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ABSTRACT 

This study focuses on neritic tunas and related species exploited by Madagascar’s small-scale 

fisheries in the Mozambique Channel, using data collected through fisheries surveys conducted by 

several NGOs operating across different coastal regions of the country. The main objective is to 

develop a harmonized methodology for calculating Catch Per Unit Effort (CPUE) in order to 

standardize analyses derived from heterogeneous data sources and ensure consistent comparability 

among the different study sites.  Considering the multi-gear and multi-species nature of small-scale 

fisheries, the study proposes the use of the “fishing unit” concept recommended by the FAO for 

African small-scale fisheries, defined as the combination of canoe type and the main fishing gear 

used. This approach aims to minimize methodological biases, duplicate records, and interpretation 

errors associated with the high diversity of fishing practices observed along the Malagasy coast. The 

data used cover several landing sites distributed across the main Malagasy coastal regions 

bordering the Mozambique Channel, including Diana, Boeny, Melaky, Menabe, and Atsimo 

Andrefana. This broad spatial coverage will provide a better understanding of the dynamics of 

artisanal fisheries targeting neritic tunas in this strategic area of the Western Indian Ocean, while 

also providing technical and methodological elements useful for strengthening fisheries statistical 

monitoring systems and improving the sustainable management of exploited marine resources.  
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1. INTRODUCTION 
Small-scale fisheries play a fundamental role in food security, employment, income generation, and 

livelihood diversification in Madagascar. Along the western coast bordering the Mozambique 

Channel, fishing communities depend heavily on marine resources for subsistence and commercial 

activities. Among the exploited resources, neritic tunas, tuna-like species, billfishes, and sharks 

represent an important component of coastal fisheries because of their nutritional and economic 

value. 

Despite their importance, catches from small-scale fisheries remain poorly documented compared 

with industrial and semi-industrial fisheries. Fisheries statistics are often limited by the large 

number of landing sites, the diversity of fishing gears, the mobility of fishing operations, and the 

limited availability of observers. Consequently, national and regional stock assessments may 

underestimate the contribution of artisanal fisheries to total removals. 

In the Mozambique Channel, information regarding catches of tuna and shark species from small-

scale fisheries remains fragmented. Existing monitoring programs generally cover only a subset of 

fishing communities and therefore require extrapolation procedures to derive regional estimates. 

Reliable estimates of catch, fishing effort, and biological indicators are nevertheless essential for 

fisheries management, ecosystem-based approaches, and reporting obligations to regional fisheries 

management organizations. 

Blue Ventures Madagascar has implemented a fisheries monitoring program across multiple coastal 

communities of western Madagascar. The resulting dataset provides detailed information on fishing 

trips, fishing effort, species composition, catches, biological measurements, and fishing gears. These 

data constitute one of the most comprehensive sources currently available for assessing small-scale 

fisheries in the region. 

The objective of this study was to estimate catches of neritic tunas and sharks landed by small-scale 

fisheries during 2024–2025 and to derive key biological indicators based on length-frequency and 

maturity data. The methodology combines the Fishing Unit (UP) framework recommended by 

FAO/OpenArtFish with fleet information from the 2012 National Frame Survey and regional effort 

extrapolation procedures. 

2. MATERIALS AND METHODS 

2.1. Study Area and Data Sources 

The study covered six administrative regions along the western coast of Madagascar: Diana, Sofia, 

Boeny, Melaky, Menabe, and Atsimo-Andrefana. Fisheries landing information was obtained from 

the Blue Ventures monitoring system. 
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Because monitoring coverage was insufficient in Boeny and no surveys were conducted in the Sofia 

region, proxy regions were used. Based on expert judgment and observed similarities in fishing 

practices, vessel characteristics, target species, and environmental conditions, Diana was 

considered representative of Sofia, while Melaky was considered representative of Boeny. The use 

of proxy regions is a common approach when direct observations are lacking but neighboring 

fisheries share comparable operational and ecological characteristics (Hilborn & Walters, 1992; 

FAO, 2020).  

Analyses were restricted to tuna and shark species, and only fishing trips targeting or catching these 

groups were considered in the estimation of CPUE and total catches. 

2.2. Definition of Fishing Units 

Fishing Units (UP) were defined as unique combinations of vessel type and fishing gear. Each fishing 

trip was assigned to a standardized-UP category. This approach provides a more realistic 

representation of fishing capacity than using vessel counts or fisher numbers alone (Gulland, 1983; 

Sparre & Venema, 1998). 

Examples included canoe-line, canoe-net, canoe-longline, motor-line, and motor-net categories. The 

relative contribution of each UP was estimated from observed trips and subsequently combined 

with frame survey information to estimate the total number of active fishing units. 

2.3. Estimation of Fishing Effort and CPUE 

For each fishing trip i, catch per unit effort (CPUE) was calculated as: 

 

                                                  CPUEᵢ = Cᵢ / Dᵢ 

 

where Cᵢ represents landed catch (kg) and Dᵢ represents the number of fishing days. 

 

Monthly standardized CPUE was estimated as: 

 

                                                CPUE = (ΣC) / (ΣD) 

 

 

where ΣC is total observed catch and ΣD is total observed fishing effort expressed in fishing days. 

Extreme outliers above the 99th percentile of observed catches were removed to reduce the 

influence of exceptional fishing events, a common practice in fisheries data standardization 

(Maunder & Punt, 2004; Campbell, 2004). 

2.4. Fleet Expansion and Catch Extrapolation 

The number of fishing units was estimated from the National Frame Survey using: 

 

                                                 UP̂ = F × P 

 

where UP̂ is the estimated number of fishing units, F is the fleet size reported by the frame survey, 
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and P is the observed proportion of each fishing unit category. 

 

Annual fishing effort was estimated as: 

 

                                                 E = UP̂ × PAB 

 

where PAB is the monthly average activity of a fishing unit. 

 

Regional catches were extrapolated as: 

 

                                                 Ĉ = CPUE × E 

 

where Ĉ is the estimated catch. 

This approach assumes that monitored fishing units are representative of the broader fleet 

operating within each region, a key assumption in CPUE-based stock assessment methods (Hilborn 

& Walters, 1992; Walters, 2003). 

2.5. Biological Indicators 

Biological analyses focused on length-frequency and maturity information collected during 

sampling activities. Sample length measurements were obtained from the variable 

sample_data_value when sample_type corresponded to total length measurements. 

Mean length was calculated as: 

 

                                                  L̄ = (ΣLᵢ) / n 

 

The proportion of mature individuals was estimated as: 

 

                                                  Pₘ = 100 × (Nₘ / N) 

 

where Nₘ is the number of mature fish and N is the total number sampled. 

 

The proportion of fish exceeding the length at first maturity was estimated as: 

 

                                                 P(L ≥ Lm) = 100 × N(L ≥ Lm) / N 

 

where 𝐿𝑚is the length at first maturity obtained from FishBase (Froese & Pauly, 2023). 

Length-frequency distributions were summarized by species and region to evaluate population 

structure and exploitation patterns, a widely used approach in tropical fisheries assessments (King, 

2007; FAO, 2018). 
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3. RESULTS AND DISCUSSIONS 

3.1. Variability, uncertainty, and species composition of CPUE in data-limited 

artisanal fisheries of Madagascar 

 
CPUE analyses at the fishing unit level reveal strong spatio-temporal variability in yields across 

regions, seasons, species, and gear types, highlighting the heterogeneous nature of tropical artisanal 

fisheries. However, many estimates rely on small sample sizes (n < 10), leading to high uncertainty, 

inflated coefficients of variation, and wide confidence intervals, which reduce the robustness of 

CPUE indicators (Sparre & Venema, 1998; Gulland, 1983). While part of this variability is due to 

sampling limitations, it also reflects the intrinsic complexity of multi-species fisheries, influenced by 

gear diversity, opportunistic strategies, and environmental variability (Pauly et al., 1998; FAO, 

2020).  

 

Differences between fishing units are evident, with longlines generally showing higher but more 

variable CPUE than handlines, consistent with their targeting of mobile pelagic species (Ward et al., 

2004). Seasonal fluctuations further suggest the influence of biological cycles and oceanographic 

conditions on resource availability (King, 2007). Overall, although CPUE patterns indicate 

substantial heterogeneity in fishing performance, their precision remains limited, and the use of 

aggregation or statistical standardization methods (e.g., GLM/GAM) is recommended to improve 

reliability (Maunder & Punt, 2004). 

 

These results are supported by the distribution of sample sizes (Figure 1), showing a dominance of 

strata with low n, which explains the high variability in CPUE observed (Figure 2). The high 

coefficient of variation (Figure 3) confirms the instability of estimates in poorly sampled strata and 

the quality of CPUE estimation is presented in Figure 4. 
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The monthly evolution of tuna and shark catches shows marked spatial and temporal variability 

across regions and between 2024 and 2025. Some regions, such as Boeny and Melaky, exhibit 

pronounced seasonal peaks, suggesting periods of increased resource availability or intensified 

fishing activity. In contrast, other regions display lower and more stable catch levels. Interannual 

differences are also evident, indicating potential changes in environmental conditions, species 

availability, or fishing effort. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, these results should be interpreted with caution due to several limitations, including small 

sample sizes in some strata, the use of proxy regions (Boeny and Sofia), and potential variability in 

unobserved fishing effort. 
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The figure highlights the species composition of catches across regions in 2024 and 2025, revealing 

a strong dominance of a limited number of species and marked spatial and interannual variability. 

In several regions, particularly Boeny and Melaky, catches are overwhelmingly dominated by a 

single species, Narrow-barred Spanish mackerel, with contributions exceeding 85–95%. In contrast, 

regions such as Diana and Sofia show a higher contribution of tuna species (e.g., yellowfin tuna, 

kawakawa) and swordfish, with notable shifts in dominant species between 2024 and 2025. 

Small scale fisheries appear highly opportunistic, driven by local resource availability, seasonal 

dynamics, and fishing practices, with catches largely dominated by a few key species. The high 

contribution of Narrow-barred Spanish mackerel may partly reflect species misidentification due to 

limited taxonomic training of enumerators, particularly for morphologically similar pelagic species. 

Additionally, the representativeness of tuna and shark data is constrained by uneven sampling 

coverage and potential identification errors, which may bias species composition estimates. The 

extrapolation relies on several assumptions, including the representativeness of observed trips, 
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similarity between proxy regions, and constant fishing activity rates. Key sources of uncertainty 

include incomplete e landing coverage, variable fishing effort, and temporal changes in practices. 

Despite these limitations, the approach provides a transparent framework for estimating catches 

and biological indicators in data-limited fisheries. 

 

3.2. Summary of biological indicators for neritic tuna 

 

 
 

 

Bullet tuna (Auxis rochei) 

The mean length (78 cm) was well above the length at maturity (29.14 cm), with 100% of individuals 

classified as mature (Lmean/Lm = 2.68); however, the result is not reliable due to the extremely 

small sample size (n = 1). 

 

Kawakawa (Euthynnus affinis) 

The mean length (34.52 cm) was below the length at maturity (46.57 cm), with only 7.41% of 

individuals mature (Lmean/Lm = 0.74), indicating that most individuals were harvested before 

reaching maturity. 

Narrow-barred Spanish mackerel (Scomberomorus commerson) 

The mean length (70.75 cm) was substantially lower than the maturity length (101.72 cm), with 

only 3.75% of individuals mature (Lmean/Lm = 0.70), based on a large sample size (n = 2825), 

suggesting strong growth overfishing. 

 

Tuna (Thunnus sp.) 

The mean length (28 cm) was far below the maturity length (105.28 cm), with no mature individuals 

recorded (0%; Lmean/Lm = 0.27), although the small sample size (n = 10) limits the robustness of 

this result. 

 

Overall, the results suggest that growth overfishing is likely occurring for several neritic tuna 

species, although uncertainties related to sampling design and data quality should be carefully 

considered when interpreting these findings. 

 

Table 1: National-level summary of length-based biological indicators  

for neritic tuna species 

Scientific species Species Sample_size Mean_length 

(cm) TL 

Lm_cm 

TL 

% 

Mature 

% 

> 

Lm 

Ratio_Lmean_Lm  

Auxis rochei Bullet tuna 1 78 29.14 100 100 2.68 

Euthynnus affinis Kawakawa 27 34.52 46.57 7.41 7.41 0.74 

Scomberomorus commerson Narrow-

barred Spanish mackerel 

2825 70.75 101.72 3.75 3.75 0.7 

Thunnus sp Tuna 10 28 105.28 0 0 0.27 
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4. CONCLUSIONS 

 

This study provides a harmonised framework for estimating catches, fishing effort, CPUE, and 

biological indicators of neritic tunas, tuna-like species, and sharks in Malagasy small-scale fisheries 

of the Mozambique Channel. By combining the Fishing Unit (UP) approach recommended by FAO 

with data from the Blue Ventures monitoring system and national frame survey information, the 

methodology allows the integration of heterogeneous datasets into a coherent analytical structure 

suitable for data-limited fisheries. 

 

The results highlight strong spatial, temporal, and operational variability in CPUE and catch 

composition across regions and fishing units. This variability reflects both the inherent dynamics of 

tropical artisanal fisheries and methodological constraints, particularly small sample sizes, uneven 

monitoring coverage, and the use of proxy regions. While the approach provides useful trends and 

relative comparisons, the precision of estimates remains limited in some strata. 

 

Species composition analyses further indicate a dominance of a few key species in several regions, 

although potential misidentification and limited taxonomic training among enumerators may have 

introduced bias in the estimation of species contributions. This underscores the importance of 

strengthening capacity in species identification and improving field validation protocols. 

 

Despite these limitations, the study demonstrates that a transparent and reproducible extrapolation 

framework can generate valuable indicators for fisheries assessment and management. The outputs, 

including standardized CPUE indices, regional catch estimates, and biological reference indicators, 

provide a useful basis for monitoring trends in neritic tuna and shark fisheries and supporting 

ecosystem-based management in western Madagascar. 

 

Future improvements should focus on increasing sampling coverage, refining frame survey 

information on fishing units, reducing reliance on proxy regions where possible, and implementing 

statistical standardization methods (e.g. GLM/GAM) to better account for effort heterogeneity and 

improve the robustness of CPUE estimates. 
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