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A set of lander deployments in a deep marine protected area (MPA; El Cachucho) combining environmental
sensors and a baited camera provided insight on the relationship between faunal behavior and oceanographic
dynamics. Landers were deployed at different depths, ranging from 500 to 960 m for a period of 24-26 h. A total
of 10,989 photographs were downloaded and synchronized using a time code with all the environmental vari-
ables recorded (pressure, temperature, salinity, water current, and direction). Total richness accounted for 41
species of different taxonomic groups (21 fishes, 11 crustaceans, 6 echinoderms, and 3 molluscs). The most
abundant species were Synaphobranchus kaupii, Mora moro, Phycis blennoides, Helicolenus dactylopterus, and
Etmopterus spinax. Arrival times (T,y) and maximum number of individuals (Nmax) greatly differed among
stations.

Cluster analysis showed two main faunal groups in relation to depth: those close to the top of the bank and
those in the flanks. Species densities were estimated using Priede’s equations and compared with those obtained
in previous studies using trawl samplers. The relation of species with environmental variables showed high
variability depending on the location of the station and the associated variables (depth, current, and water
masses). Near-bottom dynamics were consistent with previously known oceanographic patterns at the bank,
dominated by background anticyclonic recirculation along the flanks overlaid by strong tidal cycles. Current and
hydrography tidally driven phases showed an evident effect in the arrival of species at some locations. Species
appeared during specific periods matching the beginning of the flooding phase or end of the ebb phase.
Movement rates (cm 5’1) were estimated for some invertebrate species, such as crabs (Bathynectes maravigna,
0.66; Pagurus sp., 0.09), the gasteropod Colus gracilis (0.15), and echinoderms (Cidaris cidaris, 0.04; Araeosoma
fenestratum, 0.23).

1. Introduction

The use of noninvasive methods is becoming crucial in the study of
singular habitats or vulnerable species. Baited cameras or in general
terms baited remote underwater video stations (BRUVS) have become a
widely used technique for assessing patterns of animal behavior, abun-
dance and biodiversity. The benefits of this technique—namely, its
nondestructive and nonextractive nature, its easy replication, and its
relatively low cost compare to other techniques—are well documented
(Priede and Bagley, 2000; Bailey et al., 2007; Cappo et al., 2007).

* Corresponding author.

Le Danois Bank (Le Danois, 1948), locally named EI Cachucho fishing
ground, is a marginal shelf—a seamount-like topographic feature nearby
and partially connected to the continental shelf—located in the central
Cantabrian Sea (Bay of Biscay, NE Atlantic) at a distance of 65 km from
the northern coast of Spain. Several research surveys were conducted in
this area from 2003 to 2009 under the ECOMARG project. The high
biodiversity found in this area (Sanchez et al., 2008; Altuna, 2013) and
the presence of endangered species and vulnerable habitats (coral reefs)
engendered its protection (Rodriguez-Basalo et al., 2019).

In 2008, El Cachucho was declared the first large off-shore marine
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protected area (MPA) in Spain by the Spanish Ministry of Environment
(Heredia et al., 2008) and was included in the Natura 2000 network in
the category of special area of conservation (SAC) following the prin-
ciples established by the European Union (EU). Since then, the conse-
quences of the management measures applied in MPAs must be
scientifically monitored, and noninvasive methods, such as acoustic and
visual surveys, must be used for their assessment and monitoring of
MPAs.

The main reason for the inclusion of El Cachucho in the Natura 2000
network was the presence of reefs (habitat 1170 of the Habitats Direc-
tive; EU, 2002). To study these vulnerable habitats and their conserva-
tion status, visual transects using a photogrammetric sled and remote
operate vehicles (ROVs) have been used in previous research (Sanchez
et al., 2017). However in order to improve the knowledge and moni-
toring system of this area, oceanographic dynamics near the seafloor and
mobile fauna have also been recently studied by deploying an anchored
multiparametric observatory (lander). Additionally lander deployments
allow to record environmental variables in a large temporal scale. Re-
sults of this new approach are presented in this study.

Estimates of species abundance, although fundamental to marine
ecology, are difficult to obtain under certain circumstances that pre-
clude the intensive use of trawl sampling or other extractive sampling
gears (Farnsworth et al., 2007). The use of ROVs and photogrammetric
sleds is necessary to investigate the conservation status of benthic hab-
itats. However, these provide poor information about the mobile species
that live in these habitats. Within this framework, baited cameras and
landers—multiparametric benthic platforms—represent an important
alternative tool for the study and monitoring of MPAs. It is necessary to
assess whether these approaches provide valuable information and can
be used as additional techniques to detect changes in space and time.
Our study provides, for the first time, information on mobile organisms
attracted to baited cameras and their relationship with environmental
variables observed near the sea floor.

The main purpose of the present work is to determine whether faunal
behavior in the deep ocean is related to local short-term oceanographic
dynamics, in particular, to tidal cycles in the study area. Our goals are
(1) to investigate the near-bottom oceanographic dynamics at specific
sites in the MPA, (2) to estimate the abundance and distribution of the
fauna attracted to the bait, (3) to study the behavior of benthic species in
relation to oceanographic variables, and (4) to estimate the mobility of
some benthic invertebrates.
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2. Materials and methods
2.1. Study area

The present study is based on data collected from several sampling
stations located in the central Cantabrian Sea (the southern Bay of Bis-
cay) using a multiparametric benthic platforms (landers). These plat-
forms were submerged at different positions on the sea floor in the El
Cachucho MPA, which comprises Le Danois Bank and its intraslope
basin.

The bank presents an elongated E—W disposition, with depths on the
plateau summit ranging between 450 and 600 m (Fig. 1). The northern
face shows a pronounced slope from 500 m at the top of the bank to more
than 4000 m on the abyssal plain, which lies only 9 km to the north
(Sanchez et al., 2008).

The bank is partially connected to the continental shelf through an
intraslope basin; thus, its dynamics are affected either by the general
background circulation of the Bay of Biscay or the slope current devel-
opment. Eastern North Atlantic Central Water (ENACW, e.g., van Aken,
2001) fills the upper Bay of Biscay, flowing as an anticyclonic loop with
a weak southward component of ~1 cm s7! (Pingree, 1993; van Aken,
2002). A salinity minimum is reached at a depth of 450-500 m, starting
the transition towards the Mediterranean outflow waters with its core at
~1000 m (van Aken, 2000). The upper slope is affected by the entrance
of the Iberian Poleward Current (IPC) in the Cantabrian Sea during the
autumn-winter period (Pingree and Le Cann, 1990) and the advance of
much deeper Mediterranean outflow water (MOW) along the western
European margin (Iorga and Lozier, 1999).

The circulation dynamics at Le Danois have been extensively studied
in the framework of the projects that motivated the declaration of the
area as an MPA (Gonzalez-Pola et al., 2012). Records show a stable
anticyclonic flow at the seamount summit, especially in the western
side, characterized by a rocky outcrop. Such flow seems to be supported
by a combination of the temporary formation of Taylor cap and the
rectification of the strong semidiurnal tide. Geomorphological studies in
the region have provided a detailed analysis of the bedforms in rela-
tionship with the circulation (van Rooij et al., 2010; Hernandez-Molina
et al., 2016). Bottom currents are locally accelerated (up to 25 cm s
due to the presence of the Le Danois Bank and the Vizco High, creating a
furrow and moats of high importance in the area in terms of sediment
transport of the contourite system (Liu et al., 2019). On the southern
flank of the Bank and north of the slope of Cantabrian Sea continental

| ! Bay of Biscay -

El Cachucho MPA

Fig. 1. Study area and lander deployments on El Cachucho MPA (Le Danois Bank). Red and green lines show the areas with specific management measures. Blue
arrows over lander locations indicate along-slope direction, based on local high-resolution topography, on which currents were then projected. (For interpretation of
the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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shelf there are two channels, the Le Danois Moat and Gijén Moat
respectively (Fig. 1).

To study the monitoring of the MPA El Cachucho, surveys were
conducted on board of the research vessels (RVs) Angeles Alvarino and
Ramoén Margalef in July 2009, May 2014, and July 2019. Nine lander
deployments were conducted at different sites. To cover the whole tidal
phases, the lander was deployed for at least 24 h in almost every station.
The lander payload varied slightly due to equipment availability and
technical reasons.

Lander deployments are described in Table 1 and Fig. 1. Four de-
ployments were conducted at the top of the bank at depths ranging from
500 to 650 m, three in the southern flank at depths ranging from 850 to
960 m, and two in the southwest area between the continental shelf and
the intraslope basin at depths ranging from 678 to 841 m. For lander
deployments 1 and 9, a current meter was not available; therefore, these
landers cannot be used to infer patterns between communities and
oceanographic conditions. Landers 2, 5, 6, and 7 were located along the
bank flanks where the along-slope anticyclonic circulation is antici-
pated, and landers 3, 4, and 8 were located in specific canyon-like
topographic features, so expected dynamics are related to the local
tide-topography interaction. A fine scale topography view of deploy-
ment sites can be found for selected landers in Section 3.

2.2. Sampling device: lander

A lander system designed to obtain high frequency bottom photog-
raphy and environmental variables was equipped for deployment at
strategic locations in the study area. The system consisted of a ballasted
tripod made of stainless steel holding an underwater camera, baits, and
several sensors. The lander was designed at the oceanographic center of
Santander (Spanish Oceanographic Institute: IEO) by members of the
ECOMARG research team (Sanchez et al., 2014; www.ecomarg.com)
and incorporates several different sensors to study the near-bottom
environmental conditions together with lapse-time images (Fig. 2).
The structure was deployed and recovered using a main rope with
buoyancy elements attached.

The environmental basic payload present in landers 2 to 8 included
an Aquadopp single-point current meter with temperature and pressure
sensors sampling at 1-min intervals to record near-bottom (c.a. 2 mab;
meters above bottom) conditions. An upward looking Acoustic Doppler

Table 1
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60 m thermistor line
(12 units, one each 5 meters)
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Fig. 2. Lander system design and equipment.

Current Profiler (ADCP) RDI Sentinel-300 recording the vertical struc-
ture of the currents up to 80 mab was also included and additionally, in
landers 2 to 5, a thermistor chain containing 12 Sbe56 thermometers
spaced at 5-m intervals above the lander (measuring up to 57 mab) and
programmed at 1 Hz was installed A SeaBird37 CTD recording at 10-s
intervals was placed at the top of the thermistor chain if present or at
the lander otherwise. For the purpose of this study we focus on the
single-point current meter record and refer indirectly to ADCP and
thermistor chain information intended to describe local mixing

Summary and characteristics of each deployment. Mean and (4) standard deviation values for the environmental variables are indicated. The range, minimum and

maximum values are specified in brackets.

Lander 1 Lander 2 Lander 3 Lander 4 Lander 5 Lander 6 Lander 7 Lander 8 Lander 9
Longitude 005°05.482'W  005°13.0000W  004°55.283'W  005°01.849'W  004°37.039W  5°07.699'W 4°38.500'W 5°15.710'W 5°12.310'W
Latitude 44°06.536'N 44°05.099'N 43°59.808'N 44°03.040'N 44°02.552'N 44°05.950'N 44°06.127'N 43°53.500'N 43°53.064'N
Date (dd/ 31/05/2014 08/06/2014 10/06/2014 12/06/2014 15/06/2014 19/07/2019 21/07/2019 24/07/2019 24/07/2009
mm/yyyy)
On the bottom  7:49 16:19 12:27 16:28 6:56 6:44 7:20:13 7:57:58 17:26:06
(hh:mm)
Duration (hh: 33:20:00 26:10:00 23:31 21:49 23:42 31:14:00 26:28:00 28:41:00 21:20:00
mm)
Photo time 0:02:00 0:02:00 0:01:30 0:01:30 0:01:30 0:01:00 0:01:00 0:01:00 0:01:00
lapse
Number 1001 786 942 874 949 1874 1588 1701 1274
photos
Depth (m) 498 886 955 641 945 537 551 678 841
Temperature 11.11 £+ 0.08 10.26 + 0.05 10.05 + 0.09 10.96 + 0.05 10.02 + 0.06 10.92 + 0.04 10.93 £ 0.02 10.55 + 0.05 10.40 +
[{O) 0.056
Temperature (10.97-11.27) (10.16-10.35)  (9.80-10.17) (10.89-11.12)  (9.90-10.15) (10.80-11.03)  (10.88-10.95)  (10.47-10.70)  (10.34-10.51)
range
Salinity (ppm) 35.64 + 0.01 35.74 + 0.01 35.75 + 0.01 35.61 + 0.01 35.75 £+ 0.01 35.58 + 0.01 35.57 + 0.01 35.69 + 0.02 35.81 + 0.03
Salinity range (35.58-35.74) (35.72-35.76)  (35.71-35.77) (35.55-35.69)  (35.68-35.78) (35.10-35.63 (35.52-35.60)  (35.63-35.70)  (35.75-35.83)
Current speed - 7.61 + 2.80 6.10 + 2.70 9.10 + 3.00 11.05 + 4.70 7.30 + 3.60 6.60 + 3.40 12.30 £+ 6.10 -
(cm/s)
Max current - 14.80 13.20 22.30 21.40 21.40 15.40 33.20 -
speed (cm/

s)
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processes.

A camera Nikon D80 with a 20-mm focal lens was placed inside an
underwater capsule, which took pictures at 2- or 1.5-min intervals. The
camera was located 1.6 m above the sea floor with an angle of 35°.
Image resolution was 12 Mp, and field of view covered by the flash light
illumination was approximately 3.5 m? (Fig. 3). Additionally, the lander
system incorporates a substrobe Subtronic Mega with 250 Ws power and
auxiliary elements, such as a battery DSPL, junction box, wires, and a
bait holder (Fig. 2).

Species were attracted using bait. The bait holder was filled with a
consistent quantity (~3 kg) of frozen mackerel (Scomber scombrus) and
horse mackerel (Trachurus trachurus), chopped to maximize the odor
plume. To preserve the bait for a longer time and avoid quick con-
sumption by earliest scavengers or predators, the bait was placed inside
a metallic grid basket (Fig. 2). The objective was to keep the attraction to
fish and other benthic organisms during the whole mooring period.

As a common procedure to analyze the environmental conditions
time series together with images, we project the measured currents onto
the local isobaths direction. For the landers located along the flanks of
the bank, we defined as positive the along-isobath circulation describing
the aforementioned anticyclonic loop as well as the cross-isobaths to the
right (from deeper to shallower). For landers in canyons, moats, or in-
cisions we defined as positive the along-isobath direction—axis of the
feature—towards its head (shallower) and the cross-isobath direction to
the right. The convention is shown by arrows in Fig. 1. Topographic
details of lander deployment sites are shown in Fig. 4.

2.3. Image analysis

Images were downloaded and synchronized using a time code with
all the environmental variables recorded by the sensors. The camera
resolution (12 Mp) was sufficient to identify all species larger than
approximately 2 cm total length (Fig. 3). All species were identified to
the lowest taxon possible. The identification was based on expertise
knowledge and previous sampling conducted in the area before the
establishment of the MPA (Sanchez et al., 2008; 2009, 2017). Owing to
the difficulties associated with species identification based on images,
we followed the open taxonomic nomenclature for image-based identi-
fication (Horton et al., 2021). Due to their small size, amphipods and
isopods were not counted individually; however, an estimation of the
numbers observed in each lander deployment was assessed according to
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the following scale: 0: not observed; 1: less than 10 individuals; 2: from
11 to 50; and 3: more than 50.Thus, an approximation of the species
abundance observed in each lander was obtained. For each image, time
(1), species identified, and maximum number of individuals of a given
species (Npax) were recorded. The first arrival time (t,,) was determined
by the minutes elapsed from the lander arrival at the sea floor to the first
individual appearance within the field of view of the camera. These data
were combined with environmental data obtained from sensors (pres-
sure, temperature, tide period, etc.).

2.4. Statistical analysis

We analyzed species contribution to similarity of each deployment.
Multivariate analysis was conducted with PRIMER 5 (Clarke and War-
wick, 2001) based on species peak abundance Np.x using the square root
transformation to reduce the influence of dominant species.

A similarity matrix was created using the Bray-Curtis index, and a
cluster analysis was performed to obtain sample dendrograms. A simi-
larity of percentages analysis (SIMPER) was performed to estimate the
percentage contribution of each species to intragroup similarity (Clarke
and Warwick, 2001).

To estimate species density, we followed the methodology by Priede
and Merrett (1996). Time of first arrival (t,), species speed (Vg), and
current speed (V,,) were used to estimate the radius (r) of the space
occupied by each fish using the following equation:

tarr

G+

According to these authors, Vf = V;, = 0.05 m s~ ! is assumed to be
typical of deep ocean conditions. Nevertheless, in the present study, Vi,
values were obtained from direct measurements recorded from each
lander station (Table 1). V¢ estimates of some fish and invertebrates
obtained in the present study were also applied (Section 2.5.). The
theoretical fish population density (A) expressed as the number of fish
per Km? was calculated using the following equation (Priede and Mer-
rett, 1996):

_10°
32

In the present study, we included information on biological traits
(BT) for all species identified to determine the potential usefulness of
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Fig. 3. Image scaling and method used to estimate track distance for some benthic species.
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Fig. 4. Detail topography of landers 2, 4, 5, and 8.

landers in the study of deep-sea species behavior in comparison with
other marine ecosystems. BT variables considered as good character-
izations of species living in these habitats in relation to the sampling
methodology were relative size (S), relative mobility (M), adult move-
ment (V), and feeding habits (E).

Table 2 presents the different categories of each BT variable. Infor-
mation was collected from literature and the main databases available:
Fishbase (Froese and Pauly, 2019), Sealife (Palomares and Pauly, 2020),
WoRMS Editorial Board (2021), and the biological traits information
catalogue (BIOTIC) (MarLIN, 2006). We used the cumulative BT scores
of each variable as a BT index to select species in relation to habitat
characterization (Sanchez et al., 2017; Bremner et al., 2006).

2.5. Mobility analysis

The estimation of velocity and movement patterns of some of the
invertebrate species observed during lander deployments included the
steps:

1. Selection of frames with representative species (large benthic in-
vertebrates frequently observed)

Table 2

Biological trait variables and categories used to describe ecological functioning
of species in the study area based on the information recorded in each lander
deployment.

Biological trait variables Code Category

Small <2cm
Small-medium 2-10 cm
Medium 10-30 cm
Medium-large 30-80 cm
Large >80 cm
None

Low

Medium

High

Sessile

Burrow

Crawl

Swim

Deposit

Filter/suspension

Predator
Opportunist/scavenger

Relative size (S)

Relative mobility (M)

Adult movement (V)

Feeding habit (E)

A WNFEBDRONFEDAWNDEO D WOND =

2. Georeference and scaling the selected images (Fig. 3)

3. Detect changes (differences among images) focusing on target
species

4. Measure distance between consecutive positions

5. Calculate velocity using time lapse between images

The track done by target species has a geographical reference
(WGS84 UTM-30N), allowing for the measurement of distances in the
image. All processing was performed using QGIS (v.3.16) software.

3. Results
3.1. Environmental dynamics

Currents recorded in all landers can be seen as direction, frequency,
and strength “Current rose” compositions on Fig. 5. This figure repre-
sents a collection of snapshots where full raw records are repre-
sented—not accounting exactly for equivalent complete tidal
cycles—and spring-neap tidal cycles also differ among landers. Figs. 6
and 7 provide time series of hydrographic and current records together
with lapse-time photography results for selected landers. Time series of
the remaining landers are shown in Supplementary Figs.

Overall, current records agree well with our previous knowledge of
the bank and canyon-like features general functioning. Deployments 2, 3
and 5 were located along the flanks of the bank, where anticyclonic (AC)
recirculation is expected. Deployments 6 and 7 (located W and NE of the
top of the bank, respectively) were those that most clearly followed this
AC pattern for the overall tidal cycle without large reversals (i.e., NW
and SE flow, respectively, in agreement with isobath alignment depicted
in Fig. 1). Lander 2 time series details (Fig. 6A) show a single along-slope
flow reversal around the midebb phase (hereafter, ebb refers to the
phase when sea level is dropping). Cross-isobath flow also reversed to be
upslope, bringing colder (deeper) waters to the lander site.

Lander 6 was located in the NW, close to lander 2 (in the flank) but in
a shallower site within a complex topographic site surrounded by rocky
outcrops. In this deployment, the dominant circulation was towards N,
also aligned with the AC general flow, but a notable westward compo-
nent was observed. Time series details (Supp. Fig. 3) show that this
westward flow is caused by short but intense cross-isobath pulses
bringing warm waters to the lander position.

Lander 5 exhibited circulation towards E most of the time, as
opposed to the expected AC recirculation, and with a large cross-isobath
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Fig. 5. Map showing location and currents recorded in each lander. Direction, frequency, and strength “Current-rose” composition.
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component. Expected along-isobath WSW current was established only circulation feature or this is indeed a typical tidal cycle pattern. Note
for a short time slot of about 3 h within the second half of the ebb phase that previous studies inferred that the eastern side of the bank was much
(Fig. 6B). We cannot establish whether this lander captured a transient less capable of establishing persistent recirculation flows than its
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Fig. 7. High-resolution environmental records at (A) lander 4 and (B) lander 8 and species richness and abundance during deployment. In the top figure, current
speed (cm s™1) and depth pressure (dbar). In the middle figure, current direction along and across the slope and temperature (°C) near the sea floor. In the bottom

figure, number of individual and species richness by time interval.

western counterpart, possibly favoring the creation of dipole structures
(Gonzalez-Pola et al., 2012).

Lander 4 was located at a complex topographic incision or canyon
that penetrates the southwestern bank summit. Current progressed
upcanyon aligned with local topography for the complete tidal cycle, but
ebb/flooding phases are distinct. During the ebb phase, strong turbu-
lence developed, exhibiting strong high-frequency shifts in currents
(Fig. 7A) and also in the vertical velocities and thermal structure above
the lander (not shown). The flooding phase is characterized by a
stronger but smooth flow.

Landers 3 and 8 were located at the features known as Le Danois
Moat and Gijon Moat, respectively (Liu et al., 2019) (Fig. 1). Lander 3
presented a somewhat symmetric E-W flow aligned with the tidal cycle,
with a northwards component; although, the geomorphology studies
inferred long-term eastward dominant flow due to the advance of the
MOW boundary current (Supp. Fig. 2). Lander 8, on the contrary, pre-
sented an intense upcanyon phase during the ebb tidal phase and a
gentler and longer downcanyon phase, similar to what was observed in
the close Gaviera canyon within the Avilés canyon system (Sanchez
et al., 2014). Current speed exhibited current peaks during the ebb tide
(Fig. 7B).

Statistics on hydrography and currents for all landers are presented
in Table 1. Maximum current speed is indicated whereas minimum
current values dropped to zero in all lander. Hydrography was directly
related to regional water mass properties at deployment depths. Tem-
perature spans from roughly 11 °C at 500 m to 10 °C at 1000 m, while
salinity rises from c. 35.60 to 35.75 (note that regional salinity
maximum is located at the core of Mediterranean waters at around 1000
m). Temperature range due to tidal cycles remained within 0.2-0.3 °C,

and salinity was less than 0.02. Current strength is more related to

surrounding topographic character, typically within the range of 5-20

cm s~ !, with the exception of lander 8, at Gijén moat, peaking over 30
-1

cms .

3.2. Richness, diversity, and abundance

A total of 41 taxa were identified from 10,989 photographs taken
during the nine lander deployments (Table 1). The taxa include 12 tel-
eosts fishes, 9 elasmobranchs, 11 crustaceans, 6 echinoderms, and 3
mollusks (Supplementary Table 1). Species peak abundance is listed in
Table 3. The teleost species observed most frequently was the greater
forkbeard (Phycis blennoides), which was recorded in all landers, fol-
lowed by the Kaup’s arrowtooth eel (Synaphobranchus kaupii), also in
terms of number of individuals observed. The species recorded most
frequently among the elasmobranchs was the blackmouth catshark
(Galeus melastomus), and among the invertebrates, the shrimp Plesionika
martia, scavenger isopods (mainly Politolana sanchezi), several species
belonging to the genus Pagurus, the sea urchin Araeosoma fenestratum,
and the gastropod Colus gracilis.

Fig. 8 shows the cumulative richness of each of the nine landers
deployed during the whole period. Differences were found in both
number of species and time to reach maximum number. For lander 6,
occurrence of species is almost continuous until reaching maximum
number in less than 12 h, similarly in lander 9. Conversely, in lander 2,
70% of total richness is achieved within the first 2 h of deployment. In
landers 1, 3, 4, 5, and 7, arrival of species was gradual. Highest richness
was observed in lander 2 (n = 18 species), located in the west flank at a
886 -m depth; lowest richness was observed in landers 4 and 7 (n = 9 and



Table 3
List of species recorded in each deployment ordered by taxonomic group and following alphabetical order. First arrival time in minutes (t,,,) and peak abundance (Nyay). A list with all taxonomical information is included
in the Supplementary Material.

Species Lander 1 Lander 2 Lander 3 Lander 4 Lander 5 Lander 6 Lander 7 Lander 8 Lander 9
tarr Nimax tarr Nmax tarr Nimax tarr Nmax tarr Nimax tarr Nmax tarr Nimax tarr Nmax tarr Nimax

Teleostean Conger conger 390 1 37 4 691 1 1121 1 17 1

Synaphobranchus kaupii 2 20 1 9 3 34 1 9 9 3

Hoplostethus mediterraneus 870 1 159 1

Micromesistius poutassou 231 1

Nezumia aequalis 385 1

Trachyrincus scabrus 903 1 21 1

Mora moro 20 2 28 1 9 1 19 3 6 2

Phycis blennoides 8 1 58 5 648 2 964 1 70 2 263 1 154 1 56 2 5 5

Lophius piscatorius 520 1

Polyprion americanus 472 1

Helicolenus dactylopterus 6 4 136 2

Liparidae gen.indet. 31 1
Elasmobranchs Galeus melastomus 56 1 42 1 37 1 87 1 38 1

Hexanchus griseus 314 1 880 1 144 1

Centrophorus squamosus 486 1 151 1 805 1 10 1

Dalatias licha 696 1

Deania calceus 48 1 67 1

Etmopterus spinax 2 1 933 1 178 1 48 1 99 1

Centroscymnus coelolepis 122 1 177 2

Scymnodon ringens 126 1 949 1 91 1

Dipturus nidarosiensis sp. inc. 1472 1 1033 1
Crustaceans Cancer bellianus 714 1 1407 1

Corystes cassivelaunus sp. inc. 910 1

Chaceon affinis 561 2 154 1 321 1

Paromola cuvieri 70 1 1016 1 784 1

Munida sarsi 1 14 1 3

Nephrops norvegicus 232 1

Bathynectes maravigna 80 4 664 1 475 2 213 2 12 2

Pagurus sp. indet. 96 1 90 1 388 1 557 1 46 1

Plesionika martia 40 1 463 1 4 1 378 2 847 2 216 1 4 1

Polybius henslowii 654 2

Politolana sanchezi 32 200 69 700 84 700 181 200 48 100 94 50 117 15
Echinoderms Pentametrocrinus atlanticus 0 2

Cidaris cidaris 1614 1

Gracilechinus acutus 78 1

Araeosoma fenestratum 510 2 186 1 216 4 798 2 140 1

Ophiuroidea ord. indet. 0 2 1202 1 58 14 8 7

Holothuroidea ord. indet. 1203 1 229 1
Mollusca Colus gracilis 14 1 379 4 395 3 574 1 152 1

Antalis sp. indet. 1197 4

Gastropoda ord. indet. 918 1 452 2
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Fig. 8. Cumulative richness by lander according to deployment period.

n = 10, respectively), located at the top of the bank at 641- and 551-m
depth, respectively.

The main differences found among lander deployments regarding
species are related to depth. The landers located at the top of the bank
(1,4, 6, and 7) showed more species in common—Phycis blennoides,
Conger conger, Helicolenus dactylopterus, Etmopterus spinax—compared
with those at deeper stations, although some species appeared only in
landers 1 and 4, such as Hoplostethus mediterraneus or Araeosoma fenes-
tratum. In deeper hauls, the most frequent observed species were Mora
moro and Synaphobranchus kaupii. In particular, the latter was abundant
in lander 2 (Npax = 20) from the beginning to almost the end of the
deployment (continuously during the first 9 h) and in lander 5 (Npax =
34). Except some elasmobranchs such as Galeus melastomus and Etmop-
terus spinax which are relative high abundant and show a wide depth
distribution, landers located at the top of the bank did not hardly record
any elasmobranch species. However, elasmobranchs were identified in
deeper stations, mainly landers 2 (highest number of species; n = 7), 3,
and 5. Species characteristic of deep waters, such as Centrophorus
squamosus, Centroscymnus coelolepis, Scymnodon ringens, or Dipturus
nidarosiensis were among those recorded. Some teleost fishes were
observed only in one station; that is the case of Lophius piscatorius and
Trachyrinchus scabrous, identified only in lander 3, Micromesistius pou-
tassou, identified only in lander 6, or the elasmobranch Dalatias licha, the
macrourid Nezumia (likely Nezumia aequalis), and a specimen belonging
to the Liparidae family (likely Paraliparis membranacea), all of them
species recorded previously in the study area and identified only in
lander 9.

Abundance estimates derived from the Priede et al. (1990) and
Priede and Merrett (1996) approach are presented in Table 4. Abun-
dance data obtained from previous surveys conducted in the area using
otter trawl and beam trawl sampling gears were included for compara-
tive purposes (Sanchez et al., 2008). Currents speed (V) used were
those corresponding to each lander respectively (Table 1). In landers 1
and 9, V,, data were not recorded; we therfore used V;, values from
landers 4 and 8, respectively, due to their location and similarity ob-
tained from cluster analysis. Fish swimming speed (V) was not available
for most species reported. Therefore, the same approach performed by
Priede et al. (1990) was applied: V;, = V¢. Only those fish with (V¢) values
estimated from previous studies and some invertebrates for whom speed
had been calculated in the present study (Section 3.3.) were used
instead.

Despite the exhaustive sampling conducted in previous multidisci-
plinary surveys, prior to the establishment of the MPA, using otter and
beam trawl gears, some species such as, Polyprion americanus or

Table 4
Abundance estimates (N per km?) obtained from baited lander (this study) and
from trawl gears (Sanchez et al., 2008). M-dash '—’ indicates low number and

“na” that not data is available for comparison.

Species Lander  Trawl Species Lander  Trawl

Synaphobranchus 1492.7 7355 Hexanchus 0.1 na
kaupii griseus

Mora moro 205.5 366.3 Deania calceus 6.4 108.4

Phycis blennoides 220.0 477.3 Dalatias licha - 24.5

Micromesistius 0.2 15101.4  Etmopterus 1421.0 2491.8
poutassou spinax

Hoplostethus 0.2 310.1 Dipturus - na
mediterraneus nidarosiensis.

Trachyrincus 7.2 3785.6 Paromola 1.2 na
scabrus cuvieri

Lophius piscatorius - 22.5 Bathynectes 8.1 549.5

maravigna

Polyprion 0.04 na Plesionika 446.4 63.5
americanus martia

Helicolenus 157.8 33.5 Chaceon affinis 0.2 3.3
dactylopterus

Conger conger 15.2 5.3 Cancer - 1.3

bellianus

Coryphaenoides - 97.9 Nephrops 0.2 2.6
rupestris norvegicus

Galeus melastomus 12.7 3481.5 Munida sp 4905.0  4560.0%

Centrophorus 8.3 na Gracilechinus 1.7 248.1
squamosus acutus

Centroscymnus 1.0 1.3 Cidaris cidaris - 27.8
coelolepis

Scymnodon ringens 1.0 21.8 Colus gracilis 18.9 2241.8

* Two species (Munida sarsi + M. tenuimana).

Centrophorus squamosus, had not been recorded (Table 4). For other
species, the density obtained from the landers in the present study was
insignificant compared whith previous trawl samplings; this is the case
of Micromesistius poutassou, Lophius piscatorius, or Hoplostethus medi-
terraneus, among others. According to the results obtained in the present
study and those obtained from previous surveys, no relation exists be-
tween abundance estimates using lander data and those obtained using
trawl gears. Only a few species (Mora moro, Etmopterus spinax, Chaceon
affinis, Nephrops norvergicus) showed relative similar values.

3.3. Species behavior in relation to oceanographic dynamics

Exploring the behavior of species in relation to near-bottom water
dynamics represents one of the main targets of the lander design and the
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motivation of combined time series figures.However differences were
observed among the stations and not a robust or recurrent pattern can be
described. Figs. 6 and 7 highlight distinct features. Deployment 2
(Fig. 6A) shows fairly stable environmental conditions and the highest
abundance and richness of the species at the beginning of the deploy-
ment. Most species arrived in a relatively short time (less than 2 h,
Fig. 8), suggesting they came from adjacent areas near the North slope of
the bank. Among the species observed in this area is remarkably the
presence of elasmobranchs, some arriving fast and others presumably
coming from a long distance according to ty; (Table 3). The decaying
abundance at the end of the deployment was observed in other landers,
such as 3 and 7 (Supplementary figures) or 8 (Fig. 7B); this may be
related to bait consumption by small scavengers (mainly P. sanchezi and
Natatolana sp.) and odor loss. Decrease in bait’s attractiveness probably
affected all deployments.

Interestingly, lander 5 (Fig. 6B) showed two distinct flow patterns
and a strong response in appearance of species and their abundance.
Current flow was offshore, ESE, most of the time, but shifted to along-
slope, towards W,for a short period close to low tide, precisely when
species appeared in two defined periods. This indicates that, assuming
that the organisms move towards the direction of the bait odor plume,
the species swam from, the shallower areas of the Le Danois Moat. This
channel located in the South flank of the bank used to be a good fishing
ground for deep water sharks fishery and five elasmobranchs were
recorded at this site (Table 3). It is noteworthy, as it is also observed in
lander 2, the presence of the scavenger P. sanchezi which is particularly
significant during the two periods of positive current towards W, along
isobaths. The existence of strong currents in this lander towards very
deep areas of the Le Danois Moat and the less number of species
recorded suggests a lower biological production in deeper areas of the
MPA.

Deployment 4 at the topographic incision (Fig. 7A) is also interesting
in terms of faunal behavior. Fishes preferred the more uniform flooding
phase instead of the ebb phase, during which, flow was always upslope,
presenting enhanced shear and turbulence. One of the main species that
frequently appeared in this lander was the European conger eel (Conger
conger), probably coming from the rocky outcrop located at a short
distance towards the W (Fig. 4). This rocky promontory, in which one of
the fixed sampling stations for monitoring the conservation status of the
MPA is located, is characterized by the presence of a gorgonian forest
with a high abundance of this species (Prado et al., 2019).

Deployment 8 at Gijon Moat (canyon-like feature; Fig. 1) showed a
major arrival of species within the first 1-2 h and fishes appearing
mostly during the smooth down-slope phase at negative along isobaths
current (Fig. 7B), Presence of individuals dropped notably when the
maximum downcanyon current was well established, almost vanishing
by the end of this phase, around 12:00 p.m. and 00:00 a.m. In general
terms, and likely due to their mobility, fish species (teleosteans and
elasmobranchs) are the first ones to appear and invertebrates showed
longer ty, in this area. A similar pattern can be inferred from hydrog-
raphy in the nearby lander 9 (Supplementary figures), although this
deployment lacks currents data,.

The scavenger isopod P. sanchezi (Frutos and Sorbe, 2010), found in
all landers except for landers 1 and 4, was observed in lander 2 during
the whole deployment, with high intensity in the second half peri-
od—after 13:00 p.m.—coinciding with the flood tide phase. Similar
results were observed in landers 7 and 8, in which P. sanchezi showed
higher abundance after flooding tide peaks.

3.4. Multivariate analysis

An initial matrix of 41 species was reduced to 25 species. Those not
identified at species level and those that only appeared in one lander
were excluded from the analysis. The hierarchical analysis clearly
identified two groups (Fig. 9) at a 45% level of similarity. The first
cluster, group A, comprises landers L1, L4, L6, and L7 (498-641-m
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Fig. 9. Faunal zones identified based on group-averaged cluster of Bray-Curtis
similarities from species (n = 25) using Npax data and squared root trans-
formation. Nine landers: Group A (top of the bank) and Group B (slope and
intraslope basin).

depth) located at the top of the bank. The second cluster, group B,
comprises landers L2, L3, L5 (886 m, 955 m and 945 m depth respec-
tively), located on different positions along the southern flank of the
bank showing a 65% level of similarity and and landers L8 and L9,
(678-955-m depth), located in the intraslope basin (Fig. 1). Analysis of
similarities (ANOSIM) confirmed significance of group separation
(global R = 0.907, p = 0.001).

The similarity percentage (SIMPER) analysis showed the species
contributing the most to the divergence between the two groups
(Table 5). S. kaupii was found only in group B; while Helicolenus dacty-
lopterus was found only in group A; Phycis blennoides was found in both
groups but with higher abundance in group B; whereas Ophiuroidea
species, Colus gracilis, and Bathynectes maravigna were more abundant in
group A, at the top of the bank. The majority of deep-water elasmo-
branchs were observed in group B, in the deeper area of the southern
flank.

3.5. Biological traits analysis (BTA)

Biological traits analysis (BTA) scores for all species identified in

Table 5
Dissimilarity index between the two groups of landers based on Ny,.x and the
species that contributed most to this discrepancy.

Species Average Nmax Av. Diss/ Contrib Cum.
~—___ . Diss SD % %
Group Group
1 2
Synaphobranchus 0.0 15.0 26.0 1.8 33.2 33.2
kaupii
Ophiuroidea 3.8 1.4 8.3 0.8 10.6 43.8
Phycis blenoides 1.0 3.2 4.4 1.4 5.7 49.5
Colus gracilis 2.3 0.2 4.1 1.4 5.3 54.7
Bathynectes 2.3 0.4 3.8 1.5 4.9 59.7
maravigna
Conger conger 1.8 0.2 3.1 1.0 4.0 63.7
Helicolenus 1.5 0.0 3.1 0.9 4.0 67.6
dactylopterus
Araeosoma 1.5 0.8 3.1 1.2 3.9 71.5
fenestratum
Politolana sanchezi 1.5 2.0 3.0 1.9 3.9 75.4
Mora mora 0.3 1.6 2.6 1.6 3.3 78.7
Plesionika martia 1.3 0.8 1.7 1.3 2.2 80.9
Centrophorus 0.0 0.8 1.6 1.8 2.0 82.9
squamosus
Chaceon affinis 0.0 0.8 1.5 1.2 1.9 84.8
Centroscymnus 0.0 0.6 1.3 0.7 1.6 86.4
coelolepis
Etmopterus spinax 0.8 0.4 1.1 1.0 1.4 87.8
Pagurus sp. 0.8 0.4 1.1 1.0 1.4 89.2
Scymnodon ringens 0.0 0.6 1.1 1.1 1.4 90.6
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landers were obtained according to the criteria presented in Table 2. The
percentage of biological trait categories using a baited camera for the
study area (all stations) is shown in Fig. 10. The study of animal
behavior using landers is more efficient for those swimming or crawling
species with high mobility. Fish are usually the first species to appear.
The sampling method provides information from a great range of sizes,
always greater than 2 cm. Predator and/or scavenger species are more
likely to be observed using this method.

3.6. Mobility

Different mobility patterns were observed. Several species, mainly
high-mobile species like sharks, (e.g., Hexanchus griseus, Deania calceus,
and Centrophorus squamosus) arrived and left. Other species remained in
the area during long periods of the time in the proximity of the bait (e.g.,
Synapobranchus kaupii, Helicolenus dactylopterus, and Phycis blennoides).
Although movement of these species could be estimated using images
following the method described in section 2.4., their stationary behavior
prevents inference of swimming speed (Vf). Thus, velocities of only a few
invertebrates were estimated (Table 6). Several species followed a
straight line, whereas other showed a more erratic behavior (snails or
sea stars). Several species alternated short tracks with stationary pe-
riods. Brittle stars (class Ophiuroidea) or squat lobster (Munida sarsi)
were often observed to bury themselves and keep motionless after
covering certain distances.

4. Discussion

Deployment of landers on the deep-sea of El Cachucho MPA has
allowed to describe, for the first time, the mobile fauna attracted to bait,
41 species, and its behavior in relation to the oceanographic dynamics in
the study area.

4.1. Methodological assumptions

The use and advantages of autonomous landers have been exten-
sively reviewed by Priede and Bagley (2000), Bagley et al. (2004), and
Cappo et al. (2007), among others. One of the most important benefits of
using baited camera or video approaches is that these are nonextractive
and do not cause major disturbance to the substrata or its epibenthos.
These approaches can therefore be used in marine reserves and rugose
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seabed topographies and enable the gathering of information on number
and size of animals of special conservation significance (Cappo et al.,
2007). Large mobile animals who normally avoid extractive fishing
gears or scuba divers during visual censuses in shallow waters can also
be recorded in such manner (Cappo and Brown, 1996 for review).

Deployment duration should always be standardized for comparative
purposes. In the present work, one of the objectives was to study the
oceanographic dynamics along a daily cycle; thus, duration was set at
24 h as a minimum. Some studies considered 60 min enough time to
identify species (Currey-Randall et al., 2020), whereas others have
demonstrated 30 min to be sufficient for sampling particular species
(Harasti et al., 2015). Nevertheless, most of these studies were con-
ducted in shallow areas or temperate reefs. Cumulative curves can also
help to determine the optimal time for camera settings. Even though
great variability was observed in cumulative richness among lander
deployments in the present work, 80% of total richness was achieved 9 h
after mooring and 50% in the first 3.5 h.

Problems of long-time deployments are related to battery duration,
store capacity, and bait attraction. Use of still cameras instead of video
recording can solve the former two; the latter, however, is more chal-
lenging. Due to the important role of bait in attracting organisms, type
and quantity should also be standardized to facilitate comparisons. In
the present work, locally sourced mackerel (Scomber scombrus) and
horse mackerel (Trachurus trachurus) were used as bait; however, the
effect and dispersal of the odor plume during deployment duration re-
mains unknown. This issue must be improved and better controlled in
future experiments. Some studies recommend sardine-type oily bait, as
the oil disperses to attract fish (Dorman et al., 2012; Langlois et al.,
2020).

The main disadvantages of using baited cameras are the limits in the
level of taxonomic identification from images (Horton et al, 2016;
Sigovini et al., 2016), the fact that some taxa do not come to the bait,
that weight of animals cannot be determined directly, and the assump-
tions made on abundance estimates (Bailey et al., 2007; Stoner et al.,
2008). In particular the main difficulties of this approach for population
density estimation are the selective observation of only scavengers and
the large number of assumptions required for the estimation regarding
diffusion of the odor plume, foraging strategy of individuals, or swim-
ming speed (Bailey et al., 2007). However, repeated standardized ex-
periments can partially solve these problems and be an additional tool
for monitoring a MPA.

Relative mobility (M)

M None
N Low
B Medium

W High

Relative size (S)

 Small

M Medium

Large

M Small-medium

W Medium-large

Feeding habit (E)

M Deposit
M Filter/suspension
M Predator

M Opportunist/scavenger

Adult movement (V)

M Sessile
M Burrow
M Crawl

M Burrow

Fig. 10. Percentage of biological trait categories used to describe ecological functioning in the species sampled using baited camera.
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Table 6

Distance covered (m) and movement rates (cm.s ) of some invertebrate species observed during lander deployments. Mean and maximum distance and speed recorded for each frame series and the average and the

standard deviation (SD) for the whole number of observations.

SPECIES Lander  Frames N° Time Track Distance (m) and speed (cm/s) by frame  Speed (cm. Direction Observations
Serie observ (min) covered (m) s
Mean Max Mean Max  Average ( Circle Line
distance +SD)
CRUSTACEANS  Bathynectes 1 651-655 4 10 2.03 0.51 0.66 0.42 0.55 Occasionally observed
maravigna 8 70-78 8 9 4.12 0.51 0.87 0.86 1.44 0.66 + swiming not crawling
0.22
81-84 3 1.26 0.42 0.61 0.70 1.02
Cancer bellianus 1 686-705 6 12 5.02 0.84 1.68 0.7 1.40 0.70 X
4 657-663 6 0.777 0.13 0.331 0.14 0.37 Occasionally stops or buried
670-678 9 14 0.557 0.06 0.177 0.07 0.20
Pagurus sp. 9 423-430 6 6 0.33 0.05 0.07 0.09 0.12  0.09 +
0.03
456-459 3 3 0.14 0.05 0.05 0.08 0.08
520-536 15 15 0.58 0.04 0.06 0.07 0.10
Munida sarsi. 8 42-47 5 5 0.44 0.11 0.18 0.18 0.30 0.21 + Intermitent movement with
66-70 4 4 0.59 0.15 0.25 0.24 0.42 0.04 stops
MOLLUSKS Colus gracilis 4 837-841 4 6 0.72 0.18 0.20 0.20 0.22 015+ X Regularly following a straight
282-287 6 9 0.52 0.09 0.12 0.10 0.13 0.04 line. sometimes oblique
6 590-600 10 10 0.70 0.08 0.11 0.13 0.18 X Oblique line
7 602-614 12 12 0.72 0.07 0.11 0.11 0.18 X Circular
807-811 5 5 0.32 0.10 0.11 0.17 0.18 X Oblique line
ECHINODERMS  Gracilechinus 2 80-97 17 34 1.10 0.07 0.10 0.06 0.09  0.06 + X
acutus 0.02
Cidaris cidaris 1 837-843 6 12 0.27 0.04 0.07 0.04 0.06 0.04 £ X Occasionally semicircular
936-960 27 54 1.19 0.04 0.09 0.04 0.08 0.01 line
Araeosoma 4 147-164 18 26 2.85 0.13 0.21 0.19 0.23 Frequently following a
frenestratum 172-182 10 14 1.72 0.29 0.46 0.21 0.51 0.23+ X straight line. Sometimes
0.09 oblique
657-673 8 9 0.87 0.14 0.75 0.16 0.40
850-854 6 6 1.35 0.33 0.39 0.37 0.43
Ophiuroidea 7 1170-1176 5 5 0.20 0.04 0.08 0.07 0.13 Occasionally with stops and
1410-1412 3 3 0.53 0.18 0.21 0.29 0.36 0.16 + buried
0.12
1428-1439 12 12 0.77 0.06 0.21 0.11 0.36
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4.2. Species assemblages and abundance

Baited cameras have been demonstrated to perform well in both reefs
and shallow areas (Eliis and DeMartini, 1995; Willis et al., 2000; Stoner
et al., 2008) and in deep sea (Priede et al., 1990; Priede and Merrett,
1996; Yau et al., 2001; King et al., 2006).

Most species observed in the present study have been reported in
previous studies using baited cameras in the Bay of Biscay (Guennegan
and Rannou, 1979; Mahau et al., 1990), in adjacent deepwater areas
(Priede I et al., 1994; Bagley et al., 1994; Jones et al., 1998; Linley et al.,
2016), or in the Mediterranean Sea (Jones et al., 2003; D’Onghia et al.,
2004; Linley et al., 2018). Among the species frequently reported in
these studies are chodricthyans such as; Hexanchus griseus, Etmopterus
spinax, and Galeus melastomus and teleost fishes such as; Synapho-
branchus kaupii, Phycis blennoides, Mora moro and Coryphaenoides
rupestris (Uiblein et al., 2003; Trenkel et al., 2004; Lorance et al., 2000).
These species show wide spatial distributions and their presence is
relatively frequent in deep waters.

In the present study, abundance estimates obtained from a baited
camera based on time of first arrival (t,) did not provide good indica-
tion of prevailing abundance. As has been noted by Yau et al. (2001), the
inverse relationship between abundance and the square of the average
arrival time (t,;) in Priede’s model is problematic because small changes
in arrival time cause major changes in theoretical density estimates. In
the present study, no relationship has been found between t,,; and depth;
however, the studied depth range was only 500-950 m. Previous
research in the Mediterranean Sea and in the Atlantic Ocean have found
a positive relationship between t,;; and depth with a large studied depth
range of 500-5000 m (Linley et al., 2018).

Which metrics are more appropriate for abundance estimates when
using baited cameras has been debated for a long time (Priede and
Merrett, 1996; Cappo et al., 2004). Maximum number of fish Npay is a
widely used estimator of relative abundance (Willis et al., 2000; Whit-
marsh et al., 2017) as this is conservative and ensures no individual is
counted more than once (Schobernd et al., 2014). Its use has been
reviewed in detail by Cappo et al. (2003, 2004). Other metrics have been
proposed using video techniques is areas of high population densities of
a certain species (Stobart et al., 2015).

BRUVSs have been shown to be more efficient than traps for sam-
pling tropical continental shelf demersal fishes (Harvey et al., 2012).
However, a comparison of baited underwater cameras and longlines for
assessing the composition of deepwater fish assemblages off south-
eastern Australia showed BRUVSs to be a less effective means of sam-
pling (McLean et al., 2014).

Abyssal and shallow studies have shown a marked divergence in
indices of abundance (Cappo et al., 2007). Mean arrival times in shallow
deployments occur at the level of seconds to minutes rather than tens of
minutes to hours in abyssal studies. In the present study, first arrival
times range from 1 to 2 min to near 1 h, with S. kaupii as one of the first
species to arrive in several deployments.

Recent research has presented models that could improve the rela-
tion between fish counts and population size (Farnsworth et al., 2007;
Campbell et al., 2015). Mean count has also been tested and compared
with Npax; both indexes prevent over counting, however the former
inflates the number of zero observations (Campbell et al., 2015). Ac-
cording to these authors, mean count is linearly related to true abun-
dance, while Np.x shows a power relationship. In spite of this, Nyax
would still be preferable since the average observed abundance for most
species are well below the point where nonlinearity becomes a concern.

The differences observed in the present work in time of first arrival
among different stations clearly indicates that other factors can have a
strong effect. Some of these environmental factors such as, depth, tide
phase, and velocity or current direction, are commented below. Others
might be related to bait attraction and behavior of species; these key
factors in this type of studies can lead to biases in predatory or scav-
enging species surveyed (Harvey et al., 2007; Yeh and Drazen, 2011;
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Jones et al., 2021).

As Bremner et al. (2006) indicate, BTA can be applied to monitor
large geographical scales. This method is relatively easy to apply and
can be incorporated in the monitoring management of MPAs and in the
new proposed areas (Site of Community Importance, SCI) of Nature
(2000) network.

4.3. Hydrographic dynamics

The snapshots of current fields gathered by the landers in the present
work helped to understand species behavior in relation to environ-
mental conditions, but these are too short to provide a robust standalone
description of these dynamics. However, their interpretation together
with our previous understanding of Le Danois bank functioning
(Gonzalez-Pola et al., 2012) provided a consistent view. Overall, the AC
background circulation along the bank flanks is robust and mostly
overcomes the tidal rhythms. The lander at the southeastern side of the
bank dynamics provided an intriguing outcome, being the current for
most records sweeping outwards from the bank summit. Description of
circulation patterns at this part of the bank had been evasive in previous
studies. Landers 3 and 8, located at Moats, and lander 4, located in an
irregular incision into the bank summit, provided a much stronger
response linked to tidal dynamics, which is an expected behavior of
canyons in the region (Sanchez et al., 2014) due to flow compression.

4.4. Movements

Information on the movement and connectivity patterns is scarce for
many species, especially for invertebrates. Besides most studies inves-
tigating this are conducted in shallow areas (intertidal, mangrove hab-
itats, etc.), not in deeper waters. Regarding sea urchins, estimates of
movements are available for some species but not for the studied ones in
the present work: estimates of daily displacement of Strongylocentrotus
droebachiensis are 0.5-0.6 m per day, (Lauzon-Guay et al., 2006); speed
values reported for Paracentrotus lividus range between 0.02 ¢cm min?
(0.003) during daytime and 0.13 cm min~' during night time (Hereu,
2005) with peaks of 0.66 cm min ! (Dance, 1987), showing movement
to be greater at night. Estimated values obtained in the present work for
Cidaris cidaris (0.048 cm s~ ') and Araeosoma fenestratum (0.19 cm s hH
show higher movement rates compared with those for shallower species,
and a linear pattern is observed in successive moves.

A tagging experiment conducted on Buccinum undatum showed
average movement rate to be 0.20 cm s 1 (Himmelman, 1988). This
value is similar to those obtained for Colus gracilis in the present study,
alghouth the size of this species is smaller compared with that of
B. undatum. Movement patterns of both molluscs are also similar. Colus
individuals become active when they perceive the odor of food, even if
they were buried. The environmental variables associated with move-
ment of this species in the present study are related to high tide and low
current speed.

Little is known of movement patterns or distances travelled by her-
mit crabs, although a few estimates have been obtained for subtidal
species and land hermit crabs (Stachowitsch, 1979; Hazlett, 1983;
Barnes, 2003). The reported average speed of a hermit crab (genus
Paguristes) in previous cited studies is 2.1 m h™!, and the reported
average distance covered is 21.6 m per day (Stachowitsch, 1979). Her-
mit crabs make interrupted movements, probably to examine structures
in the sediment; thus this issue must be considered when estimating real
speed or distance covered. According to previously cited studies, crabs
often dig in both mud and sand and remain buried for a certain amount
of time before restarting their locomotion. This movement pattern has
also been observed in the present study, not only in hermit crabs but also
in brittle stars (class Ophiuroidea). Movement rate estimated for hermit
crabs of the genus Pagurus recorded in the present work was 0.09
(40.03) cm s~ ! (Table 6). In the east coast of the United States, the re-
ported estimated locomotion rate for shallow hermit crab (Pagurus
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longicarpus) was 2.2 m min~! (3.6 cm s 1) (Tricarico and Gherardi,
2006), comparable to the reported speed of radio-tracked Clibanarius
longitarsus in an East African mangrove swamp (2.5 m min~}; 4.16 cm
s’l) (Gherardi et al., 1990) but decidedly faster than that of Clibanarius
erythropus in the Mediterranean shore (0.5-5 cm min~'; 0.0083-0.083
cm s’l) (Benvenuto et al., 2003).

According to the study by Ramsay et al. (1997), none of the scav-
enger species observed (hermit crabs, swimming crabs, whelks) showed
any patterns in abundance related to changes in the tide phase. Results
obtained from lander deployments in the present study cannot deter-
mine a definitive pattern due to the differences between stations.
However, Colus gracilis and Pagurus species were moderately related to
the tide and current speed. The only observation of Gracilechinus acutus
indicates a preference for low tide and high current speed (similar to
Ophiuroidea species), whereas this relation was variable in the obser-
vations of sea urchin Araeosoma fenestratum.

Increased current speed decreased the bait area of attraction for
whelks in previous research (Himmelman, 1988; McQuinn et al., 1988),
contradicting our observations. A study in which the shape of an odor
plume was modelled suggests that fewer scavengers per unit of time
might be attracted at lower current speed values (Sainte-Marie and
Hargrave, 1987).

The bioturbating and scavenging behavior of P. sanchezi has been
described by Frutos and Sorbe (2010). This species spends most of its
time superficially buried in the substratum, from which emerges
opportunistically in response to food odor detected in the overlying
water. During lander deployments, a peak in abundance of this species
was observed following the arrival of some predator, such as sharks. A
high number of individuals were probably hidden inside the flesh of the
bait, and in response to a predator attack, they moved away and came
back when the predator left. Presence of species inside the flesh of the
recovered bait supports this feeding behavior.

Movement rates of several teleost fish observed in our images were
not estimated since movement is strongly affected by the foraging
behavior of the species. Species observed, such as Synaphobranchus
kaupii, Helicolenus dactylopterus, Phycis blennoides, or Mora moro respond
to the sit-and-wait foraging strategy described by Bailey and Priede
(2002). Movement rates cannot therefore be interpreted as swimming
rates (Fig. 11). Linley et al. (2016) reported that Conger conger was able
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to remove large sections of bait and move out of view to consume them.
This behavior prevents accumulation of this species in front of the
cameras and lead to a Npa value rarely above one (Linley et al., 2016).

The teleost Helicolenus dactylopterus is a typical sit-and-wait predator
feeding mainly on benthic crustaceans, fish, and plankton organisms
(Consoli et al., 2010). In most of our images, this species appears resting
on the seabed. As it has been reported this fish uses a wide range of
habitats and is closely associated with the bottom (Uiblein et al., 2003;
Costello et al., 2005; D’Onghia et al., 2014, 2016).

The fact that some species are attracted by baited cameras yielded
information on large mobile species such as elasmobranchs that are not
frequently capture with extractive fishing gears like trawls Several
studies provide swimming speed of fish (Hoar and Randall, 1978);
however, most of these studies are based on laboratory experiments
conducted with certain species. To estimate abundance, swimming
speed (V) values of fish species, such as Centrophorus squamosus (8.8 cm
s~1), Hexanchus griseus (4.8 cm s™1), and Synaphobranchus kaupii (5.4 cm
s’l) were obtained from published studies conducted in the area
(Rodriguez-Cabello and Sanchez, 2014; Rodriguez-Cabello et al., 2018;
Uiblein et al., 2002). Estimates of shark swimming speed were based on
electronic tagging data. According to Uiblein et al. (2002), a substantial
proportion of S. kaupii was observed to remain stationary, but swimming
estimates (5.4 cm s’l) were based on active and drifting individuals
observed in bait experiments.

In conclusion, we consider that the use and development of these
noninvasive methodologies based on multiparametric platforms repre-
sent an important source of complementary information to monitor the
conservation status of vulnerable ecosystems. Their deployment over
long periods of time can provide the necessary information to explain
the consequences of certain effects of environmental variability that can
compromise the survival and species presence in the area.
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