GLOBAL CHANGE ECOLOGY AND SUSTAINABILITY
. a.a. 2023- 2024 :

- Seagrasses




Seagrass
Spermato a (ang
Magnoliophyta - fI rin <.
160 Mya, spread durlng the Cretaceous (120 60 Mya)
Flowers, fruits, seeds, roots, rhizomes (modified plant
_~stem), leaves
*.  Swubstitute anemophilous pollination with hydrophilous

,polllnatlo?fﬂ e

e

30 Mya P. parisiensis

Features: _ . (s
1. Adaptation to live in sea waters 7.

2. No stomas

3. Tissues with aerenchyma
| .

-

After the Messinian Crisis
Only species that tolerate high salinity




Distribution

Short et al'., 2007
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P. ausrralis' 7:.
P. coriacea

/
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5 - E About 70 species
P. coriacea
P. kirkmanii P. angustifolia .

P. australis
P. australis

P. ostenfeldii
P. sinuosa P. coriacea
P. denhartogii

P. kirkmanii

P. ostenfeldii P. angustifolia

P. robertsoniae P. australis

P. sinuosa P. sinuosa

After Green & Short 2003




In the Mediterranean Sea

-
-

1. Posidonia oceanica
Mediterranean Sea

2 »Cymodoceanodosa
~widespread from 1-25 m on sand-
mud, low hydr‘odlnamlsm

. Nanozostera noltii, until 5 m depth
often associated to-C. nodosa

. Nanozostera marina typieal of coastal
lagoons @ v

. Ruppia spp.

. Halophila stipulacea, introduced fromi
Red Sea (lessepsian)




P. oceanica distribution

SITE DISPLAY
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Coastline length (km) 46,000 11,621 25% 34,379 75%

- P. oceanica presence
Z Coastline length with P.
e N ” g 0 0
3 c-K'“OLiS_ oceanica (km) 11,907 6,201 14% 5,706 12%
0 125 250 500 750
WGS_84

Coastline length
without P. 12,622 3,925 9% 8,697 19%
oceanica (km)

Coastline length o o
without data (km) 21,471 1,494 3% 19,977 43%
Total area of P.

9 0
oceanica (ha) 1,224,707 510,715 41.7% 713,992 58.3%




Growth

Basal b?ow?h

Growth rates higher In spring
100-700 shoots m2

Reduced when< 50 shoots m="~
Depending on depth

S,
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Morphology and reproduction
Sexual reproduct

Shoots 6-7 leaves, Ienthunt |

Nutrient uptake from sediments, but also through the leaves
Frwts sea olives, floating to increase dlsperS|on

Plantules




Structure and layers

:

| strato dei rizomi
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Factors influencing distribution
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Morphotypes

© M. Foulquier

© G. Cancemi




Ecological role and functioning

1. Protect coastli e and seabed fro :—f',-_s‘-- Wit
their stabilizing effect on sedlment and reduction
of wave action

2, Reduce-sedimentation and water turbidity by
~trapping sediments in their matte

3. Slgnlflcantly contfibyte to primary production of

coastal systems, oxygenation

4. Carbon dioxide sequestration

5. Provide nursery areas and food for many marine
organisms

6. Represent secondary substrate and host high
biodiversity




Protectlon and Production
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Protection and Production
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Biodiversity
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Trophic relationships
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Human impacts

Alteration of sedimentatio
due to coastal engineering




Sedimentation

Table 3
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Critical thresholds of seagrasses for sedimentation (cm/year)

-

“

Erft‘emeijer’ar?-’?il‘_'LeWis,.2006

Species

Location

Sedimentation (cm/yr)

Reference

Cymodocea nodosa
Cymodocea rotundata
Cymodocea serrulata
Enhalus acoroides
Halophila ovalis
Posidonia oceanica
Zostera noltii

Mediterranean (Spain)
Philippines
Philippines
Philippines
Philippines
Mediterranean (Spain)
Mediterranean (Spain)

5
1.5
13
10
2

5

2

Marba and Duarte (1994)
Vermaat et al. (1997)
Vermaat et al. (1997)
Vermaat et al. (1997)
Vermaat et al. (1997)
Manzanera et al. (1995)
Vermaat et al. (1997)







lines, cables
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Fig. 2. Maps of substrate distributions in the study area: (a)in 1979, before trenches excavation; (b)in 1993, after the first trench excavation; and (c) in 1995, after the second
trench excavation.




Good

Status of beds — tables based on shoot density

Poor

Depth (m)
1
2
3
4
5
6
7
8
9
10
11
12
13
14

b e
e N W

947
892
841
792
746
703
662
624
588
554
522
492
463
436

¥ ¥ ¥V ¥ ¥ ¥ VvV VvV V¥ ¥ V¥V

387
365
344
324
305
288
271

240
227
213
201

v ¥ ¥ YOV VY Y ¥ VYV

1133 to 930
1067 to 863
1005 to 808
947 to 757
892 to 709
841 to 665
792 to 623
746 to 584
703 to 547
662 to 513
624 to 481
588 to 451
554 to 423
522 to 397
492 to 372
463 to 349
436 to 328
411 to 308
387 to 289
365 to 271
344 to 255
324 t0 239
305 to 224
288 1o 211
271 1o 198
255 to 186
240 to 175
227 to 164
213 to 154
201 to 145

930 to 727
863 to 659
808 to 612
757 to 567
709 to 526
665 to 489
623 to 454
584 to 421
547 to 391
513 to 364
481 to 338
45110314
423 to 292
397 to 272
372 to0 253
349 to 236
328 to 219
308 to 204
289 to 190
271t0 177
255 to 165
239 to 154
224 to 144
211 to 134
198 to 125
186to 117
175 to 109
164 to 102
154 to0 95
145 to 89

727 to 524
659 to 456
612 to 415
567 to 377
526 to 343
489 to 312
454 to 284
421 to 259
391 to 235
364 t0 214
338 to 195
31410177
292 to 161
272 to 147
253 to 134
236 to 122
219t0 111
204 to 101
190 to 92
177 to 83
165 to 76
154 to 69
144 to 63
134 to 57
125 to 52
117 to 47
109 to 43
102 to 39
95 to 36
89 to 32

Pergent et al. 1995, UNEP-RAC/SPA 2011




seia baldeccon

Replacement with
invasive species

Shifts =. Dead matte =. Turf algae

’
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Caulerpd‘ spp
biogeochemical conditions by !
sulfide concentration and sulfate
reduction rates (Holmer et al 2009).

.

i St

Increase in sulfidesw’Sgdiment could
have’a detrimental effect on 7>
meristematic activity-in P. oceanica, -
reducing growth and contributing to the
decline of beds =

Percentage of nuclei in phase G2
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significantly lower in stations near to the

Holmer et al. 2008




Climate change

L B & T TG

SST increase and MHWs:
thermal stress 28° C _ . R
This could lead seagrass to regress (respiration instead
of production) ‘

Howeéver, do not account effects on reproduction
(shift towards sexual | reproduction, increasing genetic
varlablllty and epigénetlc fixation of adaptation to SST
increase), and thermal tolerance is greater if carbon is
not limiting. -

It is one of the few plants-able to exploit bicarbonate
ions for photosynthesis, thus favoured in acidification
scenarios with respect to thermophilic algae

-

Sea level rise and extreme weather events could
cause regression because of limiting light (increased
turbidity, increasing depth, phytoplankton blooms,
etc.)

Jorda et al. 2012
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Current status
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Seagrass regression may be due to

anthropogenic disturbances and
stress.

climate trends.

natural processes and/or natural or

It can also be due tolong: s

an-induced losses of P,
oceanica-have beep.mainly.
related to coastal
development, pollution,
trawling, fish farming,
moorings, dredging, \ :
dumping and introduced %
species. \




Ecological status

Bevilacqua et al., 2020
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Environmental management

) 4

Legenda
(] uimiti provinciali

~ Zone di Protezione Speciale

I siti di Importanza Comunitaria

Siti di Importanza Comunitaria - mare

Habitat -‘Zjﬁi:ective (92/4
« Sand Bans

e Intertid;agl sands and muds
Estuariesﬁ“agd Lagoons
Reefs
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Mangroves
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-~ Mangroves
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Mangroves

Halophytes (tolerate hlgh salt concentratlon)
_~Evergreen

—




Distribution

Typical ¢
Do not tole
20° C

o
'

13 14 - 25 [ 26 - 35 [ 36 - 46 Polidoro et al., 2010

Typical of sheltered areas and low hydrodynamism E: roots are sensitive to strong wave
movement (damage and sediment removal), and plant'recruitment is also affected
There are about 80 mangrove species



Mangrove types
i

Generally, typlcal of submerged areas.
Intricate aerial root system stabilizing the tree

p—
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.

Black mangroves (Avicennia)
‘ -

Same size of red mangroves. Typical of high
tide areas. Pneumatophores.

-

White mangroves (Laguncularia)
Smaller than the others, up to 5-6 m in height
and 30 cm diameter. Generally found in the

back areas of mangroves, apart from the
Inundated area




Adaptations

Mangroves develop in |
systems, allowing plants to havea : .~ -
stable anchoring to the soft substrate.~+: "
Since they grow on anoxic soils, o @
these aerial roots permit oxygenatlon

'of roots® beneafh the sedments.and

water. b >

-

A particular type pf structure is
represented by pneumatophores:
specialized root structures that
growth out from water and allow
oxygenation of submerged roots




Adaptations

¢ eI

Mangroves do not necessari

near to salty water. However, they

tolerate high salt concentration and,
theT'éfore can colonize areas that are

not suﬂable f@_other less toIerangt,, :
Plapts > “Fps —~ .-{%., el |

‘..l.-‘
.‘

In black mangroves for lnstance t’he'
excess of salt is excreted by Ieaves L%
In red mangroves, roots contain WaXy
substances that limit salt absorptien.:
Exceeding salt is stored in old Ieaves
which the plant shed. -




Adaptatlons

Mangrovi

entomophilous anc e v
However, with respect to other plants, they have a peculiarity:
seeds germinate when they are stlll on the parent plant

(vmparous)

» -_— N

\

y
|

This allows seeds

to disperse
exploiting suitable
areas in few days '




Ecological role and functioning
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Carbon storing and feeding grounds

Mangroves are unique's
land. They are among thi DI
C/ha y!, Poungparn et al., 2012)

Mangroves are essential for coastal trophic nets in tropical waters.
Biomass from leaves is decomposed, releasing nutrients that sustain
high'planktonic productivity. This, in turn, fuels zooplanktonic
herbiveres, benthic communities, mvertebrate and vertebrate secondary
consumers (cra‘bs\ﬁsh blrds rgptlles), representing essential feeding
grounds for many speaes




Habitat provision for marine...
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...and terrestrial organisms




Mangroves serve as a nursery and breeding
areas to many vertebrates and invertebrates




Biodiversity
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Coastal protectlon

Act as a |
storms. The mangroves trap se

building up further out to sea, which can damage other
ecosystems like coral reefs and seagrasses.

-'-out poIIutants (nitrates, phosphates and petroleum based
n.arethen.degraded by the microbes

el ——

[ —




Sustain Iocal fisheries and tourism

Fisheries
Forestry
Coastal protection
Recreation & tourism
Nutrient retention
Carbon sequestration
Nonuse
Biodiversity
Water and air purification/ waste
assimilation
Traditional uses
Total
Salem & Mercer, 2012

Npa:
o

or devel

555,168
1,287,701
8,044
507,368
4,265
50,737

1379




Fig. 1. The GuIf of California and the 13 fishing regions {red dashed
perimeters) considered in this study, based on mangrove distribution and
affinity in the composition of landings. These regions represent physical
hydrogeomorphic landscape units, distinctive from adjacent landscapes.
Green areas represent mangroves; black dots indicate the location of the local
offices of the Mexican Mational Fisheries and Agquaculture Commission

(CONAPESCA).
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Fig. 2. Relationship between landings (fish and blue crab) and economic
value (price paid to fishermen by local fishing cooperatives) against the area
of mangrove fringe in the Guif of California. Data are average * SE (2001-
2005; solid line, model; dashed line, 95% confidence intervals.

Aburto-Oropeza et al. 2008



Human impacts
S

phy5|ca

mangroves, or cause C nges
in coastal hydrodynamism
and sedimentation rates

S

Dredging, floods. This g
- submerges thelf air breathmg '

-

roots and they canhot get ==
enough oxygerrand nutrients ==

-
» .

Although mangroves filter
some pollutants, they can be
irreparably damaged by oil
spills and herbicide




Climate changes
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Consequences

RN P
Loss of biodiversity ¢ iction. Moreover ut a
barrier of mangroves low lyir ries (e.g. Banglad ) are more

susceptible to flooding and devastation by cyclones ‘Loss of mangroves
could severely impact economies that rely on tourism and fisheries.

Mangrove forests was estimated at 137,760 km? in the year 2000,
marklng an approximate decrease of 35% from 1980 estimates (G|r| et
al. 20171). Moreov.er the rate of decrease of global mangrove forests
was larger than™ orequal to the rates measured for coral reefs or tropical
rainforests (Duke et al. 2007). _




A sad story

How unsustainable economy turns into écological disaster
and social deprivation




