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In the deep sea and along the continental slope, benthic observations have often been limited to seasonal or
longer time scales, conducted at irregular and intermittent intervals. The recent development of cabled ob-
servatories now permits continuous high-frequency studies of the ecology of deep environments, and will
bring greater temporal resolution to our understanding of processes that shape benthic communities. Com-
bining high-frequency quantitative biological and environmental data, we studied the epibenthic megafaunal
community at 890 m depth in Barkley Canyon off Vancouver Island (BC, Canada) using the NEPTUNE Canada
cabled network. A video sweep of the same 5 m2 area was recorded every 2 h during the month of December
1–31, 2011 and examined for species composition and behavior. A suite of instruments provided environ-
mental data at the same location allowing us to relate species and community patterns to environmental
variables at different temporal scales using time-series analysis (periodogram and wavelet analyses) and
multivariate methods (canonical redundancy analysis and the distance-based Moran Eigenvector Map). At
the beginning of our study physical conditions in the lower water column were influenced by a preceding pe-
riod (late November) of high surface winds and waves that generated enhanced currents down to 840 m
depth. These currents created a potentially inhospitable environment for hippolytid shrimp explaining
their migration into deeper waters. At the same time a shift in hydrographic properties was occurring in bot-
tom waters with the intrusion of slightly colder (4 to 3.3 °C), and saltier (34.3 to 34.4 psu) waters over ap-
proximately 10 days. These changes were accompanied by a shift in benthic community composition from
one dominated by hippolytid shrimp to one dominated by buccinid snails. The temporal structure detected
in the epibenthic megafaunal community coincided with oscillations detected in the ambient currents.
These results reveal the importance of continuous sampling at high-frequency over long durations by en-
hancing our ability to detect species activity patterns and will contribute to the design of studies and exper-
iments to understand the interaction of factors acting at multiple temporal scales in submarine canyons.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The continental margin (i.e. ~200–3000 m depth) is the most geo-
logically diverse and complex component of the deep ocean (Levin
and Sibuet, 2012; Levin et al., 2010; Ramirez-Llodra et al., 2010).
The margin's slopes represent 11% of the deep-sea floor of which
only a small fraction has been studied at variable levels of detail
(Levin and Sibuet, 2012; Menot et al., 2010). While the sedimented
slope is the most extensive habitat, continental margins also include
submarine canyons, cold seeps, subduction zones, cold-water coral
reefs and oxygen minimum zones (OMZ). They thus contain steep
and complex clinal variations in key habitat features such as hydrog-
raphy, light intensity and spectral quality, as well as in sedimentation
rates and ocean current dynamics (see review by Aguzzi and
Company, 2010). These variations can result in depth-related zonal
1 2504725370.
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distributions of benthic faunal communities (reviewed in Carney,
2005; Menot et al., 2010).

Few studies have specifically examined the temporal dynamics of
continental margin benthos. Basic principles can be derived from a
survey of the general deep-sea literature while bearing in mind the
particular physical features of continental margins. Deep-sea ecosys-
tems are dynamic at time scales spanning minutes (e.g. biotic interac-
tions) to millions of years (e.g. tectonic processes). At decadal scales,
changes in climatic conditions related to cycles such as the El Niño
Southern Oscillation (ENSO) or the Pacific Decadal Oscillation (PDO)
may cause changes in benthic species abundance (Arntz et al., 2006;
Blanchard et al., 2010; Sellanes et al., 2007). Seasonal variations of
vertical organic matter flux from the surface ocean play an important
role in regulating food availability for benthic communities down to
the abyssal plain (Billett et al., 2010; Ruhl and Smith, 2004). Daily, in-
ternal tides, inertial waves and the currents they generate can affect
the continental margin benthos through modulations of species be-
havior and activity (see review in Aguzzi et al., 2011; Wagner et al.,
enthic megafaunal community dynamics in Barkley Canyon: A multi-
013), http://dx.doi.org/10.1016/j.jmarsys.2013.05.002

http://dx.doi.org/10.1016/j.jmarsys.2013.05.002
mailto:mmatabos@uvic.ca
http://dx.doi.org/10.1016/j.jmarsys.2013.05.002
http://www.sciencedirect.com/science/journal/09247963
http://dx.doi.org/10.1016/j.jmarsys.2013.05.002


2 M. Matabos et al. / Journal of Marine Systems xxx (2013) xxx–xxx
2007). Predator–prey relationships between the benthos and pelagic
species performing diel vertical migration can also result in coupling
to the day–night cycle (Aguzzi et al., 2011). More stochastic processes
such as benthic storms, river discharge peaks and plankton bloom
sedimentation events can also affect deep-sea communities, often in
unpredictable ways (Papiol et al., 2012; Thistle et al., 1991; Yahel et
al., 2008). Because of a lack of continuous and concurrent quantitative
biological and environmental data from deep-sea benthic regions, it is
difficult to forecast how changes to different environmental factors
will impact deep-sea communities.

Most of our knowledge of deep-sea benthic ecosystems has been
gained through the use of traditional sampling gear and instruments
deployed from oceanographic vessels or from submersibles. Ship-
based surveys helped us understand biodiversity and distribution of
deep-sea organisms, but our comprehension of processes that shape
and change deep-sea benthic communities at high temporal resolutions
is still limited (Glover et al., 2010). Typical sampling frequencies (e.g.
monthly to annual) limit the observation of deep-sea communities at
time scales shorter than seasons. Thiel et al. (1994) recognized these
limitations and recommended a suite of in situ instrument configura-
tions and packages to help us better understand deep-sea processes.
Many of the important recommendations envisioned in Thiel et al.
(1994) are now being realized. The recent development of cabled sea-
floor observatories with real-time communications and ‘unlimited’
power now permits continuous high-resolution studies of the ecology
of continental margins and the deep-sea, including the study of species
behavior (Doya et al., 2013; Matabos et al., 2011). Cabled observatories
are being established or are currently in operation in several areas
of the world ocean. Among them, the NEPTUNE Canada (NC) cabled
undersea network, off Vancouver Island, has supported continuous
multiparametric (including video) observations of benthic fauna and
habitat variables at several deep-water sites since May 2010.

One NC community science experiment has been designed to study
bentho-pelagic coupling in Barkley Canyon, amid-slope submarine can-
yon (800 to 1000 m depth) in the north-east subarctic Pacific. More
specifically the Barkley project aims to study sediment transport
through the canyon and its influence on benthic communities in com-
parison with the influence of surface organic matter supply. Submarine
canyons can play an important role in the transport of organic matter to
the abyss and are potential biodiversity hotspots (Companyet al., 2011).
Prior to the NC Barkley community science experiment, the benthic
communities in this region had received very little attention. During
this investigation, we used an in situ observation package, which in-
cluded a video camera and a suite of environmental sensors, to examine
high-resolution temporal variations in the epibenthic megafaunal com-
munities at the NC Barkley Canyon site and to explore how different en-
vironmental parameters influenced these variations. Our sampling
period (December 2011) corresponded to a time when atmospheric
surface storms are frequent in the region (Juniper et al., in press; mete-
orological buoy 46206 at La Perouse bank maintained by Environment
Canada). The primary goals of this study were to (1) identify any high
frequency periodicity in the activity of the most abundant megafaunal
species based on bi-hourly video observations; (2) document high fre-
quency environmental variations (e.g. currents, hydrographic events);
and (3) determine the intensity of species-specific responses to periodic
vs. stochastic events.

2. Methods

2.1. The NEPTUNE Canada platform in Barkley Canyon

NEPTUNE Canada (www.neptunecanada.ca) is a cabled undersea
network, part of the Ocean Networks Canada Observatory (www.
oceannetworks.ca). It consists of a shore station in Port Alberni that
provides power and communication to 5 main nodes through an
800 km loop of electro-optical cable and encompasses environments
Please cite this article as: Matabos, M., et al., High-frequency study of epib
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from the near-shore to the Juan de Fuca mid-ocean ridge off the west
coast of Vancouver Island (British Columbia, Canada). This study was
conducted at the Barkley mid-canyon sites using two benthic plat-
forms connected to the network at 890 m depth (Latitude 48°18.89′
N, longitude 129°03.48′W; Fig. 1). For a more detailed description of
the site and the Barkley Canyon array, see Juniper et al. (in press).

2.2. Data collection

Data from all instruments are archived and available in near real-
time online using Oceans 2.0 software (http://dmas.uvic.ca). The
camera was on an automated schedule and all videos were also ar-
chived through Oceans 2.0 and can be viewed online at http://dmas.
uvic.ca/Seatube.

2.2.1. Environmental characterization
Temperature (°C), salinity (psu), pressure (dbar), fluorescence

(chlorophyll a + phaeopigments) and turbidity were acquired by in-
struments deployed on the mid-canyon's flank benthic platforms at
890 m depth (Table 1). The two platforms were separated by 70 m
(Fig. 1). All measurements were made approximately 1.5 m above the
seafloor, and each instrument sampled at a rate of one measurement
per minute.

A 150 kHz upward facing acoustic Doppler current profiler
(ADCP) provided estimates of water column currents (9 m to 250 m
above bottom) and a 2 MHz ADCP provided high spatial and temporal
resolution (1.43 cm and 10 s) estimates of the benthic boundary
layer currents from 10 cm to 150 cm above the seafloor.

Preliminary data analysis (not shown) revealed that camera light-
ing had an effect on fluorescence and turbidity readings. All fluores-
cence and turbidity data collected while the camera lights were
running were therefore removed from the analyzed data set.

We made an a priori assumption that the response time of the
benthic megafaunal species would be longer than our environmental
sampling frequency. Consequently, for comparisons between envi-
ronmental variables and observed changes to megafaunal species,
we binned our environmental data into hourly averages (based on
the 60 min preceding each hour; Matabos et al., 2012).

2.2.2. Faunal data collection
Images were collected using a 470 Line ROS Inspector low light,

color camera, equipped with an 18× optical zoom. A pan/tilt unit
allowed complete coverage of seafloor (+/− 90° tilt and +/− 180°
pan) and light was available on demand from 2 Deep-Sea Power and
Light variable intensity lamps. Five minute video sweeps of the seafloor
were acquired at the beginning of every even hour (UTC) from Decem-
ber 1st to December 31st 2011 (videos are available at http://dmas.uvic.
ca/SeaTube). Each sweep consisted of a 360° pan, at a ca. 45-degree
angle below the seabed horizon, with a 2-minute stationary phase at
the beginning and the end of each sweep. The total observed area was
approximately 5 m2. Each videowas viewedusing VLC 2.0.1©, and indi-
vidual organisms down to 2 cm were counted manually and identified
to the lowest taxonomic level possible. Abundances were standardized
to 10 m2. To minimize artifacts introduced by ‘sampler bias’, only one
analyst conducted visual counts. Sediment suspension events, mainly
created by abrupt fish movements, were counted and the reduction in
visibility qualitatively assessed on a scale from 0 to 4, where 0 indicates
no visibility and 4 indicates perfect visibility.

2.3. Data analysis

To embed our study in a broader context and provide a better under-
standing of environmental conditions at the time of the study, environ-
mental data were analyzed over 3 months from November 1, 2011 to
January 31, 2012, a period bracketing our biological observations.
enthic megafaunal community dynamics in Barkley Canyon: A multi-
013), http://dx.doi.org/10.1016/j.jmarsys.2013.05.002
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2.3.1. Water properties and currents
CTD data were processed to remove outliers which were a result

of very occasional fouling of the conductivity cell. These data were
binned in hourly segments on the hour to be co-temporal with the
video data. Bins without sufficient measurements were removed.
These hourly data were then low-pass filtered by a 30-h Kaiser–
Bessel windowed FIR filter to remove the tidal influence (e.g. Emery
and Thomson, 1997). To obtain a representative velocity of near bot-
tom currents we averaged 7 bins centered around 20 cm above the
seafloor from the upward facing high resolution ADCP. These data,
also smoothed by a Kaiser–Bessel filter to remove the tidal influence,
were then averaged over an hourly interval to be co-temporal with
the video data. A continuous wavelet transform was applied to the
hourly data using the WaveletCo package in the R language (R Core
Development Team, 2008) to provide a frequency-time representa-
tion of the current field. We based our interpretation primarily on
the dominant North-south component, which accounted for 75% of
the total variance.

Data from the longer range 150 kHz ADCP were used to quantify
the local currents in the water column. To down-sample the large
dataset (sampling interval of 1 s), a 15-minute ensemble averaging
technique was used. By this method, data were ensemble-averaged
into 15-minute bins. A new file was created at the beginning of
each day containing 96 × 15-minute interval time segments. A
Table 1
List of instruments installed on two benthic platforms of the Barkley Canyon wall, and
used for the multiparametric data acquisition in this study. Instruments fromwhich the
data was not used are not reported.

Site Instruments Type Water property

POD3 ADCP 150 kHz RDI Water column currents
Aquadopp 2 MHz Nortek Bottom currents

POD4 Camera system ROS Inspector Biology
Fluorometer WET Labs ECO FLNTU Turbidity, chlorophyll a

and phaeopigments
CTD Sea-Bird SeaCat

SBE 16plus
Temperature, salinity,
pressure, density

Please cite this article as: Matabos, M., et al., High-frequency study of epib
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correlation threshold of 64 and an error velocity threshold of
2 m.s−1 were used to screen the data. Within each bin, only pings
that were within these thresholds were used in the ensemble averag-
ing. If there were no good pings, the velocity was marked as a data
gap. Data from 15-day segments were concatenated to form a
time-series of current data at different depth levels (880 to 640 m).

2.3.2. Biological rhythms
In temporally scheduled imaging studies, variations in visual animal

counts can be considered a proxy estimate of the response of local pop-
ulations to concomitant habitat changes (Aguzzi et al., 2012a). In order
to evaluate the presence of diel (i.e. 24-h based) fluctuations in animal
abundance of the most abundant species, defined as a species for
which we observed more than 2 individuals per day (i.e. sablefish,
Anoplopoma fimbria; gastropod Buccinum viridum; hagfish, Eptatretus
sp.; hippolytidae shrimp, Heptacarpus sp.; squat lobster, Munidopsis
quadrata; and pelagic shrimps), we divided the full one month
time-series into three 10-day sub-segments. Following Sokolove and
Bushell (1978), periodogram analyses performed on the three time-
series segments screened periodicities from 660 to 1600 min (equal to
11 h and 26 h 42 min, respectively). These periodogram analyses
were conducted using the El Temps software (A. Diez-Noguera; Univer-
sity of Barcelona; www.el-temps.com) with the Bonferroni correction
and no prior smoothing (e.g. moving average) of input data. In the
periodogram output plots, the highest statistically significant (i.e.
p b0.05) peak was considered representative of themaximum percent-
age of total data variance explained by the inherent dominant periodic-
ity. The periodicity was indicated by that peak value and the rhythm
strength by the percentage variance (Chiesa et al., 2010).

In order to visualize the occurrence of any progressive modification
in population rhythms, waveform analyses were carried out on 10-day
time-series fragments (Chiesa et al., 2010). For each 10-day time-series,
species counts datawere averaged for each 2-h interval in the 24-h day.
Significant increments in visual counts (i.e. phase) were determined
statistically using the Midline Estimating Statistic of Rhythm (MESOR;
Aguzzi et al., 2003). Phase timing and durationwere identified bywave-
form values above the MESOR (i.e. a minimum of three consecutive
enthic megafaunal community dynamics in Barkley Canyon: A multi-
013), http://dx.doi.org/10.1016/j.jmarsys.2013.05.002
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values).MESORwas estimated by re-averaging all waveform values and
the resulting value represented as a threshold horizontal line on the
waveform plots. In order to establish a cause–effect relationship
among bio- and habitat factors, the waveforms for the different species
were all representedwith superimposedwaveform outputs for oceano-
graphic parameters (i.e. water mass density and temperature).

2.3.3. Multivariate analysis
Before conducting multivariate analysis, a Hellinger transforma-

tion was applied to the density data (Legendre and Legendre, 1998).
This transformation is the square root of the ratio of each species'
density to the total density at that observation date. After this trans-
formation, the Euclidean distance is preserved in Euclidean analyses
such as canonical redundancy analysis or the distance-based Moran's
Eigenvectors Map (dbMEM). Next, the global community was ana-
lyzed in relation to environmental factors using a canonical redun-
dancy analysis (RDA). The RDA combines aspects of ordination and
regression and uses a permutation procedure to test the significance
of the explained variation; thus species abundance data do not need
to be normally distributed (Legendre and Legendre, 1998).

A dbMEM was then used to quantitatively describe the temporal
structure of the community (Borcard and Legendre, 2002; Peres-Neto
and Legendre, 2010). This method was ‘borrowed’ from spatial ecology
where it was used to detect and quantify spatial structures over a wide
range of scales encompassed by the sampling design. It has significant
advantages over more traditional time-series analysis for ecological
time-series; it determines patterns at different scales and identifies
which species and environmental variables contribute to those patterns
(Angeler et al., 2009). Before applying thismethod, the species response
data were analyzed for linear trends using a RDA between the species
data matrix and the time vector and only the detrended data were
kept for further analysis. The matrix of Euclidean distances, generated
from sampling date time coordinates, was truncated with a threshold
of 2, which is the distance between two neighboring sampling times.
A principal coordinate analysis applied on the truncated matrix created
271 dbMEMs, and only the 185 with positive Moran's I values were
retained. The resulting principal coordinates (dbMEM eigenfunctions)
were regular sinusoids describing all temporal scales that could be
detected in the sampling design. These variables were then used in an
RDA to explain variations in epibenthicmegafaunal community compo-
sition thatwere related to temporal structure. A forward selection of the
positive dbMEMs, implemented to select a parsimoniousmodel, identi-
fied 51 significant dbMEMs that were selected for further analysis. This
procedure uses a permutation test (999 random permutations) to ex-
amine the significance of the explanatory variables (here the dbMEMs
functions) successively entered into the model. It stops when either
the p-value of a newly included variable is higher than an alpha thresh-
old of 0.05, or the contribution (adjusted R2) of a newly entered variable
is lower than a threshold equal to the R2 value from the initial RDA
(see above). The 51 significant dbMEMs were grouped visually in
sub-models (i.e. time scale) according to their sinusoid periods. A
Whittaker–Robinson periodogramwas used to determine the periodic-
ity of each submodel (Legendre, comm. pers.). RDAs were used to test
the significance of each sub-model on the biological matrix. The signif-
icant axes were fitted in a model using a linear regression or RDA to
identify the significant contribution of environmental variables in
each sub-model. All multivariate analyses were conducted using the
vegan 2.0-5 and PCNM package in the R language (Oksanen et al.,
2012; R Core Development Team, 2008).

3. Results

3.1. Physical environment

While storms are common during winter in the northeast Subarctic
Pacific, December 2011 was a relatively calm month in comparison to
Please cite this article as: Matabos, M., et al., High-frequency study of epib
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November 2011 and January 2012 (Fig. 2; Juniper et al., in press). In No-
vember, themeteorological buoy near La Perouse Bank recorded strong
winds reaching 0.6 N.m−2, and surface wave heights reached 10 m at
the end of the month (Fig. 2A). Water column currents in the range of
the upward looking 150 kHz ADCP increased following these storms.
This heightened current intensity penetrated to varying depths and ta-
pered off towards the bottom. The strongest event began around No-
vember 26th and penetrated down to 840 m depth in the first days of
December (Fig. 3). As an example, currents at 200 mab, which
averaged 4 cm.s−1 during the entire period, reached 63 cm.s−1 on
December 4th. In parallel, a shift in bottom water (890 m depth) phys-
ical properties began aroundNovember 27th. During thefirst 11 days of
December, our study areawas characterized by intrusions of colder and
more saline water masses (Fig. 2B). Following this, temperature and sa-
linity characteristics reverted to pre-December conditions. The de-tided
bottom boundary layer currents, however, showed no significant
heightened intensity over the same time period remaining well under
10 cm.s−1 with a persistent mean southerly flow of ~5 cm.s−1

(Fig. 2C). We could not therefore account for the change in water prop-
erties by a concomitant change in the local flow regime. In order to bet-
ter understand the effects of tides and identify other significant
oscillations in the very noisy raw current data we performed wavelet
analysis of the dominant North-south component of the near bottom
currents which were aligned with the local direction of the canyon
(i.e. along isobaths). The analysis revealed local energy maxima at
both the semidiurnal and diurnal frequency bands, no apparent energy
at the local near-inertial period of ~16 h and a broad feature at the
10–11 day period (Fig. 4). The tidal signals were not reminiscent of
the deterministic nature of the barotropic tide but had the intermitten-
cy associated with an internal tide that was not phase-locked to the
barotropic tide. The 10–11 day oscillation seemed to persist over the
middle of the study period. Analysis of a year-long segment of these
bottom currents indicates the oscillation to be an intermittent, but per-
sistent feature of the region.

3.2. Fauna

A total of 6625 individuals belonging to 29 morphotypes and 6
phyla were observed over the entire period in the camera field of
view (Fig. 5). The four dominant species were the shrimp Heptacarpus
sp., the gastropod B. viridum, the sablefish A. fimbria, and the squat
lobster M. quadrata (Table 2, Fig. 6). Except for the dominant species,
densities were globally low with often only 1 individual of a species
observed at a time (Table 2). A shift in dominant species from the
shrimp Heptacarpus sp. to the gastropod B. viridum occurred approx-
imately around December 11th (Fig. 6). Shrimp daily average abun-
dance dropped from 5.8 (± 3.0) individuals per video during the
first period, i.e. from December 1th to 11th, to 3.5 (± 2.2) individuals
from December 12th to 31st. Buccinidae gastropods' abundances did
not exceed 2 (1.4 ± 1.4) individuals at the beginning from December
1 to 11, while up to 14 individuals (4.7 ± 2.6) occurred in a single
video on December 14th (see Table 2). For both species, densities
were significantly different between both periods (Mann–Whitney
U test, p b 0.001).

3.2.1. Biological rhythms
Periodogram analysis for the most abundant species (see Fig. 6),

showed a composite scenario in behavioral rhythm regulation
(Table 3). While no periodic signals were detected when analyzing the
full month time-series, most dominant species showed weak rhythms
depending on the 10-day time-series fragments considered (i.e. around
20% of variance, Table 3). Some species were consistently arrhythmic
(i.e. B. viridum and Eptatretus sp.). Others showed a diel like rhythmicity
with transient signs of internal tidal influences. A. fimbria exhibited
weak 24-h periodicity from December 1 to 21, and a submultiple peri-
odicity of 12-h from December 11 to 21. Such phenomena also seemed
enthic megafaunal community dynamics in Barkley Canyon: A multi-
013), http://dx.doi.org/10.1016/j.jmarsys.2013.05.002

http://dx.doi.org/10.1016/j.jmarsys.2013.05.002


 A
lo

ng
sh

or
e 

w
in

d 
st

re
ss

 (
N

.m
−

2 )

01−Nov 11 21−Nov 11 12−Dec 11 02−Jan 12 23−Jan 12
−1.5

−1

−0.5

0

0.5

1

1.5

0

2

4

6

8

10

W
av

e 
he

ig
ht

 (
m

)

A

S
al

in
ity

 (
ps

u)

01−Nov 11 21−Nov 11 12−Dec 11 02−Jan 12 23−Jan 12
34.2

34.25

34.3

34.35

34.4

34.45

3.4

3.6

3.8

4

4.2

4.4

T
em

pe
ra

tu
re

 (
T

°C
)

B

−0.10

−0.05

0.00

0.05

01−Nov 11 21−Nov 11 12−Dec 11 02−Jan 12 23−Jan 12

V
 (

m
.s

−
1
)

C

Time (days)

Fig. 2. Time-series of wind stress and wave heights (A), salinity and temperature (B), and along-axis bottom currents (C) from November 2011 to January 2012 in Barkley Canyon.
Wind and wave data come from La Perouse Bank meteorological buoy, while current and water properties come from pods 3 and 4 instruments platform at 890 m depth in Barkley
Canyon. Data are filtered to remove the tidal effects.

5M. Matabos et al. / Journal of Marine Systems xxx (2013) xxx–xxx
to be present in M. quadrata, although the submultiple periodicity (i.e.
15-h) correlated better with the inertial current frequency than the in-
ternal tides at the latitude of the study area (Table 3). In the case of the
Fig. 3. Current profile in the water column between November 1st 2011 and January 31st
150 kHz ADCP.

Please cite this article as: Matabos, M., et al., High-frequency study of epib
disciplinary approach using the NEPTUNE Canada network, J. Mar. Syst. (2
pelagic shrimp, periodicity in activity rhythms was detected between
December 1 and 10 but with less ecologically meaningful periodicities
(Table 3). While no periodicity was detected between December 11
2012 in Barkley Canyon at the Pod 4 instrument platform. Data were acquired with a

enthic megafaunal community dynamics in Barkley Canyon: A multi-
013), http://dx.doi.org/10.1016/j.jmarsys.2013.05.002
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Fig. 4. Wavelet transform of bottom along axis current at 890 m depth in Barkley Canyon.
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and 21, an internal tidal related rhythm was observable between De-
cember 22 and 31 with both a major and a submultiple periodicity
(i.e. 24 and 11.4-h, respectively).

The waveform analyses described the results of Table 3 in terms of
modifications in the diel (i.e. 24-h based) average visual count fluctua-
tion within the selected three temporal intervals of video recording
(Fig. 7). A. fimbria exhibited a temporal shift in the phase (i.e. values
above the MESOR) moving from the second half of the day (i.e. Decem-
ber 1 to 10, 12:00–18:00 Pacific Standard Time-PST) to the first half of
the night (i.e. December 11 to 20, 16:00–23:00 PST; December 22 to
31, 18:00 to 2:00 PST). In all cases, rhythm phase was not coincident
with the phase of the water mass density or temperature fluctuations.

In the case of the squat lobsterM. quadrata phasemodifications over
the three consecutive 10-day data sets were less evident. A weak
Fig. 5. Example of frames from the POD4 camera in Barkley Canyon at 890 m depth showing
the sablefish Anoplopoma fimbria. Right: the buccinid gastropod Buccinum viridum and the hi
in this figure legend, the reader is referred to the web version of this article.).

Please cite this article as: Matabos, M., et al., High-frequency study of epib
disciplinary approach using the NEPTUNE Canada network, J. Mar. Syst. (2
day-time phase occurred during the 2 first periods (i.e. December 1 to
10, 12:00–14:00 PST and December 11 to 21, 10:00–14:00 PST). This
fluctuation was not present in the third segment of video recording
(i.e. December 22 to 31). Instead, a periodicity of approximately 15 h
was observed (see Table 3). At that time the phase was nocturnal
(i.e. 16:00–22:00 PST) and coincided with peaks in water temperature
and lows in water mass density.

With regard to the pelagic shrimp, a markedly different nocturnal
phase was reported in almost all data segments (i.e. from approxi-
mately 22:00/00:00 to 4:00 PST), but another phase identification
was difficult in the secondwaveform (i.e. December 11 to 21), yielding
the arrhythmia detected in the periodogram analysis (see Table 3). In
contrast withM. quadrata, the pelagic shrimp phase was more coinci-
dent with water density than with temperature.
the scaling ruler on the seafloor. The two red laser points are separated by 10 cm. Left:
ppolytid Heptacarpus sp. (circled in white). (For interpretation of the references to color

enthic megafaunal community dynamics in Barkley Canyon: A multi-
013), http://dx.doi.org/10.1016/j.jmarsys.2013.05.002
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Table 2
Daily average abundances of species encountered in the field of view of the camera in Barkley Canyon. Individuals were identified to the lowest taxonomic level possible. Total number corresponds to the total number of individuals counted
per species over the entire period.

Day of December 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Total nb.

Chordates
Anoplopoma fimbria 2 2.2 1.8 1.5 2.8 2.3 1.8 2.1 2.9 3.8 2 1.8 3 1.6 2.1 3.2 2.1 5.4 1.4 2.8 2.7 3.3 4.3 3.6 1.8 2.3 4.7 2.3 4.4 4.5 3.9 1033
Eptatretus sp. 0.5 0.3 0 0.1 0.9 0.4 0.2 0.2 0.4 0.3 0.3 0.6 0.3 0.2 0.6 0.4 0.8 0.7 0 0.3 1 0.3 0.5 0 0.3 0.4 1 0.4 0.3 0.5 0 145
Agonidae 0.3 0 0 0.2 0 0.1 0.3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 16
Zoarcidae 0.2 0 0 0.1 0 0 0.2 0 0 0 0.2 0 0.1 0.4 0 0.1 0.2 0 0.7 1.1 0.3 0.4 0.2 0.1 0.3 0.1 0.3 0.3 0.2 0 0.1 63
Coryphaenoides sp. 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
Sebastolobus sp. 1 0.4 0.8 0.2 0.7 0.7 0.7 0.6 0.8 0.9 0.3 0.5 0.7 0.1 0 0.2 0.3 0.2 0 0.2 0.8 1.1 1.3 0.8 0.6 0.4 0.8 0.1 0.2 0.2 0.5 0 175
Sebastolobus sp. 2 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Arthropods
Chionoecetes tanneri 0 0 0 0.1 0 0 0 0 0 0.1 0 0 0.2 0.1 0 0.1 0.1 0 0.3 0.1 0 0.3 0.3 0.3 0 0 0 0.6 0.4 0.6 1.4 59
Paralomis verrilli 0 0.2 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3
Brachyura u. i. 0 0.1 0.1 0 0.1 0.2 1 0.3 0.1 0.1 0.3 0.1 0.3 0 0.8 0 0 0.3 1.3 0.3 0.1 0.1 0.3 0.1 0.6 0.9 0.3 0.8 0.8 0.8 1.8 138
Galatheoidea 1 0 0 0.1 0.4 0.2 0 0 0 0 0 0.2 0.1 0.3 0.1 0 0.1 0 0 0.2 0.1 0 0 0 0 0.1 0.2 0.1 0 0.3 0 0 27
Munidopsis quadrata 1.4 1.9 1.8 1.7 1.8 0.8 2.1 2.3 1.7 1.6 1.8 2.4 2.3 2 2.4 2.8 3 1.6 2.3 3 2 2.7 0.7 1.8 2.2 2.6 2.8 3 2.9 1.4 0.8 759
Heptacarpus sp. 4.7 5.3 6.1 8.4 5.3 6.3 5.4 5.8 5.9 5.1 5.5 4.6 3.7 2.6 5 5.5 5.1 2.1 3.5 5.2 2.5 2.8 1.5 2.2 1.5 2.5 2.8 4.3 3.7 3.4 4.8 1597
Caridea (pelagic) 0.8 0.8 0.6 0.1 0.5 1.2 0.8 0.3 0.6 0.3 0.5 0.5 1.1 0.5 1.6 1.5 0.5 0.7 0.5 0.8 0.8 1.3 0.8 0.6 0.3 0.3 1 0.9 1.5 0.6 0.7 274
Pandaloidea 0 0 0 0.7 0.3 0.3 0.1 0 0 0 0 0 0 0 0 0 0 0.1 0.5 0.5 0.2 0 0 0 0 0 0 0 0 0 0 31
Paguroidea 0 0.3 0.1 0.2 0.3 0 0 0 0 0.6 0.2 0 0 0 0.2 0.2 0.2 0 0.5 0.1 0.2 0.7 0 0 0 0 0 0 0 0 0 42

Molluscs
Buccinum viridum 1.9 1.3 0.4 1.1 1.5 1 1.2 0.3 1.3 2.2 3.2 2.3 2.6 11 5.4 6.4 6.7 2.8 2.7 3.3 5.3 4.1 6.3 3.8 3.2 5.8 4.4 5.3 4 3.7 4.8 1300
Gastropoda 1 0 0 0.2 0.9 0.1 0 0.3 0.3 0 0 0.1 0 1.1 1 0.1 0.3 0.1 0 0.3 0.3 0 0.8 0.4 0.2 0.9 0 0 0 0 0 1 99
Cirripedia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.3 0.1 0 0 0 0 0 0 0 0.2 7

Echinoderms
Asteriidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0 0 0 0 0 0.9 0.8 0 0 0 0.7 1 61
Hippasterinae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0 0 1
Pannychiamoseleyi 0.1 1 1 1 1.3 1 1 1 1 1 1 1 1.3 1.9 2 2 2 1.9 0.9 0.8 0 0 0 0 0.2 0.3 0 0 0 0 0 294

Cnidarians
Poralia rufescens 0 0.1 0 0 0 0 0 0 0.2 0.1 0 0 0.1 0.1 0 0.1 0 0 0.1 0 0 0 0 0 0.1 0 0 0.1 0 0 0 10
Scyphozoa 0 0 0.1 0 0.1 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0 0 0 0 0 0 0 0.1 0.1 0.1 0 7
Ctenophores 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0 0.1 0 0 0 0 0 3
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Fig. 6. Densities of the 4 dominant species observed in the camera field of view at the Barkley Canyon site. Note the difference of scale among species.
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3.2.2. Community dynamics and influence of the environment
The set of environmental variables considered in this study

accounted for 17.3% of the total variance in the density data. The first
axis of the redundancy analysis biplot explained 10.9% of the total var-
iance and separated observations made at the beginning and the end
of the month with a transition around December 11–15 (Fig. 8). The
RDA highlighted two states in the epibenthic community structure:
one dominated by the shrimp Heptacarpus sp., associated with cold
salty water occurring at the beginning of the month, and the other
where the buccinids dominated in a warmer, less salty water. Along
the second axis, which explained 6.1% of the total variance, sablefish
(A. fimbria) density was highly correlated with resuspension events
and inversely correlated with visibility, as expected from visual obser-
vations. A linear trend explaining 10.2% of the total variance observed
was detected and was significantly related to water properties (i.e. sa-
linity, temperature, density). After detrending, the environmental data
Please cite this article as: Matabos, M., et al., High-frequency study of epib
disciplinary approach using the NEPTUNE Canada network, J. Mar. Syst. (2
only explained 8.7% of the total variance and only temperature, visibility
and resuspension events remained significant variables (Table 4).

The dbMEM analysis, performed on the detrended density data, re-
vealed the temporal structure of the benthic community observed in
the field of view of the camera over the month. Four scales were de-
fined: broad (10–12 days), medium (5–6 days), fine (2–3 days) and
very fine (12–24 h) scales. The broad scale accounted for 7.1% of the
total variance in the species density data and was significantly correlat-
ed to water mass properties (i.e. temperature, salinity and density, and
bottom currents magnitude) (Table 4). This shift in environmental con-
ditions was visible in the physical data around December 11th (Figs. 2
and 3). The medium and fine scales explained 4.2% and 8.5% of the
total variance, respectively, and were not correlated with any of the
tested environmental variables in this study. Finally, the very fine
scale (i.e. 6.4% of the variance) was significantly correlated with visibil-
ity (Table 4) which is probably related with the diurnal rhythmic
enthic megafaunal community dynamics in Barkley Canyon: A multi-
013), http://dx.doi.org/10.1016/j.jmarsys.2013.05.002
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Table 3
Significant periodicities (P; 24-h based) and submultiples (S; internal tide-based) detected by periodogram analysis in visual counts time-series of 10-day duration, as obtained
from the inspection of temporally scheduled filming in Barkley Canyon. The % of variance of peaks in periodogram output plots is also reported as a marker of rhythms strength.
Arrhythmia (arr.) as well as the absence of significant periodicities as submultiples of P (−) are also reported.

Time-series fragments (10-days)

1–10 11–21 22–31

P % S % P % S % P % S %

A. fimbria 23.4 22.7 – – 24.3 17.7 12.2 10.7 arr.
B. viridum arr. arr. arr.
Eptatretus sp. arr. arr. arr.
Heptacarpus sp. 26.3 23.8 13 11.6 arr. arr.
M. quadrata 24.1 17.2 – – 24 19.3 15.4 15 – – 15.1 11.3
Caridea (pelagic) 26.2 24.3 13 11.3 arr. 24.5 17.6 11.4 10.4
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activity of A. fimbria (see Table 3) which causes resuspension events by
abrupt displacement (pers. obs.).

4. Discussion

In this multidisciplinary study we were able to quantitatively re-
late temporal abundance changes of species to concomitant varia-
tions in the properties and dynamics of the surrounding water mass
at fine temporal scales. This demonstration of the potential of cabled
observatories represents an important beginning for the understand-
ing of the dynamics of deep-sea communities (Glover et al., 2010;
Levin and Sibuet, 2012). These kinds of studies are essential since
they can directly link community-level patterns to the behavior of
single individuals (Aguzzi et al., 2012a).

This approach has some limitations. The presence of the observa-
tory platform and the use of intense white light can affect species be-
havior, particularly in deep-sea fishes (Widder et al., 2005). In the
literature, the influence of light on the sablefish A. fimbria is unclear:
while a study from an ROV showed little impact of white light on this
species (Krieger, 1997), Widder et al. (2005) documented an increase
in A. fimbria abundance under red light compared to white light and
suggested that the species avoids white light by escaping. In a recent
study at our Barkley Canyon site, sablefish individuals are first
attracted by the lights and then exit the field of view after a certain
time of illumination (Doya et al., 2013). White light did not seem to
affect the hagfish Eptetratus sp. which has reduced eyes with no
lenses (Widder et al., 2005). Other species of fish were rare in this
study and nothing is known about their behavioral response to
light. There is little information on the influence of light on inverte-
brates, but considering their low swimming ability, a short duration
of light is unlikely to affect their presence/absence in the field of
view. Another source of disturbance includes electrical noises, vibra-
tions and increased temperature. However, a study of the effect of in-
strument platform structures conducted in the North East Pacific
showed no influences on megafaunal abundance (Vardaro et al.,
2007). In addition, the lighting (60 min per day) and seafloor plat-
form structure were constant throughout the study and we are there-
fore confident that the observed changes were linked to external
factors as previously suggested (Matabos et al., 2012).

4.1. Physical environment

Values of wind stress andwave height recorded at the surface in No-
vember and beginning of December in our study area were characteris-
tics of the trajectory of low pressure systems and the beginning of local
storm season. During the summer months a semi-permanent high
tends to deflect these storm tracks to the north (Thomson, 1981). As a
result of this intensification of atmospheric forcing, instruments
deployed on the seafloor at 890 m depth revealed an increase in
water current speed in the deep-water column 10 days following the
first strong surfacewinds. Although oscillations at the inertial frequency
Please cite this article as: Matabos, M., et al., High-frequency study of epib
disciplinary approach using the NEPTUNE Canada network, J. Mar. Syst. (2
were not evident in the bottom boundary layer, strong storms can gen-
erate inertial wave propagation deeper than 800 m depth and have
been suggested to play an important role in deep-water mixing pro-
cesses (Alford et al., 2012). From our observations the shift in water
mass properties observed at 890 m depth following the storm cannot
be attributable to the direct mixing effect of downward propagating
wind-forced inertial waves; it is more likely due to remote mixing by
the storm generated currents being advected into the region by the per-
sistent southerly currents. The arrival of these slightly denser waters in
December 2011 was one of the major events recorded over that year at
that depth in Barkley Canyon (Juniper et al., in press). Surface
wind-induced upwelling is common on the west coast of North
America, and is more common during summer when northerly winds
dominate in the area (Freeland and Denman, 1982). However, in a
one-year study Juniper et al. (in press) saw no signature of seasonal up-
welling in 2011 at 900 m depth, while a shallower site on the NEPTUNE
Canada network (i.e. 100 m depth) revealed strong upwelling during
summer months. This implies that wind-induced Ekman transport at
the surface over the shelf does not drive upwelling at these depths on
the continental slope. As an alternative mechanism, the runoff and
resuspension created by the storms can also contribute to an abrupt
shift in hydrographic properties by inducing downslope turbidity
currents in this steeply sloped region. Again, although not directly
observed at the location of ourmeasurements, the downward propaga-
tion of these flows will displace deeper cooler saltier water to higher
elevations which can be advected into the study areas (see Simpson,
1982). More investigations are needed to understand the origin and
causes of such events.

4.2. Biological rhythms and temporal community structure

The species encountered in this study can be classified into three
main groups according to their locomotory capability (Aguzzi et al.,
2010): ‘crawlers’ (i.e. echinoderms andmolluscs)with limitedmobility,
and more active ‘walkers’ and ‘swimmers’ (i.e. crustaceans and fishes).
The only abundant crawler was B. viridum species, which did not
show any rhythmic activity at the daily scale. For almost all other dom-
inant species, we detected diel variations in visual counts only when di-
viding the full time-series into 10-day segments. A higher sampling
frequency (i.e. at least hourly observations) could provide higher abun-
dances, thus reducing variation in the data, resulting in more power to
detect activity rhythms over the month. For example, the shrimp
Heptacarpus sp. displayed a rhythmic behavior only during the first pe-
riodwhen abundance reached 25 individuals per 10 m2. However, even
a study (Doya et al., 2013) based on a 30-minute sampling frequency
with the same camera only revealed significant diel rhythmic visual
count fluctuations for the sablefish A. fimbria. Doya et al. suggested
that abundances of the other invertebrates were too variable to reveal
any discernible patterns of temporal variation. For rhythmic species,
density phases were coincident with water temperature or water
density, which were inversely correlated. This suggested that the diel
enthic megafaunal community dynamics in Barkley Canyon: A multi-
013), http://dx.doi.org/10.1016/j.jmarsys.2013.05.002
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Fig. 7. Waveform analysis outputs of time-series in visual counts (black) for the sablefish Anoplopoma fimbria (A), the squat lobster Munidopsis quadrata (B), and the pelagic shrimp (C), and concomitant habitat variation (i.e. water density,
dark gray; water temperature, light-thick gray) as reported by temporally scheduled video recording of the NEPTUNE camera at Barkley mid-canyon. Dashed horizontal line is the MESOR for average visual counts sets. The shaded area
represents the night time. Time is in Pacific Standard Time-PST.
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Fig. 8. Redundancy analysis correlation biplot of the observations, species (red) and
environmental variables (blue) in Barkley Canyon. The redundancy analysis is based
on the non-detrended species density data. T°C: Temperature in °C, U: East-west
cross-axis current speed, and V: North-south along-axis current speed (m.s−1). (For
interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.).
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variations detected in the 4 species were related to tidal oscillations,
which have been reported as the main driver for rhythmic behavior in
the deep sea (Aguzzi et al., 2010). Animalsmay vary their rate of behav-
ioral activity as current speed increases in order to reduce movement
drag and maintain their geographic location. In Saanich Inlet, a coastal
fjord on Southern Vancouver Island, a closely related species to the
hippolytid shrimp Heptacarpus sp., Spirontocaris sica, also exhibited a
weak tidal signal (Matabos et al., 2011).

A shift in the dominant species occurred around December 10th
from Heptacarpus sp. to B. viridum. This shift was coincident with the
observed change in water masses in terms of density, temperature
Table 4
R2 and probabilities related to the temporal analysis of the detrended species density
data at Barkley Canyon. First line: R2 of each temporal submodel. Second line: R2 of
the regression of the submodel (fitted values) on environmental variables. Third line:
product of the two previous lines, i.e. variation of the species density data explained
by the environmental variables at the scale considered. Other lines: p-values of the
regression coefficients of the environmental variables in the model considered. * are
significant p-values.

All Broad Medium Fine Very fine

10–12 days 5–6 days 2–3 days 12–24 h

R2 submodel on
community

– 0.071 0.042 0.085 0.064

R2 environment
on submodel

– 0.113* −0.002 0.007 0.021*

R2 environment
on community

0.087 0.008 0.000 0.001 0.001

Density 0.080 0.001* 0.397 0.728 0.603
T°C 0.043* 0.001* 0.330 0.624 0.409
Salinity 0.088 0.002* 0.442 0.713 0.718
Pressure 0.085 0.001* 0.430 0.726 0.627
Turbidity 0.380 0.102 0.102 0.754 0.462
Chlorophyll 0.880 0.152 0.984 0.746 0.516
U 0.850 0.382 0.850 0.897 0.345
V 0.005* 0.100 0.442 0.217 0.884
Magnitude 0.054 0.045* 0.696 0.137 0.463
Visibility 0.005* 0.601 0.990 0.983 0.033*
Suspension event 0.005* 0.992 0.287 0.629 0.107
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and salinity, as well as current magnitude in the water column (Figs. 3
and 6).

The gradual disappearance of the shrimpHeptacarpus sp. starting on
December 10thwas difficult to explain. The closely related species S. sica
in Saanich Inlet inhabits the oxygen fluctuation zone of the fjord where
low dissolved oxygen concentrations are balanced by factors such as in-
creased food availability (i.e. bacterial mats) and reduced predation
pressure (Matabos et al., 2012). Individuals perform a nektobenthic mi-
gration along the slope to follow the minimum oxygen zone that varies
from year to year depending on oxygen depletion and deep-water re-
newal events. However, potential dissolved oxygen concentration vari-
ations over the year at this site were likely too weak to have caused
shrimp population migration. The depth of the study site corresponds
to the core of the oxygenminimum zone in the North Pacific, where ox-
ygen concentrations are less than 0.5 ml.l−1 asmeasured by the CTD-O2

profilers at nearby Ocean Station P4 (http://www.pac.dfo-mpo.gc.ca/
science/oceans/data-donnees/line-p/index-eng.htm). In addition, the
Barkley Canyon mid-slope study site is below the zone where O2 con-
centrations would be expected to be influenced by upwelling (Juniper
et al., press). On the other hand, the observation of the shrimp popula-
tions at the seafloor coincided with enhanced, storm-related currents
in the water column. Because of its relatively small size, this shrimp is
likely a weak swimmer under the influence of hydrodynamic condi-
tions, and our results suggest that animals could have migrated to the
deeper zones to avoid stronger currents. On the Canadian Atlantic
coast, the lobster Homarus americanus performs a seasonal mass migra-
tion where individuals move to deeper water in autumn in response to
increase turbulence due to storms (Ennis, 1983). The shrimp could
avoid strong currents by moving downslope and then returning when
conditions becomemilder, such as in themiddle of December. A combi-
nation of longer time-series with a multi-disciplinary approach will
allow comparisons between calm and storm periods to confirm this
hypothesis.

The gastropod B. viridum exhibited the opposite trend in comparison
to the shrimp with increasing densities after December 12th. Buccinids
are strictly benthic, so likely not affected by currents in thefirst 200 mof
thewater columnabove the bottom. They are predators and scavengers,
known to form aggregations to exploit prey (Lapointe and Sainte-Marie,
1992), to mate (Himmelman and Hamel, 1993) and to avoid unfavor-
able conditions (Theede, 1973). No predation or intra- or inter-species
interactionswere documented in this study, and there is no information
available regarding their reproduction. The arrival of individuals about
4–5 cm in size does not support the occurrence of a recruitment event
but rather is likely the result of a population migration. On the other
hand, if B. viridum also migrated from shallower waters or from the
axis of the canyon to avoid enhanced currents, their limited displace-
ment ability would explain the delay of arrival in the study area com-
pared with the swimming shrimp Heptacarpus sp. However, the
camera's limited areal coverage does not allow the determination of
whether or not this increase in density corresponded to aggregation be-
havior or population movement, or at what spatial scale any aggrega-
tions occurred. Buccinid behavioral ecology is poorly understood in
the deep sea but they may exploit changes in current speed and direc-
tion in order to locate (odor sensing) sparse food sources, often carrion,
which can be quickly consumed following the arrival of scavengers
(Aguzzi et al., 2012b).

4.3. Environmental drivers: a matter of scales

In the deep sea, inertial and internal tidal currents create temporal
and geographically highly variable hydrodynamic patterns, and it is
now recognized that these oscillations influence activity rhythms of
deep-sea species (Aguzzi et al., 2011). Our results showed that
depending on the time period considered and the sampling frequency,
such rhythms are more or less evident. Here, the subdivision of the
time-series into three 10-day segments revealed the variable occurrence
enthic megafaunal community dynamics in Barkley Canyon: A multi-
013), http://dx.doi.org/10.1016/j.jmarsys.2013.05.002
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of activity rhythm within a single species. Organism responses to envi-
ronmental events can be stronger than biological rhythm signals and
can compromise their detection. For example, in most decapods, day–
night or tidal based activity can be masked by competition for substrata
(Aguzzi et al., 2009), food availability (Fernandéz de Miguel and
Aréchiga, 1994) and dissolved oxygen fluctuations (Matabos et al.,
2011; Schurmann et al., 1998). Here, the shift in community structure
related to changes in water mass properties and bottom currents acting
over a longer temporal scale (i.e. 11 days) might explain the variability
in activity rhythmsdetected over themonth. The surface stormprobably
generated enhanced bottom currents via the canyon, possibly affecting
sediment transport (Sanchez-Vidal et al., 2012), and thus food availabil-
ity and habitat for the benthic community. While it is impossible to di-
rectly link surface storms to the observed variations in water mass
characteristics (i.e. upwelling of slight denserwater/cascading), changes
in bottom currents and/or water properties coincided with, directly or
indirectly, population movements for at least two species. Our results
support the growing idea that surface storms can influence deep sea
ecosystems (Alford et al., 2012; Sanchez-Vidal et al., 2012). Large fish
with strong swimming abilities (i.e. A. fimbria and Eptetratus sp.) did
not seem to be affected by these water property changes. The
distance-based Moran's Eigenvectors Map also revealed a structure on
the scale of 5–6 days and 2–3 days respectively; however none of the
environmental variables considered in this study explained these pat-
terns, which we propose could be related to biotic factors like predation
or competition, or species life-history traits.

It will be essential to maintain the time-series to confirm the pat-
terns and hypothesis highlighted in this study, aswell as to conduct par-
allel sampling and video transects to integrate the results in a spatial
dimension. Indeed, at this stage it would be premature to extrapolate
observations at such a small scale to the entire area, and the study
needs to be extended to other sites in order to increase our understand-
ing of this system. We recommend conducting video transects during
NC maintenance cruises in order to provide broader scale information
on species distribution and habitat heterogeneity at different times of
the year. The use of cameras at different depths will also give insight
on population movements following changes in environmental condi-
tions. Understanding decadal and longer-term trends in species abun-
dance and distribution represents an important challenge for future
research on continental margins, where climate change combined
with increasing human activities place pressures onmarine biodiversity
and ecosystem functioning (Levin and Sibuet, 2012). Until natural
higher frequency variability is better understood, it will be difficult to
interpret any long-term trends that may be apparent in data sets. As
well, understanding cause and effect relationships between environ-
mental variables and faunal responses will require experimental ma-
nipulation and multi-disciplinary observatory studies (Aguzzi et al.,
2012a). The causes of the water mass changes observed in this study
were not fully explained by the current data, and longer, high-
frequency time-series are needed to provide the resolution necessary
to understand the underlying processes. This study constitutes a first
step towards fine-scale characterization of deep benthic communities
and provides knowledge of species behavior and activity. We are
convinced that these types of multidisciplinary studies are needed for
future experiments in Barkley Canyon in order to understand factors
acting at larger temporal scale. NEPTUNE Canada data are freely avail-
able through the Oceans 2.0 software (http://dmas.uvic.ca).
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