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ARTICLE INFO ABSTRACT

Keywords: Behavioral response of deep-sea sponges can provide crucial insights into the mechanisms shaping energy fluxes
Hexactinellida and ecosystem functioning. Although some advances have been made, the behavior of deep-sea Hexactinellid
Deep sea

still remain widely unknown. In the present study we address the glass sponge Vazella pourtalesii behavior. High-
temporal resolution imaging and environmental data were acquired with an autonomous lander deployed in the
Sambro Bank Sponge Conservation Area (Scotian Shelf) at a depth of 150 m, representing the upper limit of this
deep-sea species’ distribution and what is commonly regarded as the deep sea.

For 94 days, a V. pourtalesii individual was monitored, providing quantitative information on its response to
sediment deposition triggered by a storm, as well as on its passive locomotion and contractive behavior. Sedi-
ment was cleared from its surface within 72 h, which is highly relevant for its filtering capacity, indicating that
this sponge species can cope with high suspended sediment concentrations. This enables it to occur on sedi-
mentary environments like the Scotian Shelf. As observed in other deep-sea hexactinellids, the monitored in-
dividual engaged in rhythmic contractions, which appear to be driven by physiological process/es rather than
environmental factors. During the study period, strong bottom currents (>37 cm/s) toppled and displaced the
monitored individual several times. Despite changes in position and orientation that can negatively impact the
filtering capacity of sponges, no signs of deterioration were observed. V. pourtalesii’s vase-like body morphology
and attachment to cobbles, as a gravitational center, may allow it to have a more homogeneous interaction with
currents which may permit them to better cope with positional changes. Overall, this study highlights that deep-
sea Porifera display a wide array of phenological changes in response to both biotic and abiotic factors.

Sponge grounds
Northwest atlantic
Behavior ecology

1. Introduction etal., 2007; Hanz et al., 2021a, 2021b). The way organisms interact with

their environment is a fundamental question in ecology, since environ-

Benthic ecosystems, like cold-water coral reefs and sponge grounds mental variations may have a large impact on species functioning from

in deep-sea environments often rely on food sources originating in the individual to community levels (Schlosser et al., 1990; De Araujo Lira
photic zone, and are influenced by hydrodynamic and meteorological et al., 2018; Gomez Gras et al., 2021; Sigwart et al., 2023).

processes that originate on the surface and develop at depth (Duineveld Elucidating the behavioral response of deep-sea megabenthic species
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to changing environmental conditions may therefore provide crucial
insights into the mechanisms shaping energy fluxes and ecosystem
functioning (Milligan et al., 2020). However, knowledge on the behavior
of deep-sea species is difficult to assess since high-resolution and pro-
longed time series of observations are scarce. Recently, time-lapse
image-based studies have allowed for an assessment of the response of
deep-sea megabenthic organisms to environmental conditions (Aguzzi
et al., 2009, 2011), such as particulate organic carbon (POC) supply,
hydrodynamic processes (e.g. internal tides, resuspension events) (e.g.
Hanz et al. 2021; 2022) or the intrusion of different water masses (e.g.,
Dunlop et al., 2016; Kuhnz et al., 2020; Chatzievangelou et al., 2021).
Yet, most of this research has been focused on motile megabenthic
species (e.g., Aguzzi et al., 2018; Chatzievangelou et al., 2021). Despite
the intrinsic ecological relevance of sessile structuring organisms, tem-
poral studies addressing their behavior and response to environmental
processes in deep-sea environments are still limited and have mostly
focused on cold-water corals (Purser, 2015; Johanson et al., 2017; Gir-
ard et al., 2022; Osterloff et al., 2019; Zuazo et al., 2020), with only a
few studies having been dedicated to sponges (Moller et al., 2018; Kahn
et al., 2020; Harrison et al., 2021).

Sponges are ubiquitous to all benthic environments, and in the deep
sea they can form sponge-dominated communities and sponge grounds
(Cathalot et al., 2015; Maldonado et al., 2015). These biogenic habitats
provide refuge, feeding, spawning and nursery grounds to a wide range
of associated species (Ryer et al., 2004; Goren et al., 2021; Griny¢ et al.,
2023), enhancing local abundances and biodiversity (Beazley et al.,
2015; Hawkes et al., 2019), and having a major role in biogeochemical
cycles (e.g., Cathalot et al., 2015; Pham et al., 2019; Hanz et al., 2022).

Sponge-dominated assemblages in deep-sea environments world-
wide are facing significant threats from various anthropogenic activities
(Hogg et al., 2010). Among these, fishing practices, particularly bottom
trawling, have been reported to have profound and extensive effects on
sponge communities (Klitgaard and Tendal, 2004). This destructive
method involves nets and doors equipment that indiscriminately scrape
and disturb the seabed, breaking and removing sessile structuring fauna
(Wassenberg et al., 2002). Such activities lead to long-term habitat
simplification, biodiversity loss, and impaired ecosystem functioning
deminishing sponge habitat ecosystem services (Francis et al., 2024). In
addition to bottom trawling, emerging activities like deep-sea mining
and the offshore green energy instalation are anticipated to have
extensive and detrimental impacts on these fragile ecosystems (Dunham
etal., 2015; Wurz et al., 2021). Like bottom trawling, these activities not
only cause immediate physical destruction but also result in indirect
effects such as sediment resuspension (Dunham et al., 2015). Disturbed
sediments can smother sponges another filter feeders, disrupt their
feeding mechanisms, and alter the chemical environment, further
endangering these vital marine organisms (Bell et al., 2015; Haffert
et al., 2020; Wurz et al., 2021). The cumulative impact of these threats
underscores the urgent need for protective measures to preserve the
biodiversity and functionality of deep-sea sponge assemblages.

Vazella pourtalesii (Schmidt, 1870) is a glass sponge and the sole
representative of the genus Vazella, which is exclusively found to inhabit
deep-sea environments in the northwest Atlantic Ocean (Reiswig, 1996;
Tabachnick, 2002). On the Scotian Shelf off Nova Scotia, Canada (NW
Atlantic), V. pourtalesii can occur at high densities, developing large
monospecific sponge grounds that provide habitat to numerous other
species, locally enhancing associated species abundance (Hawkes et al.,
2019). Like all glass sponges, V. pourtalesii’s skeletal structure is made of
a delicate, glass-like silica mesh, which can accumulate in great quan-
tities in surrounding sediments, playing a crucial role in the biogenic
silica cycle (Maldonado et al., 2021, 2022) and being considered as
community structuring agents (Barthel, 1992; Barthel and Tendal,
1993). Thus, its habitat-forming abilities and functionality make this
sponge assemblage important contributors to the health and diversity of
these remote and often poorly understood underwater environments.

Over the past years, V. pourtalesii has been the subject of numerous
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studies addressing its ecology, associated microbiome, potential
response to anthropogenic impacts and implications in geochemical
cycles (Beazley et al., 2018, 2021; Bayer et al., 2020; Busch et al., 2020;
Maldonado et al., 2021; Wang et al., 2021; Wurz et al., 2021; Griny6
et al., 2023). However, knowledge on V. pourtalesii behavior is still very
limited.

The present study aims at broadening the current knowledge on
V. pourtalesii behavior by means of a long and high-frequency time series
of imaging and environmental data, acquired in situ with an Autono-
mous Lander for Biological Experiments (ALBEX). During 94 days a
V. pourtalesii individual attached to a cobble was monitored to charac-
terize a) its response to sediment deposition; b) passive locomotion and
its ¢) contracting behavior.

2. Material and methods
2.1. Study area

The Sambro Bank Sponge Conservation Area is located on the Sco-
tian Shelf (Fig. 1) covering an area of 62 km? between 150 and 175 m
water depth. In 2013, Fisheries and Oceans Canada (DFO) closed this
area to bottom trawling as it hosts one of the highest V. pourtalesii ag-
gregations in the northwest Atlantic (Hawkes et al., 2019). Substrates
are composed of a mosaic of soft sediments with a scatter of cobbles and
boulders (Beazley et al., 2018; Hawkes et al., 2019; Griny®6 et al., 2023).
The waters of the Conservation Area are typical of the stratified system
of the central Scotian Shelf, with surface and Cold Intermediate layers,
derived from the Gulf of St. Lawrence outflow, overlying a warmer,
saltier layer from the continental slope which floods the sponge grounds.
In recent decades, the latter has usually been composed of Warm Slope
Water but that is intermittently replaced by colder Labrador Sea Water
(Hannah et al., 2001; Loder et al., 2001; Drinkwater et al., 2003). In
general, the Scotian Shelf is dominated by a semidiurnal tidal cycle that
enhances hydrodynamic processes like vertical mixing and enhanced
current speed (Chen et al., 2011; Hanz et al., 2021a). Meteorological
events can influence hydrodynamic processes resulting in “benthic
storms”, producing extreme sediment resuspension events and sponge
displacements (Hanz et al., 2021a).

2.2. Image and oceanographic data collection

An ALBEX multiparametric video-lander (Duineveld et al., 2004) was
deployed at 154 m water depth, at the center of the Sambro Bank closure
zone (43.898 N, 63.052 E) (Fig. 1). The lander was deployed from the
September 8, 2017 until June 19, 2018. During this period strong hy-
drodynamic processes turned the lander shifting the video camera’s field
of view. For this study we considered data acquired between the 5th of
January to the April 9, 2018 during which a V. pourtalesii individual was
fully in the field of view (Fig. 2). This individual was attached to a
cobble, providing a low center of mass (Fig. 2A). The lander was
equipped with a NIOZ made HD video camera equipped with two white
LED lights. The camera acquired 20 s videos every 4 h resulting in 6 daily
sampling events (00:00, 04:00, 08:00, 12:00, 16:00, 20:00). The lander
was also equipped with a CTD sensor (Sea-Bird SBE37SM-RS232), an
ARO-USB oxygen sensor (JFE Advantech™) attached (at 1 m above
bottom) and an Aquadopp 2 MHz (Nortek™) Acoustic Doppler Current
Profiler (ADCP) attached to the lander (at 2 m above the bottom). The
lander environmental sensors registered salinity, temperature (T°C),
oxygen (mg/L), and current speed (m s™), all sensors sampled at a fre-
quency of 15 min. More detailed information regarding lander deploy-
ment and environmental sensor specifications can be found in Hanz
et al. (2021a). Fluctuations in oxygen concentrations were statistically
tested using a two factor unnested PERMANOVA (Permutational
Multivariate Analysis of Variance) using the free software PAST 2.17c
(Hammer-Muntz et al., 2001).
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Fig. 1. Location of the Sambro Bank sponge conservation area on the Scotian Shelf (indicated by the red rhombus). Arrow head points North. Bathymetric data was
obtained from the European Marine Observation and Data Network (EMODnet-Bathymetry via harmonized Digital Terrain Model (DTM). “EMODnet Digital Ba-

thymetry (DTM)”, 2018, http://data.europa.eu/88u/dataset/EMODnet_bathymetry.
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Fig. 2. A) Schematic view of the sponge’s weight distribution. Landmarks positioned in the still images during B) January 15, 2018 at 16:00 and C) February 9, 2018

at 16:00. Arrows in images B) and C) show the presence of the sponge.

2.3. Meteorological data

Wind velocity data was acquired by means of a 6-m NOMAD buoy of
the Environment and Climate Change Canada (Data provided by the
Department of Fisheries and Oceans Canada, ID44150- La Have Bank).

2.4. Image analyses

A total of 515 videos were recorded covering a time period of 94
days, for each video a still image was extracted using Google Colab.
Posteriorly, these images were used to assess V. pourtalesii response to
sediment deposition, passive locomotion, and contraction.

2.4.1. Sediment deposition response

Sediment deposition on a V. pourtalesii individual and adjacent
cobbles was visually monitored during 72 h after a major resuspension
event that began on the January 5, 2018.

2.4.2. Passive locomotion
V. pourtalesii passive locomotion was assessed recording its position

in time through an object detection algorithm named You Only Look
Once (YOLO) in its version 8 (Jocher, 2023). The algorithm takes in
input an image or a video frame and outputs the position and the
dimension of a rectangular bounding box centered around the sponge.
The algorithm was trained on 513 still images, while 2 images were
discarded as the sponge was covered by fragments of a detached
V. pourtalesii individual. Images were annotated with YOLO v8 (Jocher,
2023) format, adapted to the 640 x 640 px size.

The dataset was divided into training, validation, and test set with a
ratio of 70 (350): 20 (50):10(113) respectively. To allow for a better
generalization of the model, the images used for training and test the
model were not superimposed. Once trained, the model was applied on
superimposed images to track the sponge movement.

Indeed, to allow the spatial quantitative comparison among images,
four landmarks (e.g. stone apex) whose position remained constant,
were superimposed in each image to allow a spatial quantitative com-
parison among images (Fig. 2). Landmarks were positioned with the
software TPSdig2 (Rohlf, 2005). A consensus configuration (i.e., average
shape) was calculated (Cadrin, 2020) to align all images through the
superimposition of their landmarks. The software TPSsuper (Rohlf,
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2013) allowed us to unwarp the images to the consensus shape (target
shape). The images, in this way, were aligned to landmark locations and
superimposed.

Due to the high level of accuracy and elaboration velocity needed,
the YOLO v8 model was chosen. The algorithm converged after 200 it-
erations with a batch size of 16, and a learning rate of 0.01.

To test model performance, Precision (P) and Recall (R), defined
respectively as (Jocher, 2023) were also calculated:

P=TD/(TD+FD) and R = TD/(TD + FU)

In the formula TD and FD respectively stand for “true detection” and
“false detection” based on the intersection over union IoU > 0.7. IoU is
the area of intersection between the ground truth bounding box and the
detected one. FU (False Un-detection) and indicates the number of un-
detected objects.

In multiclass object detection, not only the detection of the bounding
box, but also the classification of the detected object, is important. For
this reason, the Average Precision for detection confidence equal to 0.5
(mAP@0.5) and detection confidence between 0.5 and 0.95 (mAP
@0.5:0.95) were also calculated. The Average Precision was calcu-
lated as the weighted mean of precisions at each confidence threshold;
the weight is the increase in recall from the prior threshold.

2.4.3. Contracting and expanding behavior

The software ImageJ2 (Schneider et al., 2012) was used to measure
the proportion of pixels taken up by the monitored individual of
V. pourtalesii. Images were calibrated using landmarks (see Fig. 2).
Sponge surface variations were expressed as percentage value normal-
ized by the largest surface value in each position. Images in which a fish
obstructed the full view of the sponge (2.7% of all images) were
discarded.

To explore potential occurrence of contraction rhythms, a wave form
analysis was performed by averaging surface percentages for each
sampling event (00:00, 04:00, 08:00, 12:00, 16:00, 20:00). Average
values were then plotted along with the Standard Error (SE) and the
Midline Estimated Statistic of Rhythm (MESOR), as represented as a
horizontal threshold line (Francescangeli et al., 2022). The MESOR were
calculated by averaging all sampling events average values. Values
above the MESOR are considered peaks of maximum surface expansion.

Additionally, rhythmicity was also explored by means of the
contraction kinetics approach (Elliott and Leys, 2007; Nickel, 2004;
Kahn et al., 2020). This approach establishes that organisms move
through four stages: contraction (reduction in size over time) (phase 1),
to a fully contracted state (stage of maximum contraction) (phase 2),
followed by expansion (increase in size over time) (phase 3) leading to
the fully expanded state (stage of maximum expansion) (phase 4). The
first three phases, cover the interval in which organism is in a state of
reduction from full expansion, and define the contraction cycle. The full
interval from one contraction cycle to the next, including the expanded
state, was called the contraction period.

To explore the relationship with sponge contraction with respect to
environmental variables (current velocity, temperature, oxygen con-
centration and salinity) a Principal Component Analysis (PCA) was
performed. The PCA was represented graphically using biplots, where
the percentage of explained variance (eigenvalues) for each axis, the
plotted coordinates in the PC space (scores), and the vectors repre-
senting the importance of the variables (loading) were reported. The
PCA was performed using the free software PAST 2.17¢ (Hammer-Muntz
et al., 2001).

3. Results
3.1. Environmental variables

During the study period, water temperature at the seafloor ranged
between 9.3 and 11.9 °C (10.7 + 0.4 °C; Average+SD), salinity between
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34.2 and 35.3 (35 + 0.13 AverageE+SD) and oxygen concentration
between 5.8 and 8.9 mg/L (6.2 £+ 0.5 mg/L Average+SD). Currents at 3
mab were on average 0.13 m s~ with peak velocities of 0.38 m s~ (12
+6ms? Average+SD) in March (Fig. 3).

One major turbidity event was registered on early January 5th, 2018
(Fig. 4). This event, was triggered by storms, which caused large fluc-
tuations in water temperature and salinity (Fig. 3) and were associated
to peaks in wave height (15.5 m, 4:20 on the 5th of January; 10.6 m,
21:20 on the 3rd of May; (3.1 + 1.8 m Average + SD, during the study
period)) and wind (24.2 m s 5th of January; 21.1 3rd of March (9.3 +
4 m s~! Average + SD, during the study period).

3.2. Sediment resuspension events

On January 5th, 2018, at 20:00 a major turbidity event began.
During the first 44 h since the beginning of the event, visualization of the
seafloor was lost due to high particle concentrations in the water col-
umn. Once suspended sediment cleared from the water column it was
observed that the monitored V. pourtalesii individual was covered by a
sediment veneer (Fig. 5). Sediment was progressively cleared from the
monitored V. pourtalesii individual during the hours that followed the
turbidity event:

0 h-12 h: V. pourtalesii was covered with a sediment veneer that
prevented visualization of the skeletal framework depressions from all
visible sites.

24 h-36 h: Sediment was cleared from the side making skeletal
framework depressions visible, sediment still covered the top surface
(maybe due to continuing settlement of sediment).

48 h-60 h: Sediment on the top surface of the V. pourtalesii was
progressively cleared, yet small sediment patches remained. Skeletal
framework depressions were evident on most areas of the top surface.

72 h: Sediment on the top surface of V. pourtalesii was cleared of
sediment. Skeletal framework depressions were visible from all sites.

3.3. Passive locomotion

The accuracy of YOLOV8 in detecting, training, and validating
V. pourtalesii was high (Table 1). Average detection frequency for this
model was 28.7 ms per frame on a laptop mounting the NVID GPU RTX
3070Ti with 8 Gb VRAM.

During the 94-day period the sponge changed its position 21 times
(Fig. 6A), moving 3156 pixels from its original position (Fig. 6B).

3.4. Contracting and expanding behavior

Twelve days after monitoring started, V. pourtalesii began to rhyth-
mically contract. A total of 20 contractions were observed during a 28-
day period after which they suddenly stopped (Fig. 7A, Supplementary
material 1). During contractions a reduction on its lateral surface was
observed, causing the sponge to become thinner but not shorter. The
contraction cycle lasted on average 18.4 + 8.4 h (SD), during which
contraction stages (contraction and fully contracted) lasted between 4
and 48 h (14.3 + 5.2 h (SD)), representing 68.7% of the time, while
expansion stages (expansion and fully expanded) lasted 4-16 h (7.8 +
4.7 h (SD)), representing 31.3% of the time. Waveform analyses showed
that the V. pourtalesii averaged surface presented two large peaks (i.e.,
values above the MESOR defining the phase of the count rhythm) at
00:00 and 20:00 and a small one on 08:00 (Fig. 6B).

The PCA biplot on 131 x 4 matrix of the first two axes showed how
V. pourtalesii surface variation percentage (% _increase) is positioned on
the negative side of the first PC (44.3%) together with oxygen concen-
tration. High values of surface variation % is directly related with oxy-
gen concentration values and inversely related with temperature and
salinity, positioned on the positive side of the same axis. Current velocity
was positioned on the positive side of the second PC (20.8%) which does
not seem to have a strong relationship with V. pourtalesii’s surface
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Fig. 4. Acoustic backscatter (counts) for turbidity concentration in 0-10 m above the sea floor. Red box identifies a resuspension event triggered by a storm which

caused sediment deposition on the monitored V. pourtalesii individual.
variation (Fig. 8).
4. Discussion

The present study assessed the hexactinellid sponge phenology,
linking it to both surface and near bed environmental processes by
means of a temporally high-resolution and relatively long-term (94
days) time series of images. Different behavioral responses were quan-
tified with a combined manual and CNN automated approach (i.e.

YOLOVS).

4.1. Sediment deposition response

Although little is known on how deep-sea sponges respond to both

increased suspended sediment concentrations and deposition, it is
generally assumed that its effects are adverse (Bell et al., 2015).
Increased suspended sediment concentrations and subsequent deposi-
tion can result in alterations on feeding behavior (e.g. clogging of
feeding structures), physiological stress (e.g. altered respiration rates,
increase in mucus secretion, reallocation of reserves) or smothering of
sessile organisms (Brooke et al., 2009; Grant et al., 2018; Topcu et al.,
2018; Kutti et al., 2022). During turbidity events sponges are exposed to
elevated suspended matter concentrations, which accumulate in their
aquiferous system and coanocyte chambers, causing clogging and a
diminished filtration capacity. This leads to reduced feeding, and
oxygenation resulting in physiological stress (Tompkins-MacDonald and
Leys, 2008; Tjensvoll et al., 2013; Wurz et al.,, 2021). Additionally,
sediment deposition can cause sponge smothering resulting in at least
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Fig. 5. Response of Vazella pourtalesii to resuspension event and subsequent sediment deposition. 0 h (0 h) indicates the moment when visibility was restored 44 h
after the beginning of a turbidity event in 5th of January. Black arrow points at a cobble which remained covered in sediment, white arrows point at the

V. pourtalesii individual.

Table 1

Detection preferences of YOLOv8 on the validation set in detecting Sponges.
maP@0.5 and map@0.5:95 are average precision for detection confidence equal
to 0.5 and detection confidence between 0.5 and 0.95 respectively.

Class Images Instances Box (P) Recall (R) mAP50 mAP50-95

All 50 50 1.00 0.995 0.995 0.887

partial mortality after 14 days (Pineda et al., 2016). However, this is not
the case in the present study as the monitored V. pourtalesii individual
was able to clear sediment from its surface within a 72-h period (Fig. 4)
and in the following month it did not show any signs of necrosis. This
agrees with Wurz et al. (2021) which observed no structural necrosis or
other signs of decreased health on ten V. pourtalesii individuals

repeatedly exposed in the laboratory to elevated suspended sediment
concentrations during 21-days.

Bottom currents likely have contributed to this process since water
flow can benefit the filtering capacity of sponges (Leys et al., 2011). This
is a biotic process within the sponge individual, since adjacent cobbles
with similar orientation remained covered by sediment (Fig. 3). Labo-
ratory and field studies have shown that certain sponge species can cope
with sedimentation through different mechanisms such as producing
mucus to clear sponge surfaces, temporally stopping pumping activity to
avoid clogging, or by inducing a complete flow reversal as a measure to
remove sediment from its surface (Leys, 1999; Kornder et al., 2022).
Although it is unclear if V. pourtalesii engages in any of these behaviors,
it has recently been observed, under laboratory conditions, how
V. pourtalesii is capable of rapidly expelling large sediment particles from
the osculum, completely clearing its surface of sediment 38 days after
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sediment exposure had stopped (Wurz et al., 2021). Therefore, it could contributing to its high abundance over vast extensions of the Scotian
be inferred that V. pourtalesii is well adapted to sedimentary environ- Shelf, an area regularly exposed to extreme natural turbidity events
ments being able to cope with resuspension events. The capacity of related to surface storms or hurricanes (Hanz et al., 2021a) and
V. pourtalesii to actively remove deposited sediment may pose an anthropogenic activities such as fisheries (e.g. Koen-Alonso et al., 2018).

adaptative advantage over other sessile passive suspension feeding taxa,
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4.2. Passive locomotion

Sponges are generally understood to be non-motile sessile organisms,
however mobility related to spatial movement has been reported in both
laboratory conditions and in the field (Bond and Harris, 1988). As
observed in the present study, large epibenthic sponges have generally
been described to passively move, becoming toppled or unattached by
bottom currents, substrate instability or storm events (Bell and Barnes,
2002; Mercurio et al., 2006; Kahn et al., 2020; Hanz et al., 2021b). For
passive suspension feeders, toppling or detachment is considered one of
the main causes of mortality (Grigg, 1977; Weinbauer and Velimirov,
1996; Coma et al., 2004). A stable position is highly relevant as most
sponge species grow in a favourable orientation that maximises their
feeding success and prevents sediment accumulation (Bell and Barnes,
2002).

Sponges that have detached from the substrates will have limited
control on their orientation and filtering capacity could be compro-
mised. In this regard, detached branching sponges occurring on littoral
environments have been reported to reduce their growth rates and
eventually decay after several months (Bell and Barnes, 2002).
Contrarily, vase-shaped sponges in abyssal plains that were monitored
for several months (1.5-4 months) did not show any signs of deterio-
ration or decay despite frequently changing their position (Kahn et al.,
2020). Sponges with rounded or vase-like morphologies (vase-shaped or
barrel-shaped), like V. pourtalesii, have a wider filtering surface which
ensures a more homogeneous interaction with currents, which may
allow them to better cope with position changes than other erect
(George et al., 2018; Schonberg, 2021) or fan shaped morphologies
(Santin et al., 2019; Grinyo et al., 2022). Hanz et al. (2021a) described
how a detached V. pourtalesii individual with a flattened morphology,
rapidly decayed in the span of several days (Supplementary material 2).
Contrary, in Grinyo et al. (2023) several toppled and detached barrel
shaped V. pourtalesii individuals, which were visible for several months,
did not show any signs of decay (Supplementary material 2).

Furthermore, despite being a basiphytose species (Beazley et al.,
2018), which requires attachment to hard substrates and thus might
seem more susceptible to displacement from its original position, the
monitored individual likely overcame this vulnerability by attaching
itself to cobblestones. This adaptation allowed it to maintain a low
center of mass (Fig. 2A), enabling it to alternate between laying and

upright positions in response to changing bottom currents, effectively
attaining a “free-living” status.

4.3. Contracting behavior

Contraction temporal patterns were observed during a 28-day period
and were associated with low oxygen concentrations (Fig. 7). Oxygen
concentrations ranged between 5.8 and 6.5 mg/1 (6.05 + 0.12(SD) being
significantly lower than other periods in which V. pourtalesii did not
contract (PERMANOVA, p-value >0.001). Although low oxygen deple-
tion can cause sponges to contract (Leys and Kahn, 2018), it seems un-
likely that low oxygen concentrations triggered V. pourtalesii’s
contractions as other individuals in the field of view did not display this
behavior. Therefore, we consider that the observed contracting behavior
is triggered by physiological processes rather than environmental
mechanisms.

Many sponge species have been reported to contract or alter their
filtering behavior as a response to changing environmental conditions
(e.g. water turbidity) or physiological processes (e.g. waste removal)
(Kornder et al., 2022). Numerous studies have addressed contracting
behavior in sponges (Demospongiae and Calcarea) (e.g. Nickel, 2004,
2011 Elliott and Leys, 2007; Leys et al., 2019; Harrison et al., 2021;
Kornder et al., 2022; Flensburg et al., 2022), however, hexactinellid
contracting behavior still remains poorly studied, having only been
addressed in one study (Kahn et al., 2020). Recently, Kahn et al. (2020)
observed how several hexactinellid sponge species in abyssal plain en-
vironments contracted. As observed in this study, contractions were
rhythmic (Fig. 6A) and consisted of a lateral compression without
affecting the sponge total length (Kahn et al., 2020). Contracting
rhythmicity in shallow demosponges has been associated with light in-
tensity (Strehlow et al., 2016), however, in most cases the lack of
long-term data sets prevents identification of the environmental triggers
modelling rhythmicity. Wave form analyses displayed two major peaks
(Fig. 7B), which could suggest that the contraction rhythms are gov-
erned by the semi-diurnal tide cycle in the Scotian Shelf (Hanz et al.,
2021a). Yet, 68% of contraction periods exceeded the tidal cycle, which
lasts 12.75 h. Therefore, further research is needed to confirm this po-
tential trend between tides and V. pourtalesii’s contracting rhythmicity.
Furthermore, contraction cycles were longer than other hexactinellid
sponges (Kahn et al., 2020) but the reasons for these prolonged
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durations remain unknown.
5. Conclusions

The monitored Vazella pourtalesii cleared sediment from its surface
within 72 h, and, although the exact mechanism it uses remains unclear,
it indicates the species can cope with sediment deposition indicating its
adaptation to sedimentary environments exposed to resuspension events
especially in this environment. Over the span of 94 days the monitored
individual changed positions 21 times. Although toppling and change in
position is known to cause deterioration in sessile suspension feeders,
the monitored individual showed no signs of deterioration over the said
time course. In this sense, it is likely that V. pourtalesii’s vase-like
morphology allowed it to have a more homogeneous interaction with
currents which may allow them to better cope with positional changes.
As observed in other deep-sea hexactinellids, the monitored V. pourtalesii
individual engaged in rhythmic contractions, the trigger/s of which is
still not properly understood, although it appears to be driven by
physiological processes rather than environmental factors. Overall, this
article sheds light on the poorly understood behavior of deep-sea hex-
actinellids, and highlights that sessile benthic fauna, and Porifera, are
not just static organisms, but display a wide array of physiological
changes in response to both biotic and abiotic factors. Yet, replicability
would be advisable to confirm and better comprehend the observed
behavioral patterns.

Furthermore, these findings highlight the pressing significance of
this research in the context of deep-sea habitat conservation. It’s crucial
to recognize that deep-sea mining and prolonged bottom fishing activ-
ities can lead to the disruption of these fragile ecosystems by raising
sediment plumes, potentially causing enduring harm to these hex-
actinellids and their fellow inhabitants. While these organisms may
exhibit the ability to recover from disturbances, it’s essential to
acknowledge that long-term, sustained disruption can inflict irreparable
damage on both the species and the habitat as a whole. Therefore, the
insights gained from this study underscore the urgency of preserving
these unique and vulnerable ecosystems, shedding light on the intricate
mechanisms underlying their resilience, and emphasizing the impor-
tance of responsible environmental stewardship in the face of evolving
industrial activities. These findings challenge our preconceived notions
of deep-sea ecosystems, demonstrating the complexity and adaptability
of life in these extreme environments. The research underscores the
importance of studying and preserving these often-overlooked animals,
as they play a crucial role in the ocean’s delicate balance. By gaining a
deeper understanding of the intricacies of hexactinellid behavior, re-
searchers can better contribute to the conservation of these unique
ecosystems.
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