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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 nclirecily 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 Planfon ekl 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 enfrained in the
recorder have been quantified to a coarse level.

October 2025 Nome-Dutch Harbor CPR deployme
on Canadian Coast Guard vessel Wilfred Laurier

midpoint_dal latitude longitude Plastic Plastic.Total. Plastic.strani Plastic.strani Plastic.stran Plastic.stran: Plastic.strani Plastic.strani Plastic.stran Plastic.fragm Plastic.fragm Plastic.fragm Plastic.fragm

1 #HHd 46.172 227.683 0 0 0 0 0 0 0 0 0 0 0

2 it 46.648 227.012

3 ##tHHHHHE 47.072 226.26

4 #HEHEH 47.49 225.495

5 ##t#H###H 47.903 224.718

6 #it#H i 48.312 223.928

7 #itH 48.715 223.127

8 ##t#H 49.112 222.312

O ##t#H 49.503 221.483

10 #it##H### 49.888 220.642
11 #atstaHHEH 50.267 219.787
12 #ttHHHEHE 50.64 218.92
13 #it#tH# 51.007 218.037
14 #it#H## 51.25 217.445
15 #itstaHH# 51.615 216.55
16 #it#iHH# 51.907 215.582
17 ittt 52,192 214.602
18 #it#tiH### 52.42 213.593
19 #it#iH### 52.625 212.552
20 ####HHH 52.795 211.512
21 #HHHHEEHE 52.927 210.43
22 #HHHHAEHHE 53.05 209.34
23 ##HHHEH 53.163 208.247
24 ####HHEHE 53.267 207.147
25 53.358 206.04
26 dHHHHEHHE 53.442 204.932
27 ##HHE 53.505 204.248
28 ###HHE 53.648 203.152
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Our study questions:

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

- How dowe quantify risk in plastic-seabird overlaps?
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In North Bering and Arctic seas,
plastic may be enfrained and frozen
inice, then released during thaw

P.ho’ro'csre_di’r: ohys.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? RESULTS
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? RESULTS
Answer: Yes, though mostly an Aleution and GoA signal
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Continuous Plankton Recorder Effort: 2016-2023 205 '
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Standardized Plastic Abundance per Year by Ecoregion
Mostly Aleutians

and GoA signal




1B: Are marine plastics detected in CPR _becoming RESULTS

more widespread?
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1B: Are marine plastics detected in CPR becoming RESULTS
more wid espred ad? Latitudinal Change in Plastics Occurrence: Bering & Arctic

Answer: YeS, Frequency Of Occurrence is 100 [We."ghredanearregression:2.53%pn’asﬁcsmcreaseperyear]
increasing, mostly along East-West GoA and
Aleutians gradient.
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Longitudinal Change in Plastics Occurrence: Aleutians & GoA

[ 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 biroﬁEsuLTS

distributions?
Answer: Yes, but many regions are coarsely intferpolated 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 biroﬁEsuLTS
distributions?

Answer: Yes, but many regions are coarsely intferpolated and using other data sources
can improve this

CDT—Rx2BWT, 77XAF v 700 mICETAEARNLZERE Yy 72 1/ER L £
L7z, 727 L. THNICITEI R AEEIVETT,

Basic Model Expected plastics Final (for now)Model

1.6

Parameters
R: sdmTMB
 Hurdle model
* Anisotropic

e SPterm: Random
Walk or 11D

« Covariates
 Distance_land
 Depth

« Spatial varying
effects




Part 2: Overlay bird and plastics distributions to idenftify regions of greatest exposure RESULTS
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Species Distribution Map Plastic Coverage Model

A) Species | -

Distribution Models qu . Predicted density
for plastic-consuming F VD

seabirds

:xpected plastics

B) Plastics Distribution
model

C) Spatial and
Temporal overlap | .
between seabird -
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D) Extract overlap
and interpret risk




Models and Analysis
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Used 2016-2023 CPR data

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

Modeled seabirds in sdmTMB

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

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

No catchability tferm
Spatiotemporal ON, used random walk or IID as necessary
Assessed model convergence using deviance explained and residuals,



25% 50% 75%

Diving planktivores (5 spp.); copepods, krill, gelatinous (PAAU) R tion rates from R
TI7RF Y 7 ZBNDEBKS

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




25% 50% 75%

Surface planktfivores: copepods, krill, eggs, icthyoplankton o rates from it
T72AFv 72BN EDS

Fork-tailed storm-petrel Phalarope spp. (migratory)




25% 50% 75%

Large omnivores: squid, fish, bycatch, feed chicks plastic... o ates from TG
B A hz2BRNZKEEHE

Black-footed albatross Laysan albatross




25% 50% 75%

Medium-sized omnivores/piscivores: NOFU are known plastics
indicator; both NOFU and BLKI widely distributed.

BECEY T 77 b EBEBRZFEDOXRERIE

Ingestion rates from literat

Northern fulmar Black-legged kittiwake




« Summarizing overlap patterns.

Where the LAAL high density areas are

Arctic

Eastern Bering Sea

Aleutian Islands

Gulf of Alaska

High densities by ecoregion

200,000 400,000
Spatial Area = 0.05 (km?)

600,000

Next Steps
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Where the LAAL-plastic hotspots are

Ecoregion

Aleutian Islands
H Arctic

Eastern Bering Sea
B Gulf of Alaska

Area with overlap = 0.25 (km?)
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DISCUSSION
Next Steps

Summarizing overlap patterns./SX & — > % E{ ¥ 2

Improving Plastics Model (incorporate more data sources — bycatch, colony data,

beach surveys, Indigenous Sentinels Network Skipper Science app, others?) And
improving overlap calculation. 7”2 XA F v 7 ETILDHE



DISCUSSION
Next Steps

- Summarizing overlap patterns./X% — > % &9 3

* Improving Plastics Model (incorporate more data sources — bycatch, colony data,
beach surveys, Indigenous Sentinels Network Skipper Science app, others?) And
improving overlap calculation. 7”27 XA F v 7 ETILDHE

- Add zooplankton fo investigate lower frophic overlap, for indirect plastic ingestion
risks. B 72 v 7 b DT —XR LAY —%EBINT 3

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.

50 100

Mean zooplankton count
(in overlap = 0.30 cells)




DISCUSSION
Next Steps

Summarizing overlap patterns./X % — > % E#4 %

Improving Plastics Model (incorporate more data sources — bycatch, colony data,
beach surveys, Indigenous Sentinels Network Skipper Science app, others?) And
improving overlap calculation. 77 XF v 7 ETIILDOHE

Add zooplankton to investigate lower trophic overlap, for indirect plastic ingestion
risks. B 72 v 7 b DT —RL AV —%EINT 3

***How to we franslate exposure into impact/risk ?***
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