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Identifying unregulated
fisheries seasonality through
commercial landings and
local fishers’ knowledge
Abdulrahman Ben-Hasan* and Mohammad E. Al Mukaimi

Marine Science Department, College of Science, Kuwait University, Kuwait City, Kuwait
Seasonality in fisheries is known when opening and closing dates are established,

but it is much less defined in places lacking seasonal regulations. Highlighting

fisheries seasonality is critical because, for one, it can influence seafood supply

and prices. Here, we examine fisheries seasonality by analyzing extensive

datasets of monthly commercial landings and prices spanning over twenty

years for 22 major finfish stocks in Kuwait, where seasonal closures are

uncommon. Additionally, we develop a questionnaire to obtain information

from the recreational fishery—the only fishing sector composed of local fishers

—to investigate whether peak commercial landing months overlap with local

fishers’ knowledge. We found a distinct seasonality in finfish commercial

landings: at the two ends of the spectrum, the strongly winter-spring finfish

landings (60% or more of landing proportions), which plummet sharply over

warmer months, and the strongly summer-fall finfish landings. Landings

influenced seasonal mean prices, with higher landings generally meant lower

prices and vice versa. Further, we found that months identified by local fishers as

being the “best fishing seasons” are consistent with months of peak landings for

most stocks, though fishing seasons for a few stocks diverged widely from

seasonality in commercial landings. Broadly, our analysis underscores high

seasonality unrelated to seasonal regulations and supports combining

commercial landings and local fishers’ knowledge to understand fishery and

finfish seasonality, particularly in data-limited situations.
KEYWORDS

Seasonal fisheries, commercial landings, local fishers’ knowledge, recreational fishers,
Kuwait fisheries
1 Introduction

Fisheries provide a crucial source of protein and micronutrients for numerous

communities worldwide (Kawarazuka and Béné, 2010; FAO, 2020). Locally caught

seafood is often preferred, but its supply can be seasonal due to various factors. One

factor that clearly defines fishery seasonality is the regulatory initiatives that management
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fmars.2025.1514378/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1514378/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1514378/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1514378/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2025.1514378&domain=pdf&date_stamp=2025-01-20
mailto:abdulrahman.benhasan@ku.edu.kw
https://doi.org/10.3389/fmars.2025.1514378
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2025.1514378
https://www.frontiersin.org/journals/marine-science


Ben-Hasan and Al Mukaimi 10.3389/fmars.2025.1514378
agencies impose, including seasonal closures (Shen and Heino,

2014; Anderson et al., 2018; Ben-Hasan et al., 2019). Such a

regulatory initiative specifies a start date aimed at reducing or

preventing the capture of fish when they are too small (i.e., avoiding

growth overfishing) and a closing date that generally aims at

ensuring adequate spawners left that produce strong cohort for

later years (i.e., avoiding recruitment overfishing). Consequently,

fish landings only occur in specific months of the year (Walters and

Martell, 2004; Ben-Hasan et al., 2019). On the other hand, in the

absence of temporal management interventions, seasonality in

landings and prices may be driven by, for example, seasonal

migrations or dispersal patterns of exploited species, which affects

the seasonal catchability/availability of fish (Arnold and Metcalfe,

1996; Queiroz et al., 2016; Feeley et al., 2018; Perez et al., 2019). For

example, many fish species spend part of their life in the juvenile

nearshore area (e.g., coral reefs, estuaries, and mangroves), where

they are generally not vulnerable to fishing gears, then migrate to a

separate offshore adult area, where their area overlap with fishing

grounds (Longhurst and Pauly, 1987; Aguilar-Perera and

Appeldoorn, 2008). Underscoring the “natural” interannual

changes in fisheries seasonality is critical because it can influence

seafood supply and prices and help inform data collection designs of

seasonal fish.

Local fishers’ knowledge plays a crucial role in understanding

fish population dynamics and seasonal variability in behavior,

catch, and abundance of exploited species (Johannes et al., 2008;

Silvano and Valbo-Jørgensen, 2008; Martins et al., 2018; Pita et al.,

2020; Bastari et al., 2022; Obregón et al., 2022). In many aquatic

ecosystems, studies showed that this knowledge is often consistent

and complements other sources of information (e.g., quantitative

data), provides new insights or updates previous conclusions, and is

relatively cheap, accessible, and quick to gather (Johannes et al.,

2008; Monkman et al., 2018; Lopes et al., 2019; Bastari et al., 2022;

Obregón et al., 2022; Boubekri et al., 2023; Daliri et al., 2023). For

example, an assessment of changes in the sizes of blue swimmer

crabs in two estuaries off south-western Australia—Peel-Harvey

and Swan-Canning—used the knowledge of local recreational

fishers, which indicated that crabs were much smaller in Peel-

Harvey; this finding was in line with both historical records (e.g.,

newspapers) and conventional quantitative data on the size of crabs

(Obregón et al., 2022). Further, including local fishers’ knowledge to

investigate the seasonality of fishing for baitfish predators in the

Solomon Islands helped in correcting their contribution to artisanal

catch to 54% of the total catch, which has been grossly

underestimated in previous research to be around 1% (Johannes

et al., 2008). Therefore, the incorporation of knowledge from local

fishers in research studies and policy-making has proven to be

valuable, especially where relevant data are limited (Neis et al., 1999;

Johannes et al., 2008; Bastari et al., 2022; Castello et al., 2024).

In this paper, we examine Kuwait finfish fisheries as a case study

to underscore unregulated seasonality in fisheries for several

reasons. First, most exploited finfish stocks lack seasonal closures

imposed by the management agency. While it is perceived that

landings and prices for some finfish stocks are highly seasonal—e.g.,

seafood supply of some seabream and croaker species increase
Frontiers in Marine Science 02
during colder months but plummet sharply in the summer season

—a clear understanding of seasonality in fisheries has not been

established for most finfish stocks. Second, the availability of

twenty-year datasets of landings and prices, which are reported

every month for 22 finfish stocks. Finally, the possibility of

highlighting and comparing seasonality from two different

sources: (i) commercial landings obtained from artisanal and

industrial sectors that are composed of foreign fishers, and (ii)

local knowledge that is concentrated within the recreational sector.

Our contribution attempts to answer the following questions: (i)

how commercial finfish landings and their prices are changing

seasonally? (ii) from local fishers’ standpoint, what is the meaning

of fisheries seasonality? and (iii) how seasonality in commercial

finfish landings aligns with the knowledge of local (recreational)

fishers? To answer question (i), we analyze the official landing and

price datasets reported for all finfish stocks. To answer questions (ii)

and (iii), we complement the commercial landings dataset with

local fishers’ knowledge by developing and distributing a

questionnaire among local fishers. We conclude by discussing

some important considerations and implications of establishing a

clear recognition of seasonality in fisheries.
2 Methods

2.1 Study area

In Kuwait, fishing bears a significant cultural value as pearl

diving used to be one of the country’s main economic activities—

and today, seafood is a staple diet (Grandcourt, 2012). Fish per

capita consumption has been steadily rising, from ~ 7 kg per capita

to 15 kg between 1961–2021, and it is expected to continue growing

in the future (Ritchie et al., 2023). Kuwait fisheries use different

fishing gears to target a suite of species, but they can be broadly

divided into two main types: shrimp fishery and finfish fishery (Al-

Husaini et al., 2015). Trawlers mainly target the shrimp stock, and

seasonality in shrimp fishery is defined by setting seasonal opening

and closing dates, which start around August/September and

approximately close in February/March (Al-Husaini et al., 2015).

For most finfish fisheries, however, seasonality is less well-

known as seasonal closures are uncommon. Different fishing

sectors target finfish in Kuwait: artisanal and industrial—both

fishing for profit—and recreational, which fish to maximize their

leisure and experience (Al-Abdulrazzak et al., 2015; Al-Husaini

et al., 2015; Ben-Hasan and Daliri, 2022). Artisanal and industrial

fisheries (collectively referred to as “commercial fisheries”) use

different fishing gears—e.g., gillnets, traps, and trawling; on the

other hand, recreational fishers mainly use the traditional hook-

and-line (Ben-Hasan and Daliri, 2022).
2.2 Commercial landing and price datasets

We compiled landing and price datasets from the official

Annual Bulletin of Fisheries Statistics found online on the Central
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Statistical Bureau website, published for 2000–2019 (Central

Statistical Bureau, 2024). In these bulletins, both local landings

and prices (wholesale prices) for 24 species/groups of exploited fish

and invertebrates are recorded monthly and annually (Central

Statistical Bureau, 2024). Because prices are reported in local

currency, Kuwaiti Dinars (KWD), we have converted them to

U.S. Dollars using the World Bank yearly exchange rate (World

Bank, 2021). Specifically, we divided the official average prices

reported as KWD/kg by 0.3, which is the average exchange rate

for 2000–2019.

Out of these 24 species/groups, we omitted shrimp because

seasonal closures regulate its landings; therefore, seasonality is well-

recognized (Al-Husaini et al., 2015). On the other hand, while some

fisheries regulations exist for finfish, such as size limitations and

general spatial closures, seasonal closures are lacking for most

exploited finfish species. We also omitted the “Others” or

miscellaneous group since its species composition is unknown.

Therefore, our analysis focused on the locally landed 22 finfish

stocks (Table 1). It should be noted that the recorded landings are

generally caught by the artisanal and industrial sectors, though they

are mostly caught by the former (Ben-Hasan and Daliri, 2022).
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2.3 Survey of local fishers’ knowledge

The rising income level of local people—due to the discovery of

oil—significantly changed the fishing community: most locals now

practice fishing as a recreational activity. On the other hand,

commercial fisheries are mainly practiced by foreign fishers (Al-

Abdulrazzak et al., 2015). While artisanal and industrial fisheries are

the major sectors contributing to total landings, local fishers’

knowledge is concentrated within the recreational fishers in Kuwait.

Therefore, in addition to analyzing the commercial landing and

price datasets, we developed and disseminated a digital survey to

gather local fishers’ knowledge by focusing on recreational fishers

(Supplementary Material A). The survey consisted of 10 questions

that generally sought information on the seasonality of 13 finfish

stocks commonly known by local recreational fishers (but may or

may not be targeted) (Al-Husaini et al., 2015).

As most fishers speak Arabic, the survey was distributed and

filled in Arabic; however, we provided both the Arabic and English

versions in the supplementary section. We sought the perception of

the local recreational fishers to gain insights independent of

commercial landing data.
3 Results and discussion

3.1 Seasonality in commercial finfish
landings and prices

The total finfish landings showed strong seasonality: colder

months (November–April) are, on average, associated with much

higher landings than warmer months (May–October) (Figure 1).

The mean landing over the colder months is 10.7 tons, whereas it is
TABLE 1 Main finfish stocks in Kuwait.

Common name Scientific name

Tigertooth croaker Otolithes ruber

Yellowfin seabream Acanthopagrus latus

Kingfish Scomberomorus commerson

Indo-pacific king mackerel Scomberomorus guttatus

Greater lizardfish Saurida tumbil

Flathead mullet Mugil cephalus

Fourfinger threadfin Eleutheronemaa tetradactylum

Hilsa shad Tenualosa ilisha

Orange-spotted grouper Epinephelus coioides

White-blotched grouper Epinephelus multinotatus

Notched threadfin bream Nemipterus peronii

King soldier bream Argyrops spinifer

Malabar blood snapper Lutjanus malabaricus

Trout sweetlips Plectorhinchus pictus

Spangled emperor Lethrinus nebulosus

Javelin grunter Pomadasys kaakan

Blackspotted croaker Protonibea diacantha

Yellowtail scad Atule spp.

Cobia Rachycentron canadum

Black pomfret Parastromateus niger

Silver pomfret Pampus argenteus

Klunzinger’s mullet Planiliza klunzingeri
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FIGURE 1

The overall within-season mean landings across all examined stocks
and years (black line; 2000–2019). Grey lines represent individual
years. Note that December is the start of the winter season in
Kuwait (Supplementary Material C, Supplementary Table S1).
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8.5 tons for the warmer months (Figure 1). This highlights a

seasonal switching between target stocks, which is common in

multispecies fisheries in general (Jin and Tang, 1996; Henderson

et al., 2007; Martıńez-Ortiz et al., 2015). Indeed, we observed clear

patterns in stock-specific landings: at the two ends of the spectrum,

the (i) strongly winter-spring finfish, which are mostly (60% or

more of landing proportions) caught during the colder months

(December–first half of May); and the (ii) strongly summer-fall

finfish, which are mostly caught during the warmer months (second

half of May–November) (Figure 2, Table 2). (Figure 2). To illustrate,

the landing proportions of target stocks, such as Tigertooth croaker,

Yellowfin seabream, Kingfish, and Indian-Pacific king mackerel are

largest in colder seasons (December–March/April) relative to their

total seasonal landings (Figure 2). However, the landing

proportions of these stocks drop in warmer seasons while the

landing proportions of other stocks—particularly Klunzinger’s

mullet and Silver pomfret—sharply increase (Figure 2). It should

be noted that, unlike the other finfish species, seasonality in

Klunzinger’s mullet is largely determined by seasonal closure set

by the management agency. Since 2014, the fishing season for

Klunzinger’s mullet has been consistently closing in December and

opening again in June (Supplementary Material B, Supplementary

Figure S1). While there is a seasonal closure for Silver pomfret, it is

limited to only 45 days (Al-Husaini, 2003).

A weaker seasonality in commercial landings is observed for

stocks categorized under winter-spring and summer-fall seasons.

For instance, a larger fraction (50%–59%) of the landings for

Fourfinger threadfin and Hilsa shad stocks occur in winter-fall,
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whereas Orange-spotted grouper and Notched threadfin bream are

much more landed during summer-fall (Figure 2, Table 2). There

are species that do not show seasonality, as shown by their relatively

stable landing proportions over the season (Greater lizardfish and

Spangled emperor); in contrast, Javelin grunter stock is highly

seasonal, with more than half of the total seasonal landing

occurring in only two months of the year (Figure 2, Table 2).

There are many drivers of seasonality in landings unrelated to

regulatory initiatives (e.g., seasonal closures). One of the main

causes that can influence within-season landings is the seasonal

migrations/dispersal patterns of exploited species. For example,

numerous fish species undergo onshore-offshore movement as

they transition to adulthood (Longhurst and Pauly, 1987; Walters

and Martell, 2004). Such a behavior potentially makes exploited

species available to the fishery only for part of the season.

Klunzinger’s mullet, for instance, inhabit the nearshore areas

when they are juveniles (< 9 cm) between March and June, and

they have no commercial value (Alsaffar et al., 2019). As fish grow in

size, they recruit to fishing grounds and so become vulnerable to

fishing gear. Silver pomfret is believed to migrate southward to

deeper waters from November to March, but between March and

October, it migrates northward, where it is exploited by fisheries in

Kuwait and Iran (Al-Husaini, 2003; Ben-Hasan et al., 2020). The

perceived migratory pattern of Silver pomfret is consistent with the

in-season landing proportions, which increase starting from March

—with the exception of the 45-day ban over the May–June period—

and the largest proportion (60%) of the total seasonal landings

occur between July to October (Figure 2). In addition to
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FIGURE 2

Within-season landings of each finfish stock relative to their total seasonal landing across all years (2000–2019; Supplementary Material C,
Supplementary Table S2). Both Klunzinger’s mullet and Silver pomfret are regulated through seasonal closures: Klunzinger’s mullet season has been
consistently closing in December and opening again in June since 2014, and there is a 45-day fishing ban for Silver pomfret over May and June.
Note that December is the start of the winter season in Kuwait (Supplementary Material C, Supplementary Table S1).
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Klunzinger’s mullet and Silver pomfret, Kingfish is known to

conduct long-distance migrations in the Gulf region (Hoolihan

et al., 2006); however, for most exploited finfish species in Kuwait,

there is a significant gap in the knowledge of life history trajectory.

Another possible driver of landing seasonality is fishers’

switching to target alternative species. A likely switching behavior

in the examined within-season landings can be seen when

comparing the landings of the two similar species, the Flathead

mullet and Klunzinger’s mullet (Supplementary Material B,

Supplementary Figure S1). The monthly landing patterns for

these two species suggest that once a seasonal closure for

Klunzinger’s mullet is initiated (i.e., when landings are zero),

landings for Flathead mullet soar. Nevertheless, when fishers can

catch and land Klunzinger’s mullet, landings of Flathead mullet are

notably lower (Figure 2; Supplementary Material B, Supplementary

Figure S1). A similar switching behavior is seen in, for example, the

Gulf of Carpentaria prawn fishery, where fishers switch from day-
Frontiers in Marine Science 05
time trawling for banana prawns to night-time trawling for other

prawn species. When banana prawns are scarce, the fishery is either

closed early or the fishers cannot find them and so switch earlier

and generate more impact on the other species (Somers and

Wang, 1997).

For the majority of finfish stocks, the mean within-season price

of fish landed is in contrast with the proportion landed: higher fish

prices are associated with fewer landing proportions and vice versa

(Figure 3). For instance, the mean within-season prices for

Tigertooth croaker and Yellowfin seabream are lowest between

December and March when landing proportions are highest. This

landing-price trend is also applicable to the highly-seasonal species

(e.g., Fourfinger threadfin and Javelin grunter), where prices drop in

the few months of high landing proportion but rapidly rebound

once the landing proportion falls. The seasonal price trends for

Klunzinger’s mullet and Silver pomfret are exceptions to this trend

—the prices increase dramatically with higher landing proportions
TABLE 2 Finfish landings grouped by seasons in terms of stock-specific landing proportion for each month relative to the total landing taken across
20 years (2000–2019).

Finfish name Strongly winter-spring Winter-spring Year-round Summer-fall Strongly summer-fall

Tigertooth croaker X

Yellowfin seabream X

Kingfish X

Indian-Pacific
king mackerel

X

Flathead mullet X

Javelin grunter X*

Hilsa shad X

King soldier bream X

White-blotched grouper X

Fourfinger threadfin X*

Blackspotted croaker X*

Spangled emperor X

Greater lizardfish X

Malabar blood snapper X

Orange-spotted grouper X

Notched threadfin bream X

Cobia X

Trout sweetlips X

Black pomfret X*

Silver pomfret X

Klunzinger’s mullet X

Yellowtail scad X*
“Strongly winter-spring” describes finfish with 60% and more of their landing proportions taken in the months December–the first half of May; “Winter-spring” describes finfish with the larger
fraction of their landings (between 50–59%) taken in the months December–the first half of May; “Year-round” describes finfish with landing proportions equally distributed over the seasons
(i.e., half of landing proportions are taken in winter-spring and the other half is taken in summer-fall months); “Summer-fall” describes finfish with the larger fraction of their landings (between
50–59%) taken in the second half of May–November; and “Strongly summer-fall” describes finfish with 60% and more of their landing proportions taken in the second half of May–November).
The symbol (X*) indicates highly seasonal finfish (50% or more of landings taken in two to three months).
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after the fishing ban is lifted (Figure 3). The increase in prices with

landings is likely primarily driven by the high demand after seasonal

closures. Indeed, this can be clearly observed in the shrimp stock,

where landing quantities and prices increase after opening the

shrimping season (Supplementary Material B, Supplementary

Figure S2).
3.2 Local fishers’ knowledge

A total of 227 local fishers completed the survey online, with the

majority (90%) identified as recreational fishers (Supplementary

Material B, Supplementary Figure S3). Most fishers had extensive

fishing experience: 71% have over a decade, and about a quarter

have more than 25 years of experience in fishing (Supplementary

Material B, Supplementary Figure S4). Also, most local fishers

indicated that they have knowledge of the seasonality of the most

commonly caught finfish (Supplementary Material B,

Supplementary Figure S5). Although they perceived the concept

of fishing seasons in different ways, about half of the respondents

(53%) associated the term “seasonality” with the time when fish are
Frontiers in Marine Science 06
available to catch (Figure 4); most of the other half interpreted

“seasonality” to be pertinent to official seasonal closures and the size

of fish (Figure 4). The interpretation of seasonality by half of the

respondents—i.e., the availability of fish—does not only indicate the

“meaning of seasonality”, but also suggests that the availability of

fish drives the fishing behavior. However, variation in the

availability of fish to at least some fishing gears may vary

seasonally due to two possible factors: (i) seasonal onshore-

offshore movement of fish and (ii) fish migrations out of Kuwait’s

exclusive economic zone (EEZ) to nearby EEZs (Al-Husaini et al.,

2015; Alsaffar et al., 2019; Ben-Hasan et al., 2020). Thus,

“availability” may be species-specific in terms of causes of

seasonal variation.

Additionally, when asked about the seasonality of selected

finfish stocks, local fishers’ responses were consistent with the

commercial seasonal landings for the majority of stocks while

widely diverged for others (Figure 5, Table 3). Fishers’ responses

agreed or closely overlapped with the landing proportions of 6 of 11

selected stocks (Table 3). For example, for strongly seasonal finfish,

including Tigertooth croaker, Kingfish, Indian-Pacific king

mackerel, Silver pomfret, and Klunzinger’s mullet, fishers’
Klunzinger's mullet Yellowtail scad

Notched threadfin bream Cobia Trout sweetlips Black pomfret Silver pomfret

Blackspotted croaker Spangled emperor Greater lizardfish Malabar blood snapper Orange−spotted grouper

Javelin grunter Hilsa shad King soldier bream White−blotched grouper Fourfinger threadfin
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FIGURE 3

Within-season landing prices of finfish. Landings for each finfish stock are relative to their total seasonal landing across all years (2000–2019;
Supplementary Material C, Supplementary Table S2). Both Klunzinger’s mullet and Silver pomfret are regulated through seasonal closures: Klunzinger’s
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responses and landing proportions were in agreement; while the

landing proportions of Javelin grunter are strongly winter-spring,

the majority of fishers’ responses were winter-spring (Figure 5,

Table 3). It should be noted, however, that the knowledge of

Klunzinger’s mullet fishing season is likely influenced by the 6-

month seasonal closure rather than having emerged from the

fishing experience. This agreement between local fishers’

knowledge and commercial landings supports the strong

seasonality of these finfish stocks. This could also explain the

difference in seasonality for stocks with less seasonal variation,

including Fourfinger threadfin and Orange-spotted grouper

(Table 3). Indeed, the interannual landing proportions for these

two finfish do not vary dramatically over the season—except for

Fourfinger threadfin landings in March (Figure 2). Similarly, fishers’

responses to seasonality in Fourfinger threadfin and Orange-

spotted grouper seem to be more evenly distributed over the

season; for instance, the largest fractions of the total responses for
Frontiers in Marine Science 07
the best fishing season of Orange-spotted grouper were 38.9% for

spring, 23.5% for summer and 24.8% for year-round (Figure 5). In

general, our results are consistent with those from other studies,

which suggest that local fishers show a deep understanding of

fishery seasonality. For example, in some parts of the Solomon

Islands and Brazil, local fishers identified fishing seasons of targeted

species and categorized fish based on seasons and depth (e.g., “fishes

of winter”, “fishes around all year” or “bottom fish”) (Neis et al.,

1999; Johannes et al., 2008; Medeiros et al., 2018).

For three finfish stocks, however, there is a wide divergence

between local fishers’ responses to the best fishing season and the

within-season distribution of commercial landings (Table 3). These

include identifying the best fishing season for Yellowtail scad,

Flathead mullet, and Hilsa shad. The landing proportions for

Yellowtail scad show strong seasonality in summer-fall (Figure 2,

Table 2), but most local fishers’ responses identified winter-spring

as the best fishing season (Table 3). Likewise, this wide divergence
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was also noted for Flathead mullet and Hilsa shad (Table 3). The

wide divergence can arise due to, for example, a limited experience

in targeting these finfish, the use of different fishing gears, and

fishing taking place at different life-history stages (Gerhardinger

et al., 2006; Johannes et al., 2008). For instance, although known by

local fishers, these finfish are primarily fished and caught by

commercial fishers (Al-Husaini et al., 2015). In addition, Hilsa

shad, for example, is commonly caught using gillnet rather than the

hook-and-line used by local fishers (Al-Baz, 2001).
4 Considerations and implications

Our findings showed a strong seasonality in commercial

landing proportions unrelated to official seasonal closures:

landing proportions for some finfish stocks were strongly winter-

spring, but plummeted sharply in the summer-fall months while the

landing proportions for other finfish stocks increased. These

variabilities in landings proportions influenced prices, with

periods of higher landings associated with lower prices and vice

versa. We gathered seasonality information for selected finfish

stocks from local recreational fishers. We found that their

knowledge was consistent with the pattern observed in the

commercial landings for most stocks, but it diverged widely from

seasonal commercial landings for a few others. Together, our

analysis highlights strong, unregulated seasonality in Kuwait’s

finfish fisheries and, given the consistency between local

knowledge and commercial landings and the lack of studies on

the life-history patterns of most exploited finfish, it underscores the

importance of incorporating local fishers’ knowledge into future

research initiatives and decision-making in management.
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However, there are two primary considerations to bear in mind.

First, our analysis highlighted the within-season mean changes in

landing proportions and prices; nevertheless, we did not examine

how finfish landings and prices changed over the years. Other

studies have looked at the annual changes in some of Kuwait’s

finfish landings, showing declining patterns since the mid-1990s,

which is likely caused by overexploitation and habitat degradation

(Al-Husaini et al., 2015; Ben-Hasan et al., 2018; Ben-Hasan and

Daliri, 2022). In addition, these declines in landings are potentially

responsible for the sharp increase in the price of locally caught

finfish (Central Statistical Bureau, 2024). Second, we examined

fisheries seasonality using commercial landings and local

knowledge; however, there are biases in both sources. We used

the commercial landings published by the official fisheries statistics.

Still, as seen in many fisheries worldwide, landings can be

misreported and, therefore, mask the true magnitude of what is

caught (Pauly and Zeller, 2016). The catch reconstruction for

Kuwait’s fisheries showed that catches are underreported (Al-

Abdulrazzak et al., 2015). While the reconstructed catch provides

valuable information, it is not estimated monthly; hence, seasonality

cannot be examined using the reconstructed dataset (Pauly and

Zeller, 2015). Further, recall biases can affect the information

acquired from interviewing fishers. For instance, local fishers’

memory can be vulnerable to “memory illusion”, which suggests

that real past events may be disrupted by the dominant narrative in

the fishing community (Papworth et al., 2009).

Despite these considerations, there are important implications

to the underscored seasonality of Kuwait’s fisheries. By establishing

a clear interannual variability in landings and local knowledge, our

analysis can be used as a starting point to understand the drivers of

seasonality by, for example, studying the life-history patterns of
TABLE 3 Comparison of seasonality between commercial landings and the “best fishing season” as perceived by local recreational fishers (using data
in Figures 2, 5).

Finfish name Strongly
winter-spring

Winter-spring Summer-fall Strongly summer-fall

Tigertooth croaker C R

Kingfish C R

Indian-Pacific king mackerel C R

Flathead mullet† C R

Javelin grunter C R

Fourfinger threadfin C R

Orange-spotted grouper R C

Hilsa shad† C R

Yellowtail scad† R C

Silver pomfret C R

Klunzinger’s mullet C R
Species are allocated to “Strongly winter-spring” and “Strongly summer-fall” categories if the fishers’ responses or landing proportions are 60% or more of the total for a given finfish season.
Species are allocated to “Winter-spring” and “Summer-fall” if the fishers’ responses or landing proportions are between 50–59% of the total for a given finfish season. The letter “C” corresponds
with the commercial landing proportions as classified in Table 2. The letter “R” indicates the majority of local recreational fishers’ responses.
†Wide divergence between seasonality in landing proportions and fishers’ knowledge.
We omitted one species, Sobaity seabream (Sparidentex hasta), for which commercial landings are lacking (Supplementary Material A).
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finfish as well as investigating the spatial-temporal dynamics of

artisanal, industrial and recreational fisheries in Kuwait. It is critical

to understand these areas so as to impose well-designed fisheries

regulations like seasonal closures and marine protected areas. In

addition, this study can serve as a guide for (i) amateur fishers or

charter providers seeking the best fishing seasons for Kuwait’s

commercial finfish; (ii) researchers seeking to obtain fish samples

for species with limited or no information about seasonal

availability; and (iii) consumers to identify months when finfish

are abundant in fish markets and hence relatively less expensive.
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