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The number of studies on reproductive biology carried out in the Gulf of Mexico is lower

than those undertaken in the Mediterranean Sea. Four spawning areas have been found

for the eastern Atlantic bluefin tuna stock in the Mediterranean Sea. So it is not implausible

that there is more than one spawning area in the Gulf of Mexico for the western Atlantic

bluefin tuna stock. The bluefin tuna used in this work were all caught by the Mexican

surface longline fleet between January and April 2015. A total of 63 individuals ranging

between 192 and 293 cm LF (mean = 238 ± 22.52 cm) were measured. Gonads from 46

fish (31 females and 15 males) were collected for histological examination. All the

individuals were classified as mature; 25 were reproductively active (in spawning capable

and spawning stages). The histological analysis indicates spawning activity in Mexican

waters. Spawning occurred in March and April, when the sea surface temperature was

25.5°C ± 0.687 in March and 27°C ± 0.685 in April.
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21 Abstract

22 The number of studies on reproductive biology carried out in the Gulf of Mexico is lower than 

23 those undertaken in the Mediterranean Sea. Four spawning areas have been found for the eastern 

24 Atlantic bluefin tuna stock in the Mediterranean Sea. So it is not implausible that there is more 

25 than one spawning area in the Gulf of Mexico for the western Atlantic bluefin tuna stock. The 

26 bluefin tuna used in this work were all caught by the Mexican surface longline fleet between 

27 January and April 2015. A total of 63 individuals ranging between 192 and 293 cm LF (mean = 

28 238 ± 22.52 cm) were measured. Gonads from 46 fish (31 females and 15 males) were collected 

29 for histological examination. All the individuals were classified as mature; 25 were 

30 reproductively active (in spawning capable and spawning stages). The histological analysis 

31 indicates spawning activity in Mexican waters. Spawning occurred in March and April, when the 

32 sea surface temperature was 25.5°C ± 0.687 in March and 27°C ± 0.685 in April.

33

34 Introduction

35 Atlantic bluefin tuna, Thunnus thynnus (Linnaeus 1758) is a large, highly migratory species 

36 distributed in the Atlantic Ocean between 70°N and 30°S latitudes (Collette and Nauen 1983). 

37 Two different bluefin tuna stocks are considered for management purposes, the eastern and the 

38 western Atlantic stocks, separated at the 45°W meridian. This borderline was based on the two 

39 well-known spawning areas, the Mediterranean Sea and Gulf of Mexico. Atlantic bluefin tuna is 
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40 classified as an endangered species by the International Union for Conservation of Nature 

41 (IUCN) red list as a consequence of fishing pressure (Collette et al. 2011a,b). Currently, there 

42 are ICCAT regulations aimed at managing both stocks (https://www.iccat.int/en/RecRes.asp). 

43 Although the western stock was the first to be under regulation (since 1999), the number of 

44 reproductive studies is lower than those undertaken for the eastern stock (Susca et al. 2001; 

45 Corriero et al. 2003; Aranda et al. 2011; MacKenzie and Mariani, 2012). 

46 The studies of the western stock focus on Canadian waters and the northern region of the Gulf of 

47 Mexico, specifically in United States waters (Heinisch et al. 2014; Knapp et al. 2014). The 

48 spawning area was located in the north and northwest of the Gulf of Mexico (Nemerson et al. 

49 2000; Ingram et al. 2010). Over the decades it has been thought that the western Atlantic bluefin 

50 tuna spawned only in the north Gulf of Mexico, but a recent larval study has reported a new 

51 spawning ground in the Slope Sea (Richardson et al. 2016). There remains a lack of information 

52 on the reproductive status of individuals at the time of their appearance in Mexican waters 

53 (Abad-Uribarren et al. 2014). In the Mediterranean Sea four spawning zones have been described 

54 (Karakulak et al. 2004). So it is quite plausible that more than one spawning area in the Gulf of 

55 Mexico can exist. The main objective of this work was to determinate the reproductive status of 

56 Atlantic bluefin tuna caught in Mexican waters (southern Gulf of Mexico) using histological 

57 examination of the gonads. Additionally, the size frequency of this species in the area was 

58 analyzed.

59

60 Materials & Methods

61 The individuals used in the present work were caught by the Mexican surface longline fleet 

62 targeting yellowfin tuna Thunnus albacares (Bonnaterre, 1788) from January to April 2015. 

63 Bluefin tuna individuals were measured to the nearest cm (fork length; LF) by scientific 

64 observers on longline vessels. Length analysis was conducted using kernel density estimators 

65 (KDE) (Salgado-Ugarte 2002; Rivera-Velázquez et al. 2010). KDE equation is

66

67

f
ˆ
(x)=

1

nh
∑
i= 1

n

K(x− Xi

h )
68

69 Where is the density estimation of the variable x, n is the number of observations, h is the f̂ (x)

70 bandwidth, Xi  corresponds to length of the i-th fish specimen and K is a smooth, symmetric 

71 kernel function integrating to one.

72 The location of each bluefin tuna was recorded (Fig. 1) and a subset of bluefin tuna was sampled 

73 to collect gonad tissues. Gonad samples were fixed in Bouin's liquid for 4 hours and 

74 subsequently preserved in 70% ethanol. For histological examination, a preserved gonad 

75 subsample was embedded in paraffin. Sections of 10 μm were cut and stained, using the 

76 Mallory's trichrome stain. Microscopic classification used for Atlantic bluefin tuna gonads was 

77 based on a modification of the criteria of Schaefer (1998) and Farley et al. (2013).
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78 Six developmental oocyte stages were considered in this study: primary growth (PG), lipid-stage 

79 (LS), early vitellogenic (E-Vit), advanced vitellogenic (A-Vit), migratory nucleus (MG) and 

80 hydrated (HY) oocytes. The most advanced group of oocytes (MAGO) present within each ovary 

81 and, the presence/absence of: postovulatory follicles (POFs), atretic follicles and late stages of 

82 atresia were used to determinate the sexual maturity. Females were classified as mature if ovaries 

83 contained vitellogenic, MG or HY oocytes and/or atresia. Only mature females were found in the 

84 present study; ovaries were classified into the following five ovarian stages. Developing, ovaries 

85 contained E-Vit oocytes as MAGO, some atresia of vitellogenic oocytes may be present, and no 

86 POFs; spawning capable, when ovaries contained A-Vit oocytes, some atresia of vitellogenic 

87 oocytes may be present, and no POFs; spawning, POFs and /or oocytes in the latter two 

88 advanced developmental stages (MG and HY oocytes) are present and some atresia may be 

89 present, but only in limited amount. Regressing, when ovaries had LS or vitellogenic oocytes as 

90 MAGO, but abundant atretic follicles and no POFs. Finally, regenerating stage if ovaries 

91 contained PG or LS oocytes as MAGO, late stages of atresia and no POFs.

92 For males, four cellular stages, namely spermatogonia (SG), spermatocytes (SC), spermatids 

93 (SD), and spermatozoa (SZ), were microscopically differentiated and recorded. Testes stages 

94 were then assigned based on: the relative abundance of cysts containing the four cellular stages, 

95 the presence or absence of spermatozoa within seminiferous tubules, and the amount of sperm 

96 (when present) within the central longitudinal sperm duct (vas deferens). No immature male was 

97 found, and four stages for mature testes were defined: developing (early spermatogenesis), cysts 

98 with SG, some SC and SD and few SZ can be present; spawning capable (late spermatogenesis) 

99 cysts with abundant SD and some SZ within seminiferous tubules; spawning, some SD, plenty of 

100 SZ and sperm duct full of sperm; and regressing (spent), residual SZ.

101 Monthly variation of sea surface temperature (SST) data for the area of operation of the Mexican 

102 longline fleet were obtained from the Giovanni web database, which is a web-based application 

103 developed by Goddard Earth Sciences Data and Information Services Center (GES DISC) 

104 (http://Giovanni.sci.gsfc.nasa.gov/giovanni/) to correlate the mean SST with the different 

105 reproductive stages.

106

107 Results

108 A total of 63 individuals were caught as bycatch, 5 in January (7.93%), 8 in February (12.69%), 

109 42 in March (66.66%) and 8 in April (12.69%). Sizes of these individuals ranged from 192 to 

110 293 cm LF, with a mean of 238 ± 22.52 cm LF. The size structure was determined by a dominant 

111 mode of 235 cm LF (Fig. 2). Gonads of 46 bluefin tuna specimens, 31 ovaries and 15 testes, were 

112 histologically examined to determinate their maturity stages (Tables 1 and 2). The five ovarian 

113 stages are described in Fig. 3. All ovaries collected in January and February were in regenerating 

114 stage. In March ovaries in the regenerating stage were also observed (29%), a few (5%) were in 

115 developing, whereas those in the spawning capable stage were found to be more frequent (57%) 

116 and 10% were in regressing stage. In April, 25% were developing, 50% were in spawning 

117 capable and 25% were in spawning. The four testes stages are described in Fig. 4. Only one male 
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118 was collected in January, being in early spermatogenesis. No testes were collected in February. 

119 In March, 10% were early spermatogenesis, 50% were in late spermatogenesis, 30% were in 

120 spawning, and 10% were in regressing. In April, 25% were in late spermatogenesis, 25% were in 

121 spawning and 50% were in regressing.

122 Sea surface temperature in the southern Gulf of Mexico was increasing slightly from January to 

123 February, from 23.04 °C ± 0.692 to 23.42 °C ± 0.691, in March a temperature of 25.57 °C ± 

124 0.687 was registered and finally in April the SST reached 27.03 °C ± 0.685 (Fig. 5).

125

126 Discussion

127 This is the first study that reports histological information for reproductive status of bluefin tuna 

128 in the southern Gulf of Mexico. The timing of the catches for this species (7.93% of catches in 

129 January, 12.69% in February, increasing substantially to 66.66% in March, and decreasing in 

130 April to 12.69%) suggests that bluefin tuna gradually arrive to Mexican waters in January and 

131 February, registering the highest catch in March perhaps due to increased feeding behavior 

132 before the spawning season and a decrease in April when spawning begins. A similar behavior 

133 has been previously described for Thunnus orientalis by Chen et al. (2006) who found a decrease 

134 in feeding when the spawning period starts, as well as for other tuna species (Rivas 1954). 

135 It is known that the reproductive season of tunas is strongly linked with temperature and 24 °C is 

136 ideal for spawning (Schaefer 1998). The SST registered in the fishery zone is 25.5°C ± 0.687 in 

137 March and 27°C ± 0.685 in April, in agreement with SST in March and April reported in the 

138 northern spawning zone of bluefin tuna in the Gulf of Mexico, where larvae were found from 

139 25°C to 28°C (Muhling et al. 2010). 

140 Several studies indicate that the spawning period of bluefin tuna is about 3 months, from May to 

141 July for eastern stock and from April to June for western stock (Clay 1991; Knapp et al. 2014). 

142 According to Diaz and Turner (2007) the sizes of the individuals caught in this study from 

143 January to April correspond to sexually mature individuals. The histological examination of 

144 gonads indicates that 48% of female and 67% of males are reproductively active. Male 

145 individuals in spawning stage were found after mid-March and males in regressing stage with 

146 evidence of residual SZ from previous spawning were found in late March and early April. For 

147 female, the most frequent ovary stage in March was spawning capable and one female in 

148 spawning stage was found in April, corresponding with the spawning season for western stock 

149 (Schaefer 2001; Teo et al. 2007). From histological perspective, Mexican waters could be 

150 considered a new spawning area for bluefin tuna. Lutcavage et al. (1999) expressed the need to 

151 consider other possible spawning areas for western stock and discuss the possibility of a 

152 spawning area in the mid-Atlantic region, with similar hydrographic characteristics to the 

153 spawning area of the north Gulf of Mexico, and where sexually mature individuals stay from 

154 February to July. However they could not prove the existence of a new spawning zone due to the 

155 lack of histological evidence. 

156

157
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158 Conclusions

159 In the present study four facts provide evidences for considering the southern area of the Gulf of 

160 Mexico as a new possible spawning area: 1) There is a marked seasonal occurrence of 

161 individuals, 2) SST is appropriate to carry out the reproduction of this species, 3) the sizes 

162 correspond to sexually mature individuals and 4) we have found histological evidences of 

163 spawning. Additional studies are needed to support the southern Gulf of Mexico as a habitual 

164 spawning area.

165
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Figure 1

Fishing ground locations of bluefin tuna (Thunnus thynnus) caught by month as bycatch

in southern Gulf of Mexico.
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Figure 2

Length distribution of bluefin tuna (Thunnus thynnus) caught by the Mexican longline

fleet on 2015.
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Figure 3

Reproductive stages for ovarian of bluefin tuna (Thunnus thynnus) caught in southern

Gulf of Mexico.

Ovarian in regenerating (A-B), developing (C), spawning capable (D), spawning (E) and

regressing stages (F). PG, primary growth oocyte; LS, lipid-stage oocyte; E-Vit, early

vitellogenic oocyte; A-Vit, advanced vitellogenic oocyte; MG, migratory nucleus oocyte; α-At,

alpha atresia; β-At, beta atresia. Scale bar = 500 μm.
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Figure 4

Reproductive stages for testes of bluefin tuna (Thunnus thynnus) caught in southern

Gulf of Mexico.

Testes in early spermatogenesis (A), late spermatogenesis (B), spawning (C) and spent

stages (D). GC, germinal cells; SD, spermatids; SZ, spermatozoa. Scale bar = 500 μm.
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Figure 5

Monthly variation of SST in the area of operation of the Mexican longline fleet targeting

yellowfin tuna during 2015.

The red ellipse shows the temperature in the months at which bluefin tuna (Thunnus

thynnus) were caught.
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Table 1(on next page)

Temporary progression of reproductive stages in female individuals of bluefin tuna

(Thunnus thynnus) collected in 2015.

Months were divided in early (from the day 1 to 10), mid (from the day 11 to 20) and late

(from the day 21 to 31).
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Months

January February March April
Reproductive 

stage
Early Mid Late Early Mid Late Early Mid Late Early Mid Late

Total

Regenerating 1 1 4 3 1 2 12

Developing 1 1 2

Spawning 

capable
12 2 14

Spawning 1 1

Regressing 2 2

1
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Table 2(on next page)

Temporary progression of reproductive stages for male individuals of bluefin tuna

(Thunnus thynnus) collected in 2015.

Months were divided in early (from the day 1 to 10), mid (from the day 11 to 20) and late

(from the day 21 to 31).
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Months

January February March April
Reproductive 

stage
Early Mid Late Early Mid Late Early Mid Late Early Mid Late

Total

Early 

spermatogenesis
1 1 2

Late 

spermatogenesis
5 1 6

Spawning 2 1 1 4

Spent 1 2 3

1
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