Working Group 5
Marine Ecosystem Change

Introduction

-Marine Biosphere:
- 71% of the Earth’s surface
- average water depth: 3.8 km;
- subsurface marine biosphere: > 1 km

-- (Microbial) diversity extremely high
-- 1| Sea water:

10° bacteria; 10° Archaea; ca. 103 microbial eukaryotes
-- 20,000 bacterial “species” in 1 |. Sea water

--- Very much and very different ecosystems
--- Determines Biogeochemical cycles and climate



Working Group 5
Marine Ecosystem Change

Activities

-Marine Realms and Associated Ecosystems (Ecosystem Classification)
-Historical, anecdotal ,archaeological and fossil biological data

-Actual data and data accessibility

-Observations and monitoring

-Invasive Species

-Models

-Periodic reports on Biodiversity Change

-Capacity Building



Ecosystem Classification a la CoML

Theoretical Cross Section of the Ocean

* Microblal environment encompasses the entire world acean.
** Ice oceans occur at both poles.
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-Nearshore Zone.
The region between the high tide line and 10 meters water depth
(NaGISA , CReefs, ICOMM CoML-projects, See appendix 1 for acronyms).
-Coastal Zone.
The continental shelf from ca. 10 meter to ca. 200 meter water depth
(GoMA, POST, ICOMM CoML-projects).
-Slope Zone.
The slope region of continental margins from the continental shelf to the abyssal plain.
(COMARGE, ICoMM CoML-projects).
-Abyssal Plain Zone.
The deep sea floor below the base of the continental slope covering ca. 30% of the Earth’s surface.
(CeDAMar, ICOMM CoML-projects).
-Open Ocean Photic Zone.
The water column between the coastal shelves and margins until ca. 200 meters depth
(CMarz, TOPP, ICOMM CoML-projects).
-Open Ocean Dark Zone.
The water column between the coastal shelves and margins from ca. 200 meters depths to the sediment
surface covering the mid- and bottom-waters of the oceans.
(MAR-ECO, ICOMM CoML-projects).
-Surface Sediment Zone.
Geologically-active regions below and directly above the seafloor, including seamount, hydrothermal vent, cold
seep and mud volcano ecosystems.
(ChEss, CenSeam, ICoMM CoML-projects).
-Deep Sediment Zone.
The so called Deep Biosphere below the surface sediment till ca 1000 meters sediment depth.
-Ice Zones.
The Arctic and Antarctic Oceans with seasonal or permanent ice coverage.
(ArcOD, CAML, ICoMM, CoML-projects)



Who are the local, regional experts doing the job??

NRIC’s/CoML Countries, ministries, regional

bodies, individuals, institutes,
universities, programs, NAML,

_ MARS, BATS, HOTS, PAP, SAHFQS,
Australia FerryBox, etc. etc.

Canada
Caribbean
China
Europe
Japan
Indian Ocean
Indonesia
Republic of Korea
South America
Sub-Saharan Africa
USA
Arabian Sea (information coming)
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Coastal and shelf areas; Marine Ecoregions Of the World (MEOW):
12 realms, 62 provinces, 232 ecoregions
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Spalding et al., BioScience 57, 573-583 (2007)



Realms:
Provinces:

Ecoregions:

Example:

North Sea Ecoregion can be subdivided:

Channel

bold
italics
roman

southern North Sea (non-stratified)
northern North Sea (seasonally stratified)
very different estuaries
Wadden Sea (tidal flat system)
[Unesco cultural heritage; pilot study??!]

Box 1. Marine Ecoreglons of the World.

Arctic

1. Arctic (no provinces identified)
Morth Greeniand
Morth and East icetand
East Gmeniand Shelf
West Greenland Sheif
Northemn Grand Banks-Southern
Labradar
Northem Labradar
Baffin Bay-Dawvis Stralt
Hudsan Compiax
Lancaster Sound
High Arctic Archipaisgo
Beawfort-Amundsen-Viscount
Mahille—Queen Maud
Beawfort Sea—continental coast
and shalf
Chukchil Sea
Eastem Berng Ses
East Sheran Sea
Laptev Sag
Karz Sea
Morth and East Barents Sea
Wiite Sea
mwsta Northem Attantic
2. Northem Eurcpean Seas
20, South and Wast lceland
21.  Fame Plateau
2. Southem Nomay
23, MNorthem Momway and Fnnmark
24, Baltic Sea
25, MNorih Sea
26. Coltic Seas

24 Lusitsnian
27. South European Atantic Shaif
2B8. Sahsran Upwelling
3. Arores Canaries Madelm

4. Megiteranean 5ea
30. Adnatic Sea
31 Aegean Sas
2. Levanmtine Sea
33 Tumlslan Piateaw/Culf of Sida
34.  lonian Sea
35 Westam MediterTznean
36. Alboran Sea

5 Cold Temperate Northwest Atantc
37. Guif of St Lawrence—Eastem
Sootian Sheif
38 Southem Grand Banks-South
Mewtoundiand
39, Sootian Sheif
40. Guif of Maine/Bay of Fundy
41, Vignian
£ Warm Temperate Northwest Atintic
42. Carcdnian
A3, MNorthem Guif of Mexico
7. Biack 585
44, Black Sea

Temperate Morthem Pacliic

& Coid Temperste Morthwest Faciiic
45. Saa of Okholsk
46. Kamchatka Shell and Coast
47.  Oyashio Cument
48. [MNortheastem Honshuo
49, Seaof Japan
0. Yellow Sea

5. Warm femperate Northwes! Faciic
51. Central Kuroshio Currant
52. |[EsstCnina Sea

10. Coid Femperate Northeas! Faciic
53. Aleutlen Islands

FEwmam mpwpp
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54. Gulf of Alaska

55.  Morth Amercan Paciic Fiordiand

56. Puget Troughy/Gaorgla Basin

57.  Oragon, Washington, Vancouvar
Coast and Shelf

58, Morthem Calformia

11 Warm Temperata Northaesst Paaiic
59. Southem California Bight
60. Cortezian
61. Magdalena Transition
Tropical Atlantic
1z T?‘op‘cal Northwestermn Allantic
Barmuds
63. Banarian
B4, Eastam Carlbbaan
65. Greater Antllies
55, Southem Carlbbean
67. Southwestern Carlbbean
EEB. 'Westamn Cariobean
63, Southem Guil of Meaxico

T0.  [Foridian
12 North Brazil Sheld

T1. Gutanan

T2,  Amaronia

14. ??\Clp'ﬂal Southwestarn Atianbic
‘530 Pednd and 5a0 Paulo isiands
?4 Femando o2 Karonha and Atoll
da&s ROCas
75, MNortheastem Bradl
T76. Eastern Brazll
T7. Trincade and Martin vVaz lslends
15 St Helens and Ascension Islands
TB. 5L Hekena and Ascenskon Islands

16 West African Transition
T3, Cape Vende
B0.  Eanellan Upwelling

17 Guif of Guines
B1. GUf of Guinea West
B2,  Guif of Guinea Upweling
B3. Guif of Guinea Central
B4, Gulf of Guinea Islands
B5. GUlf of Guinea South
B6.  Angoin

Westem Indo-Pacific

18 Red Sea and Guil of Aden
BT. Northemn and Central Red Sea
BE. Southem Red Sea
B9, Gl of Aden

19, Somail/Arabian
©0.  Arsbizn {Persian) Guif
Q1. GUIT of Oman
2. Westem Amblan Sea
Q3.  Central Somall Coast

20. Westem Ingéen Ocean

94, Northern Monsoon Cument Coast
95, East Afican Coral Coast
05. Soychelles
oF.  Campedos Carsjos; Tomein Iskand
9B, Mascarens Islands
0.  Southeast Madsgascar

100. Western and Morihern Madagascar

101 Bight of S0fala; Skamp Coast

102.  Delagoa

21 West and South Indéan Shekt
103.  Westem Inda
104.  South Indla and Sr Lanka
22. Centrai indlan Ocean Iskands
105.  Malohes
105. Chagos

Mumbers for the provinces and ecofeglons match those shown on the maps In figures 2b and 3. Realms ane indicated In boldface, provincas (1-62) In
ttalics, and ecoreglons (1-232) In roman type.

23, Bay of Bangal
107. Eastamn India
108.  Morthem Eay of Bengal

24. Andsman
109.  Andaman and Mcobar Islands
110. Andaman Sea Coral Coast
111.  Westam Sumsatra

Central Indo-Pacific

25, South Ching Sea

112, Guif of Tonkin

113 Southem China

114. Soquth China Sea Oceanic Isiands
26. Sunda Shell

115,  Guif of Thalland

116. Southem Vietam

117. Sunda Shelfflova Saa

118. Malacca Strait

27. Java Transkionsd
119,  Southern lava
120, Cocos-Mesling/Chnstmas [skand

2B SOuth KLmshio
171, South Kuroshio

20 Tropical Northwestemn Pacific
122, Opasawars iSiands
123. Manana Islands
124, East Caroline Istands
125,  West Canline Iskands

20. Westam Coral
126, Palawan/North Bomeo
127. Eastern Phillppines
128, Sulawesl 528/ Maksssar Stralt
173,  Halmahera
130. Papua
131. Eanda 32a
132 Lesser Sunda
133. MNortheast Sulawes|

31 Esstam Coral Triangle
134, Elsmark Sea
135.  Solomon Archipsiage
136. Zolomon Saa
137. Southeast Papua New Guinea
32, Sahul Sheil

138, Guif of Papua
133, Arsiura Sea

140, Amhem Cosst to Guif of Campentenz

141. Bonaparie Coast
23, MOFtheast AUStrsNan Sheir
142. Tomes Strait Norfiem Great
Eamer Rieaf
143. Central and Southem Great
Eamar Reat
24, MOFEIWESE AUSIRNGD Shelr
144. Exmouth to Broome
145, Ningaloo
25, Tropical SOULTWEStE Pacis
146. Tonga lslands
147, Fl Istands
148, Varuatu
149, New Caladonia
150. Corel Sea

26. Lord Howe and Norolk islands
151. Lol Howe snd Norfolk Islands
[Eastern Indo-Paciic
37. Hawsil
152, Hawall
25, Marshal, Giibert, and ENs IsiBnos
153,  Marshall Islands
154, Glibert/ENs Island




lalics, and ecoreglons (1-232) In roman type.

30 Central Poynesia
155. Line Islands
156. Phoenix, Toketau,/ Narthem
Cook islanas
157, Samos Islands
40, Southeast Poynesia
158. Tuamotus
150, RapaPitcaim
160. Southemn Cook/Austral lslants
161 Society siangs
41 Marguesas
162. Marguesas
42 Caster Island
163. Esster isiand
Tropical Eastern PacHfic
43, Tropical Csst Pacific
164. Revilagipancs
165. Clipparton
166. Mexican Topical Pacific
167. Chiapas-Nicaragua

Nicoya

160. Cocos islands
170. Penama Bight
171, Guayaqull

172. Northem Galapagos |slands
173. Eastern Galapagos Islands
174. Western Galapagos lslands
Temperate South America
45 Warm Temperale Southeasiem Faciic
175. Central Per
176. Humboidtian
177. Central Chlle
178. Araucanian

46 juan Femandar and Desveniuradas
179, Juan Ferndnder and Desventuradas

47. Warm Tempevale Southwestern Atfsntc
180. Southeastermn Brazl
181 Rio Grands
182. R0 de 3 PEta
183. Uruguay-Buanos Alres Shell
45 Mageliank
184. MNorih Patagonien Guifs
185. Patagonian Shelf
186. Mamnss/Falkiands
187. Channels and Fonds of
Southam Chile
1BB. Chilpense
49, Tristan Gough
180. Tistan Gough
Temparate Southem Afca
50, Benguela
120. Mamib
191. Namagua
51 ApUnES
192. Aguihas Bank
123. Matal
52 Amslerdam-St Paw!
194, Amsterdam-5t Paul
Temperate Australasia
52, Norihem Mew Zoaiand
195, Hemmadac lskand
196. Mortheastern Mew Zealand
1a7. Three Kings—North Cape
4. Southem New Zealand
1a8. Chatham lsiand
129, Central New Zealand
200, South New Zesland
201. Snares |sland
55. East Central Ausiralan Shai’
202, TweagHvoreton
203. Manning-Hawkesoury

Kumbers for the provinces and ecOMEgions match those showm on the maps In gures 2b and 3. Realms ame indicated in bolEacs, provingas (1-62) In

56 Southeast Austrailan Shei’
204, Caps Howe
205, Basslan
206, Westem BassiEn

57. Southwest Australlan Shefl
207, South Australian Guifs
208, Great Australlan Bight
209, Lesuwin

58 West Cenlral Austrakan Shair
210. Shamk Bay
211, Houtman

Sowuthem Ocean

58, Subaniarciic islands
212. Macquarie island
213. Heand and Macdonaid |slkands
214, Hemguelen islands
215, Crmozet |skands
216. Prince Edwerd Islands
217. Bouvet istand
Z18. Pater the FIrst |skand

Scolla Sea

219. South Sandwich Islands
220. South Georgla

221. South Orkney Istands
222, South Shetland Islands
223, Antamctic Peninsuia

61 Continental High Antarctic
224. East Antarctic Wilkes. Land
225. East Antarctic Enderty Land
226. East Antarctic Dronning Maud Land
227. Weddell Sea
228, Amundsen,Ballingshausen Sea
279, Ross Sa3

62 Subantarchic New Zeatnd
230. Bounty and Antipodes islands
231. Campoell isiand
232, Auckand |siand




(draft)Global Open Oceans and Deep Sea-habitats (GOODS):
29 pelagic bioregions,
9 bathyl provinces (800-3500 m),
10 abyssal provinces (3500-6500 m.),
10 hadal provinces (> 6500 m.),
10 hydrothermal bioregions.
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Figure 1: Map of pelagic bioregion
Agnostini et al., white paper 2007

http://www.ias.unu.edu



Working Group 5
Marine Ecosystem Change

Activities

-Marine Realms and Associated Ecosystems (Ecosystem Classification)
-Historical, anecdotal ,archaeological and fossil biological data

-Actual data and data accessibility

-Observations and monitoring

-Invasive Species

-Models

-Periodic reports on Biodiversity Change

-Capacity Building



Deliverables

- “IPPC” type report every 3 years
- Brochure/ppt regarding challenges and benefits of marine biodiversity observation
- Detailed Inventory of past and present biodiversity observations

Partners

- NRICs/CoML, MARS, NAML, POGO, SCOR, IODE, I0C, IUCN, WWF, UNEP-WCPC, etc.
Schedule

- Agreement Implementation Plan (Feb. 2010)

- Creating partnerships with MARS, NAML, CHONE, POGO, etc. (2010)

- Discuss implementation plan with IOC (April 2010)

- Discuss implementation plan with CoML (July 2010)
- Creation of int. network on marine biodiversity observation (2010-2011)

Financials

- Coordination WG 5: Royal N10Z
- Others TBD



Barriers

- Reach and convince Partners

- Find money

- Governance barriers and management: who joins, who takes responsibility
- Data: where, which, access

- Definition of what constitutes an observation network and its components



Contributors so far:

Peter Burkill
Louisa Wood
Eamonn O Tuama
Gary Geller
David Billett
Carlo Heip

Jan de Leeuw

Comments, additions, suggestions, etc. very welcome
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Figure 2: Proposed pelagic provinces overlaid on top of a cluster analysis of created using
bathymetry, sea surface temperature and primary productivity.
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2010 International Yearof Biodiversity



Figure 13: Lower bathyal provinces. 1 - Arctic; 2 - Morth Atlantic Boreal; 3 - Morth Pacific Boreal; 4 - Central A tlantic-Indian-South Australian; 5- Western
Pacific; & - New fealand-Kermadec; 7 - Cocoplatensis; 8 - Mascaplatensis; and 9 - Antarctic



Figuire H: Abpiaa previne s | - Anctil Bansy 1 - Mosth Aflardis - Amas Bassy 4 - Angeds and Sterra Lecee Basss; 5- A sped e Hases, - Andanciie Bast T
= Argw e West B« Ircdan Oreary ¥ = Masy apl s, and 15 - Pacsdic Ocean



Fignite 15: Hadal preiinoms. 1 - Al Sin]apan Proviee s (A bebin, Konl-Kimchahe, lpin, Ieo-Boren Tarchesl 2 - Praligpice Provieos (Pralipgens and
Fyualiog Trercbes); 3 - Marara Proviece (Volcaro, Martmag, Yap and Palaw Toee bes); o - Boogarid be New Hobrides Provinoe dew Brinan, Boogairnlle
Sara COmae, aned Mewe Hiebrides Trerch sl § - Tooge- Kemmadec Provincey - Pem-Chle Province; 7 - Yavan Provinoe; 8- Poerto Foo Proinoe; % - Roma ndte
Provisws; amd 10 - Soctbaes A rSl e Prxviea



The proposed abyssal provinces are presented in the box below. A map of the abyssal
provinces can be seen in figire 14

Abvyssal Provinces

The abyssal provinces have been designated based on the deep basin(s) m whach they ocour.
The scheme heavily modifies that of Wlenzies et al (1973) and Vinogradova (1997) based on
some newer data.

1. Arctic basin;

1. North Adantic. including all areas north of the equator under the influence of
North Atlantic Deep water;

3. Brazil Basin:

4. Angola and Sierra Leone Basins:

5. Argentine Basin;

6. Anitarctic East. which mmcludes the areas where very cold bottom water flows into
Cape. Agulhas. Natal. and Crozet and Seuth Indian Basin and perhaps the Tasman
Sea to about 170 E;

7. Antarctic West, includes the Anmmdsen Plan m the region from the Foss Sea to
the Antarctic Peninsula and north to the Antarctic-Pacific Fidge and the Southeast
Pacific Basin;

8. Indian Ocean. including all the basins north of approximately 30 5 (thus region 13
not well studied and some parts of thus province mayv have species following the
Antarctic Bottom Water northward);

9. Nazcaplatensis. mcludes the Peru and Chile Basins;

10. Pacific Ocean, encompassing the entire Pacific from the Antarctic and East
Pacific Padoes m the south-east to the Alewtan ndge m the north and all of the
abyssal deplﬂrs- in the westem Pacific (divided into sub-units from north to south
based on projections of food delivery from the photic zone as well as general decline
mn dissolved oxvgen from south to north).




The proposed hadal proviness are presented in the box below. A map of the badal
provinzes can be finmd in figure 15.

Hadal Province:

Mo chamges aro made to the whemes presanted by Balyaer (1869).
Paofic Oxean Subresiom:

1. Algutiom-Tapan Province {Alestian Ennl-Eamchatks fapan Ee-Bonin
Tremches),
i IF!:l.l.L'|:|:l:i:|:|n- Frovmos (Phibippne and Byokm Trescha),
3. harawa Provincs {(Vielcamo, Maniana, YVap and Palas Tremches),
4. Bougzmille-Mew Hebndes Provinca | ""In'n'ﬂ:l.la.l.u.ﬂ-:-u.gmm:lﬂn 2. o]
Crie, and Now Hsbridos Tranchas),

3. Tomza-Rermadec Provincs,

§ Pemu-Chils Provincs.
North Indias Subreson:

1. Yoran Province.
Ailsnoc Subremon:

E. Poorto Rice Provmee

0. BEomamche Pronimcs.
Ancarcid-Adaste Sabreson:

10, Seeotharn Axtilles Provincs




Results

The experts produced a map of benthic bioregions. which is presented in figure 1. The
bioregional classification included 29 provinces as follows:

1. Agulhas Current 16. Leuwin Current

2. Antarctic 17. Malvinas Current

3. Antarctic Polar Front 18. Non-gyral Southwest Pacific
4. Arctic 19. North Atlantic Transitional
5. Benguela Current 20. North Central Atlantic Gyre
6. California Current 21. North Central Pacific Gyre
7. Canary Current 22. North Pacific Transitional
8. Eastern Tropical Pacific 23. Somali Current

9. Equatorial Aflantic 24, South Central Atlantic Gyre
10. Equatorial Pacific 25. South Central Pacific Gyre
11. Gulf Stream 26. Subantarctic

12. Humboldt Current 27. Subarctic Atlantic

13. Indian Ocean Gyre 28. Subarctic Pacific

14. Indian Ocean Monsoon Gyre 29. Subtropical Convergence

15. Kuroshio

These provinces have unique environmental characteristics in regards to variables
such as temperature. depth and primary productivity, as documented in the statistic
related to each bioregion available in Annex A.
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vdrothermal vent provinces were also delineaed, and a map of them can
in figure 16. The vent provioces are umique in that they are based on
from fisld sanmling. The hvdrothermal vent classification schems in
foliows thar of Van Dover et al (2002), updi=d by Van Diover

E?é?

Hydrochermal vent bioresion:

Pache Ocean:
1. East Peaihc Rice, ancompasamg all of the Fast Pacfic Ridse from aboet the
challenper Fracime Zone to e ridess surmoendims the Cocos Plam
. Sowthern Fazi Pacfic mcindng wontham wection of the Exet Padfic mia, the
Chile nse and the Pacfic-Antarchc Ridee.
3. Western Paczfic Back-Are Spreading Cemters, including all of the ndges on &
wesiamn edee of the Pacfic Plae as wall a5 aroumd the wvol] plaies in the remon
4. Northeast Pacific Ridge:, anconpassing the ridges of the Fan de Faca Plxe.
Afanoc Ocean:
5. Mid-Adawtic Ridpe North in the remon from 15 1o 30" M, could be extrapolated
te mchnds the MIAR. south o the equator.
6. Azores, inchndes the part of the MAR n the regron of the Axores; not know
whethor thos provincs extend: narth o Icaland tecmse of the despaning of the ndge
or wherthar the Mhd-Atlantic Ridgse Pronimce exists mn this desper area north of the
shallooar Arores Provinga.
7. Md-Adawiic Radpe Somth, bypothewmd promnce, b mo dae aomehy sans.
Arctig Coeam:
8. Arct, mclwding the Mohns Ridzse north of Icalamd and the varioes vent sites o
the Arctic Basin
Sourhern Choeam:
9. Eant Scotia Ridee, hypothewrad provino, oo dan
Izdian Cixean:
10. Cemtral Indian Ridpe, uncoopasse: the repom whare the bid-Indian Sotbmrest
Indon and Southeasi Indian Fidses meet. It is lkely the fmma of tho: province
extands to varying degmess along each of the two southward tenting ndess, and that
some pant of each ndee may balong to ih own province.




Bathval Provinces

As has been noted. the bathval 1s not that well known even today. Proposed biogeographic
units (provinces?) and their approximate coverage include:
1. Arctic. including entire Arctic Ocean Basin and Norwegian-Greenland Sea in the
east and to the Bering Strait in the west:
2. North Atlantic Boreal. from the Iceland-Faroe Ridge in the north south along the
Reykjanes Ridge. over the Newfoundland Seamounts and following the Western
Boundary Undercurrent southward along the eastern slope of North America to off
Cape Hatteras:
3. North Pacific Boreal. Aleutian Ridge in the North through the Gulf of Alaska to
approximately the Mathematicians Seamounts in the eastern Pacific and including the
Emperor Seamounts and the area off Hokkaido in the west:
4. Central Atlantic-Indian-South Australian perhaps divided into North and South
Central Atlantic and Indian sub-units, includes all of the Mid-Atlantic Ridge from the
southern extension of the Reykjanes Ridge to the junction with the Walvis Ridge in
the south, all of the Indian Ocean from about 40 S northwards and easterly to
encompass the Antarctic Intermediate Water south of Australia, including seamounts
off Tasmamnia:
5. Western Pacific. from Hokkaido southward to seamounts along the Mariana
Ridge to the Solomon Islands and Fij1. probably extending eastward beyond the East
Pacific Ridge to about 83° W off Chile and Peru:
6. New Zealand-Kermadec, plateaus around New Zealand and extending northward
along the Kermadec and Lau Ridges almost to Tonga:
7. Cocoplatensis. encompassing all the ridges and seamounts of the Cocos Plate:
8. Nazcaplatensis. suggested by Parin et al. (1997) to encompass the ridges of the
Nazca Plate:
9. Antarctic. both east and west. with subdivisions centered on the Weddell Sea
eastward to the Macquarie Ridge and from Ross Sea to the Antarctic Peninsula.
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