ciliates, other protists >20 

μm (silicoflagellates and euglenophytes) and nanoflagellates (cryptophytes, 

prasinophytes, prymnesiophytes and unidentified nanoflagellates). An ANOSIM (Clarke 

and Warwick, 1994) was also carried out to test for statistical grouping between stations. 

Finally, a symmetrical matrix of all pairwise distances among sampling stations 

(SIMPER) was calculated with Bray Curtis distance. All statistical analyses were 

performed using the software PRIMER (Clarke and Gorley, 2006). 

 

3. RESULTS AND DISCUSSION  

Results will be presented and discussed considering the spatial variability (8 stations 

along the W-E transect) and the temporal variability at different scales, from days (i.e. 

comparing sites that were sampled in two different opportunities, during the W-E transect 

and then again, during the fixed stations) to a few hours (analyzing the fixed stations, 

sampled every 6 hours for 42 and 36 h).  

 

3.1. Spatial variability  

A rise in air temperature (TAIR) was observed, varying from 3.25 ºC in the inner BC 

(stations E1, E5, E8) to 7.63 ºC in the mouth of BC (stations E15 and E16), while at the 

same time wind speed diminished from 29.92 to 5.16 km h-1 on the way East. 

Accordingly, the highest value of MLD (105 m, Table 1) was observed in the inner BC 

(particularly in stations E1 and E5), which is also deeper than the rest of the studied 

region of the channel. The deepening of the MLD could be due to a combination of winds 

and Venturi effects at Diablo Island (Giesecke et al., 2021), particularly close to the 

station E1, in which complete homogenization of the water column takes place. This 

affected biological processes, E5 showing the lowest net community production 

measured in the transect, as well as the lowest production:respiration rate (Latorre et al., 

2023). Wind driven vertical mixing is a very recurrent process, mainly in shallow areas 

in BC, especially in winter, when water column homogenization can reach the sea bed, 

even in the deeper microbasins (150 to 200 m, Martin et al., 2016; Flores Melo et al., 

2018). In contrast, in the eastern sector of BC, stratification was weak (BV < 18 cycles 

h-1) and MLD shallow (~7m). Water temperature (TW) ranged from 6.26 to 6.67 ºC, while 
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salinity varied from 31.08 to 32.75 (Fig. 2 A-C), the lowest values corresponding to the 

inner BC for both variables. Water density was determined by salinity (not shown) as 

previously reported by Martin et al. (2016). No thermal stratification was evident except 

in E1, where temperature varied from 6.30 ºC in the surface to 5.88 ºC at 80 m, and to 

6.65 ºC near the bottom. Salinity stratification was evident in the upper 100 m of the 

water column, changing from 31.09 to 32.27 in the inner BC (E1) and, in the upper 10 

m, changing from ~31.60 (surface) to ~32.22 (near the bottom), in the outer BC (stations 

E11 and E13, Table 1, Fig. 2 B and C). These features are similar to those previously 

described for the study area (Flores Melo et al., 2020; Giesecke et al., 2021; Iachetti et 

al., 2021). 

Table 1. Summary of meteorological and hydrological variables during the studied 

period for eastern Beagle Channel. 24 h-averaged air temperature (TAIR) and wind speed 

(Wspeed), Median values for water temperature (TW), salinity (S), density sigma theta 

(σt) and averaged values ± standard deviation for nutrient concentration, for surface to 

maximum chl-a depths (0-32 m) at all sampled stations (longitudinal transect). S.date, 

sampling date. Bot depth, bottom depth. MLD, mix layer depth. MLD: Mixed Layer Depth. 

nd: Non detectable (<0.64 μmol L-1).  

Station E1 E5 E8 E9 E11 E13 E15 E16 

S. date 
9-Nov-

19 
9-Nov-

19 
9-Nov-19 

10-Nov-
19 

10-Nov-
19 

10-Nov-
19 

10-Nov-
19 

10-Nov-
19 

Bot. depth (m) 256 155 25 49 110 74 50 28 

MLD (m) 105 88 4 8 8 6 9 5 

TAIR (ºC) 
3.5 ± 
1.6 

3.2 ± 
1.9 

4.7 ± 2.1 4.8 ± 1.8 4.7 ± 2.1 5.1 ± 2.7 6.0 ± 3.9 7.6 ± 5.7 

W. speed (km h-

1) 
29.9 ± 

8.4 
25.8 ± 

9.8 
19.5 ± 
10.2 

17.2 ± 
10.6 

7.7 ± 8.3 6.4 ± 6.3 5.2 ± 4.7 5.2 ± 5.1 

TW (ºC) 
6.2 

± 0.1 
6.3 ± 
0.1 

6.5 ± 0.0 6.5 ± 0.0 6.5 ± 0.1 6.7 ± 0.1 6.6 ± 0-1 6.5 ± 0.0 

S 
31.1 
± 0.1 

31.2 ± 
0.0 

31.6 ± 
0.0 

32.1 ± 
0.1 

32.1 ± 
0.2 

32.5 ± 
0.1 

32.7 ± 
0.0 

31.1 ± 
0.0 

σt 
24.4 
± 0.1 

24.5 
± 0.1 

24.8 ± 
0.0 

25.2 
± 0.1 

25.2 
± 0.1 

25.5 
± 0.1 

25.7 
± 0.1 

24.4 
± 0.0 

PO4 (μmol L-1) 
1.4 ± 
0.1 

1.4 ± 
0.4 

1.3 ± 0.1 1.1 ± 0.2 1.2 ± 0.2 1.2 ± 0.0 1.3 ± 0.1 1.4 ± 0.0 

NO3+NO2 (μmol 
L-1) 

9.8 ± 
0.1 

7.3 ± 
1.0 

6.2  ± 1.5 
12.6 ± 

7.9 
5.6 ± 0.6 8.4 ± 0.2 

10.8 ± 
0.9 

7.4 ± 0.6 

N:P 
7.3 ± 
0.7 

5.4 ± 
2.1 

4.7 ± 1.2 
10.8 ± 

1.2 
4.7 ± 0.3 6.9 ± 0.2 8.4 ± 1.0 5.3 ± 0.5 

SiO4 (μmol L-1) nd nd 5.46 nd nd nd nd nd 

Nitrate+nitrite (NO3 + NO2) and phosphate (PO4) concentrations (Table 1) averaged 

8.53 ± 2.4 and 1.28 ± 0.11 µM, respectively, with an average N:P ratio of 6.69 ± 2.11. 

Although no W-E gradient was observed, phosphate concentration showed higher 

values on the western sector of the transect (Table 1). Concentration values registered 

on this study are within ranges previously described for the BC at this time of the year 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



8 

(Giesecke et al., 2021; Iachetti et al., 2021 and references therein). Silicic acid 

concentrations, as observed in previous studies (Iachetti et al., 2021), were low (<5.46 

μM) or even under detection limit (as in 87 % of the analyzed samples) above the chl-a 

maximum depth and all along the transect (Table 1). In the Inner BC (E1 and E5), Silicic 

acid was only detectable in near bottom samples (at 263 and 146 m, respectively; not 

included in this study). This would lead to the hypothesis that if intense winds mixed the 

water column to those depths, silicates could reach surface waters. This was the case 

in Station E8 in Mackinlay Strait, the only station in which silicic acid concentration (5.5 

μmol L-1) above the chl-a maximum depth was above the detection limit (0.64 μmol L-1). 

Relatively high wind speeds were registered during that day and sampling time (around 

20 km h-1, Table 1), and given the shallow bottom depth at E8 (25 m, Table 1), the 

measurable silicic acid concentration was probably related to dissolved nutrients 

resuspension, as observed in different regions during short wind events (Thyseen et al., 

2008, Yeager et al., 2005).  

The low nutrient concentrations were most probably responsible for the generally low 

chlorophyll-a concentrations measured (see below), which were ca. 6 times lower than 

previously reported for the region (Iachetti et al., 2021 and references therein) for the 

same spring months.  

Maximum CTD chlorophyll-a concentration distribution was generally found between 

10-20 m depth (Fig. 2 D). 

The spatial variability along the transect was also reflected in the multivariate 

analysis (PCA, Fig. 3) in which the two first components accounted for 79.9 % of total 

variability. The eastern BC stations, characterized mainly by higher salinity (stations E11, 

E13 (as in Giesecke et al., 2021; Iachetti et al., 2021) and stations E15, E16 in the 

“mouth” of BC) were grouped together but separated from the rest, which presented 

intermediate conditions and mostly corresponded to the MacKinley Strait (E8 and E9) or 

the inner channel (E1 and E5). Higher salinity and chl-aTOT values (see below) in this 

area are likely related to the intrusion of oceanic waters from the Cape Horn Current, 

reaching the easternmost section of the BC through and around Nueva and Lennox 

Islands (Acha et al., 2004; Cardona Garzón et al., 2016). 
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Figure 2. Continuous underway surface water temperature (A) and profiles for (B) water 

temperature (ºC), (C) salinity and (D) CTD-chlorophyll-a (µg L-1), based on calibrated 

fluorescence data, for all the sampled stations along the W to E transect. 1/3 PAGE 

 

 

Figure 3. Principal Component Analysis (PCA) scatter plot based on medians and 

averages of physical and chemical (surface to maximum-Chl-a depth) and 
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meteorological variables for all stations. S: salinity, TAIR: air temperature, TWATER: water 

temperature, ZTOT: Bottom depth, σt: density. MLD: Mixed Layer Depth. COLUMN  

 

Discrete chl-aTOT concentrations from surface to maximum Chl-a depth were 

generally low along the studied area (< 1.2 µg L-1), with the highest values in the 

easternmost stations E15 and E16 (2.73 and 2.56 µgchl-a L-1, respectively, Fig. 4 A), 

decreasing with depth. Chl-aTOT was mainly represented by microphytoplankton (chl-

a>20μm, 50-75 %) in most of the stations, followed by the nanophytoplankton (chl-a2-20μm, 

15-30 %) and picophytoplankton (chl-a0.7-2μm, 10-20 %) fractions, except for E1 where 

pico- and nanophytoplankton were the most important size fractions (40 % and 37 %, 

respectively), with a low contribution of microphytoplankton (23 %) (Fig. 4A). 

Microphytoplankton was mainly represented by diatoms, a common feature in the spring 

summer blooms in both northern subpolar environments (Savidge et al., 1995; Uitz et 

al., 2009; Irion et al., 2021; Mojica et al., 2015; Ward et al., 2016) and subantarctic areas 

(Iriarte et al., 2001; Cuevas et al., 2019; Almandoz et al., 2011; Guinder et al., 2020). 

Total plankton cell abundance >2 μm ranged between 5.8x105 to 2.8 x106 cell L-1, 

following a spatial pattern similar to that of Chl-aTOT, reaching the highest values at the 

mouth of BC.  

Along all the sampled stations, from the analyzed planktonic groups, nanoplankton 

was the dominant size fraction in terms of cell counts being ca. 18 times more abundant 

than microplankton (Fig. 4 B and C). Regarding nanoplankton, cryptophytes, 

prasinophytes and prymnesiophytes were the less abundant groups and, therefore, were 

grouped together with the unidentified nanoflagellates as a single group: 

“Nanoflagellates”.  

In the inner BC, stations E1 and E5 nanoflagellates accounted for more than 78 % 

and diatoms for less than 20 % of total nanoplankton. Dinoflagellates and ciliates < 20 

μm accounted for less than 5 % of total nanoplankton abundance (Fig. 4 B). In the 

Mackinlay Strait (E8 and E9), plankton analysis at E9 was similar to E1 and E5, but E8 

showed the highest nanoplankton abundance, presenting similar proportions of diatoms 

and nanoflagellates (48.5 and 49.4 %, respectively). Mackinlay Stait stations showed 

intermediate (transitional) environmental conditions between inner and outer BC, and 

therefore, community composition and abundance seem to be transitional as well. 

However, for the microbial community, these transitional stations clustered together with 

those of the east of Mackinlay Strait (as in Malits et al., 2023). For the inner BC and 

Mackinlay Strait, microplankton (Fig. 4 C) was mainly represented by diatoms (55-97 %). 

Diatoms were followed in abundance by dinoflagellates (5-30 %), silicoflagellates and 
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euglenophytes were the less important groups in terms of their contribution to total 

plankton abundance and were grouped as “Other Protists >20 μm” (Fig. 4 C).  

Despite of being a systems with severe silicic acid limitations with ~11 to 19 times 

less SiOH for, optimal diatom development (N:Si 1:1), this group was able to outnumber 

the abundance of non-silica dependent organisms such as dinoflagellates (5-30 %) and 

euglenophytes. This could be attributed to the ability of diatoms to make highly efficient 

use of short-lived pulses of silicic acid into the system, promoting the formation of thinner 

frustules and smaller diatom communities (Marchetti and Cassar, 2009). These pulses 

could be related to continental runoff and local resuspension of sediments (Torres et al., 

2023), such as the observed at E8 (west to the Mackinlay constriction) where there is a 

shallowing of bottom depth (28 m), a reduction of seas surface salinity, low temperature 

most likely linked to the ventilation of deeper waters masses. At station 8 we were able 

to reach a N:Si close to 1, while N:P ratio reached its lowest 4.75, impinging a drawdown 

of nitrate by assimilation of primary producers. Nitrate+nitrite were scarce along the 

western section with N:P always below 10 (see Table 1), which is consistent with 

previous observations along the full extension of the BC (Giesecke et al., 2021). 

Mean total-Nanoplankton abundance in the outer BC was almost the same as in 

the inner BC. E11 showed almost twice the abundance of nanoplankton than E13 (Fig. 

4 B). As for most of the inner sector, in the outer BC (E11 and E13), nanoplankton was 

mainly represented by nanoflagellates (72 and 83 %) followed by diatoms (14 and 8 %), 

dinoflagellates and ciliates (ca. 2.5 %). Microplankton was less abundant (2 times) in the 

outer BC than in the inner BC (Fig. 4 C). At E11, microplankton was mainly represented 

by diatoms >20 μm. Whereas, in E13, similar percentages of diatoms and dinoflagellates 

(ca. 45 %) were observed. 

Nanoplankton at the mouth of BC was the highest, almost 3 times higher than in the 

inner and outer BC (Fig. 4 B), and was mainly represented by diatoms (70-80 %). 

Microplankton also presented the maximum registered values ca. 13 times higher than 

in the inner BC and 30 times of that registered in the outer BC. Microplankton was mainly 

represented by diatoms (55-97 %), similar to the inner BC, reaching the highest 

abundance of micro-sized diatoms (~105 cell L-1),, almost 10 times higher than the values 

recorded in the rest of the sampled sectors. This could be related to the transport of 

oceanic waters from Cape Horn Current (Acha et al., 2004), as mentioned above. 

In general, small diatoms (<20 μm) were highly diverse and dominated by the genera 

Chaetoceros and Thalassiosira, while Skeletonema spp., Leptocylindrus minimum, L. 

danicus, Cerataulina pelágica, Guinardia delicatula, Thalassionema nitzschioides and 

Navicula spp., among others, were additionally frequent diatom species, similar as 

previously described by Almandoz et al., (2011). Dinoflagellates <20 μm were mainly 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



12 

represented by the armored genera Scrippsiella, Protoperidinium and Alexandrium, and 

the unarmored Gymnodinium and Amphidinium, in coincidence with previous studies in 

the BC (Guinder et al., 2021). 

Large diatoms (>20 μm) belonged to the genera Chaetoceros, Thalassiosira, 

Rhizosolenia and Pseudo-nitzschia. Nonetheless, Asterionellopsis glacialis 

Stephanopyxis turris, Ditylum brightwelli, Licmophora gracilis, G. delicatula, T. 

nitzschioides, Eucampia sp. and Nitzschia longissima were also frequent. Large 

dinoflagellates included the armored genera Ceratium, Protoperidinium and Dynophysis, 

and the unarmored Gyrodinium, Gymnodinium and Torodinium.  

Nano-sized (8.6 x 102 - 2.9 x 104 cell L-1) and micro-sized (2.1 x 102 - 4 x 103 cell L-1) 

aloricated ciliates were mainly represented by the genera Mesodinium spp. and Laboea 

spp. while loricate ciliates from the genus Tintinnopsis were always less abundant. High 

ciliates abundances usually occurred along with low diatom abundances and vice versa, 

as shown in several studies (Calbet and Landry, 2004; Irigoien et al., 2005; Posch et al., 

2015). All the species identified in the present study are listed in Table A (Supplementary 

data); most of them have been previously described in the BC (Almandoz et al., 2011; 

2014; 2019; Iachetti, 2018; Benavides et al., 2019; Guinder et al., 2020), revealing a 

consistent composition between different years.  
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Figure 4. Chl-a size-fractions (in μg L-1) (A, D, G) at the sampling stations, considering 

surface to maximum Chl-a waters (0-32 m) and plankton abundance (in cell L-1) of nano- 

and microplankton (B, C, E, F, H, I). Figures A to C show all the sampled stations 
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longitudinally, whereas D to F and G to I are from the fixed stations, F1 and F2, 

respectively. As in Figure 1, stations sampled on the way back to Ushuaia (E to W 

transect) are indicated with yellow stars. Black lines in B, E and H show total plankton 

abundances (>2 μm). FULL PAGE 

3.2. Temporal variability  

While very rapid (i.e., in the scale of hours) variation in meteorological conditions in 

the BC is a well-known feature to locals, this is the first time such an observation and its 

effect on plankton community are documented. Changes in temperature and wind speed 

were observed during the 6 days cruise. Air temperature increased from 3.5 (Table 1) to 

around 10 ºC (Table 2) from the beginning to the end of the cruise, while in 42 h, wind 

speed decreased from ~30 (Table 1) to 5 km h-1 (Table 2). Consequently, the first 

sampled stations in the inner BC (E1, E5, E8) were characterized by higher wind speed 

and lower air temperature (Table 1) than the same area on the way back to Ushuaia (F1, 

Table 2). Then, when reaching the outer BC (stations E9, E11, E13) air temperature was 

higher and wind speed lower, and this trend was even more marked, mainly for air 

temperature, when the same area was visited on the way back to Ushuaia (F2, Table 2). 

Such rapid changes affected surface waters characteristics and changes might be 

further reflected in the plankton community. 

Table 2. Summary of environmental and hydrological variables during the studied 

period for eastern Beagle Channel. 24 h-averaged air temperature and wind speed, 

Median values for water temperature (TW), salinity (S), density sigma theta (σt) and 

averaged values ± standard deviation for nutrient concentration, for surface to maximum 

Chl-a (0-32 m) waters for the different sampling sites at fixed stations F1 and F2 and the 

average (av). S.date, sampling date. Bot depth, bottom depth. MLD, mix layer depth.  

Statio
n 

S. 
dat
e 

Bot. 
depth 
(m) 

ML
D 

(m) 

TAIR 

(ºC) 
W. speed 
(km h-1) 

TW 
(ºC) 

S σt 
PO4 

(μmol 
L-1) 

NO3+NO2 
(μmol L-1) 

N:P 

E.F2-
T0 

11 
and 
12 
No
v 

201
9 

28 

20 12.07 16.68 6.53 31.37 24.62 1.075 5.247 4.856 

E.F2-
T6 

4 10.84 24.80 6.51 31.14 24.44 1.07 5.35 5.08 

E.F2-
T12 

16 9.56 24.88 6.55 31.40 24.64 1.20 5.21 4.33 

E.F2-
T18 

10 8.74 23.88 6.61 31.50 24.71 1.01 7.32 7.08 

E.F2-
T24 

10 9.02 19.00 6.58 31.44 24.67 1.17 7.85 6.60 

E.F2-
T30 

14 9.16 16.08 6.68 31.27 24.53 1.17 9.28 7.88 

F2 (av 
± sd) 

12 
10.65
±2.88 

18.93±13
.08 

6.22
±0,0

3 

31.03
±0,03 

24.3±
0,02 

1.12±0.
11 

6.71±2.63 
5.97±
2.07 
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E.F1-
T0 

13 
and 
14 
No
v 

201
9 

182 

8 9.44 13.00 6.94 31.00 24.28 1.07 3.71 3.48 

E.F1-
T6 

5 9.80 12.72 6.97 31.03 24.30 1.04 7.28 7.03 

E.F1-
T12 

67 10.28 13.56 6.87 31.05 24.32 1.30 5.28 4.06 

E.F1-
T18 

14 10.45 12.84 7.39 31.00 24.22 0.86 6.32 7.50 

E.F1-
T24 

5 10.16 13.60 6.89 31.05 24.32 1.14 5.25 4.66 

E.F1-
T30 

9 9.96 16.40 7.42 30.88 24.12 1.09 5.82 5.31 

E.F1-
T36 

5 9.89 16.00 7.14 30.99 24.24 1.05 5.18 4.97 

E.F1-
T42 

6 9.75 14.48 7.03 31.04 24.30 0.85 2.57 2.68 

F1 (av 
± sd) 

15 
9.99±
2.73 

14.17±10
.32 

7.10
±0,0

0 

31.04
±0,11 

24.28
±0,14 

1.03±0.
21 

5.55±1.29 
4.37± 
1.56 

3.2.1. Outer BC - Fixed station F2 

In F2 Air temperature increased from about 4.8 to 12 ºC from the time of sampling at 

E9 to the start of F2. Similarly, surface water temperatures were higher than those 

recorded two days before in the outer BC (Fig. 5 A), rapidly responding to the described 

changes in air temperature (Table 2). While air temperature decreased again by 3 ºC in 

the 30 h sampling-cycle in F2, sea water temperatures remained rather constant. (Fig. 5 

E). Salinity was lower in surface waters (ca. 31.25) than in deeper waters (~32, Fig. 5 F) 

and no strong stratification was evident, and only observed at the beginning of the 

sampling-cycle (November 11, 13:00 h, MLD = 20 m, Table 2). Coincidentally, the 

highest Chl-a concentrations and total plankton abundance at F2 (see below), were 

observed at the same time. Haline stratification was probably disrupted by wind driven 

vertical mixing of the water column, as wind speed reached its maximum values (ca. 25 

km h-1, Table 2). 

On average, NO3+NO2 concentrations at F2 were about half those of E9 (Table 2), 

but steady winds probably kept nutrient levels more or less constant, except when 

biological uptake was evident. SiOH4 concentrations were below detection limit in surface 

waters of F2 during the whole sampling cycle. Total CTD-chl-a (Fig. 5 G) was <0.85 μg 

L-1 during the 30 h sampling cycle, reaching its maximum value in the first 6 h, in relation 

with the presence of nano-sized organisms (see below). Compared to plankton 

abundance in E9, higher total abundance in F2 most probably accounted for higher 

nutrient consumption. Towards the end of the sampling cycle, chl-a decreased and 

NO3+NO2 concentration was stable, probably as a result of the continuing wind 

resuspension and lower uptake by phytoplankton.  
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As in the W-E transect, chl-aTOT was mainly represented by the largest size-fraction, 

chl-a>20μm (ca. 55 %), followed by the chl-a2-20μm fraction (20-30 %) and lastly chl-a0.7-2μm 

fraction (around 15-25 %) (Fig. 4 G). Chl-aTOT (0.5 - 1 μg L-1) as well as total plankton 

(>2 μm) abundance values (9.6 x 105 cell L-1 - 4.8 x 106 cell L-1) in F2 were similar to 

those detected in the outer BC. However, chl-aTOT and total plankton abundance 

increased rapidly during the first 6 h (19:50, November 11, Fig. 4 G and H), when small 

diatoms and nanoflagellates peaked (6.6 x 105 cell L-1 and 1.6 x 106 cell L-1, respectively), 

along with ciliates (2.7 x 104 cell L-1). Large diatom’ abundance increased from 3.6 x 104 

cell L-1 to 9.3 x 104 cell L-1, six hours after ciliates declined (1.2 x 103 cell L-1 Fig. 4 I). On 

the next sampling events planktonic abundance decreased as mentioned previously for 

chl-a. Despite nutrient resuspension occurring in relation with wind mixing particles and 

sediment resuspension (Speroni et al., 2003), this may induce changes in light conditions 

in surface waters, i.e., increase in turbidity (Flores Melo et al., 2018) and light limitation, 

as shown in other coastal areas (Schloss et al., 2002). Therefore, nutrient and sediment 

resuspension merit further studies in order to determine the relative importance of both 

processes in plankton dynamics.  

Short-term variability in the composition of phytoplankton assemblages in coastal 

ecosystem have been previously reported (Pitcher et al., 1992; Côté and Platt, 1983; 

Pannard et al., 2008), some of them related to tidal cycles (Jouenne et al., 2007; Pannard 

et al., 2008; Affe et al., 2019). During this study period, tidal height ranged between 0.41 

and 1.81 m. (Fig. 5), which is within the previously described mean height of 1.2 m 

(Balestrini et al., 1998). However, no effect of tidal regime was evident on plankton 

composition in F2. Although a clear warming of the surface water was observed, there 

is hardly any change in water masses that could explain plankton variability 

(Supplementary data, Fig. A). However, water inflow cannot be ruled out, but no data 

are available to confirm this. Jo
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Figure 5. Surface continuous water temperature (A) along the E to W transect and CTD 

profiles for the different sampled times at both fixed stations F1 (B-D) and F2 (E-G); (B, 

E) Water temperature (ºC), (C, F) Salinity and (D-G) Chlorophyll-a (µg L-1) (based on 

calibrated fluorescence data). Continuous white line depicts the tidal height. Sampling 

stations are indicated for better understanding. 1/3 PAGE 

3.2.2. Inner BC - Fixed station F1 

As in F2, air temperature increase led to an increase in surface water temperature 

(Table 2), reaching the highest recorded value in this study after 30 h, and coinciding 

with the low tide sampling of November 14 (9:30 h, Fig. 5 B). However, surface layer 

warming did not propagate to deeper layers nor changes in salinity could be observed 

during the same sampling period (Fig. 5 C), reinforcing the hypothesis that no water 

displacement occurred. No tidal effect can be inferred from this data, also stated by 

Martin et al. (2023). MLD values in F1 (ca. 15 m, Table 2) were within the range of those 

observed five days earlier in the inner BC; at the beginning of the 30 h sampling MLD <9 

m (Table 2). The highest MLD value (67 m, Table 2) was registered on the second high 

tide cycle, after the first 12 h, as wind speed increased. This deepening of the MLD, and 

consequently, the mixing of the surface waters, could probably explain the changes in 

plankton abundance and composition occurred at this time (see below). Water 

temperature and salinity were relatively uniform (7.10 ± 0.00, 31.04 ± 0.11, respectively), 
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suggesting that these water masses were probably not affected by tidal cycles over this 

short-term period.  

PO4 and particularly, NO3+NO2 concentrations at F1 were lower than those of inner 

BC (E1, E5), sampled 5 days earlier (Table 2). This is probably due to nutrient uptake by 

>20 μm planktonic organisms, which increased their abundances at this time (see 

below). 

Discrete chl-aTOT (1.2 - 1.78 μg L-1) values were mainly related to the largest size-

fraction, chl-a>20μm (ca. 75 %) followed by the chl-a0.7-2μm fraction (15-20 %) and lastly the 

chl-a2-20μm fraction (5-15 %, Fig. 4 D). Chl-a concentration values in F1 doubled those 

from five days earlier. Similarly, the maximum total plankton abundance reached in F1 

(on November 13, 16:00 h; 8.2 x 106 cell L-1, Fig. 4 E, F) was one order of magnitude 

higher than maximum in inner BC, suggesting rapid plankton accumulation, with the 

dominance of small diatoms and nanoflagellates. The highest picophytoplankton 

biomass was also observed at this time during our cruise (Latorre et al., 2023; Malits et 

al., 2023). Moreover, dissolved oxygen concentration, which increased as the cruise 

advanced, reached its maximum values at F1, most probably related to an increase in 

primary production and a positive plankton community metabolic balance (Latorre et al., 

2023). Large diatoms peaked at 10:00 h on November 13 (1.5x104 cell L-1,Fig. 4 F), 

decreasing 6 hours later and being replaced by small diatoms and nanoflagellates 

(1.6x106 cell L-1 and 2.4x 106 cell L-1, respectively). At this time ciliates reached their 

maximum abundance (4.1x104 cell L-1) after, possibly, grazing on large diatoms. 

Nanoflagellates were dominant 12 h later, at 22:00 h (2.7x106 cell L-1), when small diatom 

abundance declined. High ciliates abundances occurred simultaneously with low diatom 

abundances and vice versa. Temporal changes in plankton abundance and composition 

during the 42 h (three tidal cycles) sampled, are well reflected in the total plankton trend 

but not in the chl-a probably because a replacement among the dominant groups 

occurred without a major change in total biomass.  

Similar rapid increases in biomass have been observed in response to 

meteorological and hydrographical short-term variability in other areas (Pitcher et al., 

1992; Madariaga 2002; Yeager et al., 2005; Pannard et al., 2008). In the present study, 

the increase in both air and surface water temperature probably triggered phytoplankton 

primary production and growth, as shown by Latorre et al (2023), further fueled by the 

increase in silicic acid previously described for E8. While the intrusion of a different water 

mass in the area could be a possibility, the relatively low current velocities (Martin et al., 

2023) and the high residence times described for the area, particularly for the waters 

west of Mackinlay Strait (around 50-60 days, Cucco et al., 2022), would indicate favor 
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phytoplankton growth in the same water mass as a response to the increase in stability 

and warming temperatures (Fig. A, Supplementary data). 

Tidal related mixing processes can further influence species composition directly via 

the introduction of new species and indirectly altering water temperature, nutrient 

concentration and salinity (Pannard et al., 2008). In Bahía Blanca Estuary, Guinder et al. 

(2009) found relatively higher abundances of nano- and micro sized diatoms such as 

Thalassiosira spp and Chaetoceros spp during high tide, while smaller (nano-sized), 

solitary species without cell projections, presented higher abundances around low tide. 

The authors suggested that some features such as the cell size, shape, life style (chains 

vs. solitary cells), the ability to aggregate or disaggregate and the sinking rates could 

explain this phenomenon. Even if in F1 nano sized Chaetoceros spp. seem to be more 

abundant at diurnal high tides (data not shown), as in Guinder et al. (2009), our results 

are not conclusive to relate this short-term variability to the tidal cycle. On the other hand, 

Bahia Blanca Estuary has a tidal amplitude of 2.4 m (Pierini et al., 2009), higher than in 

our study (tidal amplitude = 1.4 m), which could explain the strong influence of tides on 

plankton dynamics in that area. As mentioned, changes in temperature probably 

triggered changes in the plankton metabolic balance (Latorre et al., 2023), resulting in 

higher chl-a concentrations on the last 36 to 42 h of sampling (10-16 h, 14 Nov, Fig. 5 

D). Even if plankton abundances decreased (Fig. 4, E-F), chl-aTOT continued increasing 

(Fig. 4 D). A peak in gross primary production (GPP, Latorre et al., 2023) measured at 

that time suggests that phytoplankton cells were metabolically active, accumulating 

pigments before dividing, which resulted in a relatively high chl-aTOT/cell ratio. In addition, 

picoplankton increased in this station (Malits et al., 2023), but this group was not included 

in cell quantification during the present study, therefore offering an alternative 

explanation to the observed chl-aTOT to cell ratio. Cellular duplication showed a delay 

with respect to the peak in GPP observed between 10-16 h. The duplication rate 

estimated for C. didymus, the most abundant species in the present study, was 1.6 d-1, 

which is higher than values previously published (0.6 to 0.8 d-1, Arteaga et al., 2020), 

suggesting that cells are growing in optimal conditions and that the time expected to 

duplicate biomass is about the same 10-16 h. 

Hydrographic spatial variability found along the channel (PCA, Fig. 3, see section 

3.1.) was only partially reflected in plankton community composition and distribution. 

Results of the nMDS (Supplementary Data, Fig. B) and ANOSIM test (RANOSIM > 0.50, p 

< 0.05) separated the mouth of BC (Group 1: E15-E16), characterized, as mentioned 

above, by the highest diatom abundances from the rest of the stations. Samples from 

stations E8 and F2 (Group 2), which could be defined as transition between the inner 

and outer channel, were characterized by similar total plankton abundances and 
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composition (as shown in section 3.2.1) and were grouped together, even if F2 was 

sampled on the way back, 2 days after station E8. Samples from stations E1, E5 and F1 

(inner BC) as well as stations E9, E11 and E13 (outer BC) were grouped together (Group 

3), clearly in relation with the dominance of nanoflagellates. However, even if F1 was 

part of Group 3, it was separated from the other stations in this cluster, probably due to 

the higher total plankton abundance. These results coincide with previously described 

differences associated with inner, and outer regions for the BC, i.e. west and east to 

Mackinlay Strait (Iachetti et al., 2021; Schloss et al., 2023, Malits et al., 2023). However, 

the fact of finding stations east and west of Mackinlay Strait grouping together here is 

related to the short period of the present study, and not to the long-term physico-chemical 

variables (or a single species abundance, as in Schloss et al., 2023). In this case, the 

relatively homogeneous plankton composition seems to be controlled by the timing of 

the ecological succession, rather than by the regionalization. 

 

4. CONCLUSION 

Subantarctic environments are known for their rapidly varying plankton assemblages 

over relatively short distances (Iachetti et al., 2021) . Understanding the factors that drive 

their distribution and abundance is key to understanding the health and productivity of 

marine ecosystems. One of the main factors that contribute to the rapid variability of 

plankton assemblages in sub-Antarctic environments is the physical environment, which 

can promote changes in water temperature, salinity, and nutrient availability, which in 

turn can influence the distribution and abundance of plankton. Another important factor 

only partially mentioned in the present study is biological interactions. Planktonic 

organisms, such as phytoplankton and zooplankton, form complex food webs that are 

shaped by predation, competition, and other ecological interactions, such as grazing by 

microzooplankton (ciliates). These interactions can vary over short distances and time 

scales, leading to rapid changes in the composition and abundance of plankton 

assemblages as observed in F1. In summary, the rapidly varying plankton assemblages 

in sub-Antarctic environments are influenced by a complex interplay of physical and 

biological factors.  

Despite the challenges of studying plankton in sub-Antarctic environments, there 

have been significant advances in recent years in our understanding of their distribution 

and ecology. Advances in satellite remote sensing, molecular techniques, and 

autonomous underwater vehicles have provided new tools for studying plankton at high 

spatial and temporal resolutions. These advances have revealed the importance of 

small-scale processes and interactions in shaping plankton assemblages in different 

environments. In the present study, we observed important changes in species relative 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



21 

abundance on a time scale of a few hours and days, which means that some important 

ecological processes (e.g. peaks in the abundance of toxic species) may be missed with 

a monthly sampling strategy. Sampling strategies should reflect the diverse scales of 

variability existent in planktonic processes in the BC, which could help to improve our 

ability to manage water quality or the accuracy of predictive models on bloom formation 

and decay and its influence on food webs. Moreover, the possible future implementation 

of aquaculture in the BC, reinforces the need to understand this highly dynamic and 

rapidly changing system, including its short-term variability.  
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Highlights  
 

 
Highlight 1: Spatial variability in microphytoplankton was observed along the Beagle 
Channel (BC)  
 
Highlight 2: Phytoplankton assemblages were related to bathymetry, temperature, and 
macronutrients  
 
Highlight 3: Fast changes in plankton were related to growth rather than advection of 
water masses  
 
Highlight 4: Temperature and wind speed affected both chl-a concentration and 
phytoplankton growth  
 
Highlight 5: This is the first work to report such high temporal variability in plankton in 
the BC  
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