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1. INTRODUCTION
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( = Fossil fuels hold 10,000 gigatonnes (Gt) of carbon
= 9 Gt of carbon is emitted into the atmosphere every year
= 7 Gt of that fossil carbon is now in the form of plastic

(Zhu et al.2021 Front. Mar. Sci)




1. INTRODUCTION

Are Copepods good candidates as a
microplastic reservoir within the plastic
biogeochemical cycle?
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1. INTRODUCTION
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y microplastic reservoir within the plastic
biogeochemical cycle?

Experiments in laboratory-controlled Studies under field conditions
conditions
‘ {High retention values and percentqges}
| Hypothesis |

Although marine copepods are at low risk of ingesting microplastics, their vast
abundance in the marine environment potentially positions them as a significant
biotic reservoir of microplastics within the 'biogeochemical' plastic cycle

Are Copepods good candidates as J

Low microplastic ingestion and low
frequencies of ingestion
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2. EXPERIMENTAL STUDY - OBJECTIVES

To assess APs ingestion in P. mediterranea, and to evaluate its potential as a
reservoir of APs within the Sea Surface Microlayer (SML)

[ Determine the abundance and population structure of this copepod specie in the study area }

[ Evaluate the occurrence of ingestion and composition of the MPs ingested by P. mediterraneaJ

[ Assess the number of MPs retained by this copepod per cubic meter ] /




3. EXPERIMENTAL STUDY - MATERIAL AND METHODS
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4. EXPERIMENTAL STUDY - RESULTS

ABUNDANCE OF Pontella mediterranea IN THE ALBORAN SEA

{1174.83 | 41.67 ind/m?
Abundance: 0435823 ind/ m?

Proportion of adults to copepodites : 75:25

INGESTION AND RETENTION OF MICROPLASTICS

Not influenced by copepod abundance (Im, p>0.05)
influenced by copepod abundance (Im, p<0.05)

Contents lists available at ScienceDirect

{0.19 | 0.05 MPs/m?
mean: 0.11 + 0.05 MPs/ m3

Microplastic ingestion:

1220.28 | 3.69 MPs/m?

Microplastic retention:
mean: 45.15 * 65.54 MPs/m3

Science of the Total Environment

ELSEVIER

First assessment of anthropogenic particle ingestion in Pontellid copepods: ~ /&&&
Pontella mediterranea as a potential microplastic reservoir in the Neuston

o 'a V. Fagiano , C. Alomar, A. Ventero, M.L. Ferndndez de Puelles, M. Iglesias, S. Deudero



5. SYSTEMATIC REVIEW ANALYSIS OF EXPERIMENTAL STUDIES - OBJECTIVES

To assess the ecological role of copepods in microplastic pollution and to explore their
potential as a reservoir within the biogeochemical cycle of plastics.

To evaluate the current knowledge of microplastic ingestion and retention in copepods

under field conditions through a systematic review

J

[To assess the variability in microplastic ingestion by copepods across different studies,

taxonomic aggregation levels, and habitats through a meta-analysis

To explore the potential role of copepods as a reservoir of microplastics in the marine
environment through a semi-quantitative analysis of microplastic retention

fo

examine, from an ecological perspective, the consequences of the interaction

between microplastics and copepods in the marine environment

|

To provide a framework for data analysis and reporting on microplastic
pollution and copepods.

|

)



5. SYSTEMATIC REVIEW ANALYSIS OF EXPERIMENTAL STUDY - WORKFLOW

((microplastic* OR anthropogenic AND particle * OR fiber*) AND (zooplankton OR copepod*))

Databases: Web of Science, Scopus, personal unpublished data

Literature search

v

Combined search results (1146) ]

v

Article screened on basis of title and abstract I

Meta-analysis on

v

o
e |

microplastic ingesti

Excluded as not relevant (1112) |

Full text article review and application of selection criteria. |

Systematic review: qualitative analysis on
MPs ingestion and retention

Semi-quantitative
analysis on microplastic
retention

Excluded (8)
MPs ingestion was not evaluated in Copepoda (5)
Fresh water studies (3)

"

a) Filed studies

b) Evaluate the ingestion of MPs in at least one species of marine copepods
¢) Reported the sampling methodology used, the marine layer sampled

Qualitative analysis on MPs ingestion and
retention

Studies included (26)

Study: Each manuscript, identified by its author and the
year of publication.

e) reported at least the ingestion mean values, and the abundance
#&— of the species/taxa studied

y

€—

d) the number of individual studied and
the number of individual ingesting MPs

Observation: Data related to each taxa included in a
Study

Meta —analysis of proportion on MPs ingestion

Studies included (20)

Studies excluded Outlier (1)

Semi-quantitative analysis on MPs retention
Studies included ( 7)
Studies excluded per no ingestion (1)

(Fagianoetal., 2024 under review)



6. QUALITATIVE ANALYSIS - SUMMARY
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7. QUALITATIVE ANALYSIS: MICROPLASTIC INGESTION
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7. QUALITATIVE ANALYSIS: MICROPLASTIC INGESTION

Sampling effort
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Number of Individuals Sampled

Vet

7. QUALITATIVE ANALYSIS: MICROPLASTIC INGESTION
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may be inadequate for accurately estimating
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8. META-ANALYSIS - RESULTS




8. META-ANALYSIS - RESULTS

Test for subgroup differences: Z§3=4041 B0 (P =.001)

Source Proportion (95% CI) Source Proportion (95% CI)
N . H Betterell_2022 Calanus hyperboreus 0.04[0.01; 0.12] .-—
gn!ﬂ_gg g“PBPDd?- g-g [3-315 g-gl | Botterall_2022 Calanus hyperborsus 0.33[0.25; 0.43] ' ——
Ra.sh:d:mm cﬁiﬁi 0.01 {u:mf u:m} ..: :
Rashid_2021 Copepoda 0.02 [0.01; 0.05] [ ] '
Rashid_2021 Copepoda 0.04 [0.02; 0.08] : Botterell_2022 Calanus glacialis / Calanus finmarchicus 0.03 [0.04; 0.07] =3
Rashid_2021 Copepeda 0.05[0.03; 0.09] b, Boftersll_2022 Galanus glacialis / Calanus finmarchicus 0.01[0.00; 0011 [}
i S
i i
i '
Fibbe_2023 Acartia Tonsa 0.02 [0.01; 0.02] -} Zavaa-Alarcén_2023 Copepoda 0.01[0.00; 005] ¥
: Zavala-Alarcon_2023 Copepoda 0.04 [0.02; 0.08] | 3
Desforges_2015 Neucalanus Cristatus 0.04 [0.02; 0.09] | 3 (==
Desforges_2015 Neucalanus Cristatus 0.03 [0.01; 0.06] .
Desforges_2015 Neucalanus Cristatus 0.03 [0.01; 0.05] E
Desforges_2015 Neucalanus Cristatus 0.0 [0.00; 0.04] L] Kosore_2018 Copepoda 0.33[0.25; 0.42] ] ——
P '
] ‘Yu_2023 Calanus sinicus 0.04 [0.01; 0.15] S
: ]
Rashid_2022 Calancida 0.01 [0.00; 0.07] [T Miller_2023 Copepoda 0.02[0.01; 0.06] | 2
Rashid_2022 Calancida 0.02 [0.01; 0.08] - Miler_2023 Copepoda 001[000;005 W
Rashid_2022 Calancida 0.05 [0.02; 0.11] . f—
Rashid_2022 Calancida 0.06 [0.03; 0.13] L = '
C b' d . . Rashid_2022 Calancida 0.09 [0.05; 0.16] - : —
m m . Rashid_2022 Calancida 0.13 [0.08; 0.21] i Sipps_2022 Acartia Tonsa 0.89[0.64; 0.74] '
o ine eStI Gte proportlon ° Rashid_2022 Calancida 0.00 [0.00; 0.07] — Sipps_2022 Acartia Tonsa 0.30[0.25; 0.35] ; -
Rashid_2022 Calanoida 0.03 [0.01; 0.09] [ . Sipps_2022 Acartia Tonsa 0.51[0.45; 0.57] i E
0.0501 (0.0351 -_— 0. 07 11) Rashid_2022 Calancida 0.04 [0.0Z; 0.10] t Sipps_2022 Acartia Tonsa 0.73[0.68; 0.78] ; -
Rashid_2022 Calancida 0.03 [0.01; 0.09] '
~ - Rashid_2022 Calancida 0.00[0.00; 0.07] —
o Rashid_2022 Calancida 0.02 [0.01; 0.08] E ; : ]
( 12 99.1/0, tau? 2. 2899, tau 1. 5132, H 10.74) Rashid_2022 Calancida 002[001; 0.08] - Sipps_2022 Centropages typicus 0.82[0.76; 0.87]
Rashid_2022 Calancida 0.01 [0.00; 0.07] [ ' — - '
Rashid_2022 Calancida 0.03 [0.01; 0.09] ._ S!pps_ZDZZ Parvocalanus cmss!ms’[r!s 0.60 [0.54: 0.63] ] =
Rashid_2022 Calandida 0.04 [0.02: 0.10] . Sipps_2022 Parvocalanus crassirostris 0.51[0.45; 0.57] ] -
. . H —  ———
Rashid_2022 Calancida 0.06 [0.03; 0.13] -— ‘
Rashid_2022 Calancida 0.09 [0.05; 0.16] h ’
o H
] Taha_2022 Herpaticoida 0.02 [0.01; 0.08] B
: '
'
Fagiane_2023 Pontella mediteranea 0.08 [0.05; 0.11] = Tem_fe2 Cacloposs 0.02(001; 0.03 i
Fagiano_2023 Fontella mediterranea 0.19[0.13; 0.26] I - .
Fagiano_2023 Fentella mediterranea 0.07 [0.03; 0.16] - E“h:—igg g;::xﬂ: g'g‘; {g'gff gﬁ} a
Fagiano_2023 Pontella mediteranea 0.09 [0.06; 0.13] . 3 - ’ guieiey 4';__
Fagiano_202 3 Pontella mediterranea 0.08 [0.06; 0.12] l ] H
Fagiane_2023 Pontella meditermnsa 0.19[0.15; 0.24] e = i
FagllanD_ZDZS- Pontella mad!termnea 0.05 [0.03; 0.08] *- Niyomthai_2018 Calancida 0.10[0.04; 0.22] ,i_._
Fagiano_2023 Fontella mediterranea 0.13[0.10; 0.17] i '
Fagiano_2023 Pontella meditermnea 0.09 [0.07; 0.13] T 3 Sun_2017 Copepoda 0.05[0.04; 0.07] H
Fagiano_2023 Pontella meditermnea 0.08 [0.06; 0.12] E.- Sun_2017 Copepoda 0.08 [D.UIE: 0.10] =
| - ' —
] !
' ]
Aytan_ 2022 Calanus euxinus 0.01 [0.01; 0.04] [ -H Sun_2018_a Copepoda 0.08 [0.07; 0.09] n
Aytan_ 2022 Calanus euxinus 0.03 [0.02; 0.05] q 1
Aytan_2022 Calanus euxinus 0.02 [0.01; 0.04] = J5un_2018 b Copepoda 0.13[0.12; 0.14] : |
sl 3
i Goswami_2020 Copepoda 0.03 [0.02; 0.05) q
' Total 0.05[0.04; 0.07] o
Aytan_2022 Acartia clausi 0.00 [0.00; 0.02] E T
Aytan_2022 Acartia clausi 0.01 [0.00; 0.03] [-H 02 04 06 08
Aytan_2022 Acartia clausi 0.01 [0.01; 0.03] B Proportion (95% Cl)
e Heterogenety: ¢, =8183.80 (P < 001, 1* = 99%
i
i



8. META-ANALYSIS — RESULTS

Source Proportion (95% CI)
Layer = Neuston i
Total O 15 [0.09; 0.24] \—
Heterogeneity: ; 31 = 6247.67 (P < .001), 12 T 100%
Layer = Water column

Total O 03 [0.01; 0.05]

; gbﬁ

Heterogeneity: f’w =202.1 (P <.001), I” = |

Layer = Sub—surface !

Total {] 03 [0.02; 0.04] ; |

Heterogeneity: x5, = 58.72 (P < .001), I” = 64%

Total 0.08 [0.05; 0.11] | < | | | |
0 0.2 0.4 0.6 0.8

Proportion (95% CI)
Heterogeneity: x?,, =6513.25 (F’ <.001), 1 = 99%
Test for subgroup differences: ;{2 =17.53 (P <.001)



8. META-ANALYSIS — RESULTS

Source Proportion (95% CI)

Level_classification = Class :
Total ) ) 0.04 [0.03; 0.07] [}
Heterogeneity: xf5 =262.9 (P < .001), I° = 94% 5

Level_classification = Species :
Total ) ) 0.08 [0.04; 0.15] FH—
Heterogeneity: X3, = 7438.34 (P < .001), I* = 100% :
Level_classification = Order

Total ) ) 0.03 [0.02; 0.09] |:|
Heterogeneity: xjg =61.3 (P <.001), I = 64%
Total 0.05[0.04; 0.07] <&

0.2 0.4 0.6 0.8
Proportion (95% CI)
Heterogeneity: X5, = 8193.80 (P < .001), I* = 99%
Test for subgroup differences: )lg =6.99 (P =.03)



9. QUALITATIVE ANALYSIS: MICROPLASTIC RETENTION

MICROPLASTICENCOUNTER RATES

Copepods Chaetognaths Jellyfish

(5%) (15%) (34%)

MICROPLASTICRETENTION

Jellyfish Fish larvae Chaetognaths
(0.12) (0.29) (0.67)

(Elaboration based on data published by Sun et al., Mar Pollut Bull 2017)

Mean retention values: from 0.4 to 2775 MPs/m3
median: 8.7 MPs/ind

Shrimps Fish larvae
(49%) (120%)

/Mesh size 160 pm\

Encounter rates in
copepods: 8%

Microplastic
Shrimps Copepods retention: 103.49

(0.81) (2.19) \(MPs/m?) or 79% /
(54%)

/

MICROPLASTICINGESTION

Copepods . ® 00

o

MICROPLASTICRETENTION

eeo o0

Copepods




Value

4w

On

SEMIQUANTITATIVE ANALYSIS: MICROPLASTIC RETENTION

Sipps_P.crassirostris (2022) Buathong_Calanoida (2020)

Sipps_C.typicus (2022) Buathong_Cyclopoida (2020)

Variable
Mean copepods abundance (ind/m3)
Fagiano_P.mediterran
. Mean microplastic ingestion (MPs/ind)

Sipps_A.tonsa (2022)
. Mean microplastic retention (MPs/m3)

Rashid_Calanoida (2022) Fibbe_A tonsa (2023)

~ . Spearman test, p<0.05, R= 0.72
~ . Spearman test, p>0.05

Niyomthai_Copepoda (2019) Goswami_Copepoda (2020)

Taxa



11. CONCLUSION

Terrestrial dissolved o
contaminants
sources &=

From an ecological perspective
|

revoir of microplastics along with Oceans
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From a methodological perspective

Vertical transfer

|

Abundance and retention are key permeameters to evaluate the interaction between copepods and MPs under field conditions J
N\

(
t Retention is correlated to abundance
/ )
The size fraction of the copepod community and the bathymetric
A sampling effort of more than 100 individuals per survey distribution of the taxa studied, relative to the sampled layer,
could be considered prudent to evaluate microplastic could affect the assessment of microplastics retained by different
retention in copepods. N copepod taxa and communities. y
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