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Ecosystem service:

“the benefits people obtain from
ecosystems” (MEA, 2005)



Ecosystem services and natural capital

Built

Social

Capital Capit

Sustainable
Human

Human 1*-{:‘\;‘.».?" o Well-Being
Capital
Ecosystem

Natural Capital

Costanza et al. (2017) 3



Ecosystem services of seaweed aquaculture

CICES category of ecosystem service

Ecosystem services associated with seaweed farming

Provisioning

Foods and supplements
Feed ingredient
Thickening agent
Fertilizer

Medicinal resources
Biofuel

Regulating and Maintenance

Climate regulation
Habitat provision
Water quality regulation

Coastal protection

Cultural

Science and education

Recreation and ecotourism

Creation of jobs

Cultural heritage for coastal communities
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Climate regulation
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Water quality regulation
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Habitat provision

150 = ° Habitat type

® Pelagic

A Benthos
Seaweed and
infrastructure

100 =

@©
x |
E
©
=
Z 50 = * = ==
A
— —
[
3 # I Positive Negative
& ] . o .
0 = —— Insignificant Mixed
T T T T T T T
Fish Plankton Marine Birds Macrofauna Meiofauna  Epibionts
or pelagic  mammals
invertebrates

Species group

7-51 taxa




Conclusions — what does the current evidence say?

4

Climate regulation: Not enough evidence to currently support
enhancement, given the complexities of carbon sequestration
and receival of benefits across varying spatiotemporal scales

Water quality regulation: Good evidence for nutrient removal
from the immediate environment, but the wider effects remain
unclear

Habitat equivalence: Insufficient data to conclude biodiversity
enhancements or provision of habitats comparable to natural
equivalents
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Method: Environmental DNA (eDNA)
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Sampling points
Reference
Seaweed farm

Seaweed farm area

|1km I

.| Tiles © Esri — Sources: GEBCO, NOAA, CHS, OSU, UNH, CSUMB, National Geographic, DeLorme, NAVTEQ, and Esri
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NMDS2

2.
1_
Type
B Sediment
A Swab
0 ® Water
Site
® Farm
Non-farm
1]
Significant differences in
community composition
o] Stress = 0.132 in sediment samples
) ' between sites (F=3.7,p =

2 R 0 1 2 0.0001 (COI); F=1.9,p =
NMDS1 0.042 (189)).

Figure. Non-metric multidimensional scaling (NMDS) plot based on
Jaccard dissimilarity of family-level presence/absence data.



2.
1 ]
Location
® Farm 1
o AFarm 2
[7p) ®Farm 3
Q0 ¢ Farm 4
=
< Site
® Farm
Non-farm
1]
-2 Stress = 0.1
-2 -1 0 1 2
NMDS1

Figure. NMDS plot based on Jaccard dissimilarity of family-level
presence/absence data.

Significant differences in
community composition
between locations (F=, p =
(COl); F =, p=(18S)), but not
between sites.

Older farms were associated
with more diverse
communities (ry(10) =0.79, p
=0.0025).
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Method: Sedimentary carbon quantification
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Biomarkers and carbon measures

1. Phaeophyceae DNA concentration
2. S. latissima DNA concentration

3. Organic matter content

4. Organic carbon content

5. C/N

6. &6'°C
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NMDS2
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0.2 * ]
Location
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C Y O Non-farm
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| | | | IStress = 0.Q73
-0.3 -0.2 -0.1 0.0 0.1 0.2
NMDS1

Figure. NMDS plot based on Gower’s distance for 3'3C, % OC, OC:N, % OM,
Phaeophyceae DNA concentrations and S. latissima DNA concentrations.

Significant differences
between locations (F(3,37)
=30, p=0.001) but not
between sites overall
(F(1,37)=0.57, p =0.55).
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Conclusions

* Seaweed aquaculture has the capacity to enhance ES, but this enhancement
Is highly variable and context-specific

* Study of UK farms showed differentiation in farm locations captured by
methods used, but natural variation was larger than the impacts of the farms

* Evidence of no negative impacts — biodiversity and climate ES as a potential
co-benefits to biomass production

* Need for standardisation of MRV to inform ES market development
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