Linking plastics, seabirds, and zooplankton to estimate
exposure and impact in North Pacific food webs
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Marine plastics in the north Pacific are
Increasing, and present many ecological
challenges.

In marine foodwebs , plastic may be directly
or ndirectly ingested by consumers in

marine food webs.
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Some seabird guilds are especially known to ingest
plastics, which is observed in the stomach contents
of bycatch specimens or beach carcasses, or via
colony studies.
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Combining two long -term, high -quality data sources that provide at -sea data on
plastics, zooplankton, and seabird distribution patterns in the North Pacific.
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Plankton surveys from Marine Seabird sightings from

Continuous Planton i i North Pacific Pelagic

Recorder Survey Seabird Database
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Watanuki, Yutaka, et al. "Spatial ecology of marine top predators in
the North Pacific: Tools for integrating across datasets and identifying
high use areas.” PICES Scientific Report 50 (2016): I-55.



Continuous Planktorn Recorder Survey: the CPR program has collected long  -term
zooplankton data in the Pacific since 2000. Since 2016, plastics entrained in the
recorder have been quantified to a coarse level.

October 2025 Nome -Dutch Harbor CPR deployment
on Canadian Coast Guard vessel Wilfred Laurier
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10 #it##H### 49.888 220.642
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12 #ttHHHEHE 50.64 218.92
13 #it#tH# 51.007 218.037
14 #it#H## 51.25 217.445
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20 ####HHH 52.795 211.512
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28 ###HHE 53.648 203.152
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Our study guestions:

. Where are the plastics in the north Pacific, and how are densities changing over time ?
X What is known about plastics in high latitude habitats in the Bering, Chukchi, and Beaufort ?
. How are marine plastics overlapping with seabirds that are known to ingest plastic ?

2 How do we guantify risk in plastic -seabird overlaps ?
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In North Bering and Arctic seas,
plastic may be entrained and frozen
in ice, then released during thaw

Photo credit: phys.org.



Methods: We focused on 4 ecoregions in the North Pacific, for the months May -Sept.
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Continuous Plankton Recorder Effort: 2016 -2023 Seabird Survey Coverage Effort: 2001 -2021
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1A: Are marine plastics detected in CPR changing over time ? RESULT
Answer: Yes, though mostly an Aleutian and  GoA signal
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Continuous Plankton Recorder Effort: 2016 -2023

Plastics per 100 sq km cells (May-Aug)

BY REGION?




1A: Are marine plastics detected in CPR changing over time ? RESULT
Answer: Yes, though mostly an Aleutian and  GoA signal
CPRl. Kty" ®&xI| YAp 1016 Tw2023 t Tl o

2boXY" CxdpocPt xl p pt3B. €Eap
Tl OoMU’

Standardized Plastic Abundance per Year

Increasing over
time

Continuous Plankton Recorder Effort: 2016 -2023

Mean Plastics per Sample + SE
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ECOREGION

Standardized Plastic Abundance per Year by Ecoregion

Mostly Aleutians
and GoA signal




1B: Are marine plastics detected in CPR becoming RESULT

more widespread ?

Have plastics

Increased
% occurrence " NOFth 'SOUth ?
g Have plastics
§ Increased
East-\West?
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1B: Are marine plastics detected in CPR becoming
maore Widesread % Latitudinal Change in Plastics Occurrence: Bering & Arctic

Answer : Yes’ Frequency Of Occurrence iS 100 [We.ighredanearregression:2.53%pn’asﬁcsmcreaseperyear]
Increasing, mostly along East -West GoA and
Aleutians gradient.
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[ Weighted linear regression: 3.84% plastics increase per yearl
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1C:. Can we use CPR plastics data to make a basic spatial map to align with bird Ri==S 0

distributions ?

Answer: Yes, but many regions are coarsely interpolated and using other data sources
can improve this
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1C:. Can we use CPR plastics data to make a basic spatial map to align with bird Ri==S 0

distributions ?

Answer: Yes, but many regions are coarsely interpolated and using other data sources
can improve this
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Parameters
R:sdmTMB
Hurdle model
Anisotropic

SP term: Random
Walk or 11D

To Do Io I

Covariates

Distance_land
Depth

Spatial varying
effects
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Part 2: Overlay bird and plastics distributions to identify reqgions of greatest ex
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B) Plastics Distribution
model

C) Spatial and
Temporal overlap
between seabird
and plastics

D) Extract overlap
and interpret risk




Models and Analysis
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A Used 2016-2023 CPR data

A Used 2000 to 2021 seabird data, as more data was useful for creating
spatiotemporal Species Distribution Models.

A Modeled seabirdsin sdmTMB

A Tweedy data distribution using density data, each bird model is separate and
optimized, Static habitat covariates: distance to land, depth.

A Random factor: Flying bird data category type (Continuous or Snapshot), and
Vessel size.

A No catchability term
A Spatiotemporal ON, used random walk or 11D as necessary
A Assessed model convergence using deviance explained and residuals,



25% 50% 75%

Diving planktivores (5 spp) copepods, krill, gelatinous (PAAU) R ion rates from e
dxl YAp 6 'YY

Parakeet Auklet Least Auklet
*Uncommon, difficult to model Considered low risk, along with CRAU, WHAU




25% 50% 75%

Surface planktivores : copepods, krill, eggs, icthyoplankton
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Ingestion rates from literature

Fork-tailed storm -petrel Phalarope spp. (migratory)
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Large omnivores. squi d, fi1i sh, bycatch, f
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ingestion iates from iteratuie

Black -footed albatross Laysan albatross




25% 50% 75%

Medium -sized omnivores/piscivores : NOFU are known plastics R rates from T
Indicator; both NOFU and BLKI widely distributed.
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Northern fulmar Black -legged kittiwake




A Summarizing overlap patterns.

Where the LAAL high density areas are
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DISCUSSION
Next Steps

A Summarizing overlap patterns. OK . p 6 B {

A Improving Plastics Model (incorporate more data sources d bycatch, colony data,
beach surveys, Indigenous Sentinels Network Skipper Science app, others ?) And
Improving overlap calculation. OXI YAp ALy



DISCUSSION
Next Steps

A Summarizing overlap patterns. OK . p 6 B {

A Improving Plastics Model (incorporate more data sources d bycatch, colony data,
beach surveys, Indigenous Sentinels Network Skipper Science app, others ?) And
Improving overlap calculation. Ol YApALANnyx®

A Add zooplankton to investigate lower trophic overlap, for indirect plastic ingestion
risks. OPxppEpx . Khp6. 6 =23¢

Top zooplankton taxa within high PAAU x plastics overlap

Oithona.spp.
Centropages.abdominalis
Appendicularia
Acartia.longiremis
Chaetognatha.eyecount
Metridia.pacifica
Eucalanus.bungii
Hyperiidea..Total.
Neocalanus.plumchrus.V
Clione.spp.
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Mean zooplankton count
(in overlap = 0.30 cells)




DISCUSSION
Next Steps

A Summarizing overlap patterns. OK . p 6 B {

A Improving Plastics Model (incorporate more data sources d bycatch, colony data,
beach surveys, Indigenous Sentinels Network Skipper Science app, others ?) And
Improving overlap calculation. Ol YApALANnyx®

A Add zooplankton to Investigate lower trophic overlap, for indirect plastic ingestion
risks. OPxppEpx . Khp6. 6 =234¢

A ***How to we translate exposure into impact/risk PrXK
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