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Abstract. Zooplankton are a key component of food webs in upwelling systems. Their distribution is affeeted-influenced not
only by mesoscale and climate dynamics s-but also by topography and local currents. Submarine canyons that ext-incise the
continental shelf can act as conduitsthat-transport-deep, transporting deep, nutrient-rich waters to shallower areas;regions and
promoting coastal biological productivity. Consequently, these canyons facilitate the advection and accumulation of zooplank-
ton. We aimed to describe the spatio-temporal variability in zooplankton distribution (frem-using net samples and acoustic
data) and their association with local currents ;-in a longand-, narrow submarine canyon located in the highly productive con-
tinental shelf ef-off central Chile. The backscattering strength (Sv), a proxy for zooplankton biomass, was highly variable
at-a-on both diurnal and spatial sealescales. Higher Sv and abundances were found during-nighttimeat night, following the
classic diel vertical migration pattern. Zooplankton vwas-were not uniformly distributed within the canyon. In the surface and
mid-depth layers, the canyon walls accumulated more zooplankton than the centerof-it-especiatty-during-the-night, particularly
during nighttime. Within the canyon, the currents were asymmetrical and frequently ehanged-reversed direction. When the
positive along-canyon current was more-intense-in-the-northern-than-in-the-southern-stronger on the northern slope, Sv was also
higher to-the-northon that wall. This pattern was elearer-especially evident in the section closer to the canyon head. We show

that submarine-eanyons-are-highly-dynamic-environments—where-the Biobio canyon is a highly dynamic environment where
oceanographic conditions can rapidly ehange-and-eurrentsrevertshift. Our findings suggest a possible-feasible mechanism for

zooplankton retention based-on-the-asymmetry-of canyon-currents-and-the-changesin-herizental zooplankton-distributiondriven

mainly by along-canyon flow asymmetry and vertical migrations.
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1 Introduction

In the Humboldt Current System (HCS), wind-driven upwelling is the main-mechanism-behind-the-high-primary-productivity

levels-thatfael-primary mechanism responsible for the high levels of primary productivity that support abundant zooplankton
communities (Brink, 1983; Escribano et al., 2012; Medellin-Mora et al., 2016), even at mesoscale or larger spatial scales alon

the coast (Landaeta and Castro, 2002; Yannicelli et al., 2006a; Riquelme-Bugueio et al., 2012;

relevant mesoscale and regional drivers of zooplankton abundance and distribution in this ecosystem are eeastal-upweling

eddies and fronts (Morales et al., 2007, 2010; Pavez et al., 2010; Riquelme-Buguefio et al., 2015), changes in water-mass dis-
tribution (Aronés et al., 2009), and remote low-frequency oscillations (Diaz-Astudillo et al., 2024). Although the influence
of these processes on zooplankton dynamics is relatively well knownunderstood, sub-mesoscale mechanisms structuring zoo-
plankton distribution, such as the effeet-interaction of coastal currents interacting-with topography (Prairie et al., 2012), have
been less studiedthoroughly investigated.

Abrupt changes in topography (e.g., seamounts, headlands, valleys, and submarine canyons) can lead to the retention or trans-
port of zooplankton and micronekton through i
m@wﬁm%m&wm
submarine canyons are V-shaped topographic features that interrupt the continuity of the continental shelf and/or slope for-a
in continental margins worldwide
(Harris and Whiteway, 2011). They modify the geostrophic ﬂe%#%hﬁt—ﬂemmﬂyfeﬂews—{h&dﬁee&ewef—fhe—bafhymefﬂe
contours—The-flow-flows that typically follow isobaths. Flows over submarine canyons is-are dominated by advective and

ageostrophic forces, particularly over the head of the canyon (Saldias and Allen, 2020), leading to the generation of baro-

clinic tides, internal waves, and horizontal and vertical flows that enable the exchange of surface and deep waters through

mixing and advection processes (Allen and Durrieu De Madron, 2009). Generally, the presence of submarine canyons in
an-eastern-beundary-a_continental margin significantly increases the transport of subsurface water from the slope to the in-
ner shelf, promoting water exchange-exchanges along the cross-shore axis on a relatively small spatial scale near the canyon
t i Allen and Durrieu De Madron, 2009; Connolly and Hickey,

Usually, negative along-slope flows (i.e. equatorward in eastern boundaries) generate upwelling in the downstream wall
of the canyon, while positive flows cause downwelling (Allen and Durrien De Madron, 2009). In central Chile, episodes
of extreme upwelling have been observed at the head of the Biobio-Biobio Canyon, decoupled from the wind forcing.

These episodes

head of the canyon and negative sea-level anomalies nearshore, which was coherent with the passage of coastal trapped
waves (Sobarzo et al., 2016). These low-frequency waves intensify the topographic upwelling that occurs in submarine

Sobarzo et al., 2016; Saldias et al., 2021). This and other studies prove that

canyons

Diaz-Astudillo et al., 2022). Other

mesoscale



55

60

65

70

75

80

85

topographieally—indueed-topographically-induced upwelling and downwelling respond to both wind forcing and sea level
anomalies (Wang et al., 2022).

Through the upwelling of dense deep water into shallower depths, some canyons can provide a-similtarnutrientinput-than
nutrient inputs comparable to those provided by local wind-driven upwelling (Connolly and Hickey, 2014). If the-this deep,
nutrient-rich water reaches the photic layer for a period long enough to promete-stimulate primary productivity, canyons can
become local hotspots of biological productivity and pelagic and benthic diversity (Genin, 2004; Fernandez-Arcaya et al.,
2017; Santora et al., 2018). Additionalty-In addition to enhanced upwelling, increased vorticity generates surface recirculation
dynamies—patterns and asymmetric currentsthat-ean-lead—, potentially leading to the formation of cyclonic eddies near the
canyon rim (Connolly and Hickey, 2014);-which-. These eddies can concentrate particles or organisms—TFhis-mechanism-of

aggregation—, an aggregation mechanism that has been observed in a relatively shallow submarine canyon in-on the Western

Antarctic Peninsula, which-eoneentrateskrill-near-the-head-ofthe-eanyon<(?)where krill accumulate near the canyon head
Hudson et al., 2022b).

Particle transport through canyon-mediated currents can result in the concentration of potential prey in shallower waters, thus

supporting trophic interactions and high predator aggregatlons (Genin, 2004). Zeeplankton-is-an-essential-component-of-the

ey-Thus, canyons are thought to be areas where
accumulation of zooplankton is high and their advection is low (Vindeirinho, 1998). Fhus;-Therefore submarine canyons usu-

ally serve as foraging sites for several pelagic predators, such as whales (Schoenherr, 1991; Croll et al., 2005; Moors-Murphy,

2014; Salgado Kent et al., 2021; Amano et al., 2023; Buchan et al., 2023), penguins {Clarke-et-al52006-Santoraand Reiss; 204-Schefield

Clarke et al., 2006; Santora and Reiss, 2011; Schofield et al., 2013; Hudson et al., 2022b), and fish (De Leo et al., 2012; Saun-

ders et al., 2021), among others.

The e*p}ef&&eﬂﬂﬂdrstudy of submarine canyons in-along the eastern South Pacific eeﬂ%meﬂ{a}mafgmhas—fnam}yfeeused

on-thetr-margin has primarily focused on geological and physical
role-in-biological-proeesses-processes, with limited attention to their biological impacts (Silva and Aradjo, 2021). The Biebfe
Canyon{BBECBiobio Canyon (BbC) is a long canyon located in the upwelling-influenced continental shelf off central Chile
(Sobarzo et al., 2016; Vergara et al., 2024). The area surrounding the BBE-BbC provides 1mp0rtant ecosystem services (Soto
etal., 2022) -andisknownforhaving-and hosts abundant aggregations of zooplankton
(Yannicelli et al., 2006b; Landaeta et al., 2008) and zooplankton predators {e-g—whales—-Cisterna-Concha-et-al(2023))such as

whales (Cisterna-Concha et al., 2023). However, the mechanisms driving tts-enhanced biological productivity in this canyon
remain largely unknown. Henee;-the-goals-of-this-study-are-Thus, this study aims to (1) te-deseribe-the-describe intra-diurnal




changes-variations in zooplankton abundance and backscattering strength over the BBC-after BbC following an upwelling event
sand (2) to explere-the-examine canyon-driven physical processes undertayingzooplankton-dynamiesinfluencing zooplankton

90  variability.
2 Data and Methods
The BBC-
2.1 Study area and field cruise

The BbC is a river-influenced, shelf-incising submarine canyon located ir-on the continental shelf off central Chile -to-the
95 north-of-the-Gulf-of-Arauco-(Fig. 1). The canyon is-bern-originates near the mouth of the Biebfo-rivers-and-it-thenzigzagsfor

Biobio river and extends ~40 km in-west—east in a zigzag pattern until reaching the shelf break. Beyond this point, it shifts to a

100

On-a-seasonal-seale;-surface-temperature-in-this-area-is-mosthy-In general, hydrographic conditions over the shelf north of
105 the canyon are mainly controlled by the seasonal heat flux cycle -whilesurface—salinity-is—controled-by-the-annual-cyele

o P . .

directly influences the hydrographic structure over the canyon head (Vergara et al., 2024), and its plume can influence a large
110 extension of the Gulf of Arauco (Saldias et al., 2016; Vergara et al., 2024). Its annual cycle is mainly controlled by precipita-
tion, resulting in higher discharges during the winter months (Masetti-et-al52048)(Saldias et al., 2012). Consequently, the river
plume and riverine nutrient export is higher during the rainy season (June to September;-austral-winter) (Masotti et al., 2018).

In the region, winds are mainly driven by the Pacific anticyclone with a seasonality marked by southwestern (SW) winds during
austral spring-summer and northeastern (NE) winds during autumn-winter {Sebarze-et-al5 2007 Aneapichtin-and-Gareés—Vargas; 2045
115 (Sobarzo et al., 2007; Ancapichin and Gareés-Vargas, 2015).
From July 27 to July 28, 2023, we conducted a 26-hour experiment over the BbC, during which we collected data on

horizontal currents, acoustic backscatter, and hydrographic structure onboard the RV Kay Kay II. Two cross-canyon transects
eastern and western transects; Fig. 1b,c), separated by 2.1 km, were sampled 8 times each during the 26-hour cycle.
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Figure 1. (a) Location of the Biebfo-Biobio Canyon in-on the continental shelf and slope of-off central Chile. Fhe-(b) Bathymetric profiles of
the western transect (WT) is-portrayed-inred;-and the-eastern transect (ET), are shown in red and black, respectively. Fhe-bathymetrie-profile
(¢) Zoomed-in view of both-transeetsisshown-in-the upper-panel-Zooplankion-samples-were-taken-atarea around the canyon head, showing.
the positions of WT and ET, as well as the locations of stations E1 and E2 where zooplankton samples were collected.

2.2 Hydrographic conditions

Temperature, salinity and chlorophyll-a (chl-a) profiles were obtained with a rapid-response towel-towed CTD (Teledyne

Valeport Rapidpro-RapidPro CTD) equipped with a fluorescence sensor. The CTD was deployed ateach-navigation-along-the
transeets-during each pass along WT and ET (Fig. 1)with-a-tetal-of-, completing 14 transects for the entire sampling period -

Supplementary Table 1). Measurements extended from
the surface dewn-to-to a depth of 100 m depth-in the canyonarea;-or-up-to-near-the-bottonr-in-the-area-, or to near-bottom depths

outside the canyon, with atemperal-reselation-all sensors recording at a frequency of 4 Hz fer-all-sensers. The transects were
strveyed-with-a-maxtmum-of-conducted at intervals of no more than 2 hoursbetween-each-one-and-then-, and were interpolated

using the Barnes objective analysis scheme (Barnes, 1994).

2.3 Winds, tides and river discharge

Hourly reanalysis-wind-data—were-downleaded-wind reanalysis data were obtained from ERAS product (https://cds.climate.
copernicus.eu/)which-is-the-fifth-generationr ECMWHfor-the-, the fifth-generation global climate and weather —The-ERAS
da%&af&gﬂeidedﬁdataset from ECMWEF (Hersbach et al., 2020), at a spatial resolution of 0.25°%0:25° {&a—%ﬁﬁl
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v{north-south)-compoenents—. Wind components (u and v, at 10 m abeve-the-surface)-of the—wind-product(more-details
(Hersbach-et-al-2020))—TFhe-tide-datafrom-Concepeion-Bayheight) were extracted from the grid point nearest to_the study
site, Tide data for Concepcién Bay, recorded at 1-minute intervals, were downloaded from the Sea Level Monitoring Facil-
ity (https /Iwww.ioc- sealevelmonltorlng org/hst php) whwh%e&%eeeﬁeekeve%mmﬁe—%n&ﬂde—ga&g&t&p&r&ef—fhe

Oceanographic Service (SHOA)o
. Daily discharge data for the Biobio River, near its mouth, were obtained from the Direccién General de Aguas (DGA; https:

//snia.mop. gob cl/dgasat/pages/dgasat main/dgasat_main.htm) which-maintains—anetwork—of-discharge-monitoringstations
to_quantify freshwater input into the Biebfo-river-mouth-were-used—to

charaeterize-the freshwaterinput-of-theregion.

2.4 Currents

Underway-eurrents-Velocity and acoustic backscatter profiles were me
looking—collected along ET and WT using a downward-looking 153 kHz Quartermaster Teledyne RDI Acoustic Doppler
Current Profiler (ADCP)-—The-ADEP-was-, mounted on a stainless steel arm en-the-side-of-the-ship-and-fixed-to-have-the
transeieers-with transducers about 1 m below the surface. Real-time measurements were reeorded-acquired in bottom-track
mode with-a-maximum-ship-at a maximum vessel speed of 2 knots (2.5 m3 s1). The ADCP eenfiguration-considered-to-aequire
currents-profiles-using-was configured to collect data in 120 eells-of-vertical cells (3 m bin sizewith-) at a 1 s pings-and-recorded
every-ping rate, with a sampling time interval of 4 s. The first bin was located-centered at 4.31 m from the ADCPand-the
maxtmam-range-was-, with a profiling range up to 350 m. Currents were recorded as earth-components-ti(zonal (u; east-west)
and v{meridional (v; north-south) —This-eoordinate reference-was-maintained-along-the-entire-analysis-components.
The-quality-Quality control of the current profiles considered-the-elimination-of-ebviously-involved removing erroneous
data from each circuit, a standard eriteria-of-goodness-over-goodness-of-fit criterion greater than 50%, flows—<-excluding
flow speeds exceeding 10 m s™1, and errorless—than-ensuring velocity errors below 0.008 m s~!. Additionally, we-only
profiles for which the difference between ADCP bottom-track speed and GPS-derived speed was less than 030 m s~
(e.g. Lwiza et al. (1991); Céaceres et al. (2006); Castillo et al. (2012)). The—second-eriteria—considered—the—correction—of
MWMMW@N since the ADCP&W@MW
w&t&fwmagnene

Joyce, 1989; Pollard and Read, 1989; Trump and Marmorino, 1997). Residual currents were estimated for-each-component

{&ﬂﬂdﬁ}—fe%usm least-squares harmonic fitting for the principal tidal components K1 (23.93 h) and M2 (12.42 h) by-the
v-following Lwiza et al. (1991). The results of the harmonic

analysis and the residual circulation revealed that the tidal currents were ¢weak, with amplitudes < 0.05 m s~ 1.
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2.5 Zooplankton backscattering strength

To study-high-resetutionchanges-investigate high-resolution variations in zooplankton abundance over the BBEBbC, we con-
verted the ADCP “s-echo-counts-te-echo intensity into mean volume backscattering strength (MVBS)—The-MVBS-(thereafter

ealled-Sv—, denoted as Sv (dB re 1 m™!)is-often-used-to-observe-. MVBS is widely used to asses zooplankton distribution
and behavioras—it-gives-highresetution—, offering high-resolution data collected passively and simtltaneousty—with-eurrent
data-concurrently with current measurements (Fielding et al., 2004; Dwinovantyo et al., 2019; Cisewski et al., 2021). Sv was
eomputed-calculated for each depth cell feltewing-using the sonar equation originally proposed by Deines (1999) and modified
by Mullison (2017):

Sv = C+10logio|(Tx 4 273.16)R%] — 10log10L — Pppw + 2R 4 10l0gyo(10%=(F~E)/10y _q (1)

In—this-equation—€ where (' is a sonar-configuration scaling factor (-161.01 dB) that is specific to the RDI Workhorse
QuarterMaster-ADCP, Tx is the temperature at the transducer (°C), L is the transmit-pulse length (2.85 m), PDBW is the
10log10 of the output power (15.72 W), « is the depth-variable sound absorption coefficient (B m~1), E is the recorded
automatic gain control (AGC or "echo counts"), and Er is the echo reference, determined as the minimum AGC recorded for
each beam in the absence of any acoustic signal (40 counts). K¢ Kc is a beam-specific sensitivity coefficient used to convert

the raw echo data into dB, and it was calculated following Bozzano et al. (2013) as:

127.3

- =9 2
‘T Tu+273.16 @
Finally, R R is the slant range to the sample bin (m), which uses the-depth as a correction (Lee et al., 2004 )—Therefore; R ,

and it is expressed as:

CB+EE 4 (n-1d)+§C-

R (cost) Cr

3)

where B B is the blanking distance (3.23 m), ¢ d is the depth cell size (3 m), # 1 is the depth cell number of the particular
scattering layer being measured, 6 is the beam angle (20°), C'~ is the average sound speed from the transducer to the depth
cell (1453 m s~ 1) and C7 is the nominal sound speed used by the instrument (1454 m s~!). According to the the-ADCP’s
manufacturers-manufacturer manual, the maximum range of acceptable data (Rmax) is defined by:

Rz = Hcosf 4

where # H is the distance between the instrument and the bottom. AH-To minimize potential seafloor interference, all data

below Rmax was isewere excluded. A minimum eerrelation
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beam correlation threshold of 25% among-beams-wasused—Hwas applied to ensure data quality. Bins where the Sv of a given
single beam exceeded the mean Sv of the other %WWWS dB r-the-bin-was-disearded—This-proeess

es-were discarded, a procedure that enhances consistency among.
beams and helps eliminate signals from large scatterers (Jiang et al., 2007). Fhe-4- MMbeams were
averaged, and a median filter was applied to smooth the signal.
of-46-mSubsequently, data from the four beams were averaged, and a median filter was applied to smooth the signal. Finally,
all Sy values exceeding -40 (dB m~) were removed to further reduce the influence of large scatterers (e.g. fish with swim

bladders) on the total volume backscattering strength.
After earefully-analyzing the vertical distribution of the-seatterers;-3-acoustic scatterers, three distinct layers were identified

based on their average Sv and diurnal behavior: a surface layer extending from the surface to 25 m deepdepth, a mid-depth
layer from 25 to 100 médeep, and a deep layer from 100 m to the bottom—Thesetayers-weretaterseafloor, The delineated layers
were subsequently used to compare the-Sv-and-horizontal-flows-between-transeets-and-slopes—geometric-mean Sv values and
horizontal flow dynamics across different transects and slope regions. The geometric-mean allows to compare relative changes
in Sy while considering that the MVBS is a logarithmic measure of backscattering cross-section per unit volume.

2.6 Zooplankton sampling

Stratified-A total of eight stratified zooplankton samples were taken-at-2-stations<{collected at stations E1 and E2 in-Fig—H(Fig.
1¢) during both daytime and nighttime. To avoid interfering with the continuous hydrographic and acoustic sampling thattoek

place-conducted between 8 PM on July 27 and 10 PM on July 28 (local time), the zooplankton sampling was conducted-before
{performed before and after the experiment (see details in Supplementary Table 2PM-onJuly27-and-after(--AM-onJuly
20)-the-experiment). A Tucker Trawl net ¢with a 1 m? of mouth area and 300 um of-mesh-size)-mesh size, equipped with

a General Oceanics flowmeter, was deployed to a depth of 100 m depth-and-then-obliquely-towed-and then towed obliquel
to the surfacete-obtain2-, obtaining two stratified samples from 100-50 m and 50-0 m. The-sample-was-Samples were fixed

with 5% buffered formaldehyde for subsequent taxonomic analyses. In the laboratory, zooplankton groups were identified and
quantified, and-the-abundanee-was-with abundances standardized to individuals per 1000 m?.

3 Results

3.1 Oceanographic conditions
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%(WMW%M column was hlghly stratified éﬁHﬁh&Biebie—ﬁ—VeFmpﬁt——Th&ﬁfS{
primarily due to freshwater input from the Biobio River. The upper 20 m of the-watercotumn-had-tower salinitytower
temperature-and-higher-were characterized by lower salinity and temperature, along with elevated chl-a concentration-than
WM&W%&WW (Fig. 3-2 and Figs. S{—te—S4§A2AtA0A§@ In fhe—uppef—ze-m—%he—ET—hadfe}&ﬂvely
castern transect (ET), located closer to the river mouth, displayed higher chlorophyll-a levels and lower salinity and temperature
than the western transect (WT) (Fig. 3-A-and-B2a,b). Below 20 mdeep%h& temperature and sahnlty diagfams—shewpggvlgg
S+(ESSW),
a water mass typical of the region that intrudes onto the shelf during upwelling conditions (Sobarzo et al., 2007). Belew—20
structures, with the greatestchange-most notable changes occurring around the 1025.6 kg m® isopycnal. The WT had a slightly
higher proportion of data-measurements within the 33.4 to 34 salinity range, which presented-the-highest-chl-a-values-within
corresponded to the highest chlorophyll-a values observed at that depth (Fig. 3-C-and-D2¢,d).

The pycnoclinewas-defined-as-, defined by the 1025.6 kg m?® density-contourts-depth-fluctaated-through-time-ane-isopycnal,
exhibited temporal and spatial variability along the cross-canyon axis (Fig. 4)-—In-general-the-pyenoeline-3). Generally, it was
shallower in the EF;shifting-W'T, ranging between 15 and 35 m depth—tn-the-Wits-depth-varied-between-, while in the ET, it
varied from 12 and-to 30 mmeters. In the WT, the pycnocline was ~approximately 10 sa-meters deeper on the southern slope
(SS) of the canyon;—while-. Conversely, in the ETthepyenoeline-had-, it maintained a similar depth on both walls;-altheugh
slopes, though it was slightly shallower on the northern slope during-the-first(NS) during the initial 18 h-of-the-stadyhours of

observation. In both transectsthe-pyenocline-got-deeper-through-timeand-reached-, the pycnocline deepened over time, reachin
its maximum depth by the end of the study period.

indicated the presence of the-Equatorial Subsurface Water

3.2 Horizontal flows over the canyon

The mean flow in-both-the-WT-and-ET-is-patterns in both transects are shown in Fig. 54. In both transeets;-sections, the zonal
(u) component exhibited a mean offshore (i.e., negative) flow was-observed-from the surface to-down to approximately 50
mdeep-in-the- t-component—From-. Between 50 m to-and ~200 m the mean flow in the WT was-became positive and centered ir
within the canyon (Fig. %ﬂépeﬁﬂve—&ﬂdﬂked{&&mefﬂaem—s}epﬂwlggn the ET it MWM
toward the NS (Fig. 5-B)-From4b). Below 200 mto-the-b

MM@WM&W
large standard deviations in both transects (Fig. 5-€-and-D4c,d). The v-meridional (v) component showed a positive flow-in
fhe—suffaeehyeﬁkgvevvggm%rgv)vswufw:m both transects, &Rh%}g%ﬁéeemes—wefe—ﬂtghﬂy—highefyiglvsvllg/wlgghg\
velocities in the WT (Fig.

the influence of wind-driven flow-—From-forcing. Below 50 mto
deviation—, the meridional flow reversed and remained highly variable down to the bottom (Fig. 4-G-and-H)—The-rise-in-the
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Figure 2. Temperature-and-satinity- Temperature-salinity plots shewing-for all sections along the svestern-WT (A-a and €c) and eastera-ET
(B-b and Bd)transects-together. memthe defs‘fepfeseﬂfeh}efephy}}-&eeﬂeeﬁ&aﬁeﬂs—%eupper 20 m of the
water column{ _while panels A-an a-(panets-€-) and B(d) represent the deeper

standard-deviatton-3g,h). Notably, the increased standard deviations (> 0.1 m s™1) in both the-cross- and along-shore eurrents
i omponents indicates enhanced flow variability near

the canyon floor.

Spearman rank correlations between the flow-in—currents on the NS and SS revealed differences in the behavior-of-the

eurrent-flow variability between the ET and the WT, and-as well as between the cross- and along-shore flow. In the ET, none
of-thetayers-had-correlated-u-veloeitiesno significant correlations were found in the zonal velocities between the northern and
southern slopes. Only-In contrast, only the deep layer of the WT had-exhibited a positive correlation between the cross-shore
flow in-the-NS-and-the-SS-between the two slopes (Fig. 6-a;-b-and-e5a-c). On the other hand, the along-shore velocities i
between the NS and SS were highly correlated in-the-across all 3 analyzed-layers of the ET. In the surface layer, this suggests
that the northward flow ef-associated with the river plume equally affected the-nerthern-and-southern-seetions-both sides of

the canyon. In the WT, enly-the-mid-depth-layer-had-eerrelated-a significant correlation in v-velocities in-thenerthern-and
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Figure 3. Evolution of the-depth-of-the-pycnocline thretgh-depth over time in the WH-(upper-paneta) WT and EF-(lowerpanelb) ET. The
blue line representrepresents the NS, and the red line srepresents the SS.
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Figure 4. Mean cross-shore velocities in the WH(Aa) WT and EF-(Bb) and-ET with their respective standard deviations shown in (€) and
B(d), and mean along-shore velocities in the WH-(Ee) WT and EF-(Ef) and-ET with their respective standard deviations in (6-g) and H(h).

Positive cross-shore velocities indicate onshore flow, while positive alongshore velocities indicate equatorward flows.
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Figure 5. Correlations between the mean flow in the northern slope (NS) and southern slope (SS) for both the WT (red dots) and the-ET
(blue dots), shown by layer. When significant, the correlation coefficient and p-vatuesp-value are shewnindicated.

sotthern-slopes-was observed only at mid-depth (Fig. 6)~Fhe-5). These differences in the respense-of-the-flow-between-the NS
and-the-SS-flow over the slopes suggest that the cross-shore flow is much-mere-prone-to-vary-more variable inside the canyon
thatcompared to the along-shore flow. Consequently, we further leoked-inte-investigated the variability of the cross-shore (i.e.
along-canyon) flewcomponent.

We identified the section of the canyon where bottom-depth-was—the bottom depth ranged between 60 and <120 mdeep-

We-then-averaged-the-, and computed the time-depth evolution of the cross-shore velocity te—see-its—evelution-throughtime
and-by-depth;-at each slope. In both the NS and SS of the WT, the first 40 m of the water column had-negative-exhibited

negative (offshore) velocities throughout the study period. Frem-Between 40 to-and 120 m the velocities were predominantly
positive (onshore) in the NS, except during the first 3 hours and at the end of the experiment, when the veloeitiesshifted-flow
reversed and became strongly negative in-the-NS—(Fig. 7-A6a). In the-SScontrast, velocities in the 40-120-m-deep-section
40-120 m layer of the SS remained variable, alternating between perieds—of-positive and negative velocities (Fig. 7-B6b).

Consequently, the difference-in-the-veloeity-magnitude-between-both-slopes-also-alternated-betweenperiods-of positive-an

negative-differenecesvelocity difference between the two slopes also fluctuated over time, indicating a stronger eurrent-in-the
southern-slope-flow on the SS at the end of the experiment (Fig. 7-€6¢). The ET also had-mestly-exhibited predominantl
negative velocities in the upper 40 m of-the-water-column;-beth-in-at both the NS and SS. In-the NS;-the-rest-of-the-water

12



285

290

20
40 1
1
60 s
80 L ms’
: 0.15
1000 it 0| oo
120 it 1 0.05
PORE LR :
0
(b) WT/SS (e) ET/SS 005
O S S A A S N 0 L I TR ML
-0.1
20 0.15

40
60
80
100

120 " )
PRSP RXP
©, LT L
- .
20 20 F - 02
E 40 ‘F;. i 0.1
L
:‘,‘ 60 0
O 80! 0.1
100 0.2
120 :
ANIEIVESINAINE

Hour

Figure 6. Mean cross-shore currents by depth and time -in a section of the canyon walls where bottom depth was-66-+26-ranged from 60 to
120 mdeep. Fhe-eurrents-Currents over the northern slope (NS, upper panels) and southern slope (SS, middle panels) are shown of both the
WT (left-panelsa, A-and-Bb) and ET (right-panelsd, P-and-Ee)are-shown. The difference in the-current magnitude between the NS and SS is
shown in panels €¢ (WT) and £ (ET). Fhe-Vertical gray dotted lines evertaying-indicate the plotsrepresent-the-time of each transect; the

eolumn-had-mostly-Below this layer, the NS displayed mainly positive velocities throughout the experiment (Fig. 7DB);-while
the-SS-presented-mainty-6d), whereas the SS exhibited predominantly negative velocities (Fig. 7E6e). The differences-between

both-velocity difference between the slopes was variable in the upper 40 mef-the-water-column;-and-mosthy-, but consistently
positive in the deeper section, indicating stronger (and onshore) along-canyon currents in the nerthera-slope-NS (Fig. 7-F6f).

3.3 Zooplankton spatial and temporal variability

The-SvMean volume backscattering strength (Sv) over the canyon had-high-exhibited pronounced temporal, verticaland-spatiat
€, and spatial variability, both between transects and slopes)-variabilitybetween the NS and SS. Some of the ehanges-ebserved-in

also-observed ooplankton-samples—The-more-evidentpattern-presentpatterns observed in Sv corresponded
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Figure 7. Selected Sv sections ever-along the western transect (WT) and eastern transect (ET). A:first-First diurnal section along the WT -
Birst-divrnal-(a) and ET (b). B+tast-Last night section along the WT —Elast-night-(d) and ET (e). Standardized zooplankton abundances
by group (eoHeeted-in-from stations E1 and E2 elose-to-the-near ET) are-shown-in-panet-C-for samples collected during the day prior to the
beginning-of-the-experiment (daytime), ¢) and in-panel-F-for-samples-colected-after the end of the experiment (nighttime, f). Labels NS =
indicate the boundaries of the 3 layers used for layer analyses.

with zooplankton abundance estimates from net tows. The most evident feature in the Sv sections was the higher-observed

Sv-in-the-night-transeets;-both-at-consistent increase in Sv during nighttime hours in both the WT and ET (Fig-—8-and-S5)-

s-Figures 7 and S6). Zooplankton samples collected

near the ET also showed higher nighttime abundances across most taxonomic groups (Figure 7). Differences in Sv between

closely mirrored cross-canyon differences in zooplankton abundance from net samples. For instance, toward the end of the
experiment, higher-abundanees-were-found-oen-thesoeuthern-slope;and-Sv—was-alse-significantly-higherin-the seuthern—wa
(Fig-8standardized zooplankton abundances were higher on the SS (Figure 7f), corresponding with significantly elevated Sy.
values on the same slope (Figure 7d). These results-validate the use of the acoustie data-matching patterns support the reliability

of acoustic measurements as a proxy for zooplankton abundaneedistribution in the BbC.

Diurnal and slope-related differences in Sv
varied not only over time ;-but also with depth. The surface layer had-high—exhibited pronounced intra-diurnal temperat
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tehtfluctuations, with consistently higher Sv values durin
nighttime. In the WT, the difference in-Sv-between the lowest daytime and the highest values—was—nighttime Sv reached

approximately 12 db+e-+msdB re m~'~¥a-, whereas in the ET, this difference reached-increased to ~18 dB re +-msm~! (Fig-9

ARRIRRRAA

A-and-BFigure 8a,b). In the ET, the mid-depth layer had-displayed the highest mean Sv values, while in the WTits-values-were

similar-than-these-, mean Sv in the mid-depth layer was comparable to that of the surface layer. In both transects, the U-shape

r-U-shaped profiles of mean Sv values revealed an influence
WWMW%W slopes than in the central area
of-the-eanyon-canyon axis (Figure 8c,d). In the mid-depth layer, the diurnal pattern-signal in Sv was elear(espeetatly-still
evident, particularly over the canyon ﬂepe@%k%&%eﬁs&mmwwman in the surface layer. The-In

ace-minimal

contrast, the deep layer showed +

temporal variations in Sv. The clear diurnal differences observed in the upper and mid-depth layers were notfound-in-the

elargely absent at depth, where Sv remained
WMMMA&MMM&%@M&ﬁM of the canyon shape-was-also-present
in-the-deepertayer,observed-as-higher-Sv-was still apparent in the deep layer, with higher Sv values near the canyon walls 5
andHewer-Sv-in-the-central-area-of the-canyoncompared to its center.

to-see-its-evolution-over-time-on-each-slope—We-also-Sv between NS and SS, we applied the same methodolo reviousl
used for u-velocity analysis. Additionally, we calculated the Sv difference between the northern—and southernsections—and

eorrelated-that-with-the-horizontal-flows-in-each-ayer-—Several NS and SS and associated it with horizontal current velocities
in each depth layer. Distinct differences in the vertical distribution of zooplankton were observed between slopes;-at-the slopes
i ire-In the WT, the NS

A A WL AE X2
consistently exhibited elevated Sy values between 20 and 80 m throughout the study period (Fig—22-A)-Fhe-SS-of the- W
consistently showed-alayerofFigure 9a). On the SS, a ~20 m width-with-high-Sv-valuesthick high-Sv layer was present, which
deepened during the-day-daylight hours and became shallower and wider-during-the-second-night-(Fig—22B)—The- intensity-of
the backseattering strength-was-higher-in-thicker (up to ~~100 m thick) during the night (Figure 9b). Backscatter intensity was
generally higher on the SS, thus-the-differenee-in-Sv-resulting in predominantly negative Sv differences between the NS and
SS was-mostly-negative througheut the-study-Fig—22-C)—tn-throughout the NS-of the-EF-high-Sv-values>deployment (Figure
9¢).

In the ET, Sy values exceeding 63 dB re +-msm™" J-were presentin-almost-the-entire-were observed across much of the NS
water column during the first 12 h-of-the-study-(Fig—22-Bhours (Figure 9d). Later in the day, Sv deereased-and-low-values-were
observed-within-the-first-values declined in the upper 50 meters-of-the-watercolumn—Surface-Sv-inereased-again-m, followed
by a new increase near 8 PM. In-the-SSef-the EF-high-On the SS, elevated Sv values were ebserved-onty between-the 26-56-m
layer-in-the-first-confined to the 20-50 m layer during the initial 12 h of the study-—Near-9-AM;-that-, but this layer deepened

in both transects.
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Figure 8. Mean Sv in the surface (upper panels), mid-depth (middle panels) and deep (bottom panels) layers along the WT and EFsET.
Each of the 8 tracks-transects along the western (left panels) and eastern (right panels) transects are-is represented by a different eelorscolor.
Distance was-is referenced to the center of the canyon (CoC), identified-defined as the-its deepest point ef-it—in-order—to facilitate the

comparison between the northern-INS and southern—slopesSS. Negative distances—represents—the-northern—slope;—and—(positive) distances
correspond to the northern (southern) slope.

and its-intensity-deereased-(Fig—??-Eweakened around 9 AM (Figure 9e). The difference-in-Sv-Sy difference between the NS
and the-SS of the ET was-reached ~10 dB re +-m~! between-in the 50and—120 m layer at the beginning of the study, which

agreed-with-strong-differencesin-the-coinciding with pronounced differences in along-canyon eurrents{i-e—higherveleeitiesin
the-nerthern-wall-current velocities—specifically, stronger flows on the NS of the ET). Although this difference decreased with
over time, the NS consistently had-exhibited higher Sv within thattayer-this depth range compared to the SS (Fig—2?-FFigure

9f).

4 Discussion

The “canyon hypothesis” suggests three main mechanisms by which submarine canyons promote local biological produc-
tivity(?Genin;2004). The first is-related-to-inyolves the fertilization of surface and subsurface layers through-via the advec-
tion of deeper, nutrient-rich waters to the surface (i.e. “topographic upwelling);-which-sheuld-tast-”). For this mechanism to
support biological productivity, the upwelling must persist long enough to allow phytoplankton and zooplankton populations to
fepfedﬂeeﬂﬂdﬂﬂﬁeaﬁeﬁﬂbtmdﬂﬂeem% The second mechanism involves the generation of a subsurface eddy
that induces isopycnal doming, thereby enhancing
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Figure 9. Mean Sv _currents by depth and Sv-differenee-time in a section of the canyon walls where bottom depth was-60-+20-ranged from
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tie-in panels €-c (WT) and F-f (ET). Fhe-Vertical gray dotted lines evertaying-indicate the plotsrepresent-the-time of each transect;; the

reen dashed line marks the sunrise, and the burgundy dashed line marks the sunset

upward transport and/or enhaneed-particleretentton—promoting the retention of particles. The third mechanism involves the
physical retention and aggregation of organisms due to the interaction of eurrents-with-topography-and-DVMcanyon topography
with alongshore currents and diel vertical migration (DVM) of planktonic organisms (Hudson et al., 2022b, a; Genin, 2004)
- Globally, direct observational evidence supporting these mechanisms remains limited. In our study, the short duration of
observations precludes confirmation of the first mechanism, and we found no clear evidence of eddy formation within the
canyon, ¥ . - . . . . . .

pfeeesseﬁhat»f&keﬁlaeeﬂﬁ—submaﬁﬁee&nyeﬂs—Nonetheless we present ewdeﬁeﬁeﬁfeve—fhafﬂa&BBGplay&aiﬁmpefmm
rs-strong indications that the BbC plays a significant
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role in modulating zooplankton distribution on diurnal timescales, likely through a variation of the third and-a-pessiblefourth

mechanism.

4.1 The interaction of diel vertical migrations with abrupt tepegraphiestopography

The intra-diurnal changes in Sv within the canyon were mostlytinked—with-zooplankton—diel-vertical-migrations(BDVM);
eprimarily associated with zooplankton
DVM, while spatial variations appeared to reflect the influence of the presence of the canyon and its morphology. The ac-
cumulation of organisms near the canyon slopes was evident in the U-shape-of-the-Svlines;—as—higher-Sv—was—found-in

both—thenorthern—and-southern—walls—U-shaped distribution of Sv, as elevated values were found along both the NS and
SS compared to the central region-axis of the canyon. This pattern might-hint-at-an- Wnteractlon between zoo-

365

370 plankton migration behavior and the steep topography -

at-dawn—and-swim—up-of the BbC. Most zooplankton taxa undergco DVM within a 24-h cycle to reduce predation risk
typically descending to deeper waters during daylight and ascending to the surface at dusk éFefwafd—k‘)SS—Hays—ZG@S}

W%WMMMW\W

375 vertical migration may be blocked, resulting in the aggregation of organisms above topographic features, a mechanism called
“topographic blocking” often evi
wm%&iémﬁ topographic blockmg is—found-when—horizontal
yoccurs when horizontally transported zooplankton
encounter steep bathymetric gradients, such as shallow banks (Isaacs and Schwartzlose, 1965) or the continental shelf break

380 (Mackas et al., 1997). Submarine canyons have bﬂgalso been proposed as features-prone-to-generate-topographie-blocking
~zones where such blocking can occur (Genin, 2004), due to
their abrupt changes in depth. In our study, an accumulation of zooplankton was observed on the SS of the WT approximately.

30 minutes after sunrise (Fig. SF6, Transect 8 at 08:30). This aggregation persisted throughout the day and was both shallow
(=75 m) and intense (> 60 dB re m_") compared to the typical daytime Sv values within the canyon. These observations
Additionally, zooplankton DVM can interact with alternating vertical currents to promote zooplankton-retention—We-often

found-oppesite-directions-in-the- flew-overor avoid retention. For example, some taxa exhibit vertical movements that interact

with coastal wind-driven or tidal currents to either facilitate or avoid offshore advection (Castro et al., 1993; Miller and Shanks, 2004; Yann

. In our observations, we frequently detected flow reversals with depth (see Fig. 54), as well as differences in Sv between
390 vertical layers (see Fig. 22-an i ith-t

documented

The surface layer consistently exhibited an offshore flow, while currents in the mid-depth layer were predominantly positive
especially in the NS. Such opposing flow patterns could be exploited by zooplankton to promote retention.
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395 The zooplankton community was composed of several groups-that-are-strong-migrantstaxa known for their strong migratory
behavior (Mackas et al., 2005; dos Santos et al., 2008; Escribano et al., 2009; Bandara et al., 2021), such as decapod larvae,

. These or-

amphipods and copepods{Ma
ganisms WW%WWMWMWWWO avoid offshore advection
by migrating between layers with eppesed-contrasting current directions, a well-documented meehanisms-mechanism of zoo-
400 plankton retention in tidal and estuarine systems (Castro et al., 1993; Hill, 1998; Poulin et al., 2002; Emsley et al., 2005;

Kimmerer et al., 2014). This mechanism may have been present in the NS of the canyon. A migrating organism inhabiting the
upper 30 m of the water column of the NS of the BbC would be subject to offshore transport. By migrating to deeper layers
at sunrise, the organism could be transported onshore by the positive currents within the canyon. Upon ascending at dusk,
it would again be exposed to offshore-flowing surface currents. Through this cycle, DVM behavior could facilitate retention
405 within the canyon. This hypothesis might explain the elevated Sy values observed in the mid-depth layer of the NS during

daytime, whereas topographic blocking may account for the elevated Sv in the SS, particularly within the mid-depth layer of
the WT.

4.2 Canyon-mediated-Canyon-induced horizontal advectionand-retention

We-alse-found-striking-differenees-Differences in zooplankton abundance between the NS and SS, in-both-the-observed in both
410 acoustic and in situ sampling, whieh-were highly variable and alternating over time. Appatrently;-these-differences-were-These
differences appeared to be associated with the contrasting cross-shore flows on either side of the canyon. Observational and nu-
merical modeling studies have shown that submarine canyons impaetcan significantly influence and modify coastal circulation
presence of a shelf—mmsmg canyon in a western continental margin often generates a flow “dipele—where-an-along-canyon

in-dipole, characterized by an inshore flow along the
downstream wall and an offshore flow along the upstream wall (Allen and Durrieu De Madron, 2009; Vergara et al., 2024). A re-

415

cent study modeled-used high-resolution hydrodynamic simulations to investigate the influence of the BBE-BbC on the coastal

circulation of the Arauco Gulf during upwelling and downwelling events ;-using-high-reselution-hydrodynamie simulations
ergaraetal; 2024 They-evidenced-the formation-of-the(Vergara et al., 2024). The results revealed a persistent dipole in the
420 mean cross-shore flow field. The-downstream-Specifically, the northern side of the canyon (i-e—southern—slope)-had-positive

ide-exhibited an onshore flow, while the

southern area showed an offshore flow. Although this dipole pattern was present during both upwelling and downwelling
eventsconditions, the inshore flow was stronger when—windswerefaverablefor-upwelling—They-under upwelling-favorable
wg%mdso evidenced the advection of densedeep-water-overtheshelf

ing-, deep water onto the shelf during upwelling,
consistent with enhanced upwelling at the canyon head. Under downwelling conditions, a similar circulation dipole is formed,

with minor differences in the magnitudes of offshore and onshore transports (Klinck, 1996; Spurgin and Allen, 2014; Figueroa et al., 2025

. This dipole structure can trap particles within the canyon, promoting anticyclocnic recirculation and particle retention for

425
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several days (Figueroa et al., 2025). Consequently, an upwelling precondition may favor the advection of offshore zooplankton
into the canyon, whereas downwelling conditions may promote their retention through recirculation within the canyon.

The average cross-shore current shewedrevealed an inshore flow efwater-through the canyon, which-was-elearly-titted-to-the
ﬂeﬁhef&s}ep&cwlearlwvwlvt\egvtg\“gggwgn the ET, fel-}ewmgwcgm the theoretical dipole pattern. This eirenlation
~flow configuration agrees with the
upwelling-favorable svinds—Puring-wind conditions that preceded the study. For most of the study-period- the sampling period,

cross-shore flow in the 40-120 m layer-was-positive-in-the-northern-slope-depth layer was predominantly positive (onshore
in the NS of the ET, and negative or alternating in the seuthern-stope—This-SS. The difference in the current magnitude and

direction %%fmﬁ}&%ﬁmewdmmmmdurmg the first 6 h-hours of the study, matching-the-shallowest

as-coinciding with the

shallowest pycnocline depths. The largest difference in Sv was also observed during this period, with Sv values approximatel
~10 dB re m~* higher in the NS of the ET-compared to the SS ~of the ET.

Thus, the inshore flow over the nerthern—wall-NS of the ET agreed-was associated with a shallower pycnocline, higher

sSv, and increased zooplankton abundance. In the WT,
the-farthest-located farther from the canyon head, the coherence between the-cross-shore flow and the-acoustic-backseatter-was

less-elearSy patterns was less apparent. Nonetheless, there-was-a-strong-a marked difference in Sv between the slopes-NS and
SS of the WT by-emerged toward the end of the experiment, which was also evidentreflected in the zooplankton samples,
as-higher-abundanees-werefound-with higher abundances in the SS. In-the-sameperiod-(the-tast-During the final 6 h of the
experiment)-study, a strong offshore flow was-observed-developed in the NS that-might-explain-the-deerease-in-Svon-the NSof
the WT, potentially explaining the concurrent decline in Sv. Overall, the differences-in-Sv-between-the-northern-and-southern

NS and SS across transects (see Figs. 6 and 9) throughout the 24-hour cycle suggest that erganisms-may-use-the-asymmetrical
eurrents-toretard-the-advection-and/or-enhaneeretention—zooplankton may be unevenly transported within the canyon —This

While our findings suggest that WWWWWWW& asymmetrlcal advection
of zooplankton,
mwwtmmm
high, and the canyon’s complex topography adds further challenges to interpretation. In the ET, alongshore flows between the
ateng-shore-flows-over-the-NS and the-SS were highly correlatedeue-to-its-, likely due to the transect’s proximity to the Biobte

river-Biobio River mouth. In the WT, only the mid-depth layer had-correlated-along-shore-veloeities-in-showed correlated
alongshore velocities between the NS and SS. Regarding-the-For cross-shore velocities, only the deeper layer of the WT

shewed-exhibited a correlation between the flow-in-the- NS-and-SS—The-horizontal-currents—inside-two sides of the canyon.
Horizontal currents within the canyon not only differed between waksits walls but also shifted r&dtfee&eﬂﬂﬂfhm—&peﬂed

direction over timescales of less than a day.
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both-eanyon-walls-could-The BbC is a complex and elongated feature, with a smaller tributary canyon at its midpoint and
pronounced changes in curvature from the continental slope to its head. This morphological complexity influences the spatial
distribution of cross-shore transport and vertical velocities throughout the canyon (Vergara et al., 2024), potentially modifying
the circulation patterns and particle retention mechanisms described in previous idealized numerical studies. These findings

highlight the need for continued observational efforts to achieve a comprehensive understanding of the topographic upwellin
driven by the canyon and to better resolve the net transport of zooplankton.

4.3 Ecological implications

Some submarine canyons have-substantial-seientific-evidenee-about-are well-documented for their role in the-formation—of

promoting zooplankton aggregations. The-Menterey-Canyon—Among the best-studied is Monterey Canyon in the California
Current System weﬁ&ef—fhe%e%t—%&@edh—'l:hi%emweﬁﬂ%a known foraging eite-site for large cetaceans (Schoenherr, 1991)

and a critical krill habitat

within an ecologically important canyon network (Santora et al., 2018). S%fnmﬂeﬁweﬂ&&mm
within the HCS have only recently begun to be-explored-in-depth—Earker-receive detailed scientific attention. For example,
earlier research on the Itata Canyon(a-relatively-large-ecanyonloeated-, located approximately 60 km north of the BBC)-found
Mhlgher abundances of several crustacean larvae elose-to-the-shore-in-the-survey-transects—conducted-over-the
nearshore over the canyon, while offshore abundances
dominated outside of it (Yannicelli et al., 2006a). Although the dynamics inside-the-canyon—were—not-were not explicitly
described, this was-an-indireet-sign-ofpattern suggested potential inshore transport facilitated by the canyon. New-research
has-stuggested-that-arecentty-diseovered-and-More recent work has proposed that a newly identified, relatively small canyon

might-may explain the high concentration of whales and krill in a-known-and-protected—marine-reserve-in—northern Chile
(Buchan et al., 2023). To our knowledge, this is the first study that-attempts-te-combine-combining simultaneous observations

of zooplankton aggregations and measurements-of-canyon-induced currents to elueidate-investigate the physical mechanisms

drivingzooplankton-dynamiesshaping zooplankton distributions.
Our findings highti

suggest that the BbC plays a key role in shap-
ing local zooplankton distributions through mechanisms such as asymmetric advection, topographic blocking, and enhaneed
particle retention processes influenced by the
complex interplay of canyon morphology, hydrography, and circulationpatterns;-emphasize-the-, These dynamics highlight the
ecological importance of submarine canyons M%@%WMHMHWMMM

Current upwelling system. However, gty due to the short temporal
scale and spatial limitations of our study,

meehanismswhich focused primarily on intra-diurnal patterns and discrete sampling, further research is needed. Future efforts
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and-theirrole-inregional productivity—These-insights-are-essential-should incorporate long-term moorings to better capture the

spatial and temporal variability of physical and biological processes. Expanding studies in underexplored, high-value regions
is critical not only for the-advaneementof seientific-advancing oceanographic knowledge but also for informing-guiding con-

servation and management strategies-in-these-biologically-rich-and-of these ecologically significant habitats.

5 Conclusions

We aimed to describe the spatio-temporal variability in zooplankton distribution and currents within-at the head of a long and

narrow submarine canyon. We-feund-evidenee-te-prove-Our results provide evidence that the canyon influenced zooplankton

distribution and abundance —a}HHﬁeﬁedreHes&ﬂaaﬁeﬂ&wnhm a day The experiment {eeleplaeeﬁ}ﬁeﬁm%lgtggv
following an event of tpw

The-horizontal-upwelling-favorable winds, under conditions of strong water column stratification driven by freshwater input
from the Biobio River. Horizontal flows within the canyon were highly variableand-had-high-standard-deviation—The-mean

-, with notable differences
in flow velocity and direction between vertical layers and between the northern (NS) and southern (SS) slopes. On average
an onshore flow was observed in both the western (WT) and eastern transects (ET), with a tilt toward the NS in the ET.

However, e&ﬁeﬁ%s—ehaﬁgeel—F&pﬁﬂy—lﬁalon -canyon currents frequently reversed direction at both e&nyen—waﬂ&—wheh—rest}#ed

between current velocities on either side of the canyon. Zooplankton abundance also changed-through-time-and-spacevaried
spatially and temporally. At the beginning of the study, net abundances were higher in the nerthern-slope;whichreverted-NS
than in the SS, but this pattern reversed by the end of the study—The-same-pattern-experiment. A similar trend was observed in
fhe%v%lmd(mw which was alway&cw%gher near the canyon walls than in-the-ecenterof-the-eanyon-

higher in the SS, while in the ET, the NS showed higher Sv values. In the ET, fhe—hghe%Sv—thhe NS coincided

in both time and depth with

suggesting that asymmetric horizontal currents likely contributed to spatial differences in zooplankton distribution. This-We
WM@g@MMmMNMMmEmCUW between zooplankton and eppesed
and-opposing, alternating canyon flows g may promote both their advection
and retention. Overall, our f ﬁndlngs demonstrate that submarine canyons are highly dynamic habitats-and-highlight the need-te
senvironments that significantly influence biological patterns at short timescales.

These results highlight the importance of further studying submarine canyons, particularly in regions that provide essential
ecosystem services.
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