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ABSTRACT
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This study presents a new tool and protocol to assess the impact of ‘Marine Invasive and Harmful Species’ (MIHS) on marine
environments and socio-economic aspects. It addresses shortcomings in the Marine Ecosystems Conservation and Management Act in
South Korea by proposing an impact assessment framework divided into marine environmental and socio-economic groups. Six
distinct evaluation categories are included in each group, and a semi-quantitative five-step scale is utilized to provide a flexible
approach, addressing a variety of issues from ecological disturbances to effects on health and property. The assessment tool is applied
through a systematic five-stage process based on the Delphi method. This approach posters collaboration among a diverse sets of
experts and stakeholders, enabling a comprehensive evaluation that incorporates various perspectives. The study also examines
strategies to effectively manage uncertainties and improve the consistency of the outcomes. The application of this assessment protocol
is expected to be crucial in quantifying the ecological damage caused by MIHS and in identifying management and prevention
priorities. The ultimate aim of this evaluation process is to aid decision-makers in developing strategies to preserve the marine
ecosystem and mitigate socio-economic impacts.

Keywords: Decision-makers, Delphi method, Impact assessment, Marine environments, ‘Marine Invasive and Harmful Species’,
Socio-economic, Uncertainty
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Table 1. Classification and impact assessment categories for Marine Invasive and Harmful Species. Comprehensive
explanations of each category and the corresponding criteria for impact-scoring can be found in the main text

Group A: Marine Environmental Impacts Category

Al Herbivory effects on seaweeds/vegetation (including allelopathy)

A2 Predatory, parasitic, and toxic effects on marine animals (invertebrates and fish)
A3 Interspecific competition with native species

A4 Disease/parasite transmission to native species

A5 Hybridization impacts

A6 Overall ecosystem alterations

Group B: Socio-economic Impacts Category

Bl Effects on seaweed farming industry

B2 Impacts on fish and shellfish aquaculture

B3 Influence on marine biological resources sector
B4 Infrastructure and economic activity disruptions
BS Consequences for human health

B6 Social life and community impacts

Table 2. Confidence levels in individual impact categories using Marine Invasive and Harmful Species frameworks. The
guidelines provide probabilities to assist assessors in categorizing their confidence levels into one of three qualitative
categories: high, medium, or low

Confidence level ~Approximate probability of the impact being accurate Basis for confidence in impact assessment
. o . It t objecti i
High (3) ~80% (At least § out of 10 likelihood) Supported by’ robust objective ev1d§nce or corroborated by
the evaluator’s own research experience.
Medium (2) ~40 —70% (Approximately 5 out of 10 likelihood) Underpinned by a moderate amount of objective evidence.
Low (1) ~30% (Less than 3 out of 10 likelihood) Lacks direct objective evidence, yet the impact is plausible

based on indirect indications or expert judgment.
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H Step-by-step Execution Process

s IS etting Goals and Scope|

=] e Establish a document or database to outline the purpose and scope of the assessment.

e Periodic assessment of legally managed species.
¥ e  Pre-impact assessment of candidate species and compile a list of potential species.

yAFormation and Role Allocation of Expert Committee

=j* Formacommittee with diverse expertise.
e Assign roles and responsibilities to each member.
e  Plan regular meetings for comprehensive evaluations.

3. Setting Evaluation Items and Criteria

e Develop a framework for assessing marine environmental and socio-economic impacts.

e Differentiate criteria for invasive and harmful species.
e Create a standardized evaluation form or tool.

4. Assessment and Consensus Building
e  Conduct assessments using the established criteria.

e Use a scoring system for each species.
s Document uncertainties and discuss potential solutions.

5. Finalizing and Publishing Assessment Results
e QOrganize workshops to discuss and finalize species rankings.
e  Prepare a report or publication of the assessment results.
e Plan for the dissemination of the findings to relevant stakeholders

Fig. 1. Workflow diagram of a systematic impact-scoring system for Marine Invasive and Harmful Species.
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Confidence level

Fig. 2. A two-dimensional impact matrix. In the process of impact assessment, species are assigned scores ranging from 1to 5
for both environmental and socio-economic effects, utilizing the numerical thresholds described in the main text. The impact
score of an invasive or harmful species escalates as the confidence level (x-axis) and impact level (y-axis) increase, ultimately
falling into one of six impact categories, ranging from 0 to 5.

20 m higher tier (>=3)
lower tier (>0 AND >3

16

12

Number of assigned species

8
: 11. B i

Envrionmental (A) and Socio-economic (B) Categories

Fig. 3. The number of Marine Invasive and Harmful Species assigned to each impact category: A1, herbivory; A2, predation;
A3, competition; A4, disease; A5, hybridization; A6, ecosystem; B1, seaweed farming; B2, animal aquaculture; B3, biological
resources; B4, infrastructure; B5, human health; B6, social life. The different colors indicate the severity of impact mechanisms.
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AR ZF 15 HEE H|wehs Zlo] Hdshtal wekdct mebs 3 IEolMe F IF A4t 10 ofidjl oz
Cochlodinium polykrikoides, Carybdea brevipedalia, %~ 87(Herdmania momus), 588\ Ciona robusta), Watersipora
subovoideat 0™, Aurelia auritar= 2t -2 9.8013Jt}. Herdmania momus+ B3] Folc}. Y] ZRN A EEHTE
LHRE B2 Alexandrium spp.)2t Chrysaora pacificar="3-23.02] Zr= 7153th AR A 152 B7 Hoes tiAl=
2 150 T vl ool ATt Carybdea brevipedalia, Cochlodinium polykrikoides, Watersipora subovoidea, 20|74
(Membranipora tuberculata)y= "4 A2|73A414 7He|a2]ol| A 207 oV 7|1 E3o™, HET A 2l(Asterina pectinifera)

3ol 2l(Cyanea nozakii)y= ] T Fol obdel 76k 1982 7153t ol ¥ 21 AEE33E
-9 A2 (Dinophysis spp.) 2 E1R-5= A7 0|71 B |(Tricellaria occidentalis)v -2 4.09] H42 HI7IE| ATt

‘WGl -2 AEAIS] X, 71F T Hee Wt = S0l FAg ARl FRke nIXith ol &9] Jke AgH L
= HWSH 915 w7l R o= Tieket me|l =27t /BEE JAIN FESkE R ] ol o5t Nentwig e
al.,2016; Bacher et al., 2018). ©] AollA] AP H7} et ThAE
of| thgt A A I sfAAS Al s o] ek T3, BE A EF7E floll B ARgEl= AN E5 HIH I fARES
22X, oli= = A AA 9 Aol W2 A T 4= Qe o] HS 7Ktk o] el ¢T= Bk A E 2 P o] B E 6l

!
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st AT TS Ao 2 ARk A9 HAto B B8% 4 LS 8-S o) of2igh U AL e B

3.2 -80{of| Cligt of5H

‘SFYENAN T Z O] WA Q1 A 0Je} 278 o] =E ofslslr| Halikh= @Il & YF(invasive alien species)©fl HiRt o] 5]
7t = golr}. o] /S olslislH A EA 2| Hoflx AS TAEE F-& 2J#Ealien, exotic non-indigenous, non-native
species) T T UF(introduced species) 0.2 73} o]= EZFE(endemic species), 1-7-5(native species), AHYE
(indigenous species) T} HH| == 7liF o], o] B¢ 2|2 FA A 0 2= =72 7102 s, A= A[2|ot2] o 2= 4]
Ef 2| (ecoregion) FA= o} AHENZ| S (sub-ecoregion)S 7152 2 HTH Supplementary Fig. 1). ©]2]3F F-0] @l o]
(ol SNHEZEA A0 1AL} Bl (o A1 T o] 2l 5 1, el S Tl A28 Bl s Al
0 24402 Eelun], AR B o5 Zag =9 34 F ShiolcBlackbum ef ., 2011). AlZke] ALFAA o]

2ot Q]2 = T Q152 2 E (established species) F+= FS5(naturalized species) 0.2 g 4= Q1o da] Hx]11 AY
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Supplementary Information
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£ Z(Appendix)

Supplementary Fig. 1. Sub-ecoregion of the Korean waters, including 10 coastal (1-10) and 7 offshore sub-ecoregions (11-17).

T A28 1

w
~

12

Latitude (°N)
&

a5y e
5014 %t
6SE A%t o
72N Q% e

8 Ejor 010t

(i

9 01N %ot @

[Ahiiydydl

O Az ot @
125 127 129 131 133
Longitude (°E)

w
w

31

* Explanation of scale: The ecoregions of Korean waters include the East Sea (49), Yellow Sea (50), and East China Sea (52). These
are part of the Marine Ecoregions of the World, also known as MEOW, which is a nested system composed of 12 realms, 62
provinces, and 232 ecoregions (Spalding et al., 2007).
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