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Abstract :

Identifying the factors driving community dynamics in hydrothermal vent communities, and in particular
biological interactions, is challenged by our ability to make direct observations and the difficulty to
conduct experiments in those remote ecosystems. As a result, we have very limited knowledge on
species’ behaviour and interactions in these communities and how they in turn influence community
dynamics. Interactions such as competition or predation significantly affect community structure in vent
communities, and video time-series have successfully been used to gain insights in biological
interactions and species behaviour, including responses to short-term changes in temperature or
feeding strategies. In this study, we combined in situ and ex situ approaches to characterize the
behaviour and interactions among two key species encountered along the Mid-Atlantic Ridge (MAR):
the shrimp Mirocaris fortunata and the crab Segonzacia mesatlantica. In situ, species small-scale
distribution, interactions and behaviour were studied using the TEMPO observatory module deployed on
the seafloor at the base of the active Eiffel Tower edifice in the Lucky Strike vent field as part of the
EMSO-Agores MOMAR observatory. TEMPO sampled 2 min of video four times a day from July 2011 to
April 2012. One week of observations per month was used for ‘long-term’ variations, and a full video
data set was analysed for January 2012. In addition, observations of crab and shrimp individuals
maintained for the first time under controlled conditions in atmospheric pressure (classic tank) and
pressurized (AbyssBox) aquaria allowed better characterisation and description of the different types of
behaviour and interactions observed in nature. While the identified in situ spatial distribution pattern was
stable over the nine months, both species displayed a significant preference for mussel bed and
anhydrite substrata, and preferentially occupied the area located directly in the fluid flow axis. The
aggregation behaviour of M. fortunata resulted in the occurrence of numerous intraspecific interactions
mainly involving the use of two pairs of sensory organs (antenna/antennule) and fleeing behaviours
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when in contact or close to individuals of S. mesatlantica. The higher level of passiveness observed in
the ex situ artificial environment compared to the in situ environment was attributed to the lack of
stimulation related to low densities of congeners and/or of sympatric species compared to the natural
environment and the absence of continuous food supply, as both species displayed a significant higher
level of activity during feeding time. This result emphasizes the role of food supply as a driver of species
distribution and behaviour. Direct in situ observations using cameras deployed on deep-sea
observatories, combined with experimental set-up in pressurized aquaria, will help investigators
understand the factors influencing community dynamics and species biology at vents as well as their
underlying mechanisms.

Keywords : AbyssBox, Biological interactions, Deep-sea observatory, Eiffel Tower edifice, Feeding
behaviour, Experimental research, Video imagery, Time series, Lucky Strike, Mid-Atlantic Ridge,
37°17'N, 32°16.3'W



1. Introduction

Hydrothermal vents are located along mid-ocean ridges, back-arc basins and volcanic
seamounts where seawater percolates through the thin oceanic crust and is ejected as hot
fluids with high concentrations of reduced sulphur, methane and metals (e.g., iron, copper and
zinc). They host highly productive communities fueled primarily by chemosynthetic microbial
production dependent on ephemeral fluxes of sulphide- and methane-rich emissions
(Tunnicliffe, 1991). The mixing of these fluids with seawater causes steep environmental
gradients resulting in small-scale temporal (e.g., minute) and spatial (e.g., cm) physico-
chemical variations (Johnson et al.,, 1986), which can create a large number of
microenvironments on a single edifice (Sarradin et al., 1998; Sarrazin et al., 1999; Luther et
al., 2012). To date most of the knowledge about the functioning of these remote ecosystems
results from, at best, yearly sea-going cruises. Consequently, little is known about the
temporal and small spatial variations in community structure and how organisms respond to
changes in local environmental conditions (Cuvelier et al., 2014; Sarrazin et al., 2014).

Most ecological studies emphasize the importance of the high spatial variability of
abiotic factors in terms of fluid flow, temperature and chemical composition, and the physical
structure of the mineral substrate in controlling benthic species distribution within a single
vent structure (Hessler et al., 1988; Tunnicliffe, 1991; Sarrazin et al., 1997, 2002; Shank et al.,
1998; Cuvelier et al., 2009). Nevertheless, the mechanisms by which environmental
conditions shape vent communities appear quite complex. According to the correspondence
between physico-chemical gradients and faunal zonation, physiological tolerance and
nutritional requirements were suggested to be the main direct pathways of environmental
control (Desbruyeres et al., 1998; Fisher, 1998; Lee, 2003; Bates et al., 2005). Environmental
conditions can also indirectly influence species distribution by controlling biological

interactions within and among species, including predation (Micheli et al., 2002; Sancho et



al., 2005), competition and species behaviour (Bates et al., 2013). While biotic interactions
can act independently of physico-chemical factors within a habitat type (Mullineaux et al.,
2000; Govenar et al., 2005; Lenihan et al., 2008), those processes seem to vary along a
gradient of flow intensity with facilitation processes (e.g., providing refuge for new recruits)
occurring at the periphery of vents and inhibition processes (e.g., grazing of new recruits,
competition for space) dominating high diffuse flow areas (Mullineaux et al., 2003). Finally,
variations in fluid flow can significantly control population dynamics including growth
(Schone and Giere, 2005) and reproduction (Copley et al., 2003; Kelly and Metaxas, 2007,
Sheader and Van Dover, 2007; Nye et al., 2013; Sheader and Van Dover, 2007), but studies
are scarce. Indeed, the lack of direct observations and long time-series (Glover et al., 2010)
combined with the difficulty to maintain vent animals in aquaria led to a major gap in our
current knowledge of species auto-ecology (or species ecology; i.e., relationship between a
single species and its environment).

In situ imagery is a good means to investigate species spatial distribution because it
provides access to living species in their natural habitats and has been widely used since the
discovery of hydrothermal vent communities (Hessler et al. 1985; Tunnicliffe and Juniper,
1990; Grehan and Juniper, 1996; Copley et al., 1997, 2007; Sarrazin et al., 1997; Shank et al.,
1998; Cuvelier et al., 2009, 2011, 2012). In addition, imagery methods mitigate
environmental impact and disturbance related to sampling (Tunnicliffe, 1990). With the
development of deep-sea observatories, we can now describe patterns and the underlying
processes at sub-annual scales using video cameras (Cuvelier et al., 2014; Sarrazin et al.,
2014). They provide high-resolution video time-series that help to document small-scale
assemblage dynamics and to study organisms’ growth, faunal succession, biological
interactions and species/communities’ responses to environmental changes (Juniper et al.,

2007; Sarrazin et al., 2007). Continuous video data have already been successfully used to



assess species behaviour (Chevaldonné and Jollivet, 1993; Bates et al., 2005; Grelon et al.,
2006; Robert et al.,, 2012; Tunnicliffe et al., 2013) but those studies are restricted to
polychaetes and gastropods and are limited in time. In this context, an ecological module
called TEMPO was developed to specifically study long-term deep-sea communities’
dynamics at hydrothermal vents (Sarrazin et al., 2007; Auffret et al., 2009) and was deployed
in 2010 on the Mid-Atlantic Ridge within the Lucky Strike vent field (Cannat et al., 2011;
Colaco et al., 2011).

Two main faunal assemblages characterize the Lucky Strike vent field: one dominated
by the vent mussel Bathymodiolus azoricus and the other dominated by the alvinocaridid
shrimp Mirocaris fortunata (Desbruyeres et al., 2000, 2001). These assemblages spatially
segregate along a gradient of fluid flow intensity with shrimp-dominated communities and
large mussels colonizing warmer habitats, while small mussel communities colonize cooler
microhabitats (Cuvelier et al., 2009; De Busserolles et al., 2009; Sarrazin et al. this issue).
The community found on Eiffel Tower corresponds to a climax community following a model
of successional patterns using 14 years of data (Cuvelier et al., 2011b). In this model,
environmental conditions did not account for all the successional patterns described, and the
authors suggested hydrodynamic conditions, larval settlement and biotic interactions as
additional influencing factors, thus uncovering the methodological limitations related to

punctual sampling and video transects (Cuvelier et al., 2011b).

The objective of this study is to understand the behavioural responses and conspecific
interactions of two of the main visible species encountered at Lucky Strike, the alvinocaridid
Mirocaris fortunata (Martin and Christiansen, 1995) and the bythograeid crab Segonzacia
mesatlantica (Williams, 1988), in relation to the environment, and thus infer how their

behaviour can influence community structure and composition. For this, direct in situ



observations using the TEMPO observatory module were compared to observations
conducted under experimental conditions, using the Abyssbox, a unique high-pressure set-up

launched in 2012 (see Shillito et al., this issue for details).

2. Material and methods
2.1. In situ observations
2.1.1. The study site and the MoMAR observatory

The EMSO-Ac¢ores MOMAR observatory was deployed in 2010 on the Lucky Strike
(LS) vent field of the Mid-Atlantic Ridge (MAR, Cannat et al., 2011, Fig. 1). Located at the
summit of a volcano, LS is one of the largest fields encountered at the MAR, extending over
more than 1 km? (Langmuir et al., 1997). A central lava lake is surrounded by more than 20
active and inactive vent sites (Fouquet et al., 1995; Cannat et al., 1999; Ondréas et al., 2009).
This field was chosen by the scientific community for long-term seafloor observation to study
the interactions between magmatic, tectonic, hydrothermal, and biological processes at mid-
ocean ridges (Cannat et al., 2011; Colaco et al., 2011). The EMSO-Acores MoMAR
observatory infrastructure is a unique prototype, comprised of two seafloor monitoring nodes
(SEAMON east and west) with their connected instruments and a transmission buoy that
communicates acoustically with the seafloor stations and relays data via satellite every 6
hours to the Ifremer-hosted EMSO data center (Blandin et al., 2010). The SEAMON stations
provide power, communication and data storage to a set of connected sensors (Blandin and

Rolin, 2005).

In the south-eastern part of the LS field, the 11 m high Eiffel Tower active edifice
(Fig. 1) is one of the most studied vent sites and has been the subject of numerous ecological

studies (Desbruyeres et al., 2001; Cuvelier et al., 2009, 2011a, b; , 2014; De Busserolles et al.,



2009; Ivanenko et al., 2011; Sarrazin et al., 2014). It was selected for the deployment of the
ecological node SEAMON east. The latest version of TEMPO was deployed in 2010 at the
southern base of the edifice with the remotely operated vehicle (ROV) Victor6000 and has
been reconditioned every year since. The module allows the direct observation of a
Bathymodiolus azoricus mussel assemblage and provides data on associated temperature,
oxygen and iron concentrations (Sarrazin et al., 2014). The data analyzed in this study were
collected from July 19, 2011 to July 14, 2012. The module is built around an aluminum frame
equipped with a handle and two adjustable feet, and is composed of an autonomous video
camera (720 x 576 pixels) and two 35 W LED projectors, both protected by an anti-fouling
system based on local chlorination (Sarrazin et al., 2007), a CHEMINI Fe in situ analyser
measuring total dissolved iron concentrations (Vuillemin et al., 2009), an Aanderaa optode
(oxygen probe) and two autonomous temperature probes (NKE, ST6000). The camera
recorded 2-minute video sequences four times a day (i.e., O h, 6 h, 12 h and 18 h UTC), but
due to technical issues video recordings stopped in April 2012. The CHEMINI Fe analyser
failed over this deployment but oxygen and temperature measurements were acquired during

the full period.

2.1.2. TEMPO image analyses

For the analysis of long-term temporal variability, one week of video was analysed
every month (from the 20" to 26™ of each month) from July 2011 to March 2012 (referred as
discontinuous data). In addition, in order to characterize short-term variability, the full set of
video footage was analysed for the month of January 2012 (referred as continuous data). The
full data set included 348 videos sequences, 28 of which could not be read, resulting in a total
of 320 sequences to analyse. The nine-week data represented 233 video recordings, or 7.75 h

of images, and the one-month data, 113 video recordings (26 overlapping with the



discontinuous data), i.e., 3.75 h of images (Table 1). The image was treated as a two-
dimensional plane, and the total surface area (adding up to 11 384 cm?) filmed by the camera
was estimated using the size of the oxygen sensor green plate as a scale (3.5 cm length, Fig.
2). This extrapolation generated a bias in distance estimation, and only relative changes in
species distributions were considered. Two different grids of known-size cells provided
guidance for surface, animal density and fluid flow velocity calculations. A first grid of 4 x 4
(30.8 cm x 23.1 cm/cell) was applied to video snapshot images using Adobe Photoshop CS3
© in order to count the organisms and assess the surface covered by each type of substratum
that could be consistently visually defined, including both abiotic substratum and faunal
assemblages. The substrata identified were mussel beds, anhydrites, bare substratum, bacterial
mats, anemones, the probe area and unknown surfaces (Fig. 2). Total abundances as well as
abundances per substratum type and within the fluid flow area were calculated manually using
both snapshot counts and video images. A finer 10 x 10 grid (12.32 cm x 9.24 cm/cell) was
applied on video images using AVS video editor © to estimate fluid flow velocity. The flow
speed was assessed by tracking at least three particles per video sequence across the grid cells,
and averaging their displacement speed (see protocol in Sarrazin et al., 2009). Finally,
different ethological indexes were defined to characterize species behaviour (level of activity)
and interactions (type of activity or contact, i.e., predation, aggressiveness, reproduction) and

are presented in Table 2.

2.2. Ex situ observations
2.2.1. Experimental setup

Since 2012, the Océanopolis aquarium located in Brest, France, has been maintaining
alive Mirocaris fortunata and Segonzacia mesatlantica organisms collected during the

different expeditions on the LS vent field (see Shillito et al. this issue for details). During our



experiment two experimental set-ups were used. (1) A ‘classic’ tank at atmospheric pressure
(80 cm x 40 cm x 30 cm), equipped with a 24°C heat element contained around 50 M.
fortunata shrimp. Temperature along the heating element was measured weekly using a
temperature probe. The crabs did not survive the absence of high pressure conditions. (2) The
Abyssbox, a 640 kg pressurised aquarium containing 16.5 L of flowing seawater, hosted 12
M. fortunata shrimp and 5 S. mesatlantica crabs (Shillito et al. this issue). A pump raised the
pressure in the tank to 18 MPa. A first temperature-regulation unit cooled the experimental
vessel and the in-coming seawater, and therefore set the background temperature to 10°C. A
second unit heats a ring-shaped tube situated inside the aquarium in order to create a "hotspot"
for the animals (27°C). The aim was to recreate some of the conditions (pressure/T°C)
encountered at 1700 m depth on Lucky Strike active edifices. The window used for
observation is a conical shape viewport of 15 cm outside diameter (Shillito et al., this issue).
In both setups (atmospheric and under pressure), animals were fed every 4 to 5 days, and
several types of food were tested (blue mussel Mytilus edulis, green crab Carcinus maenas,
velvet crab Necora puber), including vent mussels (Bathymodiolus azoricus) which had been
frozen after the 2011 cruise. From the end of 2012, the main food source was Liptoaqua food
pellets (Liptosa, Madrid, Spain). Animals in AbyssBoxes were fed without decompression
using an isobaric line, which allowed the introduction of food without pressure variations

(Shillito et al., this issue).

2.2.2. Observation protocol

Observations were conducted during 13 weeks from April to June 2013 using a digital
camera for the classic tank and direct observation for the AbyssBox (Table 1). Considering
the differences in experimental conditions between the two setups, the classic tank was

mainly used to characterize feeding behaviour, while observations in the AbyssBox focused



on intra- and inter-specific interactions. In the standard tank, data consisted of 5 min video
recordings of the shrimp, filmed before, during and after feeding (Table 1). Shrimp
abundance, activity (resting, swimming, exploration, feeding) and positions (feeding zone,
heat element, air pump or remaining area) were noted once a minute for each video recording
(at 0, 1, 2, 3 and 4 min). Due to the difficulty, in relation with the size, thickness and
concavity of the window, in conducting quantitative observations in the AbyssBox, 5-minute
notes taken 4 times an hour every week provided information on species behaviour, including

aggregation, aggressions, displacements, positions, and antennae mobility (Table 1 and 2).

2.3. Statistical analysis

A non-parametric Friedman test (Mack and Skillings, 1980) was used to compare in
situ mean densities on the different substrata and a Wilcoxon-Nemenyi-McDonald-Thompson
post-hoc test determined which pairs of substrata were significantly different (Hollander and
Wolfe, 1999). The influence of the timing (week, day/night, minutes, feeding phase) and fluid
flux on species abundances were tested using a one- or two-way analyses of variance
(ANOVAs), or a non-parametric Kruskal-Wallis test when data were not normally distributed
and/or variances were not homogeneous. When tests indicated significant differences,
Tukey’s multiple comparisons test (HSD and the Wilcoxon post-hoc tests) were used to
determine the relationships between the levels of the factor in question. Whittaker-Robinson
periodograms were applied to screen for periodicities in each environmental variable
measured (i.e., dissolved oxygen concentration, temperature and fluid flow velocity) and
permutation tests were used to estimate the corresponding p-values (Legendre and Legendre,
2012). Data must be stationary before plotting the periodogram, i.e., significant linear trends
were eliminated by calculating regression residuals (Legendre and Legendre, 2012). All

analyses were carried out using the R statistical program (R Core Team 2014).



3. Results
3.1. In situ observations
3.1.1. Environmental conditions

Bare substratum was the most represented substratum, accounting for 50% of the field
of view, followed by mussel assemblages (19%), anhydrites (15%), the probe (9%), unknown
substratum (4%), microbial mats (2%) and anemones (1%). The temperature and oxygen
probe provided information on environmental conditions at a single point located in the
middle of the field of view (Fig. 2) and did not describe conditions experienced at the smaller
organism scale. For this reason temperature and oxygen data were only used as a proxy for

environmental events at the vent scale (large-scale patterns).

The full continuous time series showed temperature variations from 4.4 to 9.5 °C and
dissolved oxygen saturation from 55.3 to 85.7% (Fig. 3A). The period from December 2011
to February 2012 displayed a larger variability in environmental conditions with a higher
mean temperature of 5.84 °C £ 0.74 °C and a mean oxygen saturation of 68.6% * 4.1%
(against 5.12 °C + 0.34 °C and 77% + 2.78%, respectively, during the rest of the year) (Fig.
3A). Fluid flow velocity, assessed from the video sequences, was highly variable at a weekly
scale but generally stable over the year (Table 3). Periodograms computed for temperature
and oxygen concentrations measured in January depicted peaks of significance at 12 and 25
hours, corresponding to the semi-diurnal signal and its harmonics. No significant periodicity

was detected for fluid flow velocity.

3.1.2. Spatial species abundances and distribution



A total of 45,607 Mirocaris fortunata and 830 Segonzacia mesatlantica occurrences
were counted in 320 video sequences corresponding to 10 hours and 40 minutes of images. A
video sequence featured a mean of 142.5 and 2.6 individuals of M. fortunata and S.
mesatlantica, respectively. The abundance of shrimp largely dominated that of the crabs over
the entire sampling period. The analysis of the continuous time-series recorded in January
provided slightly higher mean abundances for both species (145.8 and 3.3 ind m™ in January;
137.8 and 2.4 ind m? from July 2011 to March 2012). Both shrimp and crab densities
significantly differed among substratum types (shrimp: Friedman chi-squared = 1464.26, df =
5, p-value < 2.2¢"%; crab: Friedman chi-squared =7701.26, df = 5, p-value < 2.2¢") and
occurred in higher abundances in mussel beds and anhydrites (Fig. 4). Fifty seven percent of
M. fortunata individuals occupied mussel beds, while others occupied anhydrite deposit
substratum, in particular those found in the main axis of hydrothermal flow (B1, B2, B3, Fig.
2). Bare substratum was the third most frequented substratum, probably because of its close
proximity to hydrothermal emissions. While the shrimp’s distribution was relatively constant
over the study, the distribution of crabs was more heterogeneous, with highest crab occupancy
shifting between mussel beds and anhydrites from one sampling period to another (Fig. 4).
The substrata covered with anemones showed higher crab occupancy (2.3%) than shrimp
(1.2%). However, results must be interpreted with caution considering the lower number of

crabs compared to shrimp.

3.1.3. Temporal species abundances and distribution

Shrimp abundance varied over the 9 months (ANOVA, F = 25.56, d.f.= 8, P <0.001),
with significantly lower abundances in July 2011 as well as in February and March 2012 (Fig.
3B). In January, abundances also varied from week to week (ANOVA, F = 12.07,d.f=3, P

<0.001), with a significantly higher abundance in the fourth week during which measured



temperatures were lower compared to the first three weeks (Fig. 3C). The period of the day
had no effect on the abundances observed (two levels: day, 06:00 to 12:00; night, 00:00 to
18:00). M. fortunata abundance did not display any significant periodicity. Shrimp spatial
distribution in both the discontinuous or continuous time series did not vary significantly over
time. The three grid cells (B1, B2, B3) located in the main axis of the hydrothermal flow

contained an average of 60% of the shrimp observed in the video sequences (Fig. 2).

Segonzacia mesatlantica crabs showed variable abundances among months (Kruskal-
Wallis test, P < 0.001), with a significantly higher abundance in January 2012. Their
abundance did not vary between weeks in January (Kruskal-Wallis test, P = 0.06). Given that
crabs were much less abundant, the evenness of their distribution could not be analyzed
statistically. Their distribution resembled that of shrimp with crabs being most abundant in the
main axis of hydrothermal flow (i.e., grid cells B1, B2 and B3). During the discontinuous
time-series, an average of 63% of the crabs was located in the axis of fluid emission as
compared with 76% in January. Most of them (43%) were found in the B2 cell (mussel bed),

while only 16% were observed in the B3 cell (anhydrite deposits).

Fluid flow velocity did not significantly affect total Mirocaris fortunata abundance
(ANOVA, F =0.151; P =0.980), or Segonzacia mesatlantica abundance (Kruskal-Wallis test,

P =0.381) at the weekly sampling frequency.

3.1.4. Species behaviour
Various types of encounters characterized interspecific interactions between Mirocaris
fortunata and Segonzacia mesatlantica. In general, both species were frequently in close

proximity to one another resulting in inevitable contacts considering the small surface area



involved (1.13 m?). Of the 233 video recordings analyzed between July 2011 and March
2012, 242 contact events occurred between the two species, with an average of one contact
every 2 minutes (Table 4). These contacts all resulted in one or more shrimp fleeing, with the
exception of one contact event that did not yield any reaction. Out of the 242 contacts, 573
shrimp fled (average of 2.5 escapes per video recording). Shrimp swam away for three
reasons: (1) a crab moved towards them; (2) a shrimp moved within a centimeter contact of a
crab; (3) secondary flights, i.e., triggered without direct visible cause mainly occurring after
shrimp had already fled a previous contact, mostly due to crab movements. S. mesatlantica
displayed a total of 31 events of specific behaviour towards shrimp, resembling attacks. Of
these, 12 involved slow and furtive movements followed by rapid threatening motions,
sometimes accompanied by claw activity, but could not be catalogued as predator behaviour
since no shrimp were ever captured (video supplemental material 1). The other 19 events
resembled territorial behaviour: crabs moved several centimeters and/or waved their claws

towards a shrimp that had ventured too close.

For Mirocaris fortunata, intraspecific interactions observed during this study involved
social behaviour with 98% of individuals occurring in aggregations. Frequent contacts
between individuals occurred especially in the hydrothermal flow, the area characterized by
the highest densities of individuals. Crustaceans possess two pairs of sensory organs: a pair of
small antennules and a pair of antennae which functions are mainly olfaction and sensing
touch (Bauer, 2004). Most intraspecific contacts involved antennae and antennules, but the
video quality did not allow a more specific characterisation of their respective role. Only one
individual of M. fortunata latched onto the back of another individual for several seconds.
Contrastingly, Segonzacia mesatlantica was generally solitary. Over the 9 months, an average

of 18% of the crabs was found within less than 10 cm of another crab. Out of 3 intraspecific



contact events noted, only one caused another crab to escape in the mussel bed. In the January
continuous time-series, where crabs occurred in higher density, 27% of the crabs were
aggregated and 6 intraspecific contacts were recorded. In contrast to the discontinuous series,
contacts caused aggressive behaviour that involved claw attacks for 5 seconds followed by

another lasting 4 seconds.

3.2. Ex situ observations
3.3.1. Classic tank

Fig. 5 illustrates the variation in shrimp abundances in the 3 different zones of the
standard tank before, during and after feeding. Overall, Mirocaris fortunata abundance was
significantly higher (Kruskal-Wallis chi-squared = 128.7477, df = 2, p-value < 2.2e-16)
around the heat source with an average of 15 individuals out of 23. However, when food was
introduced, shrimp significantly migrated towards the feeding zone (Table 5), particularly
during the last 3 minutes (out of 5) of the video recording (Tukey’s HSD post-hoc tests) with
an average of 14 individuals found in the area compared to 5 individuals 1 h after, when the
initial state is restored. When fed, some individuals directly dropped from the heating element
on the mussel’s/crab’s flesh while others first explored the bottom of the tank before finding
the resource. This exploration phase was accompanied by antennae’s motions. Some
individuals of M. fortunata were observed feeding on the exuviae of other shrimp. Video
observations showed that shrimp only moulted on the heat source and their exuviae fell to the
bottom of the tank. Every week, exuviae appeared and then disappeared, having been entirely
consumed.

Aggregating behaviour in M. fortunata occurred in areas with higher temperature, i.e.,
on the surface of the heating element but with temperature being heterogeneous along the heat

source. In almost all of the video recordings, aggregations occurred exactly where the



temperature was the highest (27.8 °C at the water-substrate interface). Out of 12 shrimp on
the heating element, 9 were aggregated on a very small surface (ca. 8 cm?) leading to many
intraspecific interactions, often through the use of their antennae. The four types of recurring
shrimp behaviour included: (1) vertical movements or “jolts”; out of 16, 8 resulted from
antenna-antenna contact, 3 from antenna-body contact, 3 aimed at removing a shrimp that
landed on the individual’s back and 2 with no apparent reason; (2) form of coupling where
one individual grabs onto the back of another, riding it for several seconds or minutes; (3)
chasing conspecifics over several centimeters; and (4) aggressive behaviour with abrupt
appendage or tail movements. When individuals were completely still, antennae were folded
back along their bodies while when they were in motion, their antennae were unfolded and
moving around. Antenna-antenna or antenna-body contacts only occurred when the antennae

were in an unfolded position.

3.3.2. AbyssBox

Segonzacia mesatlantica crabs were significantly more active during feeding
(Kruskall-Wallis test, P < 0.001). Likewise, feeding phase also increased M. fortunata
mobility (ANOVA, F = 14.71; df = 2, p-value = 3.80.10'4). These statistical results
corroborate the observations of individual migration towards the feeding outlet confirming the
ability of this species to sense food in close proximity (at least 20 cm). These displacements
led to interspecific interactions: while crabs quickly dominated the feeding area, shrimp
moved away, benefiting from leftovers and/or any suspended particles farther away from the
outlet.

Despite the small size of the AbyssBox tank, few interspecific interactions occurred
between the 12 shrimp and 5 crabs present. Most of the time, the two species occupied

different areas of the AbyssBox (Table 6). Segonzacia mesatlantica was mainly found on the



upper part of the grid (46%) from which they could easily hang, and on the insulation foam
around the electric cord for the heat source (30%). Contrastingly, over 56% of shrimp were
found on the heat source (insulation foam and electric cord); the second most frequented area
was the bottom of the tank, where 19% of them congregated. Both species interacted mainly
during feeding time. Crabs initiated most of the interactions, which were either aggressive
behaviour involving claw motions or contacts, both triggering shrimp escapes. Shrimp
initiated interactions less frequently with only 3 contact events recorded with the crabs also
resulting in shrimp fleeing.

Segonzacia mesatlantica intraspecific interactions were frequent and involved direct
contacts when individuals were active and moving around. The AbyssBox tank was small, so
the probability of touching a conspecific was greater than in situ. These contacts often caused
aggressive reactions that ended in claw fights with one individual fleeing. Aggressiveness was
even more pronounced during feeding, with claws poised in an attack position and abrupt

movements.

3.3. Comparison of in situ and ex situ data

The in situ and ex sifu video data were compared to investigate the role of different
types of factors that may influence the observed behaviour: feeding, pressure, or temperature.
Shrimp individuals were considered to be active when moving over a distance greater than the
length of its body, feeding or exploring the substrate. The percentage of active shrimp differed
between in situ and ex situ experiments, but also between the atmospheric pressure tank and
the AbyssBox (both ex situ), particularly during feeding times (Table 7). Shrimp were more
active in situ than in the artificial tank, both during and outside feeding times. In ex situ
conditions, shrimp were generally more active during feeding times and under high pressure

conditions (AbyssBox, 180 bars).



4. Discussion

This study describes for the first time the behaviour of two hydrothermal Mid-Atlantic
crustacean species, Mirocaris fortunata and Segonzacia mesatlantica, with respect to their
physico-chemical environment. In addition, the comparison between in situ and ex situ data
brought insights into different biotic interactions that should be taken into account in the

understanding of factors shaping hydrothermal benthic communities.

4.1. Spatial distribution of the two species and links to the environment

Our observations confirmed that Mirocaris fortunata and Segonzacia mesatlantica
preferentially colonize Bathymodiolus azoricus mussel beds and anhydrite deposits on the
Eiffel Tower edifice (Cuvelier et al., 2009; Sarrazin et al., 2014). In this study, these habitats
were also the ones located within the fluid flow axis where densities were the highest. M.
fortunata form aggregations in close proximity of the warm water flow and, although often
observed among mussels, they are widely distributed throughout a wide range of vent habitats
(Desbruyeres et al., 2001; Cuvelier et al., 2009, 2011a). Densities observed are in
concordance with values observed in assemblages containing large (> 4 cm) mussels
(assemblage 1; Cuvelier et al., 2009, 2011a, 2012). Spatial distribution of M. fortunata was
stable over the year analysed. However, the highest shrimp densities were observed within the
fluid flow axis more likely in relation with their nutritional requirements as they may feed on
species relying on bacteria or on bacteria themselves (Gebruk et al., 2000). Furthermore ex-
situ experimental results showed that shrimp individuals were only active when food was
available. We therefore propose that M. fortunata distribution in its natural environment is

mainly driven by resource availability.



Segonzacia mesatlantica densities were on average low in contrast to densities
previously reported both from imagery and samples (Cuvelier et al., 2012) which can be
explained by the small surface area observed. Indeed, a greater imaged surface (ROV
transects covering the entire structure) provided a higher mean density of crabs (Cuvelier et
al., 2012), suggesting that the observed area is not sufficient to estimate mean densities of
large macrofauna and that our sample is therefore not representative of the crab/mobile fauna
local population. This highlights the importance of side studies to extend the spatial footprint
of single point data. S. mesatlantica is highly mobile and was described as opportunistic in
relation to food availability and substrata, independently of physico-chemical conditions
(Cuvelier et al., 2009). Here, similarly to shrimp, they appeared more abundant in the fluid
flow axis, but no significant relationship was found with the velocity indices extracted from
video imagery (Sarrazin et al., 2009). Direct measurements in the field would be necessary to

more thoroughly evaluate the influence of fluid flow on species distribution and abundance.

In the standard tank, shrimp were primarily found near the heating element, which
provides a source of warmth. Similarly, in the AbyssBox, crabs and shrimp shared the space
around the heating element. Measured temperature in the various shrimp sampled habitats at
Eiffel Tower ranged from 5 to 24 °C (Desbruyeres et al., 2001; Shillito et al., 2006; Cuvelier
et al., 2011a; Sarrazin et al., this issue). In pressurized aquaria, Mirocaris fortunata shrimp
can survive at temperatures between 10°C and 25°C, and they become hyperactive above
25°C, which was qualified as the beginning of the discomfort zone (Shillito et al., 2006). In
the classic tank, shrimp clustered on the heat element where the temperature varied between
20.2°C and 27.8°C, with an unexpected preference for the highest temperature. In a recent
study, individuals of M. fortunata maintained at ambient pressure selected a mean

temperature of 19.2 £ 1.1 °C (Smith et al., 2013). Hydrothermal species preferentially occupy



thermal areas much cooler than their upper thermal limits to maintain a safety margin against
rapid temperature fluctuations and the concomitant fluid toxicity (Bates et al., 2010). After a
year in the tank, M. fortunata might have acclimated to constant (absence of temporal
variation) thermal conditions and moved their upper selected temperature in response.
Accurate observations starting on the first day of captivity are needed to confirm this
hypothesis. On the other hand, these results also suggest that other parameters (e.g., sulphide
concentrations, biotic factors) and not temperature could be the main limiting factor in natural
shrimp distribution (Sarrazin et al., this issue). Finally, the difference of temperature
preferendum might be linked to a combined effect of pressure and temperature. Indeed,
pressure affects organisms physiology (reviewed in Pradillon and Gaill, 2007), their responses

to temperature is therefore more likely to vary under different pressure conditions.

4.2. Temporal variations of the natural environment

Temperature and oxygen data confirmed a diurnal tidal influence already observed at
this site (Sarrazin et al., 2014). A semi-diurnal tidal cycle has been detected in vent fluid
temperature on the Juan de Fuca ridge (Tivey et al., 2002; Cuvelier et al., 2014) and the East
Pacific Rise (Scheirer et al., 2006) in the Northeast Pacific. The deep currents near the
hydrothermal vent sources on the northern MAR, including the Lucky Strike vent field,
follow a semi-diurnal tidal cycle of 12.5 h (Khripounoff et al., 2008). Mechanisms involved in
tide-related variability include changes in hydrostatic pressure (Davis and Becker, 1999) and
the lateral distortion of the vent effluent plume following near-bottom tidal currents (Scheirer
et al., 2006). The absence of a distinct pattern in our vent fluid velocity estimates is more

likely related to the sampling interval (once a week over the year) and the estimation method.



A tidal-related periodicity was observed in the opening and closing of a tubeworm
community at the population level (Cuvelier, et al. 2014). Symbiotic sessile species need
alternate input of oxygen and reduced compounds (sulphide or methane) to satisfy their
symbiotic nutritional requirements and will thus take advantage of the horizontal advection of
hydrothermal fluids by near-bottom tidal currents (Scheirer et al., 2006). This environmental
constraint does not affect the highly mobile non-symbiotic shrimp Mirocaris fortunata,
possibly explaining the apparent independence to tidal currents. Similar to environmental
conditions, the sampling interval choice cannot be ruled out, as a periodicity can be blurred by
over-influent effects with correspondence to biological traits or environmental events

(Matabos et al., 2013).

4.3. Feeding behaviour

Our observations shed light on some possible patterns of feeding behaviour in both
decapod species. Mirocaris fortunata, due to their heightened activity in the axis of
hydrothermal flow, seem to graze directly on the substrate, either on mussel shells or
anhydrite deposits, where they will most likely find microorganisms that grow and possibly
organic debris that accumulate on the substratum. Both of these potential food sources have
been identified in previous isotope analyses (Gebruk et al., 2000; Colaco et al., 2002; De
Busserolles et al., 2009). The wide spectrum of isotope signatures measured places M.
fortunata as an opportunistic species which is consistent with the large range of habitats they
occupy (Desbruyeres et al., 2001; Colaco et al., 2002). While feeding behaviour was easier to
observe ex situ, the experimental setting was not used to determine food diets but rather to
help reveal specific behavioural patterns. Aquarium observations suggest that organic debris
might include their own exuviae and the remains of other hydrothermal species, placing them

as scavengers. From experiments conducted in an atmospheric pressure tank, Gebruk et al.



(2000) noted that M. fortunata used their antennae to explore mussel and shrimp tissues
before using their chelae to cut and consume the tissue. Here, it was also observed that shrimp
can temporarily move away from the heat source to explore the bottom of the tank to find the
feeding zone when food is made available. This suggests shrimp can detect and then orient
themselves towards the food source. Indeed, during this exploration phase shrimp
displacements were associated with antennae motions. As in other shrimp species, their
antennae may play an important role as receptors that help them navigate in their environment
and sense the arrival of new feeding sources (Ache and Derby, 1985; Renninger et al., 1995).
A short delay in reaction time to food availability was statistically demonstrated for M.
fortunata in the standard tank, possibly representing the time to activate the receptors that
detect food. While Gebruk et al. (2000) showed that only 1 or 2 shrimp were attracted by the
food at any given time, shrimp distribution in our experimental set-up significantly changed
during feeding time with higher densities in the feeding zone. The introduction of food
increased crustacean activity in both aquaria, although shrimp were constantly active in their
natural environment. This behavioural change was probably due to the fact that food was not
continuously available in the experimental set-up, and shrimp densities were low in contrast

to the natural environment (see also 4.5: In situ versus ex situ data).

Segonzacia mesatlantica was described as both necrophagous (i.e., a scavenger),
feeding on the remains of mussels and shrimp, including exuviae (Desbruyeres et al., 2006)
and, from isotope analysis, as a predator of shrimp, other small invertebrates (Colago et al.,
2002) and small Bathymodiolus mussels (De Busserolles et al., 2009). Isotope analyses
indicate that crabs occupy a predator/scavenger position in the food web on the Eiffel Tower
(De Busserolles et al., 2009). Preliminary analysis of 2 years of video and a few weeks of

observations in the AbyssBox failed to observe any scavenging or predation event (this study,



Sarrazin et al., 2014). A crab was observed feeding on a shrimp in situ, but not catching it (J.
Sarrazin, personal observations). Crabs are often present at sites containing broken mussel
shells which could be linked to the crabs feeding strategy of using crushing or opening tactics
(Moody and Steneck, 1993). Recently, during the MoMARSAT 2014 cruise, a crab was
observed grabbing a mussel with its claws, bringing it into its ‘hollow’ and seemed to be
feeding on it (J. Sarrazin, personal observations, video supplemental material 2). In this study,
the rare events of aggressive behaviour, resembling attacks of crabs towards shrimp, never led
to feeding or ripping apart tissues, neither in situ, nor in the AbyssBox. Those observations
raise questions regarding the crabs feeding mode. Stable isotope ratios and lipid analyses are
powerful tools to infer species diet and trace trophic pathways to characterize the vent
ecosystem (Rau and Hedges, 1979; Fry and Sherr, 1989; Conway et al., 1994), but only
informs on the trophic level and the source of food. One cannot infer trophic mode, and
differentiation between scavenging and predation. Only direct observations will allow a
comprehensive understanding of feeding modes. The fact that M. fortunata and S.
mesatlantica could be kept alive in an aquarium in standard seawater without any of the
compounds found in hydrothermal sources, nor its associated microbial fauna, demonstrates
that these species can survive in the absence of chemo-autotrophic bacteria, or physico-

chemical conditions from the seawater of their native ecosystem.

4.4. Biotic interactions

The interactions between shrimp and crabs appeared to be solely triggered by close
proximity. Mirocaris fortunata is a social species and occupied most of the available space in
the axis of the hydrothermal flow. Although often immobile or nearly so, crabs did not appear
to appreciate contact with shrimp. They react quickly, with abrupt claw movements, causing

the shrimp to flee and leave the immediate area. All observed crab actions towards shrimp



indicated that Segonzacia mesatlantica is territorial. Crab territoriality is further supported by
the fact that some crabs remain in the same place, often hidden in hollows within the mussel
bed or anhydrite deposits, for long periods of time (up to several days) and return to the same
place after any absence (authors, personal observations). Territoriality can also be inferred
from their solitary behaviour. Although the few contacts between crabs generally did not
provoke a reaction, one contact event did result in an aggressive face-off that lasted several
seconds. In contrast to their natural environment, there was limited space available in the
AbyssBox, and so the probability of conspecific contacts was greater. Confrontation events
showed rivalry between crabs and defence postures. This behaviour was even more
pronounced during feeding time, with the crabs defending their access to food. Clustering
towards the food source also caused aggressive behaviour towards shrimp. They were being
chased away if they were near the food or in its pathway in the AbyssBox. Aggressiveness for
access to food had never been observed in situ probably due to the presence of unlimited
resource, or a lack of feeding observations. Similarly, a coastal hermit crab species increases

aggressive behavior when food is limited (Ramsay et al., 1997).

Mirocaris fortunata behaviour sharply contrasted with that of Segonzacia
mesatlantica; most lived in aggregation and only few individuals were found isolated.
Previous studies suggested that aggregation in aquatic crustaceans is a strategy to optimise
energy expenditure, maximise food capture (Ritz, 2000), increase proximity to mates, reduce
predation and maintain a position in a favourable habitat (Ambler, 2002). At this depth, there
is no light and faunal species cannot orient themselves using light. Therefore, touch and
specific (chemo- or thermo-) receptors are the only senses that help them perceive the
environment. The hydrothermal shrimp M. fortunata, Chorocaris chacei and Rimicaris

exoculata have no image-forming optics but powerful photoreceptors that would detect



infrared radiation emitted from hydrothermal vents to help maintain their position in the fluid
(O’Neill et al., 1995; Kuenzler et al., 1997; Chamberlain, 2000; White et al., 2002). In
addition, the absence of direct contact in secondary flights implies that vibrations or chemical
cues are involved in inter-individual communication. The important role of antennae and
antennules in shrimp communication has already been described for detecting chemical
signals (Ache and Derby, 1985; Renninger et al., 1995) but also in social behaviour (Vickery
et al., 2012). No study of this type has been carried out specifically on M. fortunata, but it is
likely that antennae play a more fundamental role in shrimp orientation, helping them to find
areas of active hydrothermal emissions and for aggregating with conspecifics. Observations in
the standard tank and the AbyssBox confirmed that M. fortunata intraspecific interactions
involved antennae contacts. Nevertheless, our study does not offer any explanation regarding
the mechanisms involved in communication via antennae, or the differences between antenna-
antenna or antenna-body contacts. A research project has been recently initiated by our team
to study the role of shrimp antennae and antennules in communication, interactions and
sensing. The coupling of individuals may have been part of reproductive behaviour, as
suggested by the regular presence of gravid females in the tanks during maintenance
operations (Shillito and Barthelemy, personal observations). This behaviour involved an

individual hatching on the back of another and riding it for a few seconds.

4.5. In situ versus ex situ data: the use of live specimens in aquarium for ecological studies

In artificial ex situ environments, the species were more passive compared to the in
situ environment. The lack of stimulation resulting from the stable conditions in the tank
compared to the in situ highly dynamic environment, the lower animal densities and the
absence of a continuous food source may explain the differences in behaviour. In addition, we

cannot rule out a loss in animal condition during the process (from sampling to Océanopolis).



However, higher mortality rates occurred in the first days following sampling and during
transport (Shillito et al., this issue). Upon arrival at Oceanopolis, mortality dropped sharply
after 10 days suggesting that the remaining individuals used in this study have started to
acclimate with respect to their maintenance conditions (Shillito et al., this issue). We can
therefore assume that animals observed in this study are in fairly good condition; they all
showed signs of activity and feeding. This dominant ex situ passiveness causes other
differences in interactions. There were virtually no interspecific interactions in the AbyssBox
where the shrimp rarely came in contact with the crabs, and fewer intraspecific interactions
occurred compared with in situ hydrothermal conditions. Therefore, artificial environments
seemed to lead to changes in behaviour in both species. In addition, atmospheric pressure also
influenced the activity level of shrimp as they were more active in the AbyssBox than in the
standard aquarium, except during feeding.

Aquarium observations, because of their easier accessibility, provided a higher diversity and
complexity of intraspecific interactions that are difficult to observe on in sifu videos because
of the larger field of view. Future zoomed-in videos will allow a better in situ characterization
of organisms’ behaviour. Live shrimp have now been kept in pressurized aquarium for more
than 3 years. Long-term observations and experimental set-ups will help document feeding
and reproductive behaviour and better define interactions as well as the mechanisms involved.
Combined with the data coming from the EMSO-Acores MoMAR deep-sea observatory,
which provides long-term continuous observation of a Bathymodiolus azoricus vent mussel
assemblage, observations in experimental conditions using the AbyssBox will help to better
understand local processes shaping benthic community structure. Indeed, conducting in situ
experiments to characterize the relative role of biotic interactions on community structure is
complex in deep-sea vents because of the limited accessibility. Pressurized aquaria such as

the AbyssBox, in which the environmental conditions are controlled and can be modified, will



help characterize the mechanisms by which biotic interactions influence species distribution.
While to date, only two hydrothermal species were successfully sampled and transferred to

the AbyssBox, we hope in the future to rear other species as well.

5. Conclusions

This preliminary behavioural study provides a basis for further research on
hydrothermal species. Direct in situ observations with the use of cameras deployed on deep-
sea observatories, complemented with experimental set-up in pressurized aquaria, will
continue to provide information on species behaviour, interactions and reactions to local
environmental changes. These data are essential to better understand the relative role of biotic
and abiotic factors in structuring hydrothermal vent communities. Results show that both
species strongly respond to food source, often leading to aggressive behaviour, highlighting
the importance of resource availability, and most likely competition for food, in controlling
the distribution and behaviour of both decapod species at vents. Also, both species, and even
more particularly Mirocaris fortunata, can survive away from their natural environmental
conditions and can adapt to high variation in bio-physico-chemical variables (both species
survived well in coastal seawater without requiring any chemical input to simulate their
natural environment). However, those conditions are not optimal as none of the individuals
have completed a full reproductive cycle yet, and crabs did not survive long at atmospheric

pressure nor showed any signs of molting.
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Figure 1. Study site. Location of the Lucky Strike vent field on the Mid-Atlantic Ridge
(MAR). The insert shows a selection of site locations within the vent field. The Eiffel Tower

active edifice is located south-east of the lava lake, at a depth of 1700m.

Figure 2. Camera field of view (upper panel) and in sifu spatial distribution of Mirocaris
fortunata (lower panel). Upper panel: Area filmed by the TEMPO camera at the base of the
active Eiffel Tower edifice (Lucky Strike, MAR) from July 2011 to April 2012. The center of
the image is occupied by a tripod holding the temperature and oxygen probe. The dark green
plate (A) located on the left side of the probe provided the scale (3.5 cm width) used to
estimate the field of view surface area. B depicts a crab Segonzacia mesatlantica. The M.
fortunata shrimp are visible in the mussel assemblage (white arrows, C). Lower panel: mean
abundance of Mirocaris fortunata (color code from 0 to 35 individuals) in each grid cell of
the study area over the 9 monthly observation sessions using the TEMPO module on Eiffel
Tower (Lucky Strike, MAR). BM: Bacterial Mat, BS: Bare Substratum, M: Mussel bed, P:
Probe, A: Anhydrite, An: Anemones, NI: Not Identified. The black arrow shows the location

and direction of the fluid flux. The image was treated as a two dimension surface.

Figure 3. Temperature, dissolved oxygen as well as Mirocaris fortunata abundance. Evolution
of temperature (black line) and dissolved oxygen (gray line) as measured by the probe in the
field of view (see Fig. 2) of the TEMPO module at the base of the active Eiffel Tower edifice
(Lucky Strike, MAR) from July 2011 to July 2012 (A) and in January 2012 (B). Global

densities of the shrimp Mirocaris fortunata (C) from July 2011 to April 2012 are indicated.



Figure 4. Substrata occupancy. Average monthly percentage of Mirocaris fortunata and
Segonzacia mesatlantica by type of substratum between July 2011 and March 2012 on the

Eiffel Tower edifice (Lucky Strike, MAR).

Figure 5. Spatial distribution of Mirocaris fortunata in the classic tank. Diagram showing the
average abundance distribution of Mirocaris fortunata in the atmospheric pressure tank
before, during and after feeding time. HS: Heat Source, B: Bubbler, FZ: Feeding Zone. The
three concentric zones around each element represent a distance of 5 cm (0-5 cm, 5-10 cm and

10-15 cm).



Tables

Table 1. Sampling protocol for in situ observations on the Eiffel Tower edifice (Lucky Strike

vent field, Mid-Atlantic Ridge) using the TEMPO ecological module, and ex sifu observations

at the Océanopolis aquarium in Brest (France). AP tank: tank at atmospheric pressure,

Abyssbox at in situ pressure (18 bars).

In situ (TEMPO)
At 1700m depth on the MAR
. July 2011-
Period March 2012 January 2012
L One week per
Sampling interval month Every day
4 x 2 min. per 4 x 2 min. per

Observations

day day

Table 2. Ethological information on Mirocaris fortunata

extracted from the video data.

Intra-specific interactions Isolated individuals

Aggregated individuals
Contacts among shrimp or crabs
Inter-specific interactions Contacts between shrimp and crabs
Predation
Mussel closing
Shrimp escape
Organisms’ activity (-) no displacement
(+) displacement < body length
(++) displacement > body length
Observations Reproduction
Mating
Molting

Aggressive behaviour

Tank at AP
April — June 2013

Once a week

Ex situ (Océanopolis)
Abyssbox at 18 bars

April — June 2013

Once a week

1 hour observation:
4 x 5 min. notes

5 min. video

and Segonzacia mesatlantica

Table 3. Fluid flow velocity data calculated from the video sequences recorded by the TEMPO

observatory module in a Bathymodiolus azoricus mussel assemblage at the base of the Eiffel Tower



edifice (Lucky Strike vent field, Mid-Atlantic Ridge). Each velocity value results from the average

of three replicates.

Year Month # video Average  Stdev Min Max
sequence  (cm/s) (cm/s) (cm/s) (cm/s)

2012 July 25 8.49 2.59 1.92 13.05
August 25 8.81 1.94 4.86 13.07

September 28 8.71 1.79 4.73 12.13

October 25 7.24 2.13 3.39 11.09

November 26 7.74 2.12 4.05 13.81

December 26 7.22 2.60 4.44 15.40

2013 January 113 7.80 1.98 3.94 12.76
February 26 9.13 1.92 5.58 12.63

March 26 7.69 2.24 5.08 13.86

Table 4. Number of interspecific interactions between Mirocaris fortunata and Segonzacia

mesatlantica in the discontinuous and continuous datasets.

Discontinuous Continuous
Number Mean per sequence Number Mean per sequence
Contacts 242 1.04 167 1.48
Escapes 573 2.46 387 342
Crab attacks 31 0.13 10 0.09



Table 5. Two-way ANOVA on Mirocaris fortunata abundance at the proximity of the feeding
zone. ** significant p-value < 0.01.

Abundance of M. fortunata in
the proximity of the feeding

zone

Factors Fisher F P-value
Minute 4.282 0.004**
Phase 123.213 0.001%#*
Minute N Phase 5.415 0.001**

Table 6. Mean Abundance and percentage (between brackets) of the two crustacean species
on each substratum—element in the Abyssbox during the observation period. The animals

could also be swimming or not be visible to the observer.

Foam Cord Pt —ELU & le.ver Bottom Swimming .N.Ot
grid grid visible
0.8 23
M. fortunata 6 (50) 6.7) 1.6 (13.3) 0(0) (19.2) 0.4 (3.3) 0.9 (7.5)
S. 1.5
, 0(0 2.3 (46 0.3 (6 0.6 (12 00 0.3 (6
mesatlantica (30) © +6) © 12 © ©

Table 7. Summary of Mirocaris fortunata shrimp activity in situ (at 1700m depth) and ex situ

at Océanopolis. AP tank: tank at atmospheric pressure, Abyssbox at in sifu pressure (18 bars).

Mean total Mean abundance of % active shrimp % active shrimp

abundance active shrimp during feeding
In situ 145 140 96% Not observed
Ex situ (AP tank) 23 7 30% 69%

Ex situ (Abyssbox) 12 7 58% 77%
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