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A B S T R A C T   

The Peruvian artisanal squid fleet accounts for more than 45% of the worldwide landings of the jumbo flying 
squid (JFS) fishery, the largest invertebrate fishery worldwide. Nevertheless, most vessels involved in the fishery 
lack secure tenure rights and operate within the informal economy. Interviews and a survey directed to ship-
owners allowed identification of three economic regimes under which the fleet operates and estimation of annual 
operating costs, revenues, and added value. Our results show that the fishery has high economic importance in 
Peru, accounting annually for 9–15% of the total Peruvian fisheries sector’s GDP. Even during 2020, highly 
impacted by the COVID-19, the fishery was profitable and maintained economic accounts not substantially below 
of previous years. Furthermore, public data on landings and off-vessel and export prices were used to model the 
impact of supply on price elasticity for fishers and exporters in Peru and Chile. Data showed steep declines in off- 
vessel prices with increasing supply for Peruvian fishers. Conversely, Peruvian exporters and Chilean fishers and 
exporters mostly retained stable prices at nearly all supply levels. The paper suggests that the informal status of 
the Peruvian JFS fishing activity, which lacks co-management mechanisms, is amongst the co-factors explaining 
the different price elasticity suffered by the Peruvian fishers. In view of the results, we suggest that speeding up 
the granting of secure tenure rights to the acting operative artisanal fleet and prompt development of co- 
management arrangements has the potential to bring environmental and economic gains for fishers.   

1. Introduction 

The jumbo flying squid (JFS) fisheries along the East Pacific coast are 
the largest invertebrate fisheries worldwide, and the Peruvian JFS 
fishery is the largest among these, accounting for 47% of the total 
landings in volume [1], over 500 thousand tonnes in 2019 [2]. In Peru, 
the fishery was worth close to 850 million USD in exports in 2019 [3], 
contributing substantially to the income of entire fishing communities as 
well as domestic consumption [4]. While the fishery yields large pro-
duction volumes, it is exclusively operated by an artisanal fleet [5] 
composed of thousands of small boats (< 15 m in length) operating with 
low technology equipment [6]. Official data shows that between 2010 
and 2019, the JFS fishery represented 38% of all Peruvian landings 
destined towards direct human consumption and 59% of the total value 

of the seafood exports for direct human consumption. 
Small-scale fisheries have been characterized as inherently diverse, 

complex and dynamic, facing wicked and multi-dimensional challenges 
that lead to poverty and widespread vulnerability [7]. Amongst the 
multiple ramifications of the poverty-vulnerability interdependencies, 
the institutional dimensions have been identified as of crucial impor-
tance [8], both in Latin America [9] and elsewhere (see [8]). Despite its 
economic relevance and contribution in terms of export revenues, in-
come and food security, weak institutional support to the Peruvian 
artisanal squid fleet poses a number of risks. Specifically, the fishery is 
burdened by a number of policy issues that preclude realizing its full 
potential contribution to local communities and the national economy at 
large. Principal among these is that fishing operations are conducted as 
an informal economic activity [10–13]. This informal status is 
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widespread amongst small-scale fishers in Peru [14–17] and affects 
many other economic sectors in country, as revealed by the fact that 
50%1 of the total small enterprises, 70% of the economically active 
population [18,19] and one-fifth of the Peruvian gross domestic product 
(GDP) [20] reportedly operate within the informal economy. 

A first policy issue is the lack of secure tenure rights hindering sus-
tainable use, as the fishery remains de facto open access (see [21,22]), 
like most small-scale fisheries in country [23,24]. Since 2016 the gov-
ernment has launched programs to legalize the active operating fleet 
through both individual2 [13,25] and collective3 rights regimes. These 
programs had a slow progress [26] and yielded limited outcomes [27]. 
Furthermore, the coexistence of different tenure regimes had the effect 
of sharpening the tensions within the sector, hindering the required 
collective action to address fishery related issues (see [28]). 

Second, many of the vessels operating in the fishery were built in 
local artisanal shipyards with irregular legal status, and the building of 
new vessels continues to occur outside the legal framework [16,23,25, 
29,30]. Third, oftentimes, the relationship between fishers and ship 
owners is also informal [31], leading to the engagement of unqualified 
seafarers and circumventing social security, accident, and health in-
surance payments and benefits. Vulnerability of workers, specially of 
groups at risk of social exclusion such as migrants employed the fishery 
[32], worsened amidst shocks such as the COVID-19 pandemic (see [33, 
34]). Fourth, informality hinders the capacity of vessel owners to access 
credit from banks and formal credit institutions, leading to reliance on 
informal moneylenders. Fifth, while the fishing activity is carried out 
informally, the post-harvest and marketing side of the supply chain up to 
the exporters operates within the legal framework, potentially intro-
ducing asymmetries in bargaining power. 

Sixth, fishers routinely swamp the market due to a lack of effective 
organization and knowledge of market dynamics. Episodic oversupply 
generates cyclical social tensions from abrupt drop-downs in squid pri-
ces [35,36] and facilitates the rise of an illegal squid market for fishmeal 
[37–39]. Seventh, a significant part of the exports goes to the European 
market, where measures to combat Illegal, Unreported, and Unregulated 
(IUU) fishing can be directed against the Peruvian JFS fishery [25]. The 
United States International Trade Commission has recently raised con-
cerns in this regard [40]. These types of measures may bring along 
further unfair outcomes to fishing communities [41]. 

Exports of Peruvian JFS have nearly doubled its revenues in the last 
few years [11]. However, the scarce specific economic information at 
the landing level has hindered knowing the increasing importance for 
the local Peruvian small-scale fishing communities’ economies and the 
need to accompany this growth with management efforts commensurate 
to a large volume artisanal fishery like this. This work describes and 
evaluates the Peruvian JFS fishery’s economic results to determine its 
importance and contribution to the Peruvian fisheries sector and iden-
tify some economic inefficiencies likely to result from its institutional 
fragility. We aim to help the transition of the Peruvian JFS fishery from 
an informal activity to an institutionally recognized, co-managed 
fishery. 

2. Methodology 

2.1. Data 

We extracted Peruvian JFS landings data by month between January 
2016 and December 2020 from the Ministry of Production [42–44] and 
Peruvian off-vessel pricing data over the same time range from the 

Peruvian Marine Research Institute [45]. These prices were standard-
ized to January 2016 using official inflation data [46,47]. Data on the 
various operational and financial costs, as well as taxes and revenue 
allocation, were not available as open-source data. Therefore, after 
carrying out four semi-structured interviews to experienced ship owners 
with an average of 16.5 years operating in the JFS fishery, we collected 
primary data by conducting surveys to ship owners operating in the 
fishery. The questionnaire included 44 quantitative and 12 qualitative 
variables necessary to estimate various costs and revenue of the fleet 
(Supplementary Table SM1). 

We determined a stopping rule to receive more information by 
examining the coefficient of variation of 44 quantitative variables. We 
stopped collecting data when the coefficients of variation stabilized, 
with no further gains as more answered questionnaires were received. At 
that point, we had received 28 answered questionnaires where most 
quantitative variables had a coefficient of variation of less than 50% 
(Fig. 1). On average, these ship owners had 18.8 years of experience 
operating in the JFS fishery, and almost all considered it their main 
economic activity. It is also important to consider a regional difference 
between fishers in the north of Peru and those in the south, with the 
former using larger boats [4]. However, given the voluntary nature of 
participation in the survey and the difficulty in obtaining highly sensi-
tive commercial information from private vessel owners, our sample of 
survey respondents turned out to be mainly from the northern fleet 
(82%). Nevertheless, the northern fleet accounts for nearly 80% of the 
total catch,4 so we considered our sample representative enough for the 
aims of this work. 

During the data collection and processing, ethical considerations 
were carefully taken. Responding to the survey was voluntary. None of 
the participants were pressured or coerced to participate, and we asked 
for a statement indicating informed consent to participate before pro-
ceeding with the survey. The purpose of the survey and how the data 
would be used was explicitly explained to participants. Finally, we only 
used the data for the current study. Anonymity has been fully respected 
and no personal information has been shared with third parties. 

On the other hand, when interviewing the first four shipowners, it 
was made clear that the fishery does not operate on a single operational 
and economic regime throughout the year, but instead that there are 
three regimes as determined by resource availability and economic 
variables. Answers returned in the 28 questionnaires showed a 

Fig. 1. Cumulative percentage coefficient of variation for 44 quantitative 
variables (displayed as black lines) while poll numbers increased in the survey 
of costs and revenues of the Peruvian JFS fleet. The red line is the group mean, 
and the blue line is 50% CV. (For interpretation of the references to colour in 
this figure, the reader is referred to the web version of this article.) 

1 https://ogeiee.produce.gob.pe.  
2 The Formalization System for Artisanal Fisheries (SIFORPA, for its acronym 

in Spanish) launched its firsts phase for vessels up to 6.48 gross tonnage (GT) in 
2016 and its second one for vessels of more than 6.48 GT in 2018.  

3 Cooperatives program launched in 2016. 4 Calculated based on the official total landings for the 2019 and 2020. 
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unanimous agreement by responding to ship owners with the existence 
of these three intra-season regimes. These regimes are (1) low landings, 
high price, high fishing effort (in days of fishing), and low resource 
availability in waters close to the ports; (2) intermediate to low landings, 
intermediate to high prices, intermediate fishing effort, and low 
resource availability in waters close to the ports; and (3) intermediate to 
high landings, intermediate to low prices, low fishing effort, and high 
resource availability in waters close to the ports. The third regime in-
cludes extreme, short periods when the price is so low that ship owners 
halt fishing altogether even though resource availability is high. Given 
the importance of these regimes to the fleets’ operations, we have 
structured our descriptive economic assessment by regime. 

To test for the impact of asymmetries between Peruvian fishers and 
Peruvian processors and exporters up the production chain, we gathered 
additional open-source landings and pricing data of the JFS fishery in 
Chile. Then we tested for the fall of prices with increasing supply to 
determine whether Peruvian fishers have less bargaining power than 
Chilean fishers. We also extracted export volume and price data from 
both countries to show that this potential anomaly occurs only to fishers 
and not to processors-exporters. The interest of the Chilean case is of 
relevance because: a) fishers in Chile conduct their operations within the 
same legal framework as processors-exporters and as such are recog-
nized by the management authority, b) fishers are well organized under 
a national fisherfolk organization (Coordinadora Nacional de Jibieros) 
and c) fisherfolks have a strong presence in decision-making bodies 
recognized by legislation, as among others, they are active participants 
in a legally recognized co-management committee charged with devel-
oping management measures for the fishery (artisanal fishers 
comprising seven out of the thirteen members). To test the cause-effect 
links of this co-management arrangement in countering high price 
elasticity, we reviewed publicly available documents and the minutes of 
the meetings of the Management Committee and held two key in-
terviews with key informants. Other factors that may affect our contrast 
between Chilean and Peruvian markets for fishers and exporters, such as 
the degree of local resource consumption, could not be considered due to 
the absence of open-source and reliable statistics. 

2.2. Descriptive economic analysis 

Monthly revenues were calculated as the product of monthly land-
ings and monthly average off-vessel price. Operation costs were grouped 
into three categories: fishing, maintenance, and asset depreciation. 
Fishing costs included fuel, crew share, ice, food and water, fishing gear, 
lubricant, pier fees, government certificate of origin, pre-payment of 
income tax, and financing costs. Maintenance costs included the hull, 
engines, hold, propeller, electrical/hydraulic systems, painting, dry 
dock, and financing costs. Asset depreciation costs included the hull, 
engines, navigation, propeller, and insulation systems. 

When calculating the various cost items, we introduced a few as-
sumptions and approximations. We assumed that the unit value of cost 
items provided by external suppliers was composed of three compo-
nents: base value, the provider’s margin, and taxes (value-added, in-
come, and a fuel-specific tax). In the case of fuel, we used official data 
published by the Ministry of Energy and Mining [48], while for the other 
cost items, we assumed 25% of the supplier’s margin over the base 
value. Based on the Peruvian regulations, the value-added tax was set at 
18%, and pre-payments of income tax at 1.5%. Pier fees were set at 20 
Peruvian soles per tonne of landing and government certificate of origin 
at 0.0911% per Peruvian standard tax unit5 (UIT, by its acronym in 
Spanish) per tonne. The consolidated cost structure (excepting crew 
share, pre-payments of income tax, and financing of the operation costs) 
are shown in Table 1. 

Since the landings and off-vessel price data are grouped by month, 
we classified each month in the 2016–2020 time series as belonging to 
any of the three regimes. For this purpose, we used the price data 
because this time series had a better contrast (higher variation) than the 
landings time series. Then, other operational variables for the month 
were set according to the mean value obtained for that regime in the 
responses to the questionnaire survey. More importantly, for the char-
acterization of the economic outputs, these operational variables were 
the number of fishing trips per boat per month and the landings per boat 
per month. Once the classification of each month into one of the three 
regimes was completed, we calculated the total number of fishing trips, 
the total number of vessels fishing, and the total fleet-level operational 
expenses. 

The crew share was computed as a monthly percentage of the dif-
ference between revenues and fishing costs excepting the crew share, 
and it was set as the mean over the various percentages given in the 
responded questionnaires. The remaining percentage was considered to 
be the income for the shipowner, which after paying income tax, 
financing and maintenance costs, and depreciation, results in the net 
operating profit. 

Peruvian artisanal fishing activities usually do not have access to the 
banking system, so we estimated financing costs using the usual interest 
rates within the informal Peruvian economy. Therefore, we assumed 
that the effective annual cost of financing was 270%, which corresponds 
to the mean estimate of mortgage-backed informal financing costs by the 
Peruvian Banking Association [49] and is consistent with other esti-
mates [50,51]. We further assumed that the financing needed each 
month by each boat was equal to the total cost of just one fishing trip. 

Annual maintenance costs obtained from the questionnaire survey 
could not be decomposed into base value, supplier’s margin, and taxes 
because those payments are made to informal contractors, and there is 
no independent information regarding their margins and tax expendi-
tures. To compute monthly total maintenance costs, we assumed that 
every boat worked for ten months in a year and received maintenance 
the remaining two, and because of that, each vessel had a monthly 
maintenance cost equal to the tenth part of the annual value. The total 
monthly costs of maintenance were computed by multiplying the 
monthly cost by the number of boats operating per month. The calcu-
lation of financing costs connected to maintenance used the same annual 
rate as fishing operations, and it was assumed that the two months of 
maintenance were paid in ten instalments, including principal and in-
terest. As per fishing operation costs, the total cost of financing was the 
average monthly cost per boat multiplied by the number of boats 
operating. 

Questionnaire survey data also provided information about asset 
depreciation. Total annual depreciation per boat was calculated as the 
sum of five ratios, namely the ratio of the original value of engine, hull, 
navigation equipment, propeller system, and insulation to service life in 
years of each of these assets. Monthly depreciation rates were obtained 
by dividing the annual depreciation by 12. 

The added value from the fishery was computed on an annual basis 
as the addition of crew income, taxes, financing costs, depreciation, and 
the net operative profit, following directives from the European Com-
mission/Directory General for International Partnerships [52]. Finally, 
the contribution of the JFS fishery to the national economy was calcu-
lated by dividing the annualized added value by the total nominal gross 
domestic product as reported by the Banco Central de Reserva del Perú 
(BCRP) and the fishing sector gross domestic product as reported by the 
Instituto Nacional de Estadística e Informática del Perú (INEI). 

2.3. Supply and price in JFS fisheries in Peru and Chile 

Increasing the supply of a commodity without equivalent increases 
in demand tends to decrease its price. As reported by fishers, in regime 3, 
there are times when the landings are so high, and off-vessel prices are so 
low that revenues do not compensate the costs. When that occurs, boats 

5 Between 2016 and 2020, a Peruvian UIT was valued between 3950 and 
4300 soles (1100 and 1200 US dollars). 
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stop fishing and stay at ports waiting for a better price. This suggests a 
negative impact of excess supply on prices. We fitted nonlinear statis-
tical models to supply and price data, both for prices paid to fishers and 
exporters, with Peruvian and Chilean data. The models were of the 
simple power form, where v is the observed price, S is the observed 
supply, and a and b are constants to be estimated. We fitted this 
nonlinear model to data v and S by maximum likelihood, assuming a 
lognormal distribution for the data using the spg numerical optimization 
method with code written in R [53]. 

3. Results 

3.1. Descriptive economic characterization 

Answers to the twenty-eight questionnaires from ship owners oper-
ating in the fishery allowed building a database of 84 observations of 
price per kg paid to fishers, landings, fuel consumption, and the number 
of fishing trips per month, which was used to characterize the three 
operational regimes identified by fishers. The three regimes differ in 
price, landings, fishing effort, and operating costs (Fig. 2). In regime 1, 
prices are high (x‾ ± sd = 3.99 ± 1.03 soles per kilogram), landings are 

low (3.7 ± 1.7 tones), and effort (13.5 ± 3.3 days) and operating costs 
are high (9420 ± 3998 soles per fishing trip). The opposite happens in 
regime 3, which in the light of the information provided, showed lower 
off-vessel prices (1.20 ± 0.60), higher landings (15.6 ± 5.1), and lower 
effort (4.5 ± 1.9) and costs (6059 ± 2087). In extreme cases, when there 
are very high landings under this latter regime, a part of the fleet 
momentarily withdraws from fishing because price does not compensate 
for costs. According to reports in questionnaires, this happens when the 
off-vessel price, on average, is below 0.74 ± 0.31 soles per kilogram. 
Regime 2 falls in between the two extremes. 

Based on the interviews, the average annual investment in mainte-
nance per vessel was estimated at around 22600 ± 12100 soles (USD ~ 
$6350 ± 3400) plus 16600 soles (~$4650) of financing cost paid to 
informal moneylenders, being this – under the assumptions made - 
around 42% of the money spent for maintenance. The breakdown of the 
amount effectively used for this purpose was divided into the mainte-
nance of the hull (22%), vessel painting (17%), propeller (17%), engine 
(14%), grounded to the dry dock and refloated (9%), and vessel’ hold 
and other minor costs (21%). Besides, in the respondents’ words, the 
mean value of a JFS vessel was ~227500 soles (~$65000), and its 
annual depreciation was near to 16000 soles (~$4500). The main assets 

Table 1 
The consolidated cost structure of fishing operations by the operational-economic regime in the Peruvian JFS fishery, excluding crew share, pre-payments of income 
tax, and financing costs.  

Cost item Base unit Cost (soles) Units 

Total Base value Supplier’s margin Taxes Regime 1 Regime 2 Regime 3 

Fuel Galon  12.1  7.0  1.8  3.3  463.2  355.7  178.7 
Ice Tonne  161.8  112.0  28.0  21.8  12.2  11.8  10.9 
Lubricant Fishing trip  184.2  127.5  31.9  24.9  1.0  1.0  1.0 
Food and water Fishing trip  1123.9  777.8  194.4  151.7  1.0  1.0  1.0 
Fishing gear Fishing trip  458.3  317.2  79.3  61.9  1.0  1.0  1.0 
Pier fees Tonne  20.0  13.8  3.5  2.7  3.7  7.8  15.6 
Certificate of origin Tonne  3.8      3.8  3.7  7.8  15.6  

Fig. 2. Questionnaire data for the characterization of the three fishing operating regimes of the JFS fleets in Peru in terms of a) landing prices (in soles/kg), b) 
landing volume per vessel (in tons), c) duration of the fishing trips (in days), and d) operating cost per trip (in thousands of soles). 
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worth can breakdown in the hull (~93000 ± 35500 soles), the engine 
(~62200 ± 31700 soles), the navigation equipment (~12600 ± 6000 
soles), the propeller system (~32000 ± 17800 soles), and the insulation 
systems (~27700 ± 19100 soles). The average lifespan of each asset 
varied between them being 19 years in the case of the hull, 15 for the 
engine, and 6, 13, and 13 for the navigation, propeller, and insulation 
systems, respectively. 

The monthly evolution of prices, landings, revenues, and operating 
costs before crew payments, as well as the operating regime, from 
January 2016 to December 2020 are shown in Fig. 3. During the first 
year and a half of this time series, the fishery was on the high landings, 
low price, high resource availability regime (3); then switching to the 
opposite, low landings, high price, and low resource availability regime 
(1) during the second half of 2017 and 2018. In the last two years, 
regime 1 has disappeared, and the fishery has been moving from regime 
2 to 3 and vice-versa. Landings and prices remained fairly constant up to 
mid-2017, and then they varied in the opposite direction once landings 
fell during the second half of 2017. The onset of fluctuations in supply 
triggered a period of negative covariation between supply and price, 
extending to the present time. Fig. 3a shows only one time that both 
landings and prices dropped down together. That happened in the first 
months of the COVID-19 outbreak, possibly due to decreased interna-
tional demand [33]. Despite this, the fishing activity rapidly recovered 
and surprisingly reached the historical highest landings peak in 
September 2020, allowing a quick recovery of economic activity and 
jobs for thousands of artisanal fishers. 

Except for a few periods of very low landings (August-September 
2017, November 2018, and April-May 2020), revenues substantially 
exceed operating costs (before salaries, Fig. 3b), thus demonstrating the 
economic viability of the fishery. As shown in Table 1, most of the 
operating costs in all three regimes came from fuel (regime 1: 59%; 
regime 2: 53%, regime 3: 36%), followed by ice (regime 1: 21%; regime 
2: 23%, regime 3: 29%). 

In the total five-years analysed, crew payments represented 45.6% of 
the total cost, operating cost covered 44.1%, maintenance represented 
7.7%, and depreciation was 2.6%. The operating costs and the crew 
share were commonly contributed in equal terms except in 2016 (Fig. 4). 
That year the crew share was substantially more important than oper-
ating costs, consistent with 2016 being the only year where all months 
belonged in regime 3 (Fig. 3). 

Furthermore, despite the high impact in fishing activity during the 
beginning of the COVID-19 outbreak, the annual costs were only 14% 
below the average of the previous years 2016–2019; therefore, the 
fishery was able to maintain crew payments and the payment chain in 
levels near to a pre-pandemic scenario. Likewise, revenue was estimated 
in ~640 million soles (~$180 million) in 2020, an amount just slightly 
below the annual average from 2016 to 2019. 

Total added value estimated between 2016 and 2020 exceeded 2670 
million soles (~780 million USD), of which 83.8% was considered a 
direct added value. Labour accounted for 50.8%, and net operative 
profit amounted to 22.3%. The remaining value went to indirect taxes 
(9.0%), providers’ net operating profit (7.2%), financing costs (5.6%), 
depreciation (2.9%), and direct taxes (2.2%). 

The direct added value of the JFS fishery fluctuated around 9–10% of 
Peruvian fisheries sector gross domestic product (GDP) between 2016 
and 2018 before increasing to substantial levels greater to 15% in 2019 
(Fig. 5-left). However, it reverted to its original levels during the COVID- 
19 impacted 2020, and a similar trend occurred concerning the total 
added value and its contribution to national GDP (Fig. 5). 

3.2. Supply and price 

Peruvian JFS fishers experience a much more substantial drop in the 
off-vessel price than Chilean fishers as landings supply increase (Fig. 6a, 
b). At the highest supply, Peruvian fishers see the price fall to 40% of the 
price at the lowest supply with a clear power decreasing pattern 

(Fig. 6a). In the case of Chilean fishers, the power pattern is not well 
supported by the data because the predicted line is nearly flat for 95% of 
the variation in supply (Fig. 6b, blue line); thus, an alternative linear 
model (Fig. 6b, red line) predicts just an 80% drop in price from the 
minimum to the maximum value of supply. Conversely, when examining 
export prices in relation to supply (Fig. 6c, d), both countries’ sectors 
demonstrate constant prices for all supply values. In other words, the 
model for export values is just a constant. Parameter estimates are 
shown in Table 2. The estimate for b, the slope of the power decay, is 
comparable between models. The slope parameter estimate of the model 
for Peruvian data is six times higher than the slope estimate of the model 
for Chilean data. This means that Peruvian fishers experience a much 
more drastic loss of value with increasing supply. 

In reviewing publicly available information on the price dynamics in 
Chile and after consultations with two key informants, we identified that 
off-vessels price drops were also an issue for Chilean fishers before 2016 
[54–60]. In 2015, the Chilean Jumbo Flying Squid Management Com-
mittee began operations. Between September 2015 and May 2016, 
Chilean squid stakeholders participated in eight committee meetings. 
The issue of price drops due to periodic market swamps dominated the 
discussions during the initial phases of the Committee’s operation. In the 
case of Chile, markets swamps resulted from the oversupply brought 
along by the Olympic career fishing modality under which the industrial 
sector was catching their quota allocation (20% of the total annual 
quota). These periodic swamps were reported by the artisanal sector as 
causing large price drop-downs at landing points [54–56]. In attention 
to the problem, Chilean authorities proposed splitting the industrial 
portion of the quota by month as a potential solution [55]. After several 
sessions of discussion and refinements of the proposal, the artisanal and 
industrial representatives agreed on distributing the industrial quota in 
eight months within a year to avoid market swamps [56–60]. This 
agreement occurred at the beginning of the time series used in this 
analysis, so creating an analysis of its effects was not possible. However, 
the analysis of the time series reveals that in contrast to Peru, where 
swamping the market with product is still a recurrent problem, in Chile, 
the co-management body enabled the achievement of an arrangement in 
favor of the economic interest of the catch (both industrial and artisanal) 
sector. 

4. Discussion 

4.1. Economic importance and contribution of the JFS fishery 

The JFS artisanal fishery in Peru is one of the most important fish-
eries in terms of its contribution to the Peruvian economy, together with 
the industrial anchoveta fishery, which, although it is low value per unit 
weight, yields very large volumes. During the five years analysed in this 
study, JFS fleet activity contributed an annual average of 10.7% of the 
fisheries sector GDP, compared with an estimated 9.5% of the industrial 
anchoveta fleet for fishmeal and fish oil in 2009–2012 [61]. Moreover, 
the stock supports the largest squid fishery in the world in terms of 
volume since 2004, more than doubling the aggregate contribution of 
the two next largest squid fisheries, those for Todarodes pacificus in the 
northwest Pacific and Illex argentinus in the southwest Atlantic [1,62]. 

Despite poor government records of the contributions of this fishery 
to the national economy, this study shows that those contributions are 
substantial. According to our results, employment created by the fishery 
amounted to 1350 million soles (~380 million USD) aggregated over the 
five years of this study. IMARPE has estimated that this fishery directly 
employs more than twenty thousand fishers [63]. It means that the JFS 
fishery employs 3.6 times more fishers than the eight largest industrial 
fishing companies targeting anchoveta for fishmeal and fish oil [31]. 
These possess more than 60% of anchoveta quota [64] in a fishery that 
has caught an average of more than 4.1 million of anchoveta tons per 
year between 2010 and 2019 [1]. Nevertheless, in 2012, only 18% of JFS 
fishers declared health insurance, less than 12% life insurance, and only 
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1% pension plans [12] and, during some years, the average payment by 
crew members have been below than the Peruvian minimum wage [23]. 
Due to the lack of specific attention to the fishery, it is possible that 
levels of job-insecurity have remained or even worsened to the present 

time. In the last decades, Peruvian authorities promoted regulations to 
the transition to the formal employment within the industrial sector [65, 
66]. Despite the reported challenges that still remain to ensure decent 
work in the industrial fishing sector of Peru [31], lessons can be drawn 
from the process to advance the transition of the artisanal and 
small-scale fisheries sector to the formal economy. 

Authors have pointed that one of the consequences of informality is 
that government authorities lack a clear notion of the contribution of the 
JFS fishery to the national economy [67] and job creation [31]. This 
provides an explanation as well for the lack of state support propor-
tionate to the magnitude of the fishery, as a large part of the fishing 
activity is not visible to regulators. A similar case has been reported for 
the Peruvian scallops’ fishery, where the governance structures are not 
effectively working because the traditional local users are informal and, 
consequently, invisible in the official map of actors [14]. 

Another case in point in this line of arguments was the Peruvian 
government’s economic relief measures to help companies process the 
shocks of the COVID-19 pandemic. Those measures did not help the JFS 
fishery because credit lines given to artisanal fisheries did not consider 
the informality status and the high diversity within the small-scale 
fisheries sector [7]. As a result, the loans provided were not commen-
surate to the operational expenses of a single fishing trip of the JFS fleet. 
Furthermore, their informal status has driven disparities to tackle the 

Fig. 3. Monthly evolution of a) production and ex-vessel prices, and b) total revenue and operating costs before crew payments by month and fishing regime (over 
the x-axis) of the JFS fishery in Peru. 

Fig. 4. Shares of expenditures by vessel owners of the jumbo flying squid 
fishery in Peru. 

Fig. 5. Direct (left) and direct and indirect (right) added value and jumbo flying squid fishery economic contribution to the Peruvian economy.  
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COVID-19 crisis, as also reported in the artisanal hake fishery in 
northern Peru [17]. Thus, while JFS fishers only accessed high-cost 
financing in the informal market, the government provided cheap 
credit through the banking system to support formal companies [19]. 
Despite this, during 2020, the annual revenue and the payments chains 
were maintained at levels not too far from an average year, showing the 
high resilience of the JFS activity. 

Some authors have argued for the economic benefits of the entry of 
industrial operators in this fishery [68], pointing to the potential in-
crease in state income that would result from the payment of fishing 
rights [12]. From an economic perspective, our results suggest that the 
entry of industrial operators would have negative consequences. 

Specifically, the entrance of industrial vessels –or more new unregulated 
artisanal vessels— would likely aggravate the socio-economic effects of 
swamping the markets (broadly discussed in Section 4.2), negatively 
affecting vulnerable communities all along the Peruvian coast as their 
main economic activity may rapidly become unprofitable. Furthermore, 
it would result on the displacement of the historical artisanal operators 
whose tenure rights have been denied due to poor government attention. 
Last but not least, our analysis shows that artisanal fishers would not 
have suffered an imbalance in their accounting by paying the cost of 
fishing rights taxes. For example, if hypothetically, vessel owners had to 
pay fishing rights during 2016–2020 at the rate per ton paid by the in-
dustrial fleets, these costs would not have had any significant impact on 
the operating costs of the fleet (~4.5 million soles diluted on all vessels 
along all years). 

From a legal perspective, establishing fishing rights taxes for arti-
sanal fleets requires a reform in the Peruvian fishing law, as only in-
dustrial vessels are currently obliged to pay those. Yet, the benefits of 
this policy change in terms of financing specific research and manage-
ment would be worth the effort. To move forward in this direction will 
require extensive engagement and dialogue with stakeholders to build 
consensus about benefits over costs. Advancing in this direction in this 
specific artisanal fishery also may generate a balance between rights and 
duties for the artisanal fleet, as suggested by the FAO Small-Scale 
Fisheries Guidelines [69]. 

Fig. 6. Relation between supply (landings) and price of JFS fishers and exporters in Peru and Chile. In a) the blue line is the fitted power model; in b) the blue line is 
the fitted power model, and the red line is a fitted linear model. (For interpretation of the references to colour in this figure, the reader is referred to the web version 
of this article.) 

Table 2 
Parameter estimates of models fitted to supply and value of the JFS fishery in 
Peru and Chile. Export values are constant, so their mean and standard deviation 
are reported.  

Item Parameter Estimate (standard error)   

a 7.507 (0.211) 
Peru Off-vessel value b 0.365 (0.008)   

σ2 0.199 (0.004)   
a 346.9 (28.6) 

Chile Off-vessel (nonlinear) b 0.064 (0.030)   
σ2 0.318 (0.038) 

Chile Off-vessel value (linear) β0 399.0 (29.3)   
β1 -3.274 (1.614) 

Peru Export value mean 2.275 (1.916) 
Chile Export value mean 1.690 (0.779)  
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4.2. Supply and price relations in Chile and Peru 

One key aspect of the economic functioning of the fishery identified 
through this research was the sharp fall in prices paid to fishers as 
landings (and therefore supply) increased in Peru. The prices paid to 
Peruvian squid fishers for their landings decreased by 60%, while 
Peruvian and Chilean exporters maintained prices at all supply levels. In 
contrast to Peruvian fishers, Chilean catches experience a mild, 20% 
drop in prices as landings increase. This may be attributed to a number 
of causes, including among others the lower yield landed by the Chilean 
fleet, the growing demand for the product in the international markets, 
the fact that processors-exporters can store the product for a longer time, 
differences in infrastructure and logistics by processing plants from both 
countries, trade agreements entered by the countries during the 
reporting period affecting the demand (e.g. Peru), the final markets and 
use of the product (e.g. direct human consumption/fishmeal).6 

Contributing to all these co-factors, we contend that differences in 
price elasticity are also the result of the lower bargaining power of the 
Peruvian catch sector derived from their institutional marginalization 
and its consequences, such as the resulting debt traps generated by the 
widespread reliance on informal moneylenders, or the weak organiza-
tional capacity required to enable collective action to attain common 
interests. Our statistical modelling —in which fishers and exporters in 
Chile display institutional strength and low landings, while fishers and 
exporters in Peru work with larger landings but differ in institutional 
strength, isolates institutional strength as the single distinguishing factor 
of Peruvian fishers and the likely cause of their relatively low perfor-
mance with high landings. 

To confirm the cause-effect linkages between institutional margin-
alization and price elasticity, we confirmed that the issue of price drops 
due to market swamps was a problem suffered by Chilean fishers before 
the launching of the government led Management Committee. During 
the initial phases of the Committee’s operation in 2015, price related 
discussions were pushed by the artisanal sector and became one of the 
main focus of the conversations held at the Committee [54–60]. This 
issue was resolved through an agreement by the representatives of the 
industrial and artisanal sectors participating in the committee that 
prevented market swamps resulting from the race to fish by the indus-
trial sector. From then on, the industrial sector agreed to fish their 
allocated quota in 8 months to avoid swamping the markets. This 
agreement was made possible by institutional recognition of the catch 
sector and the launching and operation of the Management Committee 
(a formal co-management mechanism) where fisherfolk representatives 
could voice their concerns and effectively participate in fisheries man-
agement decision making. This case points to the economic relevance of 
institutional recognition and suggests that institutional marginalization 
of the Peruvian artisanal catch sector may be preventing higher eco-
nomic efficiency that would bring along environmental benefits, prevent 
social tensions and even the continuous rise of illegal markets for the 
product. 

4.3. Informality as a governance problem and co-management as a 
framework to solve it 

The paramount relevance of informality in the Peruvian economy 
has clearly identified drivers. Following the Peruvian National Center 
for Strategic planning (CEPLAN), informality results from over- 
regulation, corruption and lack of transparency, low government 
transfers to families, low investment in research and development, and 
people’s low average years of formal education [70]. The informal na-
ture of the JFS fishing can be understood as an expression of governance 
weaknesses that brings along a number of challenges to multiple actors 

involved in the supply chain. Solutions therefore, may be focused on 
addressing governance gaps. 

Social science literature has identified institutional weaknesses (see 
[8]) as causes of fishers’ vulnerability. In view of our results, consider-
ation of these negative consequences from a bioeconomic perspective 
requires greater integration in fisheries governance and decision mak-
ing. For example, issues such as debt bondage derived from reliance on 
informal moneylenders, which have been identified as leading to 
negative environmental outcomes (e.g., [71]), are still poorly integrated 
into fisheries’ decision-making. 

Regional experience shows the benefits of implementing co- 
management solutions in small-scale fisheries (e.g. [72,73]). Gelcich 
et al. [74] show that one of the critical positive outcomes of imple-
menting co-management schemes in Chilean artisanal fisheries was that 
fishers acquired the ability to network knowledge from the local level to 
influence the decision-making processes at the national level. Thus, 
under effective co-management, fishers may be able to tackle a number 
of issues affecting social-ecological systems [75]. In fact, it has been 
shown that even in the absence of scientific research and top-down 
control of harvest rates [76] —as it is common in most small-scale 
fisheries in the region, the very existence of co-management mecha-
nisms within the governance system yields healthier fish stocks by 
enabling fishers alignments with biologically sustainable fishing rates 
and long-term objectives. Further to environmental sustainability gains, 
in this paper we suggest that institutional recognition and active 
co-management may help addressing economic inefficiencies. To do so, 
in contrast to Chile, Peru still needs to further generate the conditions 
and develop the policy frameworks to enable participatory 
co-management institutions and mechanisms in the JFS fishery. Effec-
tive co-management institutions are the result of clearly identified fac-
tors such as leadership [77] and pre-conditions such as secure tenure 
rights [78] granted by state authorities [79] and its effectiveness may be 
put at risk by bad institutional practices and corruption [80], some of the 
very factors pointed in the first place by CEPLAN as the cause of infor-
mality in Peru [70]. 
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6 A Chilean government report pointed out that up to 30% of JFS landings go 
to squid meal in Chile [81], so this issue may not be a relevant factor. 
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