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Abstract. Frigate tuna (Auxis thazard) is a pelagic fish that has important economic value in Indonesian 
fisheries. The aim of this research was to determine fishery characteristics, population parameters and 
spawning potential ratio of frigate tuna in Gulf of Tomini. This research was conducted in 2020-2021, 
frigate tuna from Gulf of Tomini were caught using handliner and purse seiner. The sampling sites were 
established in Gorontalo, Ampana and Bitung, Indonesia. The catch composition of purse seine was 
dominated by small pelagic fish, while frigate tuna accounts for 10.81% of the total catch. The handline 
catch was dominated by large pelagic fish such as yellowfin tuna (Thunnus albacares) and skipjack tuna 
(Katsuwonus pelamis), while frigate tuna has a smaller percentage, namely 1.87%. Purse seine and 
handline fishing ground were around fish aggregating devices (FADs), in the Gulf of Tomini, Molucca Sea 
and the Banda Sea. Purse seine and handline vessels do not fish in the east season in July-September. 
Purse seine catch per unit effort (CPUE) was the highest in April, September and the lowest in October-
November, with an average of 781 kg trip-1, while handline CPUE was highest in August, September and 
lowest in June-July, with an average of 32 kg trip-1. The size structure ranges from 13 to 44 cm with an 
average of 29 cm fork length. The value of Lc50 = 29.1 cm is greater than the value of Lm50 = 26 cm. The 
length infinity (L∞) = 46.2 cm, growth rate (K) was 0.385 year-1 and t0 -0.0517. The maximum lifespan 
of frigate tuna (tmax) is 8 years. Natural mortality (M) was 1.06 year-1, fishing mortality (F) was 1.03 year-

1, total mortality (Z) was 2.09 year-1, exploitation rate (E) was 0.49 year-1, and spawning potential ratio 
(SPR) value was currently 0.38. There are indications that recruitment overfishing is occurring, so it is 
necessary to regulate the selectivity of fishing gear, especially purse seines. The status of frigates tuna 
status is still safe, but efforts are needed to be controlled because the level of exploitation is almost close 
to the optimum level.   
Key Words: exploitation rate, frigate tuna, growth, mortality, spawning potential ratio. 

 

 

Introduction. The frigate tuna (Auxis thazard) is one of the Scombridae family species, 

with a maximum total length of up to 65 cm (Cayré et al 1993). However, the commonly 

caught size is 25-40 cm, depending on the fishing gear used and the season and location 

of capture (Colette & Nauen 1983). Frigate tuna is an epipelagic and neritic fish, but it can 

also occur in oceanic waters in the tropical and subtropical regions. The species has a 

preference of depth range up to 50 m of the water column, with a localized migratory habit 

and mainly restricted to continental shelves and oceanic islands (Collette & Nauen 1983; 

Maguire et al 2006). Juveniles and pre-adults are found over the continental shelf (Deepti 

& Sujatha 2012). Gulf of Tomini is part of the Fisheries Management Area (FMA) 715 

Indonesia, which includes the waters of Gulf of Tomini, the Molucca Sea, the Halmahera 

Sea, the Seram Sea, and Berau Bay. Fishermen typically use purse seine, handline, and 

pole and line to catch frigate tuna. Currently, frigate tuna fishing in FMA 715 often use fish 

aggregating devices (FADs). 
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The production of frigate tuna in FMA 715 over the past five years (2019-2023) has 

increased trend, peaking in 2022 at 35,743 tons and then decreasing to 16,073 tons in 

2023. There is currently no specific stock status for skipjack tuna in FMA 715; instead, 

there is a stock status for large pelagic fish, which is an aggregate of all large pelagic fish 

such as neritic tuna except for tunas and skip jack (Minister decree/MMAF, No. 19/2022). 

The east-facing Gulf of Tomini boasts an average depth of 1500 meters and connects to 

both the Molucca Sea and the Sulawesi Sea. The Gulf of Tomini waters is water area with 

a high distribution of phytoplankton and zooplankton (Setyadji & Priatna 2011), this gulf 

boasts rich marine natural resources and a variety of potential pelagic fishery resources 

(Wiadnyana 1998). 

Noegroho et al (2013), Hartaty & Setyadji (2016), Sulistyaningsih et al (2020), 

Tampubolon et al (2016), and several other writers have conducted research on frigate 

tuna in Indonesian waters. Research on frigate tuna in the Gulf of Tominis remains scarce, 

underscoring its significance and its potential contribution to sustainable fishery 

management. This research aims to determine the characteristics of fisheries, population 

parameters, and the spawning potential ratio (SPR) of frigate tuna. We expect the results 

of this study to establish sustainable management policies for frigate tuna resources. 

 

Material and Method 

 

Time and research location. The research was conducted in the Gulf of Tomini from 

2020 to 2021, with sampling locations in Gorontalo, Ampana, and Bitung in Indonesia 

(Figure 1). The data gathered encompasses information on catch composition, fishing 

grounds, production, effort, catch per unit effort (CPUE), fork length, weight, and gonad 

maturity. The landed frigate tuna comes from purse seiner and handliner.  
 

 
Figure 1. Research location map.  

 

Catch composition and size structure. We obtained the catch composition data through 

direct observation at the landing site, using information collected by enumerators. The 

catch composition is presented in percentage form, with each species caught by each type 

of fishing gear. The analysis of catch composition is formulated as follows:  
 

Catch composition = 
ni

Ni
× 100 

 

where: ni = the weight of a particular fish species (kg); 

 Ni = the total weight of the catch (kg).  

The fork length of frigate tuna samples was collected monthly from 2020 to 2021. 

Next, we created the length-frequency distribution using a 1 cm class interval. Size 

FMA 715
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structure was observed to see the fishing gear's selectivity, the caught fish's dominant size, 

and growth analysis. The fishing ground was created based on a grid map prepared with a 

size of 1 degree, and each cell was assigned a grid number. The enumerators, who 

interviewed the fishermen, filled in the grid map. The results are presented as spatially 

shaded maps for purse seine and handline fishing gear.  

 

Catch per unit effort (CPUE). Catch and effort data were obtained by recording the 

landing data of each vessel at the landing port. Data collection was assisted by 

enumerators, who also recorded operational data of the vessels and the size of the frigate 

tuna. CPUE was formulated according to Sparre & Venema (1999) as follows:  
 

CPUE = 
c

e
 

 

where: c = total catch (kg); 

 e = total efforts. 

 

Growth estimation. The size structure of the frigate fish was obtained by creating a length 

frequency from the lengths of the fish collected during the study. Fish sampling was 

conducted randomly at fish landing sites and fish collectors. The length of the fish was 

measured using a measuring board with centimeter units. From the length measurements, 

the percentage frequency of length was then calculated in 1 cm class intervals. Growth 

parameters (K and L∞) were estimated using the electronic length frequency analysis 

(ELEFAN-1) method on a computer with the FiSAT software (Gayanillo et al 1996). The 

following equations are based on the Von Bertalanffy (Beverton & Holt 1957) equation: 
 

Lt = L∞ [1-exp-K(t-to)] 
 

where: Lt = length at age t (cm); 

 L∞ = asymptotic length (cm); 

 K = parameter describing the rate of reaching L∞ (year-1); 

 t0 = theoretical age when the fish is of zero length (year). 

The equation of Pauly (1983) serves as the basis for the calculation of the parameter 

t0 (age at 0 years): 
 

Log (-t0) = 0.3922 – 0.2752 Log (L∞) - 1.038 Log (K) 
 

The equation of Alagaraja (1984) estimates the maximum age of the frigate tuna 

(tmax): 
 

𝑡𝑚𝑎𝑥 =  (−
1

𝐾
) 𝑙𝑛 (1 −

0.95𝐿∞

𝐿∞

)  

 

Mortality. Natural mortality (M) of frigate tuna was obtained based on the empirical 

equation of Zhang & Megrey (2006), namely: 
 

M =
βK

eK(Ci.tmax−t0)−1
 

 

where: M = natural mortality (year-1); 

 Ci = constant for pelagic fishes is 0.33;  

           tmax = maximum age of the fish (year); 

           β = growth coefficient concerning a length to weight. 

 

The equation yields the fishing mortality (F) based on the estimation of total 

mortality (Z) and M values: 
 

Z = F + M  or  F = Z - M 
 

E = F/Z 
 

where: Z = total mortality (year-1); 

  F = fishing  mortality (year-1); 
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  M = natural mortality (year-1); 

  E = exploitation rate (year-1) 

             
The cubic equation of Ricker (1975) provides the basis for the length-weight 

relationship:  
 

W = aLb 
 

where: a = constant; 

 W = the weight of the frigate tuna (g); 

 L = the fork length of the frigate tuna (cm); 

 b = the growth coefficient.  

 

The average length at first capture (Lc) and gonad maturity (Lm). The equation of 

Gunderson (1976) estimates the average length at first gonad maturity (Lm50) based on 

the logistic function of the proportion of mature gonad fish to immature gonad fish: 
 

𝑃𝑚 =   
1

1 + 𝑒−(𝑎+𝑏𝐿)
  

 

where: P = the proportion of mature gonad fish (%); 

 L = the length of the fish (cm); 

 a and b = constants.  

The equation -a/b yields the average size at first gonadal maturity (Lm50). 

We estimated the average size at first capture (Lc50) using a logistic function by 

plotting the frequency of each age class, which we then converted into length. The average 

size at first capture (Lc50) uses the equation (Sparre & Venema 1992): 
 

𝑆𝑡 =
1

[1 + 𝑒𝑥𝑝 (𝑇1 − 𝑇2(𝑡)]
  

 

where: St = the selectivity at age t; 

 T1 and T2 = constants; 

 t = the age in length classes (year).  

We obtained the average age at first capture from T1/T2. 

 

Spawning potential ratio. This study uses the length-based spawning potential ratio 

(SPR) as one of its models to determine biological reference points, which are based on 

the percentage of fish reproductive potential that remains in the wild (Hordyk et al 2015a, 

b). The estimation of SPR requires several growth and population parameters for frigate 

tuna (Table 1). We obtain the SPR by comparing the proportion of spawning stock biomass 

per recruit under capture conditions to the spawning stock biomass per recruit under no-

capture conditions (Goodyear 1993; Hordyk et al 2015a, b). Clark (2002) recommends 

40% SPR as the optimal SPR point, and in this study, it is used as an indicator in 

determining the stock status of frigate tuna in Gulf of Tomini.   

 

Table 1  

Input parameter for SPR analysis 

 

Parameter Description 

F Fishing mortality 

K Growth rate 

M Natural mortality 

t0 Theoretical age when the fish is of zero length 

L∞ Length infinity 

a Constant 

b Slope of length-weight relationship 

Lc Length at first capture 

Lm Length at first maturity 



 
AACL Bioflux, 2024, Volume 17, Issue 6. 

http://www.bioflux.com.ro/aacl 3154 

In the calculation of SPR value, some population parameters data are required: 

mortality (M), fishing mortality (F), asymptotic length (L∞), growth rate (K), and life 

history data consisting of the size at first gonad maturity (Lm) and the size at first capture 

(Lc), as well as the constant values a and b from the length-weight relationship (Hordyk et 

al 2015b). 

Prince et al (2015a) developed the following method for analyzing SPR by size: 
 

SPRt =
∑ EPt

t
t=0

∑ EPt
tmax
t=0

   

 

EPt = (Nt−1e − M)ft 
 

where: SPRt = spawning potential ratio in year t; 

 EPt = the reproduction output at age t; 

 Nt = the number of individuals at time t, with N0 being 1000; 

 M = natural mortality (year-1); 

 ft = the average fecundity (eggs).  

However, since ft's value is unavailable, we calculated EPt using the following 

equation: 
EPt = Nt × Wt × mt 

 

where: Wt = the weight of the fish at age t (g); 

 mt = the average size of fish with mature gonads (cm).  

The status of fish exploitation based on the SPR value refers to Ault et al (2008), 

which has three categories: over exploitation (SPR < 20%), fully exploitation (SPR > 20-

30%), and under exploitation (> 30-50%). 

 

Results. Catch composition of purse seine was dominated by small pelagic fish, such as 

Decapterus macrosoma (31.8%), Decapterus macarellus (24.45%), and Selar 

crumenopthalmus (13.60%). Figure 2 shows that frigate tuna, at 10.81%, and Katsuwonus 

pelamis, at 10.09%, dominate the large pelagic fish.  

 

 
Figure 2. The catch composition of purse seiner.  

 

Figure 3 shows that Thunnus albacares (60.01%) and Katsuwonus pelamis (21.04%) 

dominate the composition of handline catches. Compared to purse seine, the percentage 

of frigate tuna caught with handline is significantly smaller, at 1.87%. 
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Figure 3. The catch composition of handliner. 

 

Fishing ground. The Gulf of Tomini, parts of the Molucca Sea, and occasionally the 

northern side of the Banda Sea are areas where purse seine fishing gear can be found. 

Purse seine vessels are larger than handline vessels, 20-30 GT, allowing them to catch fish 

in fishing grounds farther from their home port (Figure 4). The handline-catching fishing 

ground spans almost all waters of Gulf of Tomini and parts of the western Molucca Sea. 

(Figure 5). Purse seine and handline both have almost the same fishing ground, namely at 

the FADs. Even though so far the interaction between purse seine and handline fishermen 

has been well established, the potential for conflict between the two being very possible. 

 

 
Figure 4. Purse seine fishing ground. 
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Figure 5. Fishing ground of handline. 

 

Catch per unit effort (CPUE). CPUE purse seine was highest in April and September and 

lowest in October-November, with an average of 781 kg trip-1, while handline CPUE was 

highest in August and September and lowest in June-July, with an average of 32 kg trip-1. 

(Figure 6).  

 

 
 

 
Figure 6. CPUE purse seine and handline in the Gulf of Tomini. 
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Size structure. The size of frigate tuna in Gulf of Tomini ranges from 13 to 44 cm, with 

an average length of 29 cm (Figure 7).  

 

 
Figure 7. Frequency distribution of the length of frigate tuna in 2020-2021. 

  

Growth. Based on the monthly modal shifts in 2020 and 2021, we found that frigate tuna 

has an asymptotic length (L∞) of 46.2 cm, a growth rate (K) of 0.385 cm year-1, and a 

theoretical age of -0.0517 when length equals 0 (t0). This gives us the Von Bertalanffy 

growth equation for frigate tuna as Lt = 46.2(e(-0.385(t+0.0517))) (Figure 8). The maximum age 

of the frigate tuna (tmax) is 8 years. At the ages of 1 and 2 years, the frigate tuna reaches 

lengths of 15 and 25 cm, respectively.  

 

 
Figure 8. Von Bertalanffy growth curve for frigate tuna (Auxis thazard). 

 

The length-weight relationship of frigate tuna follows the equation W = 0.007L3.251 (Figure 

9). The length-weight relationship yields a positive allometric growth pattern (b > 3), with 

a value of a = 0.007 and b = 3.251 (Figure 9). The growth coefficient (b) greater than 3 

indicates a positive allometric growth pattern, showing that the weight growth of the fish 

is more dominant than its length. 

 

Mortality rate. The natural mortality rate (M) is 1.06 year-1, the fishing mortality rate (F) 

is 1.03 year-1, and the total mortality (Z) is 2.09 year-1 (Figure 10). The exploitation rate 

(E) of 0.49 year-1 is nearing the optimum point, which is E = 0.5. 
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Figure 9. Length-weight relationship of the frigate tuna (Auxis thazard). 

 

 
Figure 10. Length converted catch curve for frigate tuna.  

 

The length at first capture and the length at first maturity. The length at first capture 

of frigate tuna with the handline (Lc50 = 29.1 cm) is larger compared to the average size 

at first gonadal maturity (Lm50 = 26 cm) of frigate tuna (Figure 11). This condition indicates 

that most of the caught frigate tuna are mature fish. 

 

 
Figure 11. The length at first capture and the length at first maturity for frigate tuna. 
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Spawning potential ratio (SPR). The SPR value of frigate tuna is 0.38 (38%), or still 

greater than the limit reference point of SPR (20%). Figure 12 presents the SPR value and 

fishing mortality for the frigate tuna. 

 

 
Figure 12. Spawning potential ratio of frigate tuna in the Gulf of Tomini. 

 

Discussion. The catch of frigate tuna using purse seine is greater than with handline. A 

variety of fish species make up the catch when using a purse seine. This demonstrates the 

diversity of fish species found in the FADs area. In addition to providing many benefits, the 

use of FADs also has the potential for overfishing, increased bycatch, 

environmental pollution, and ghost fishing (Pons et al 2023). According to its specifications 

and permits, purse seine targets small or large pelagic fish, but the results show that it can 

catch almost all types of fish in the FADs area. Similarly, handlines that target tuna around 

the FADs also catch another fish, as they utilize various types of hooks to the specific fish 

they aim to catch. Similarly, in the Gulf of Tomini, the types of fishing gear operated around 

FADs in the waters of Palabuhanratu include handlines, trollines, kite lines, and float/drift 

lines (Hargiyatno et al 2013).  

The purse seine fishing ground is predominantly in the FADs area, and it rarely 

operates outside the FADs. The purse seine fishing season is not continuous throughout 

the year; it ends during the East Wind. The East Wind season is a wind that blows from the 

East to the West, blowing slowly with moderate to strong force, causing high waves. The 

east wind blows from July to September. Large purse seine vessels occasionally venture 

out to sea to conduct fishing operations around the islands. This ensures that the vessels 

can seek shelter near the islands in the event of strong winds or high waves. During certain 

seasons, the fishing grounds also extend to the Maluku Sea and Banda Sea. The fishing 

ground for handline is dominant around deep coastal waters, where the nearest FADs are 

located. During the East season, handlines do not operate, except those with fleets larger 

than 20 GT. If extreme weather occurs, then handlines do not operate. Handlines operating 

around the FADs target large pelagic fish such as tuna and skipjack, unlike handlines 

operated by fishermen outside FADs, where the target catch is usually reef fish or demersal 

fish. 

While the average CPUE of purse seine surpasses that of handline, a closer 

examination reveals that small pelagic fish dominate purse seine, while large pelagic fish 

dominate by handline. Both fishing gears operate around FADs, yet their distinct selectivity 

results in a significantly different catch composition. The East Wind season, which runs 

from July to September, also leads to a decline in the CPUE of both handline and purse 

seine. The purse seine’s catch results declined in August, while the handline catch results 

decreased in July. Strong winds and high waves primarily caused the decline in the CPUE 

value, as several boats refrained to fishing. The difference in purse seine catch results each 

month is very significant. This is because during periods of strong winds or high waves, 

purse seine boats continue to fishing, shifting their fishing grounds to areas closer to or 
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around the island. This allows the boats to seek shelter if the weather becomes 

unpredictable. 

The trend of handline CPUE changes every month with smoother variations and 

spikes starting in September. This also indicates that the peak season for catching large 

pelagic fish with handlines occurs from September to November and January to February. 

Yellowfin tuna and skipjack tuna dominate the handline catch, despite the handline's lower 

average CPUE compared to purse seine. The catch of frigate tuna is greater using purse 

seine than with handline. CPUE as a temporal abundance index shows a greater abundance 

of frigate tuna with purse seine. We need longer time series data to observe the trend of 

CPUE. The CPUE of purse seine and handline decreases during the East season. This 

information slightly deviates from Nugraha & Suwarso's (2006) assertion that fishing 

activities in Gulf of Tomini take place from October to May, with a significant decrease from 

June to September. 

The infinity length of frigate tuna in the waters of Gulf of Tomini reaches 46.2 cm 

with a growth rate coefficient of 0.385 year-1. Table 2 lists the comparison of infinity length 

(L∞) and growth rate (K) in various waters. 

 

Table 2 

Growth parameters of frigate tuna in several waters 

 

Area  L∞ (cm)   K year-1 References 

West Java 51.5 1.0 Dwiponggo et al (1986) 

Thailand 47.2 0.80 Yesaki (1982) in Yesaki & Arce (1993) 

Taiwan 48.17 0.5 Tao et al (2012) 

Indian coast 57.95 1.2 Abussamad et al (2013) 

West Sumatera 47.9 0.58 Hartaty & Setyadji (2016) 

South Bali 50 0.3 Pratiwi & Suryaningtyas (2022) 

Gulf of Tomini 46.2 0.385 This study 

   

The difference in L∞ and K values is influenced by several factors, both internal and 

external. Schluderman et al (2009) stated that the internal factors affecting growth rate 

are genetic and physiological. Meanwhile, the most significant external factors are 

interactions (competition and predation) and environmental conditions (such as food 

availability, temperature, and salinity). Litvak & Leggett (1992), Keckeis & Schiemer 

(1992), Pepin et al (2003), and Magnussen (2007) have reported these findings. Gjedrem 

(2000) asserted that environmental factors influence 70-80% of fish growth, with genetic 

factors accounting for the remaining percentage. This indicates that the difference in 

productivity between one aquatic area (ecosystem) and another results in differences in 

fish growth rates. 

Both fishing and natural mortality in frigate tuna indicate a high value. While 

controlling natural mortality is challenging, we can still manage fishing mortality through 

strategies such as effort regulation, seasonal closures, or other management measures. 

Table 3 lists the comparison of mortality and exploitation rates for frigate tuna. Hartaty et 

al (2014) reported a higher exploitation rate in the waters of West Sumatra.  

 

Table 3 

Mortality and exploitation rate of frigate tuna 

 

Location Z M F E Reference 

Taiwan Strait 1.31 0.91 0.40 0.31 Tao et al (2012) 

Indian water 4.89 1.65 3.24 0.66 Ghosh et al (2012) 

West Sumatera 1.71 1.08 0.63 0.37 Hartaty et al (2014) 

Belawan, Sumatera 1.95 0.43 1.46 0.74 Dewi (2015) 

Gulf of Tomini 2.09 1.06 1.03 0.49 This research 

 

However, catch control is necessary because the exploitation level is nearly reaching the 

optimum level (E = 0.5). The total mortality rate for frigate tuna in Gulf of Tomini is higher 
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compared to the waters of West Sumatra, Belawan and Taiwan Strait as well according to 

the Table 3. Several factors, including food availability, disease, environment, competition, 

and the presence of predators, influence the difference in natural mortality. Differences in 

fishing pressure cause the difference in fishing mortality and total mortality. Because 

selective fisheries only target certain size classes within a stock in their analysis, the use 

of an exploitation rate (E) of 0.5 as a reference point often results in bias (Hordyk et al 

2015b).  

The proportion of uncaught fish that have the potential to spawn after fishing 

pressure is known as the spawning potential ratio (SPR) (Mace 1994; Walters & Martell 

2004; Prince et al 2015b). In Gulf of Tomini, the estimated SPR of frigate tuna is 0.38, or 

38%, indicating that approximately 38% of this fish population remains uncaught and has 

the potential to spawn. According to Ault et al (2008) and Prince (2015a), the SPR reference 

point sets a minimum threshold of 20% and a target reference point of 40%. In Gulf of 

Tomini, the frigate tuna's SPR surpasses the minimum reference point and falls short of 

the target reference point. This suggests that its exploitation remains safe, allowing for 

proper supervision of development efforts. The status of frigate tuna when viewed from 

fishing mortality is still safe, because the F current value is 1.34, which is less than the F 

value of the 20% limit reference point SPR (3.55). The F current value produces a SPR 

value of 38%.  

This can be interpreted as meaning that exploitation of frigate tuna is currently still 

safe because the fishing pressure that causes fishing mortality is still low. Indications of 

recruitment overfishing were found based on the average length at first capture being 

larger than the size at first maturity. With this indication, it is necessary to regulate the 

selectivity of fishing gear, especially purse seines, regulate the fishing grounds and fishing 

seasons. From the SPR value shows that the fishing of frigate tuna is still safe, but catch 

and efforts need to be controlled because the level of exploitation is almost close to the 

optimum level.  

 

Conclusions. Frigate tuna are caught more often with purse seine than with handline. 

Small pelagic fish like Indian scad and mackerel scad dominate from purse seine catch, 

while large pelagic fish like yellowfin tuna and skipjack tuna dominate from handline catch. 

The FADs area is the main fishing grund for purse seine and handline. The highest purse 

seine CPUE is in April and September and the lowest in October-November, while the 

highest handline CPUE is in August and September and the lowest in June-July, when the 

CPUE decreases due to the East season characterized by strong winds and high waves. The 

length infinity (L∞) was 46.2 cm, growth rate (K) was 0.385 year-1 and t0 -0.0517. The 

maximum lifespan (tmax) of frigate tuna is 8 years. The natural mortality (M) was 1.06 

year-1, fishing mortality (F) was 1.03 year-1, total mortality (Z) was 2.09 year-1 and 

exploitation rate (E) was 0.49 year-1. The average catch size surpasses the size of mature 

gonads, a sign of overfishing recruitment has occurred. This necessitates to regulation of 

selectivity in fishing gear, such as adjusting the meshsize of purse seine and the type of 

hook used. We classify the level of exploitation as moderate to optimal, necessitating the 

control of effort or catch. The status of frigate tuna is still considered safe because the SPR 

value is still greater than the SPR limit reference point.  
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