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Assessing vulnerability using semi-quantitative approaches provide an opportunity to analyze conditions of
exposure, sensitivity and adaptive capacity of socio-ecological systems concerning climate change drivers and
anthropogenic factors. We assessed the vulnerability of the small-scale pink shrimp fishery of Castillos and Rocha
lagoons, two coastal Uruguayan ecosystems of the southwest Atlantic, considering social factors and climate
change drivers which affect atmospheric-oceanographic conditions regionally and locally. Using a risk approach,
we evaluated the ecological system’s exposure to environmental drivers. Then we estimated the sensitivity and
adaptive capacity of fishers and the local community (social system). High vulnerability found for this fishery
results from a combination of large-scale environmental drivers impacting the ecological system, and social
factors causing high sensitivity and low adaptive capacity of the social system. High risk level with adverse
ecosystem effects triggered by climate change drivers acting on the distribution of this migratory crustacean in
the southwest Atlantic region could promote adverse consequences on harvest duration and shrimp catch levels
in the Uruguayan coastal lagoons. Fishers and their communities showed high sensitivity to a set of (de-
mographic, economic, governance, cultural and technological) factors. The social system of both lagoons showed
a low adaptive capacity to prevent social impacts or to mitigate climate change hazards. A broad set of social
indicators was identified in Rocha lagoon to enhance fishers and community resilience, while the indicator set
was narrower in Castillos lagoon. Lastly, weak governance, dormant fisheries laws, non-compliance of fisheries
regulations and lack of climate early warning monitoring hamper the adaptability of these small-scale fisher
communities under global change scenarios. Comparative evaluation of spatial, environmental and social set-
tings between lagoons can offer lessons for upscaling the assessment and adaptation measures to other small-
scale fisheries regionally and globally.

and Strauss, 2019), acidification (Kroeker et al., 2013; Calosi et al.,
2017; Cattano et al., 2018), and deoxygenation (Schmidtko et al., 2017;
Levin, 2018; Kwiatkowski et al., 2020), and it is causing indirect effects

1. Introduction

Climate change (CC) is a natural process that anthropogenic actions

(greenhouse gas emissions, deforestation, land-use change, habitat
destruction) have exacerbated during the 21st century (Cooley et al.,
2022). Its global impacts on the marine environment are promoting
direct effects on sea temperature (Roemmich et al., 2015; Cheng et al.,
2019), sea salinity (Durack et al., 2014; Durack, 2015; Cheng et al.,
2020), sea level (Kuhlbrodt and Gregory, 2012; Passeri et al., 2015; Kulp

such as increased stratification and reduced ventilation of the upper
ocean (Li et al., 2020; Sallée et al., 2021; Fox-Kemper et al., 2021),
among others. These impacts produce changes in the global distribution
of marine biota, and affect food security and human wellbeing (Pecl
et al., 2017).

Regional CC effects have promoted a poleward displacement in wind

* Corresponding author. CURE-Rocha, UdelaR, Ruta Nacional N° 9 km 205, CP 27000, Ciudad de Rocha, Uruguay.

E-mail address: rodolfovogler@cure.edu.uy (R. Vogler).

https://doi.org/10.1016/j.0cecoaman.2023.106864

Received 30 December 2022; Received in revised form 19 September 2023; Accepted 20 September 2023

Available online 3 October 2023
0964-5691/© 2023 Elsevier Ltd. All rights reserved.


mailto:rodolfovogler@cure.edu.uy
www.sciencedirect.com/science/journal/09645691
https://www.elsevier.com/locate/ocecoaman
https://doi.org/10.1016/j.ocecoaman.2023.106864
https://doi.org/10.1016/j.ocecoaman.2023.106864
https://doi.org/10.1016/j.ocecoaman.2023.106864
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ocecoaman.2023.106864&domain=pdf

R. Vogler et al.

patterns over the southwest Atlantic (SWA) during the past five decades,
leading to a southward expansion of the subtropical gyre (Franco et al.,
2020). At the same time, the southward extension of the Brazilian
Current (BC) over the past decades (Yang et al., 2016, 2020) created one
of the most extensive and intense warming hotspots (~25° S to 45° S) of
the global ocean (Hobday and Pecl, 2014). This climatic-oceanographic
trend has been accompanied by an inter-decadal increase in precipita-
tion and freshwater discharge in the SWA region (Bertrand et al., 2018;
Franco et al., 2020). El Nino/La Nina inter-annual variability influenced
the precipitation in southeastern South America, particularly in spring
(Grimm et al., 2000). Consequently, the freshwater discharge to the
SWA from significant point sources, such as the Rio de la Plata (RdIP)
estuary and Patos lagoon (30-32 °S) increases during El Nino and de-
creases during La Nina events (Barros et al., 2002; Piola et al., 2008).

The pink shrimp Penaeus paulensis (Pérez Farfante, 1967) is a sub-
tropical crustacean distributed from Ilhéus (14°47'S, Brazil) to Mar del
Plata (38°00'S, Argentina) (D’Incao, 1999); Uruguay is the southern
limit of commercially caught stocks (Santana et al., 2015). Their life
cycle has two phases, one oceanic and the other estuarine; the adults’
interaction with the industrial fishery occurs in the oceanic phase and
the juveniles’ interaction with the artisanal fishery in the estuarine
phase. For further details about the life cycle and the species’ interaction
with fisheries see Figure A.1, Appendix A.

The Intergovernmental Panel on Climate Change defined Vulnera-
bility to CC (IPCC, 2001, 2007) as a function of a system’s exposure to
change, a sensitivity to such change and capacity to adapt to it (Brugere
and De Young, 2015). According to the same authors, socio-ecological
vulnerability assessment may enhance understanding of how a given
system and its dependent communities can (or cannot) cope with
existing and projected changes, facilitating action to support human and
ecosystem well-being. Allison et al. (2009) performed a global vulner-
ability assessment of fisheries by identifying exposure of
socio-ecological systems and their sensitivity and adaptive capacity.
Here we use a similar approach but performing a risk assessment to
estimate exposure (of fishery resource species), recognizing that risk and
vulnerability are intimately connected. More recently, IPCC (Oppen-
heimer et al., 2014) focused on risk assessment as the core action to
address CC adaptation, where risk is a function of hazards, exposure and
vulnerability. Most relevant fact is that either analysis allows us the
opportunity to identify the main components of risk and vulnerability
that we could modify to reduce both.

Marine small-scale fisheries (SSF) are particularly vulnerable to the
impacts of CC (Allison et al., 2009). The SSFs of the SWA coastal areas
could experience an increase in vulnerability due to CC effects, with
future consequences on fishing yield and fishers’ income (Bertrand et al.,
2018; Franco et al., 2020). The communities linked to these SSFs are also
in a vulnerable socioeconomic position, and any additional pressure
could dramatically impact their way of life (Bertrand et al., 2018). This
could be the pink shrimp fishery’s situation in the SWA brackish la-
goons. A regional assessment of the CC sensitivity (a vulnerability
dimension) of key fishery resources species in the SWA (Gianelli et al.,
2023), highlights that the pink shrimp showed the second-highest
sensitivity across groups (crustaceans, molluscs, fishes—bony and
cartilaginous). The specific sensitivity of pink shrimp was driven by
ontogenetic changes (i.e., habitat requirements in early life stages) in
addition to the general sensitivity attribute set of the crustacean group,
such as stock status and complexity in the reproductive strategy (Gia-
nelli et al., 2023). The generation of knowledge by this kind of approach
is greatly needed for the SWA region, but additional effort is required to
integrate all dimensions of vulnerability into the assessments. The vast
majority of Uruguayan SSFs have not been subjected to a characteriza-
tion of socio-ecological vulnerabilities, considering a better under-
standing of environment exposure, system sensitivity and capacity to
adapt to climate or anthropogenic hazards. This is highly needed to plan
adaptation strategies and resiliency mechanisms.

Thus, our study aimed to assess the socio-ecological vulnerability of
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the pink shrimp SSF in two lagoons on the Uruguayan Atlantic coast. We
addressed interdisciplinary and multidimensional issues through a ho-
listic approach, considering expected environmental hazards for the
shrimp fishery resources, socioeconomic characteristics, governance/
government policies and cultural factors affecting the fishers and local
communities. The comparative analysis between lagoons provides the
opportunity to evaluate different spatial, environmental and social set-
tings, which can offer lessons for upscaling the assessment and adapta-
tion measures to other SSF systems along the Uruguayan coast,
regionally and even globally.

2. Methods
2.1. Study area

The pink shrimp fishery in Uruguay occurs in four brackish coastal
lagoons on the SWA coast: Castillos, Rocha, Garzoén, and José Ignacio
(Santana and Fabiano, 1992). This SSF is currently developed mainly at
Castillos and Rocha, which are the two lagoons with the largest surface
and are the sites selected for this study (Fig. 1). They are shallow
(average depth <1 m) temperate ecosystems, with variable tempera-
tures (4-28 °C), low salinity and high turbidity (Fabiano and Santana,
2006). The percentage of time that the sand bar is open connecting each
lagoon with the SWA ocean varies, being higher in Castillos lagoon
(open >80% of the time) than in Rocha lagoon (open approximately
48% of the time) (Fabiano and Santana, 2006). Castillos lagoon is con-
nected with the sea by the Valizas stream. Both ecosystems are included
within the National System of Protected Areas under the figure of Pro-
tected Landscape (Laguna de Rocha: decree 457/016, promulgation
date: 12/30/2016; Laguna de Castillos: decree 59/020, promulgation
date: 02/14/2020).

Inter-annual shrimp landings are highly variable in and between
lagoons, with higher yearly landings and a more extensive variability
range in Castillos lagoon (0.5-131 tons) than in Rocha lagoon (0.0-87
tons) along a 30-years time series (1989-2018, 83% of cases). For details
see Figure A.2 (Appendix A).

2.2. Data sources and collection

Quantitative, semi-quantitative and qualitative information was
collated from three sources: (i) literature review, (ii) key informant in-
terviews, (iii) surveys. For details about methods and approaches to
collect information see Appendix B. Survey responses applied to fishers
and local community of Castillos lagoon can be found in Appendix C.

2.3. Vulnerability assessment: model framework

We adapted the IPCC Vulnerability model (Allison et al., 2009;
Brugere and De Young, 2015) to carry out a CC socio-ecological
vulnerability assessment of the shrimp SSF that involves the assess-
ment of the ecological system (relevant to the fishery resource species)
exposure along with the sensitivity and adaptive capacity of the social
system.

The ecological system included both the SWA region and coastal
brackish lagoons. Regional climatic and oceanographic processes or
features that adversely affect the pink shrimp life cycle (distribution of
larvae, juveniles and adults) were considered. Our vulnerability
assessment included direct and indirect drivers linked to CC as well in-
teractions and feedback between climate drivers. The rationale of
drivers included, supporting evidence on driver impacts, supporting
bibliography and expected effects on pink shrimp, are given in Table A.1
(Appendix A). Appendix A also covers interactions and feedback be-
tween environmental drivers, other CC drivers not included in the cur-
rent assessment and some considerations about future vulnerability
assessments.

The social system included the shrimp SSF, fishers and the local
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Fig. 1. The brackish coastal lagoons at the Uruguayan Atlantic (from north to south): Castillos, Rocha, Garzon, and José Ignacio. The right panels highlight the
geographic position of Castillos and Rocha lagoons and coastal geomorphology details.

community linked to this extractive activity in the lagoons. A set of
social, economic, technological, governance and cultural indicators with
negative effects on the sensitivity of the social system or with positive
effects on their adaptive capacity were evaluated. Details of the ratio-
nale of the indicators and the procedure to estimate each are given in
Tables A.2 and A.3 (Appendix A). The model inputs (indicators and
scoring) were selected and agreed by a group of 8 academic experts:
biologists (4), anthropologist (1), social worker (1), lawyer (1) and
natural resource economist (1). The scoring relies on their expert
judgment using different information sources (e.g. literature review,
interviews, surveys) following the methodology proposed by Morrison
et al. (2015) to provide a score for each exposure factor, and each
sensitivity or adaptability indicator. This methodology uses individual
and group expert elicitation practices to minimize bias and increase
precision of the results (Burgman et al., 2011). The quality of informa-
tion source by factor was scored as: 1.00-literature, 0.66-collected data,
0.33-expert judgment (due to unavailability of information).

2.4. Model description

The model involved three components: i) Exposure (E), understood as
the risk of losing pink shrimp for the fishery due to regional drivers
linked to CC in their oceanic and estuarine phases; ii) Sensitivity (S),
represented by social indicators negatively affecting the security, wel-
fare and life quality, self-economy and the development of fishers and
the local community, and iii) Adaptive Capacity (AC), represented by
social indicators able to promote community or fishers’ resilience in
their capacity for overcome welfare losses after a perturbation that was
originated by CC stressors or non-climate factors. We assigned a weight
of 1/3 to each model component. The model formulation was as follows:

VA= (1/3%E) + (1/3%S) + (1/3* (1-AC)) 1)

The output for Vulnerability (VA) ranges from 0 (non-vulnerable) to 1
(very high vulnerability). One model was built per lagoon (i.e. Castillos
and Rocha).

Exposure (E) was estimated through a semi-quantitative risk assess-
ment (R) resulting from a combination of the likelihood that an adverse
event will happen and the consequences or magnitude of the event if

were to occur (Oppenheimer et al., 2014). The latter is a function of the
potential shrimp catch to lose and of the condition of the fishery, i.e. if it
is overexploited the consequences would be greater, while a healthy
fishery could stand better the impacts.

R=PxM (2)

Where P = probability of occurrence, M = magnitude of the impact.

To estimate E (equivalent to R in eq. (2)), a risk matrix was developed
considering four regional CC drivers having potential to harm the
shrimp and using information on recent past events and expected future
ones at a temporal scale of decades. The four selected CC drivers were
supported with scientific information. These included intensification of
ENSO events, inter-decades increase in regional rainfall, intensitfication
of southeasterly winds, and increase in frequency of harmful algal
blooms (Table 1).

We estimated a P value by driver as the average of the indicators in
past events (Pa) and expected future events (Fu); such that P = (Pa +
Fu)/2. To estimate M we used indicators for the catch that could be lost
(Sca) based on current catches and the over-exploitation condition of the
fishery (Sfe); M = (Sca + Sfe)/2. For each driver R values were divided
by 25 (as the maximum value resulting from 5x5 scores) to obtain
normalized risk-values. The score categories for P components were: 1-
not likely, 2- low likelihood, 3- likely, 4- highly likely, 5- almost certain.
The score categories for M components (Sca and Sfe) were: 1- very low,
2- low, 3- medium, 4- high, 5- very high; the maximum score represents
the worst situation.

To estimate S (Table 2) we used indicators for 5 relevant components
of sensitivity; namely demographic, technological, economic, cultural
and management. The score values ranged between 0 (absence) and 1
(maximum).

To estimate AC (Table 3) was used demographic, housing, economic,
markets, technological, cultural, government policies, governance,
research and early warning system indicators (17 indicators that were
classified in 5 categories). The scores for each ranged between
0 (absence of the measure or condition) and 1 (maximal or optimal
condition).

To estimate S and AC, we used indicators that could be calculated
directly as a score (e.g. a proportion or an index); otherwise the score
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Table 1

Exposure/Risk matrix for the ecological system of Castillos and Rocha lagoons.
Rows indicate the regional drivers linked to climate change. Columns show
scores for estimators used to calculate risk (R) by driver, where the information
about past events (Pa) and expected future events (Fu) allow estimating Prob-
ability of occurrence (P), while the catch that could be lost (Sca) and the fishery
exploitation status (Sfe) indicate on the Magnitude (M) of the resource loss due
to the driver effects. Information source (IS: collected data-a; published data-b;
expert judgment-c). Last row shows the overall E value (median). For methods
details see section (2.4).

Castillos lagoon: Exposure/Risk

Drivers Pa Fu P Sca  Sfe M R IS

Intensification of ENSO 40 50 45 50 40 45 0.81 b
events

Rainfall increase at 40 50 45 50 40 45 0.81 b
regional/inter-decadal
scale

High intensity of 30 50 40 40 40 40 0.64 ¢
southeasterly winds

Harmful algal bloom 30 50 40 50 45 475 076 b
frequency increase

E (median) 0.79

Rocha lagoon: Exposure/Risk

Drivers Pa Fu P Sca Sfe M R IS

Intensification of ENSO 40 50 45 5.0 40 45 081 b
events

Rainfall increase at 40 50 45 50 40 45 081 b
regional/inter-decadal
scale

High intensity of 30 50 40 40 40 40 064 ¢
southeasterly winds

Harmful algal bloom 30 50 40 50 40 45 072 ¢
frequency increase

E (median) 0.77

Table 2

Sensitivity (S) estimated for the social system at Castillos and Rocha lagoons.
Rows describe indicators of factors that make fishers and local community more
susceptible to be affected by negative impacts on the shrimp fishery. Columns
specify S scores ranging from O to 1 (the highest condition of sensitivity). See
Table A.2 (Appendix A) for calculation details. Information source (IS: collected
data-a; published data-b; expert judgment-c). Last row shows the overall S value
(median).

Castillos lagoon: Sensitivity

Indicators S IS
High settlement of fishers and local community around the lagoon/ 1.00 a,
next to the stream b

High —direct or indirect- economic dependency on pink shrimp fishery ~ 0.80 a
by fishers and local community

High illegal fishing 070 b

High linkage between inter-family ties and leadership within the pink  0.60 a
shrimp fishery

Low technology applied to post-harvest processing and lack of 0.60 a
product diversification
S (median) 0.70

Rocha lagoon: Sensitivity

S drivers S IS

High settlement of fishers and local community around the lagoon/next ~ 1.00 b
to the stream

High illegal fishing 070 b

High linkage between inter-family ties and leadership within the 060 b
shrimp fishery

High —direct or indirect- economic dependency on pink shrimp fishery  0.45 ¢
by fishers and local community

Low technology applied to post-harvest processing and lack of product  0.40 b
diversification

S (median) 0.53
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Table 3

Adaptive Capacity (AC) indicators that promote fisher community resiliency for
the social system connected with the pink shrimp fishery in Castillos and Rocha
lagoons. Columns specify scores from O to 1 (the highest system adaptive ca-
pacity). See Table A.3 (Appendix A) for calculation details. Information source
(IS: collected data-a; published data-b; expert judgment-c). Last row shows the
overall AC value (median) .

Castillos lagoon: Adaptive Capacity

Indicators AC IS

Socio-cultural structure and organizational capacity of fishers

High sense of place-belonging 092 ¢

Adequate ecological knowledge by fishers (about climate change, 083 a
ecosystem, and pink shrimp behavior)

High fisher capacity to move to other fisheries or other economic 045 a
sectors

High leadership of women or with decision-making positions within 0.40 c
the pink shrimp fishery

Majority of fishers with formal employment (taxes, social security, 020 ¢
occupational security)

High organizational or associative capacity of fishers 010 ¢

Government policies and governance

Existence of a fisheries management plan 030 ¢

High level of reported catches 030 a

Endorsement of law and implementation of Fisheries Councils (fishers, 0.20 c
local and national government)

High monitoring, control and surveillance of the fishery 010 ¢
High compliance with the rules of the fisheries management plan 0.00 ¢
Trade and market

High added value for the pink shrimp products 029 a
High influence of fishers on the pink shrimp market and trading 029 a

(storage capacity, middleman)
Annual income of fishers’ equivalent to 12 minimum wages or more**  0.20 a
Research
High number of academic initiatives and research linked to the fishing ~ 0.10 ¢

sector
Early warning and mitigation system
Existence of a social emergency plan aimed at hazards linked to CC 0.00 ¢
Existence of an environmental protocol to attend damage by hazards 0.00 ¢
linked to CC
Castillos AC (median) 0.20

Rocha lagoon: Adaptive Capacity

Indicators AC IS

Socio-cultural structure and organizational capacity of fishers

High leadership of women or with decision-making positions within 1.00 b
the pink shrimp fishery

High sense of place-belonging 090 ¢

Adequate ecological knowledge by fishers (about climate change, 080 ¢
ecosystem and pink shrimp behavior)

High fisher capacity to move to other fisheries or other economic 070 ¢
sectors

High organizational or associative capacity of fishers 0.60 ¢

Majority of fishers with formal employment (taxes, social security, 0.10 c

occupational security)
Government policies and governance
Existence of a fisheries management plan 050 ¢
High level of reported catches 030 ¢
Endorsement of law and implementation of Fisheries Councils (fishers, 0.20 c
local and national government)

High monitoring, control and surveillance of the fishery 010 ¢
High compliance with the rules of the fisheries management plan 0.00 ¢
Trade and market

High added value for the pink shrimp products 090 b
High influence of fishers on the pink shrimp market and trading 045 ¢

(storage capacity, middleman)
Annual income of fishers’ equivalent to 12 minimum wages or more**  0.30 ¢
Research
High number of academic initiatives and research linked to the fishing  0.90 ¢

sector
Early warning and mitigation system
Existence of a social emergency plan aimed at hazards linked to CC 0.00 ¢
Existence of an environmental protocol to attend damage by hazards 0.00 ¢
linked to CC
Rocha AC (median) 0.38

Note. ** Minimum income to cover basic needs of a household.
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was assigned by expert judgment. For calculation details, see Tables A.2
and A.3 (Appendix A).

The overall values of E, S and AC were estimated as the median of the
resulting value for each indicator, thus the median values of E, S and AC
are the input for the vulnerability model.

3. Results
3.1. Data sources and collection

The bibliographic review included 127 sources spanning from pub-
lished to grey literature. The information reviewed was classified in
three large groups: regional CC drivers (63), shrimp fishery dimensions
(36), and small-scale fisheries vulnerability (28). The scientific evidence
regarding global CC drivers and stressors with regional impacts on the
SWA continues to increase, however the mechanisms linking the CC
drivers with other processes or events at different temporal scales (e.g.
inter-decadal, inter-annual) still need to be addressed and better un-
derstood. The vulnerability of SSF to CC impacts is an emerging research
topic in the SWA region. Some knowledge has been accumulated about
the socio-ecological effects of CC on Uruguayan SSF for yellow clam
Mesodesma mactroides (Meerhoff et al., 2022; Defeo et al., 2018 and
references therein), an intertidal sandy beach mollusc of the SWA.

The surveys were conducted in the settlement of Castillos’ lagoon at
the Valizas stream bridge zone. No surveys were conducted in Rocha
lagoon; information already available was used. While having different
sizes, the local communities of Castillos lagoon (~64 persons, this study)
and Rocha lagoon (~295 persons; Lagos et al., 2019) share social
context and governance features. The shared indicators are the irregular
dwellings located on state land and distributed in mostly flood-prone
areas, the subsistence economy as a lifestyle, the usage of kinship re-
lations as an intra-group domain strategy, the illegal fishing, the
middleman as a decisive stakeholder in the economic chain initiated
with the capture, and the low technology applied to post-harvest pro-
cesses. However, a clear difference between the communities is the
women'’s role, which is stronger and more visible in Rocha lagoon, since
they are currently enrolled in marketing fishery products through a
gastronomic venture.

Qualitative information based on local knowledge of fishers, local
community and park rangers as well as the perceptions and cumulative
evidence from field experience of government agents and academics
were used as complementary to information obtained from the litera-
ture. More details on results obtained from each information source in
Appendix B.

3.2. Vulnerability assessment model

A final set of 26 indicators, representing 63% of the ecological and
social factors that were initially collected, were included in the
vulnerability assessment model of the Uruguayan pink shrimp fishery.

3.2.1. Exposure

The model revealed a relatively high risk-level and exposure of the
Uruguayan brackish ecosystems to CC drivers (Fig. 2), similar between
Castillos lagoon (E = 0.79) and Rocha lagoon (E = 0.77). The selected CC
drivers were scored with medium to high probability of occurrence and
high to very high magnitude of impact, resulting in high individual risk-
levels ranging from 0.64 to 0.81 (Table 1). Considering different sce-
narios (past and future) resulting in high risk for distribution changes of
the pink shrimp in the SWA region, the regional CC drivers could pro-
mote adverse consequences on harvest duration and fishing yields at the
Uruguayan coastal lagoons, leading to shrimp catch losses and possible
deterioration in the exploitation state of the fishery (more effort, less
yield).
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Fig. 2. Semi-quantitative vulnerability model output for the pink shrimp small-
scale fishery of Castillos (yellow) and Rocha (blue) lagoons. Index values for
Exposure/Risk (E), Sensitivity (S), Adaptation Capacity (AC), and Vulnerability
(VA) are shown.

3.2.2. Sensitivity

High sensitivity due to the same demographic, economic, gover-
nance/government policies, cultural and technological factors were
detected in both social systems (Castillos, S = 0.70; Rocha, S = 0.53)
(Fig. 2). These sensitivity factors were scored differently according to a
context-specific given by each local community (Table 2).

3.2.3. Adaptive capacity

A low adaptive capacity of the social system was identified to miti-
gate CC hazards or to prevent social impacts at both Castillos lagoon (AC
= 0.20) and Rocha lagoon (AC = 0.38) (Fig. 2). A broad set of social
indicators was identified in Rocha lagoon to enhance fishers and com-
munity resilience. In contrast, the indicator set resulted narrower in
Castillos lagoon (Table 3). Three indicators with higher AC scores in a
single category (named ‘socio-cultural structure and organizational ca-
pacity of fishers’) led the system adaptability in Castillos lagoon. These
indicators were: a high sense of place-belonging; adequate ecological
knowledge by fishers; and high fishers’ capacity to move to other fish-
eries or other economic sectors. In contrast, the system adaptability in
Rocha lagoon was explained by nine indicators that were included in
four categories (socio-cultural structure and organizational capacity of
fishers (5); government policies and governance (1); trade and market
(2); research (1)). Weak governance, unfulfilled management measures
or unregulated fisheries policies, and lack of climate early warning
monitoring appeared as factors that hamper the adaptive capacity of the
local communities at Castillos and Rocha lagoons.

3.2.4. Socio-ecological vulnerability

High socio-ecological vulnerability at Castillos lagoon (VA = 0.76)
and Rocha lagoon (VA = 0.64) was diagnosed (Fig. 2). The vulnerability
was higher in the ecosystem which historically has record higher shrimp
catch levels (see Fig. A.2).

4. Discussion
4.1. Socio-ecological vulnerability

This study developed the first CC vulnerability assessment of one of
the few remaining SSF of wild (juvenile) shrimp in the SWA region and
globally. Complex relationships and dynamics of the environment,
fishing resources and human influences under different spatial-temporal
scales were evident at the two sites. Vulnerability is described as a cross-
scale issue (Islam and Chuenpagdee, 2022), which implies that
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individuals and communities experience various multi-scale social, po-
litical, economic, and environmental events to which they are vulner-
able and must adapt (Bennett et al, 2016). In our case, the
environmental stressors linked to CC act at a large-scale (spatial:
regional, inter-regional; temporal: inter-annual, inter-decadal), con-
necting the ecological and social system through regional biophysical
dynamics. While social factors act in a small range (local, seasonal), they
can exacerbate context-specific vulnerabilities of fishers and local
communities in Uruguayan brackish lagoons when combined with
large-scale environmental impacts.

The high socio-ecological vulnerability of the shrimp fishery in our
study results from a high exposure, as described by the risk-level, of this
migratory crustacean to multiple CC drivers (Table 1, Table A.1). High
exposure promotes adverse socioeconomic effects linked to alteration of
harvest duration and fishing yields along the latitudinal range where
this species is captured by SSF fisheries (juveniles in southwest-south
Brazilian and Uruguayan coastal lagoons) and industrial fisheries
(adults in southwest Brazilian ocean waters).

A comparative study with SSF in coastal lagoons of the southwest-
south Brazilian zone would be necessary in the future to understand
the broad framework of this issue, considering the combination of large-
scale environmental drivers with context-specific social factors, and
fishery variables (fleet size, fishing power) in each case. The vulnera-
bility comparison between different pink shrimp SSF in the SWA region
could be a valuable tool for fishery management by country (Uruguay
and Brazil) and eventually in the adaptation of measures for collabo-
rative management between these countries, which share two main
characteristics: i) a coastal lagoon system which covers an extensive area
of the South American Atlantic coast, from Santa Catarina (Brasil) to
Canelones (Uruguay) (Panario and Gutiérrez, 2011) and, ii) a fishery
species with migratory habits which uses the coastal lagoons.

Risk level also depends on the management status and trend of the
fishery. The assessment of this indicator in Uruguayan coastal lagoons
(Sfein Table 1) shows it to be poor. That means the shrimp fishery shows
poor management and/or displays a marked downward trend because of
overexploitation. Our assessment suggests that better fisheries man-
agement is vital to reduce risk in this SSF, and this depends on a mul-
tiplicity of socio-ecological factors to reverse the fishery status and to
reduce potential overfishing. Previously, D’Incao et al. (2002) indicated
that the fishery status of the pink shrimp was critical, with yields
decreasing by 35.6% between 1973 and 1995 in the south-southeast of
Brazil. A current stock assessment of the pink shrimp in the SWA region
is urgently needed.

Even though exposure (estimated as risk level) in both lagoons
studied here was very similar (Table 1), the vulnerability was higher in
Castillos, being further exacerbated by high sensitivity and low adap-
tation capacity (Fig. 2). This is an excellent case to underscore the po-
tential of reducing vulnerability by modifying the social system and its
governance. This could improve the sensitivity indicators (Table 2) and
those of adaptive capacity (Table 3) in Castillos lagoon, reducing its
vulnerability. In fact, after the end of our study, a cold-room for fishery
products from SSF was installed in Castillos lagoon (in 2023). Therefore
marketing capacity could improve (Table 3), improving community
resilience and reducing their socioeconomic vulnerability. In parallel,
the recent arrival of electricity for the fisher community of Rocha lagoon
(in 2022) could increase the marketing capacity and efficiency in-
dicators reported in Table 3.

Vulnerability of SSF is mainly related to low governing capacity or
weak governance (Islam and Chuenpagdee, 2022). As in other SSFs
around the planet, the capacity of the Uruguayan shrimp fishery to adapt
to environmental hazards, social pressure and socioeconomic conditions
needs to be improved, strengthening key factors. First, there is low
government capacity to implement fisheries regulations and to control
them appropriately (i.e. compliance with closed-season, access to fishing
areas, number of shrimp traps per fisherman, requesting access to fishing
permits by local and foreign people, illegal fishers), due to a lack of
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logistics and staff. The latter generates cascading socioeconomic effects,
promoting a short and rapidly evolving shrimp harvest with high land-
ings at the beginning which saturate the market and, consequently,
decreases prices and income for the community. Thus, some sensitivity
factors conflict, like the subsistence economy as a lifestyle for fishers and
the presence of middlemen as decisive stakeholders regulating the
market price. In response, kinship relations as an intra-group domain
strategy strengthen. This situation is worsened by the low technology
applied to post-harvest processes and the need of product diversifica-
tion. Second, weak governance due to inactive public policies, despite
the existing fishery legal framework (Local Fisheries Councils) focused
on a participatory process involving fishers, fishery authorities and the
different government levels. Also, the role of the Advisory Local Com-
mittee of the Protected Area is crucial to develop participatory climate
early warning monitoring to prevent CC damages, apply territorial
mitigation strategies to CC hazards, and offer social assistance in case of
damage from climate threats.

An enabling scenario that could help local fishery management or-
ganizations to broaden their role should include concern for fishing
community wellbeing by addressing both their broader vulnerabilities
and aspirations, which may help to address some of the current disin-
centives of fishers to participate in long-term stewardship by better
compliance and enhancing support for fisheries management (Njock
et al., 2008; Barratt and Allison, 2014). Uruguay implemented the
ecosystem approach to fisheries (Ostrom, 2009) between 2009 and 2014
(Defeo, 2015). This approach enhanced SSFs and set high-level policy
fisheries goals, ecosystem principles and co-management (Pomeroy and
Berkes, 1997) in four pilot sites -management units- (Gianelli et al.,
2018). In 2013, a new fisheries law was approved where consultative
(not binding) Local Fisheries Councils were established. However,
lacking budget and human resources, and little institutional involve-
ment generated a bad transition towards national and long-term sus-
tainability to achieve governance changes (Gianelli et al., 2018; Trimble
and Plummer 2018). The Uruguayan government should not use the CC
as an alibi, while governance factors must be addressed to diminish the
risk level of the pink shrimp SSF to regional drivers linked to CC. Active
fisher participation in governance, women’s self-organize ability and
their work to add value to shrimp products could be critical stepping
stones to increasing the adaptive capacity of these SSF communities.
Like other SSFs, communities can often find successful solutions when
they are actively involved and empowered to collaborate on identifying
social and environmental issues (Bower et al., 2019) without top-down
solutions imposed by government authorities or through research
projects.

Our study represents an effort to understand direct and indirect CC
drivers acting at different spatial scales with possible consequences on
the shrimp harvest yield and socioeconomic implications in Uruguayan
coastal lagoons. Although the approach includes many uncertainties
because we do not understand precisely the interactions and feedback
among some of the environmental drivers and we cannot foresee un-
expected events (e.g. heat waves), it allows us to explore ways to reduce
vulnerability by reducing some aspects of the sensitivity and increasing
adaptive capacity in each lagoon.

4.2. Perspectives

Systematic monitoring is recommended to compare future vulnera-
bility scenarios of the pink shrimp fishery within a period of >2 years
but <5 years. The base-line built here could be compared with future
vulnerability studies, adding other environmental drivers and social
factors influencing vulnerability dimensions (exposure, sensitivity and
adaptive capacity) at various spatial and temporal scales. Ecological
drivers could be considering, including water mass circulation changes,
coastal water acidification, lagoon salinity increase, wetlands area
coverage increase, and biodiversity modification, all with effects on the
exposure dimension. New social factors can be incorporated into the
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sensitivity dimension, like the high climatic uncertainty in the harvest
phase, the high economic uncertainty in the post-harvest phase, and the
ice capacity unevenly distributed among fishers. Other indicators having
the potential to impact the adaptive capacity of each local community
could be included, such as strengthening the role of women in decision-
making that influences the shrimp market; increase in compliance of
fishery management measurements by fishers; increase of fisher
empowerment by co-participative decision-making; increase of surveil-
lance and control of illegal fishing by the government; increase in public
policies to support the development of alternative and diversified live-
lihoods for small-scale fishers, and increase of species’ habitat protec-
tion through adaptive spatial management within the protected areas
(Castillos and Rocha lagoons). Most of the above factors should be
considered in future vulnerability assessments of the pink shrimp SSF
and in strategies to increase CC resiliency.

4.3. Conclusions

This first approach to explore the socio-ecological vulnerability of
the pink shrimp Uruguayan fishery reveals a high risk-level to bio-
physical threats linked to CC along the oceanic and estuarine phases of
this migratory crustacean, which could lead to catch losses in Uruguayan
coastal lagoons and a decrease in this SSF income. High sensitivity of
local fisher communities was identified in Uruguayan coastal lagoons.
Although sensitivity factors were scored differently by each local com-
munity, the irregular dwellings located on state land and distributed in
flood prone areas was a demographic indicator that scored high in both
lagoon fisher communities. Low adaptive capacity to prevent social
impacts or to mitigate CC hazards was detected in both social systems.
Weak governance, unfulfilled management measures or unregulated
fisheries policies, and lack of climate early warning monitoring hamper
the system’s adaptability in both sites. Comparative evaluation of
spatial, environmental and social settings among Uruguayan coastal
lagoons provides the opportunity for upscaling the vulnerability
assessment and adaptation measures to other shrimp SSF in the SWA
region.
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