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Deep sea




The deep sea

Sublittoral: permanently submerged, until 200 m

. Continental shelf

5 Bathyal: 200-2000 m, 4° ¢

CEﬁrh'réntal slope _
: L~

n

‘& .~ IAbyssal:2000-6000 m, 2-3° C
Plains Aphotic

HELELE

Below
6000 m

Trenches

Waters and sea bottoms under 200 m are considered as deep sea
environments

Average depth of oceans is 3850 m

Oceans cover the 71% of the Earth and > 50% of sea bottom is
under 3000 m depth

> 84% of surface and 98% of volume are under 2000 m depth
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Deep sea circulation
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Salinity and temp

Deep water formatic
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respect to

the Pacific Ocean,
where deep water
formation lacks. This
lead to lower
oxigenation and
exchange




Main environmental features

Tempe tur

Temperature > i
Mediterranean Sea (al |
12° C) ,
Salinity: é:&)onstant 34.8 (2000 m)
- (>

I-l_ydr\eiSt‘atlc?Q.Ln sure: very
high, influen n metab.oIJ.s

(> 400 atm) )
Subtrate: hard bottoms -~
uncommon, mostly incoherent

[t e P ] | |
g 12 1620 . 24

Temperature (°C)
Equatorial Pacific 160°W, 2°S




Main environmental features

In the photic zones oxyge S o . , f ants ,4;hat consume
carbon dioxide and nutrients. O, decreases wit th due to d ec1|ne of
photosynthetic activity and oxmfatlon o organlc mat e#“ whereas Coﬁ_and nutrients

increase due to respiration and increased solubility (hlgh P and low T). Min of O,
and max of CO, and nutrients is achieved at about 1000 m. Below thls threshold,
nutrients remain stable, O, slightly increases due to oxygenation from the surface
through currents, and co sllghtly decreases due to reduced respiration rates
(rarefaction of organlsmsf

i Concentration Concentration
, 0 Concegt;atlon . 0 L X 0 s
1 1 CO, 1 Nutrients
Oy
2 2 2
Depth Depth Depth
(km) (km) (km)
3 3 3
4 4 4
5 7Y 5




Matter and energy

Falling animal carcasses

1. Marine mammals (e.g., whales)

2. Fish

3. Large invertebrates (e.g., cephalopods)
Falling detritus from plants

1. Macroalgae (e.g., Sargassum)

2. Marine plants:

3. Terrestrial plant Currents _
'- 1. Particulate organic matter (POM)

POM from the photic zone
1. Marine snhow

——

2. Fecal pellets
b 3 Moults (hard structures of zooplankton)




A desert?

-

Density and biomass decrease with

depth, below 4.500 m <100 ind. m-2
biomass <0.05 g m~

Azoic theory of Forbes, half of 19th century
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Stablllty-Tlme hypothesis

Sanders (1968) proposed a general model which he called the Stability-Time
Hypothesis. This model says that physical instability in an environment prevents the
establishment of diverse communities. However, if physically stable conditions persist
for a-eng period of time, speciation and immigration will cause species diversity to
ipcrease e gradually. Thus, high diversity in the deep sea is a result of the great long-
term stability of that-environment. Basic tohis view is the idea that each species must

occupy an increasingly narrow, specwﬂlzed niche.
However... i - »

1) Feedlng behaviour are qwtegeneral many are detritivorous, or filter-feeders, and
some predator /

2) In most cases species rely on different type of food
3) Low densities imply |nd|V|duaIs to_interact with many different species

4) Predation controls populatlons large areas and rarefaction decrease competion
(Dayton and Hessler, 1972)
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Hetrogeneity

Eddies: cyclons 50-200 km with high eergy flow

Variability:
}n‘t‘ErannuaI varglons in conditions

.r-

-
N :

Sea bottom pert on: .
'resuspensmn of sediments instope areas
bioturbation (microscale and smal’[ scale),..

Resources:
food is heterogeneously dlstrlbuted

|

GFDL CM2.6




Blodlver3|ty

Blodlver5|ty in the deep
However, we explored only

many species still to be dlscovered. |

Total species richness
0 10000 20000 30000 40000 50000

Costello and Chaudhary, 2017

Species richness decline from
the surface to the deeper areas.
However, information is
geographically restricted to some
areas of the Atlantic, Pacific and
Southern Ocean:.

Very few studies in the
Mediterranean

Dominant macrobenthic taxa:
polychaetes, cumaceans, tanaidacea,
amphipods, isopods, gastropods,
bivalves, scaphopods, oligochaetes,
pogonophora, chitons, aplacophora

Dominant meiofauna:
nematods, harpacticoid
copepods,ostracods




Strange guys

Almost all animal'phyla are represented ia the deep sea, and'lifexforms
often;have strange features as a result 6f adaptations togﬁvironmental

Large mouth...large teeth




Further adaptations

Melanocetus (Lophiiformes) Cyclothone (Stomiiformes)
100-4500 i (18 cm) 1000-4000 m (6-7 cm)

Opisthoproctus (Argentiniformes)
400-2500 m (10-12 cm)




Living fossils




Visitors from the surface

In some cases, animal
living in shallow
waters may visit deep
sea for feeding

Others prefer
conditions of deeper
waters, but could
occasionally frequent
the surface or going
more deeper

' Somniosus microcephalus (0-200_0 m,7m)




Big...strange guys
Xenophyophoré&:(>6 km, 10 cm) ~ *~  Architeuthis dux (200-1000 m, 10-13 m)
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Invertebrate
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Regalecus glesne (20-1000 m, 11 m)




Abyssal glgantlsm

therefore energy consumptlon) slows d Wn as body mass increase So large
organisms are more energetically efficient. This depends on heat dissipation,
circulation, and proportion of structural and reserve mass.

rg species of larger size are found in colder environments, and
é‘pemesof smaller size are found in warmer regions. This due to low surface
area-to-volume Pﬁf,‘le: which decrease heat d|SS|pat|on

I~

Trophic reasons ™
(optimal foraging,
higher productivity of
endosymbionts)




Scavengers

Deposit feeders, Filter-feeders, Predators




Hydrothermal vents
First discovered at Galz

Typical of areas of inten

at 2500 m depth

Global Distribution of Hydrothermal Vent Fields
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How they work

Cold, oxygen- A giant tube worm Chemoautotrophic sulfur- Sulfur-oxidizing bacteria /, .
beanng sea- takesup O, and oxidizing bacteriain the oxidize H,S to elemental

water mixes  H,S with the aid tissues of the worm can  sulfur, an energy-yielding

with warm of hemoglobin, make up to 60% of the reaction.

water carrying]which gives the | Worm's total mass.
hydrogen worm its bright 1um S e
sulfide H,S |red color. A e

from a hydro- \ s 2 st +0, |
thermal vent. \ ‘ / 4 2S°+2H,0 + Erg
Cold, & ' -

The energy released
oxygenated is used to synthesize

seawater O, | organic molecules,

using COz as a
Warm water. source of carbon.

from vent. § 3 Giant tube
" T worm

B/ hl .r'o eﬂ‘fd’lﬂ de c‘ﬁ@éﬁi gy
_Tﬁff"’ source: fer;che moautotrephi
" bacteria in the deep se




Mesocosm ecosystems

Ch , v.." O Y | ...f; A ’..,'f/,
pac . : hemosynthetic
bact a.forr | Sy

malis cterla"are also
K / nffbionts of many
organlsms (e.q.,
polychates)

_Grazers feed on
these mats (e.g.;d
amphipods;
copepods)

Filter-feeders
exploit plankton
and POM (some
“ . have also
.z Symbionts)

Hotspots, of biodiversity, with population densities >>> higher than neighbouring
areas, high primary productivity from chemosynthesis and secondary
productivity from associated fauna




Cold seeps

produce H,S. A com nity - [o]
bacteria and further increase c8lon|zat| C
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_ Polar systems




Poles apart

Polar regions are those beyond the 66°33'39” parallel, N and S

Arctic Antarctic

Include the Arctic Ocean and portion of land in Eurasia, North

Include the Antarctica, other islands, and the surrounding
America, and Greenland. Open waters and continental

: ang _ . portion of the Southern Ocean. Open waters covered by
shelves almost covered by ice or floating ice, with perennial ice or floating ice, mainland covered by perennial ice cap
cap on Greenland. Averaged depth around 1000 m (>5000 (avg 1600 m). Max depth >7000 m. Avg T -10 to -60° C
m). Avg T winter about -35° C (-50), summer 3-12° C. Winds (-90). Wind 100 km (200 km). Low solar irradiation
40-50 km (>90 km). Low solar irradiation




B'io‘diversity

Bering, Chukchi, and Barents) ha\)e high bent_ ic and planktonic proddctlon, supportmg large
populations of fish, marine mammals, and sea birds.

Antarctic
Taxon Number of valid species Number in MarBIN Percentage with location Number of records
Annelida 487 45 9.24 445
Arthropoda 2,309 1,014 43.92 132,585
Brachiopoda 68 10 14.71 17
Chaetognatha 5 4 80.00 1,588
Chordata 718 395 55.01 359,968
Cnidaria 372 65 17.47 1,112
Echinodermata 550 434 78.91 5314
Mollusca 684 633 92.54 13,121
Nematoda 1,909 301 15.77 702
Nemertina 77 74 96.10 2
Porifera 268 12 448 39
doi:10.1371/journal.pone.0011683.t002 Griffiths, 2010

About 8100 species (De Broyer et al. 2011)




Taxon/realm Num ’ :z Specles endemic to the Arctic I mt:::{_jo; Key reference(s)
Diatoms Nitzschia frigida, Melosira
arctica, Chaetoceros furcillatus,
:l.nlgfy{oe:gf? n 2,106 Diatoms Melosira arctica and el —
phytoplankton (1,027 sympagic, Nitzschia frigida Fragilariopsis oceanica, F. cyfindrus, | Poulin etal, 2011
and sea Ice 1,875 pelagic) and Cylongrotheca closterium,
Dinofiagellate Protoperidinium
pellucidum
Hydroid Sympagohydra tuuli;
nematodes Theristus melnikovii, Unidentified Acoela; copepod
Cryonema tenue, and C. crissum; naupli; amphipods Gammarus
Sea Ice fauna At least 50 amphipods Gammaras wildezki wilkitzki, Apherusa glacialis, Bluhm et al, 2010a
Apherusa glacialis, Onisimus Onisimus nanseni, and O. glacialis
nanseni, and O. glacialis
Copepods Calanus hyper-
Copepods Spinocalanus elon- boreus, C. glacialis, Metridia
gatus, S. horridus, Paraeuchaeta longa, Oithona similis, Oncaea
Zooplankton 354 polaris, Scaphocalanus polaris, and | borealis, and Paraeuchaeta Kosobokova et al,
Lucicutia pseudopolaris; Cnidarlans | glacialis; chaetognaths Parasagitta | 2011
Rhabdoon reesi and Rudjakovia elegans, Eukrohnia hamata,
plicata; larvacean Fritillaria polaris | and Homoeonema platygonon;
amphipod Themisto libellula
Platysiphon verticillatus, Jonssonia | Agarum clathratum, Desmarestia Wilce, 1990, 2009,
pulvinata, Chukchia pedicel- aculeate, Ectocarpus sificulosus, e '
Seaweeds ~ 160 lata, C. endophytica, Kallymenia Saccharina latissima, Polyshiphonia !
schmitzii, and Leptophytum arctica, Odonthalia dentate, and
- N - 2010
arcticum Ulva intestinalis
. . Brittle star Ophiocten sericeun;
Amphipod °'""T""’ caias, am phlpodsofmpeﬁsca eschrichti Sirenko, 2001;
bryozoan Alcyonidium disciforme;
Zoobenthos ~4600 | holothurolds Elpidia belyaevi, and Anony nugax; bivalve Macoma | Plepenburg et al,
E. hecker, E. glacialis, and calcarea; polychaetes Erepne longa, | 2017; Rogacheva,
Kolga hyalina Aglaop_harr_lw mlmyent, and 2007, 201
Lumbrineris fragilis
Artediellus scaber, Arctogadus Boreogadus saida, Arctogadus Mecklenburg et al,
Fish 243 gladialis, Paraliparis bathybius, gladialia, Gymnocanthus tricuspis, | 2011, and
Rhodichtys regina, Lycodes frigidus, | Myoxocephalus scorpius, M. quadri- | pers. comm,
and L. adolfi comnis, and Lycodes polaris February 16, 2011
Ivory gull, thick-billed murre, Glaucous and Iceland gull; Arctic
Dovekle, Kittlitz's murrelet, horned i Huettmann et al,,
Seabieds 64 puffin, Heuglin's Gull, and various | "™ Parasitic and long-talled 2011
seabird subspecies Jaeger
Marine Polar bear; narwhal, beluga, and Huntington and
——y 16 bowhead whales; walrus; ringed Ringed seal; bearded seal Moore, 2008; Kovacs
seal; bearded seal etal, 2011

Bluhm et al., 2011

Arctic
About 7600 species




einhardtius hippoglossoides)

Atla ering (Clupea-harengus)

Allantic e

*

Patagom’gn' toothfish (Dissostichus eleginoides)

A -

‘Antarcfic

4

Antarctic toothfish (Dissostichus mawsoni)

Wikl




Marine birds

Sterna paradisaea

Diomedea epomophora

. — -y

ﬂg Fratercula arctica

/4




VIET I ELS

Ursus maritini"ié%”l “




Balaenoptera acutorostrata
(B. bonaerensis)




Adaptatlons
AT

Polar marine organisms te |

tropical counterparts (slo v b

Many species have conservative reproductive strategies (e.g., late sexual maturity, few
eggs, parental care for a long time, as many sea birds, polar bears and whales).

Opposite strategy for high variable habitats, such as sea ice.
" I NN
v .
Many reS|dent poI\Fammals store,qrgg quantities of lipids in their bodies as reserve,
others overwinter in a dormant form (e g., polar bears).

»

Ilce algae secret osmolytes’(DMSP) to maintain osmotic equilibrium in salty waters,
secrete special protein to protect membranes from ice crystals, and have high levels of
xantophyll to avoid damage from excessive UV exposure during summer.

-

|cefish also have anti-freezing proteins in their blood..No-hemoglobin, due to high
oxygenation of waters. This allows saving energy facilitating body circulation.

Some species, such as many whales and seabirds, migrate into Arctic marine areas
during the productive summers and overwinter in warmer areas.




Migrations

The Arctic Tern m 0
summer, and to southern polar areas it -""4’ s blrds fIy
for about 40.000 km in few months o

N
M

) &

o

Arctic Tern (Sterna paradisaea)

Humpback whalg;(Megaptera novaeangliae)

Whales stay in northzolar regions in summer, then they move
towards tropics-eqUator in winter-early spring. Finally, in late
spring-early summer migrate to north polar regions. In the
southern hemisphere they follow the same migration scheme.




Ice and life
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HEAT FLUX
POLYNYA

Desalination during ice formation
Brine exclusion during ice melting
Polynya

Wind

Upwelling of nutrient-rich deep waters




Primary productivity

afes :

is hig
and especially S&Zsféms’ Ice
algae live on the ice sul

under the sea ice where

o, bri e’channels and

oy

Melosira arctica
— ‘ e

Macroa|gae are less common, because of ice scourlng, strong seasonality of solar radiation,

being constrained to sea bo’t{c;m and subpolar reglons where could be locally abundant.
w\q

narestia menziesii




crustaceans that are ext

in polar waters. In the Arctic the
abundant in waters on the Atlantic portlon
and in the Bering Sea. Krill can constitute
up to 45% of zooplankton catches but krill
are,-more prominent in the

Séu rthermQOcean! -
o

' - g r\ _—~ _
Antarctlc krill Euphaus:a superba often dominates the

zooplankton community in numbers and*biomass. Antarcti

underside of pack-ice. Its potential distribution covers large
parts of the Southern Ocean, with the exception of the inner
shelf areas of the Ross and Weddell'Seas. Krill are highly
influential organisms, capable of grazing as much as 55%.of

the net primary production and sustaining the functioning of

the whole marine ecosystem in the Antarctic (Flores et al.,
2012). Many polar organisms, from zooplankton to Whales

Reach >400 million tons (Flores et al., 2012).



Trophic hets
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Major threats to polar ecosystems

o ;JJ' 2 [
Arctic obal v is ca sﬂfgafast reduction
ini \ Y bally in northern polar
region. Antarctlc ice seems more stable, or
slighly increasing. However, some areas in
the southern ocean are experiencing a

Monthly Deviation in Sea Ice Extent
November 1978 - December 2012

decreasing trend.
Habitat destruction for seals and bears
e with consequent loss of feeding grounds
Mt and refuge
e Decrease in primary productivity and risk of
80 82 84 8 8 90 92 94Ye:f 98 00 02 04 06 08 cascading effects

Earlier spring sea ice retreat and later fall
Monthly Dew:t?::r;ﬁgealce Extent : “ 5 formation
November 1978 - December 2012 speci‘es CC 0Siti and

' g . u
N fFaunal-ranc

Area (10° km?)

—— Monthly Deviation

——— Running Mean

) 10: — Trend “
- ‘ l ‘ H m o M“ )
§ 0.0 4 i A lh' i t- !u= ’ ' ‘ "
w“"'"" Wikl i " W" "H | '
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Year



Major threats to polar ecosystems

Pollution

H-url etal
“ 2005 Cozar et aI 2017)

Decrease primary production
Accumulation through trophic webs
_Effects on reproduction and




Major threats to polar ecosystems

Antarctic krill fishery, tonnes per year, 1973-2013 IVI e Iti ng ice i n t Arctic (Cra bs’ sca I Iops’ cod'

opportunities t halibut and mahy other)
— LN A

grounds. il ot ‘A% w——

CCAMLR

o 45 :._:;i :”!‘U!j P —ﬁ:__:.

| &
Antarctic cod (togthfish)/ =
Icefish — nowiregula - J

Cascading effects of deple
basal resoufee™s o




Protection

International 5gréerwgh'¥§ to .
16 years in the Arctic (2017). Nationz
Canada) to restric fishing areas. CAFF area

management/use or park/reserve. ;
In 2016, OSPAR proposal of huge MPA, but some countries ASMAs contain both marine and terrestrial habitat.

say not (Griffiths 2010)

—— CAFF Boundary
I 1= Strict Nature Resecve
Ib Wikderness Area
[ ] nNasionat Park
I 11 Natural Monument or Feature
IV Habitat/Species Management Area
I v Protected Landscapel Seascape
V1 Protected area with sustainable use of natural resources

- Unknown

:

| @ Fully marine ASPA
I O Marine/terrestrial ASPA
@ Marine/terrestrial ASMA




