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Global View of Seafloor Biomass
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~Homogenous food supply — Heterogeneous biomass

Sinking food
input is similar
across local

scales.

Hills can have
enhanced food
supplies from
currents.

Abyssal plain food
supplies (biomass) depend
on depth, but terrain can
also be an influence.

Slopes can have
loose food supplies
by gravity and
currents.

Low lying areas can have food focusing.
e.g. Genin et al. 1986, Glud et al. 2013, Turnewitsch et al. 2013, Durden et al. 2014 , Ichino et al. 2014



Landscape Scale
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Human Annotation of Images - Biomass

Biomass determined by annotating the
type, size and location of individuals.

Taxon-specific length scale conversions
to biomass were applied.

Invertebrate megafauna assemblage
composition and biomass from 64,690
vertical images.

Fish densities from 71,035 oblique and
180,715 vertical camera images.

Psychroptes longicauda

Wet weight (g) = 0.0002 x (length [mm])2-6518

Durden et al. 2016, Milligan et al. 2016, Morris et al. 2016.
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Autonomous Ecological Surveying of the Abyss

Fish are relatively less abundant than
iInvertebrates and thus require more
survey area for equal statistical skill.

Our surveys reveal that while
iInvertebrates have clear links to the hill
terrain, fish distributions appear
random.

This finding re-affirms previous
assumptions of baited camera

deployments for estimating fish
abundance.
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Carbon stocks and flows

Plain b

v DIC
v

Water column

» Linear inverse models (LIMs) can be used
to estimate C stocks and flows.

« Using AUV photographic data we show
that hills have very different C stocks and
flows than the surrounding plain.
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* Flows are represented by arrows Water column Hill
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Durden et al. 2017
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Computer vision

 [|nitial investigations suggested that SVM approaches would need
considerable customization.

« TensorFlow and its Inception model offer new approaches for deep
and transfer learning.

* We are applying large annotation (training image) libraries to a
transfer learning approach.
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Grouped category resolution

101

B Accuracy

sabew) aidwex3 Buiurel | e10)|

3 E 3 8
c
=4
i
@
[
S— 3
=
[
W
B
—_———————————
e ———
R ——————
—_—
—_—
—_———
]
OIDIAIDLIL 1O 0/ C |
Ii“ \J —
T—" i, ————
O —_—
I ..‘..».-..‘ 1L 100/ 7/ .
IlE’HE'E'I.I-S.
* o = N o
(=] S S (- =]

10

yploInojoy
SPIoINLoIoY
OZenepiuD
EPICINLIOI0Y
[RIBuIsLg
reuepin
enbusaipoyiuag
GUELINLROJOY
SpioiaIse
guuepRn
vIeoIum
QuUBHINLIoIOY
greuepiud
GRSNpaw
Zdsauobwiuad
yIeLURpILD
LTeuepiud
UMOLNUN
pysipeapoiniydo
Zpibuisug
epodojeydea
epyauLe
XUAOUNUN
BinjIRaun

ProuLD payes
episdousmu
rlunxasaiseudive
TMosIse
£engaqun
181sgopents
TpiouAjod
eipadun
wapioiniydo
epiplossaApoyiuag
wzposed
Zureamn
yuBLNLIojoy
ueLnyooy
BUNYIOSAU

snejnwarsndoyansopnasd

sTRIePID
STRURpIUD
ZpouAjod
wiajuod
1ploun
ypicialse
QeuRpILD

ellisp
geuepID
auobeiuad
snsojpasndoyonsopnasd
epiuolousid
Tengqun
SEURPILD
JEWAOUNUN
vINIYS
epneoibuosalodosoksd
Zplouln
ZUMOLD{UN
[ouepRo
punowpale)
Tweayfjod
Zreuepio
Blajiuiue oy
ajeoiunIpayes
Oredlepio
geuepLD
Jeapioniydo
elisadue
Zeuepan
BUNLAOLILEY
vueydosawo
grRUepIL
TTRURpID

Class



Computer vision

Next steps include:

« Examining training image characteristics

« Screening towards ‘gold standard’ training library
* Further consideration of grouping

* Revisiting the SVM customisation
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Conclusions

» Subtle features such as knolls rising only a few tens of meters above the
surrounding plain support differing communities than the flat plains.

« ~25 x 10°% intermediate or larger-scale topographic features, Wessel et al. 2010

« Suggests that the extent of such intermediate heterogeneity is important for our
understanding of biogeography, ecology and biogeochemistry.

» Approach has since been used in:
 HF — Marine Protected Area surveys and habitat classifications
« SSB — Shelf Sea Biogeochemistry
 MIDAS - Managing Impacts of Deep-seA reSource exploitation

« STEMM-CCS - Strategies for Environmental Monitoring of Marine Carbon
Capture and Storage
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AESA Results
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Job Announcement!

Computer vision researcher

« NOC Southampton, Ocean Biogeochemistry and Ecosystems Group
« Starts ~May 2017 218 month appointment

«  Will build on existing tools (e.g. TensorFlow, BIIGLE) and create and evolve
analysis workflows for biological oceanographic applications.

« Still, time-lapse, holographic and video image analysis.
 Work with a network of researchers at MBARI, Bielefeld, and GEOMAR.

Related projects include:
« EMSO - European Multidisciplinary Seafloor and water column Observatory

« STEMM-CCS - Strategies for Environmental Monitoring of Marine Carbon
Capture and Storage

Contact: h.ruhl@noc.ac.uk

. National

" Oceanography Centre o g /[ NERC Roavens


mailto:h.ruhl@noc.ac.uk

