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We thank the reviewer for the positive and useful feedback and our response to the individual
comments can be found below. We have incorporated the specific comments regarding the clarity of
the introduction section.

The reviewer is correct that the construction of our transition matrix is based on virtual particles that
are passively transported by only surface currents. As mentioned in the manuscript we do not
incorporate additional transport processes due to e.g. wind, waves and tides or the ‘inertial’ effects
that are due to the buoyancy, size or shape of the macroplastic. Including these processes with the
aim to build a more realistic transition matrix currently still involves many parameterizations and
further assumptions and even the application of the Maxey-Riley approximation to oceanographic
scale is not yet fully worked out (e.g. Beron-Vera 2021). We do acknowledge, as stated in the
manuscript, that these processes likely impact the resulting pathways and therefore the transition
matrix, but chose not to include them because we choose to focus on the network-theory
component.

Our reasoning for this is twofold. Firstly, it is not our aim to focus on the impact of different
processes on the macroplastic pathways within the marine reserve as there are currently no



observational means available to validate or interpret the results. Second, the main aim of the paper
is to introduce a network methodology that can assess the impact of cleanup strategies when a
transition matrix is available. The methodology itself is therefore independent of changes in the
transition matrix formation. As mentioned in the manuscript ‘the method can be easily extended’ by
constructing a ‘more accurate’ transition matrix when including the relevant processes.

We do still specifically focus on macroplastic as removing larger items during beach cleanups is most
effective and it allows us to restrict our analysis to surface currents and, based on the timescales of
interest, neglect processes like biofouling and fragmentation.

We agree that the retention rate, loss rate and beaching rate can be better understood when adding
a mathematical definition. For consistency throughout the manuscript, we now use the edge weight
definition to write the expressions for the retention rate (ps,=5;), the loss rate (pso ocean) and the
beaching rate (1 — pgo=si — Pso,ocean)- We did not include mathematical expressions for the
PageRank Centrality and the Betweenness Centrality as these are widely used and known centralities
for which the interested reader is referred to the relevant literature.

We thank the reviewer for pointing us to this interesting work and have not yet considered
investigating implicit connectivity. We feel that its application to the transition matrix based on
connectivity of macroplastic transport between various coastlines and the corresponding
interpretation is not straightforward and will likely result in a full study on its own. We have added a
suggestion in the discussion section of the manuscript to further investigate this in the future.

The virtual particles are released using the surface currents of a 3D model simulation with a 4 km
horizontal resolution. As described by Forryan et al. 2021, the model is able to resolve most of the
relevant submesoscale variability and related frontal dynamics. The fact that we only use the surface
currents for our studies does not mean that these are non-divergent, in fact, there are strong
convergence and divergence zones displayed by the particle trajectories.



The non-resolved (< 4km) small scale dynamics is likely to only significantly impact the transport
processes in the near-shore. This is also the region where additional coastal processes such as rip
currents, swell, and wind shadow zones of islands become important, that are, regardless of the
model resolution, not included. We fully acknowledge that by being able to resolve and include the
effect of these processes for the transport of virtual macroplastic particles (which is still an active
field of research) would make the transition matrix more accurate. However, as mentioned in our
reply to comment (1), the aim is to introduce the network methodology once a transition matrix is
formed, not to study the accuracy of the formation of the transition matrix itself.

The reviewer is right that the applicability of the presented ‘most effective cleanup regions’ for the
Galapagos Islands, at this stage, is therefore limited. We agree that we can state this more clearly in
the manuscript and in relation to this comment, comment (1) and (5) and comments from other
reviewers, we have adjusted both the introduction, method and discussion section of the
manuscript to make our aim of our work and applicability of our results clearer.

In addition to the spatial resolution (comment (4)), our results are naturally also sensitive to the
temporal resolution of the model simulations used for the particle tracking. We did already use a
smaller time step for the Lagrangian integration scheme (1 hour) than mentioned by the reviewer
and as we are using daily-mean surface velocity fields, the potential error in particle displacement is
not as large as the reviewer suggests. Furthermore, previous studies have investigated the sensitivity
of particle dispersion and connectivity to the temporal averaging of the ocean Lagrangian simulation
and show that daily temporal resolution and daily particle releases are sufficient to incorporate
connectivity fluctuations due to variable currents (e.g. Qin et al. 2014, Monroy et al. 2017).

Related to comment (4), we expect that mainly the transport in the near-shore is sensitive to the
temporal resolution, as e.g. tidal effects become more important. We like to point the reviewer to
the changes made in the discussion on the applicability of the presented results.

We fully agree with the reviewer here, but are unfortunately not able to validate our results at this
stage as current available observational means are insufficient. There are still many challenges to
overcome to be able to validate Lagrangian particle tracking simulations with observations of marine
debris abundance at e.g. beaches or the ocean surface or surface drifter trajectories. As recently
reported by Uhrin et al. (2022), challenges are for example the low spatial and temporal resolution
of observations and the use of non-consistent measurements units.

Part of our future work will focus on the insights from a recent drifter field campaign to improve
some of the parameterizations for macroplastic transport and beaching, but this is not the focus of
the current manuscript. Furthermore, local authorities, in collaboration with the Galapagos
Conservation Trust, plan to design a measuring campaign to quantify the non-local impact of



cleanups, which results will be vital to validate and can hopefully improve the presented
methodology in the future.

Suggestion followed; both sentences are now split in the revised manuscript to improve readability.

Suggestion followed, we’ve rephrased the sentence to: ‘If the source distribution of macroplastic is
unknown, the connectivity can still be used to derive which regions are likely to accumulate
macroplastic and from which regions macroplastic is likely to spread to other coastlines, within the
limits of the macroplastic flow model accuracy.’
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