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Abstract

:

A total of 756 yellowfin tuna (Thunnus albacares) caught by a Chinese drifting longliner in the tropical western and central Pacific Ocean (WCPO) from May 2018 to March 2019 were investigated to describe the reproductive biology of the species. Generalized linear model and polytomous logistic regression for the ordinal response model were employed to assess the effects of biometric and spatiotemporal factors (such as individual fork length (FL), fishing depth, dissolved oxygen, and month) on the reproductive traits of yellowfin tuna. The results showed that FLs ranged from 87 to 163 cm, averaging 115.8 cm (SD = ±14.2) for females and 121.8 cm (SD = ±16.8) for males. The proportion of males in the sampled fish was 0.61 (SD = ±0.29), and larger males (>130 cm) were proportionally predominant. Analyses based on the monthly variation of the gonadosomatic index and monthly proportion of sexual maturity stages of the gonads showed that the main spawning period of yellowfin tuna lasts from September to December. In addition, the 50% first maturity FLs of males and females were 111.96 cm (SD = ±1.04) and 119.64 cm (SD = ±1.30), respectively. This study provides new information on the reproductive development of T. albacares in the tropical WCPO region. These reproductive parameters reduce uncertainty in current stock assessment models, which will ultimately assist the fishery in becoming sustainable for future generations.
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1. Introduction


The yellowfin tuna (Thunnus albacares) is a highly migratory fish that inhabits tropical and subtropical waters and mainly feeds on pelagic fish, cephalopods, and crustaceans [1]. After skipjack tuna (Katsuwonus pelamis), yellowfin tuna is the second most targeted species for the world tuna production [2]. From 1960 to 2019, the global fishing output of yellowfin tuna has increased from less than 550,000 tons to more than 1.5 million tons [3]. Being the sea area with the highest tuna production of all oceans, the western and central Pacific Ocean (WCPO) is under the jurisdiction of tuna regional fishery management organizations (RFMOs). One of these is the Western and Central Pacific Fisheries Management Committee (WCPFC), which conducts yellowfin tuna stock assessments across the regions [2]. The primary goal of tuna RFMOs is the maintenance of the stocks of both tuna and tuna-like species at levels enabling maximum sustainable yield. To achieve this overarching objective, management and conservation strategies typically include regulations such as catch quotas, time area closures, and fishing capacity limits, many of which rely on annual or multi-annual stock assessments. The assessment of yellowfin tuna conducted by the WCPFC in 2021 showed that the spawning potential of yellowfin tuna has stabilized over the past decade, showing a small increase in the mid to late 2010s [4]. However, the estimated spawning potential had decreased noticeably in the previous decades [2].



Understanding the reproductive biology of tunas and quantifying size-specific parameters provides the means for accurately predicting the effects of fishing on the reproductive potential of stock [5]. Reproductive parameters of yellowfin tuna, including sex ratio [6], size at first maturity [7], temporal and spatial distributions of spawning [8], fecundity [9], spawning frequency [10,11], spawning season [12], and occurrence and duration of spawning [13] had been assessed in different regions of the Atlantic space [14] and the Indian [6] and the Pacific Oceans [8]. In the WCPO, although several studies have provided considerable information on different aspects of the reproductive biology of yellowfin tuna [8,15,16,17], increasing fishing pressure [8] and the influence of environmental factors [5,18] (such as temperature and dissolved oxygen concentration) on reproductive biology have resulted in data that remain incomplete and inconsistent. Therefore, to improve the assessment and management of yellowfin tuna stocks in the tropical WCPO region, it is necessary to increase the quality and quantity of basic reproductive data used to estimate these reproductive parameters.



The aims of this study were to: (1) analyze reproductive characteristics such as sex ratio, gonadosomatic index, and sexual maturity, as well as (2) explore the influencing factors of these parameters. The results provide important data for improving management strategies on yellowfin tuna in the WCPO region.




2. Materials and Methods


2.1. Sampling Collection


Samples of yellowfin tuna were caught by an ultra-low temperature tuna longline fishing vessel with an overall length of 49.9 m and a gross tonnage of 560 t. The sampling campaign complied with the management requirements regarding fishing gear and fishing methods issued by the WCPFC and related organizations. Drift longline fishing was used with a distance between the main lines of 1200 m, the interval between the main lines of 40 m, and hooked branch lines (29 branch lines in total between the two buoys). The length of the buoy rope was 35.0 m and the length of the branch line was 25.0 m. Mackerels (Pneumatophorus japonicus) and sardines (Sardine sp.) were used as bait. It is well-known that the FL composition of tunas sampled by baited hooks differs from the FL composition of population because of the size-selectivity of hooks or baits [19] and the difference in feeding behavior with different sizes [20]. However, due to the difficulties in sampling oceanic species, most of the research on the reproductive biology of tunas, including yellowfin tuna, bigeye tuna, etc., depends on samples from the commercial fishing gear, such as drift longline [21,22,23] and purse seine [7].



During the daily operation of the fishing vessel, among the 29 branches of a main line, depth thermometers (DST centi-TD) were attached around the hooks of the 1st (i.e., the shallowest), 5th, 11th, and 15th (i.e., the deepest) branch lines to collect information on the operating depth and water temperature where hooks were deployed.



Based on the catenary theory [24], combined with the actual measured water depth of the fishing hook, the operating depth and corresponding temperature of other branch lines and fishing hooks were estimated. Because the depth of the hook varies with soaking time, the average water depth over the entire soaking time after the hook had completely settled was assumed as catch water depth. Dissolved oxygen data corresponding to the catch water depth was obtained from the Copernicus Marine Environmental Monitoring Service website http://marine.copernicus.eu (accessed on 20 November 2021).




2.2. Sample Collection


The samples were collected from May 2018 to March 2019, during a whole fishing trip of 267 days (244 effective sampling days) in the high seas of the tropical WCPO (2°03′ S to 11°17′ S, 163°14′ E to 173°35′ E, as shown in Figure 1). The number of hooks cast daily was 2684 (±290), and the hooking time ranged from 04:00 to 11:00 daily.




2.3. Data Analysis


All specimens were analyzed, and capture time, buoy number, and hook position were recorded and linked to the sample. Fish sampling included fork length (FL cm), eviscerated weight (EW, kg), sex, gonad weight (GW, g), and gonad maturity grade. Because it is not easy to measure total weight for each tuna, especially when the hooking ratio is high, the eviscerated weight of tuna recorded after being gilled and gutted is used as an alternative measurement more frequently and popularly in commercial longlining fisheries and research on biology of tunas [21,22,23,25]. The sexual maturity grade of fish was assessed according to Holden and Raitt [26]. For each individual, the developmental stage of the gonads was determined as: (I) undeveloped; (II) early developing; (III) later developing; (IV) mature; and (V) spawned.



The catches of yellowfin tuna of different sexes were counted in groups of 10 cm FL. The FL composition by sex and month, and the proportion of males in yellowfin tuna were analyzed. The Student’s t test was used to test for significant differences in FLs between sexes.



The FL–EW relationship was fitted using the power function as follows [25]:


    EW = m ×   FL  n   



(1)




where m and n are constants. EW is the eviscerated weight (kg) and FL is the individual fork length (cm).



The gonadosomatic index (GSI) was calculated according to Nootmorn [27]:


  GSI = GW /   FL  3  ×   10  4   



(2)




where GW is the wet mass of the gonads (g).



Individuals at sexual maturity stage III and above were recorded as mature [28]. A logistic curve is used to represent the probability PL (binomial distribution) of an individual to be sexually mature by length class [6]. The calculation formula is expressed as follows:


   P L  = exp   a + b ⋅ FL   /   1 +  exp      a + b ⋅ FL      



(3)




where a and b are the parameters of the logistic curve, and the 50% sexual maturity FL50 (i.e., the FL corresponding to individuals with a 50% probability of reaching sexual maturity) is calculated as follows:


    FL   50   = − a / b  



(4)







A generalized linear model (GLM) with logit distribution was used to fit the logistic curve and to obtain the curve parameters  a  and  b . The standard deviation of FL50 was estimated via the Delta method.



GLM was also used to explore the relationship between GSI, as well as biological factors and temporal factors. Circular statistical methods [29,30] were used to quantify monthly variation in the GSI value, and the following model was established:


  ln   GSI + 1   ~  α 0  +  α 1  ⋅ FL +  α 2  ⋅   FL  2  +  α 3  ⋅ sin   ω t   +  α 4  ⋅ cos   ω t   + ε  



(5)




where α0 represents the model intercept, α1 and α2 represent the regression coefficients of FL and the square of FL,    α 3  ⋅ sin    ω t    +  α 4  ⋅ cos   ω t     represents the impact of the fishing month on GSI (where t represents the month), ω represents the angular frequency, and ε represents error item. The calculation formula is expressed as follows:


  ω = 2 π / 12  



(6)







The polytomous logistic regression for the ordinal response model [31] was used to analyze the influence of temporal and biological factors on the sexual maturity level. A multivariate ordered logistic regression model was established as follows:


  logit   P     Y ≤ i     ~  β  0 j   +  β 1  ⋅ FL +  β 2  ⋅ D +  β 3  ⋅ DO +  β 4  ⋅ sin   ω t   +  β 5  ⋅ cos   ω t   + ε  



(7)




where Y represents the maturity level of sampled individuals (i represents the number of response variable categories); β0j represents the model intercept, and j = I − 1; β1, β2, and β3 represent coefficient of the FL, fishing depth (D), and dissolved oxygen (DO), respectively, and ɛ represents the error item.    β 3  ε sin   ω t   +  β 4  ε cos   ω t     represents the monthly effect on the response variable.



The GLM model was fitted using the “glmer” function of the “lme4” package and the polytomous logistic regression for ordinal response model was fitted using the “polr” function of the “MASS” package in R-4.1.2 [32].





3. Results


3.1. Biometric Information


A total of 756 yellowfin tuna samples were obtained by a Chinese drifting longliner vessel, 423 of which were male, 321 were female, and 12 were indetermined. FL for male and female fish was 121.8 cm (SD = ±16.8 cm, range 89 to 163 cm) and 115.8 cm (SD = ±14.2 cm, range 87 to 152 cm), respectively. The proportion of males in the sampled fish was 0.61 (SD = ±0.29), showing a significant difference from the expected 1:1 ration (p < 0.01). Figure 2a shows the distribution of FLs for each sex. Male proportion noticeably increased from smaller to bigger FLs, and the percentage of males reached 0.73 when the FL was around 130 cm. The results of Student’s t tests showed that there was a significant difference in mean FL between male and female yellowfin tuna (p < 0.01). Regarding the monthly evolution of the sex ratio, the proportion of males in December 2018 was below 0.5, while in other months the male proportion was significantly higher than that of females, with a peak in October (0.77) (Figure 2b).



The relationship between the overall, the male, and the female individual FL and eviscerated weight (EW) is as follows (Figure 3): EW = 1.919 × 10−5 FL2.932 (R2 = 0.929), EW = 1.397 × 10−5 FL2.999 (R2 = 0.926), and EW = 3.475 × 10−5 FL2.806 (R2 = 0.926), respectively.




3.2. Spawning Period


In females, the peak of ln(GSI + 1) occurs between 140 and 150 cm FL; the relationship between female ln(GSI + 1) and the FL was approximately linear, and the GSI of different sexes differed significantly (male: ln(GSI + 1) = 0.0386FL − 0.000122FL2 − 2.430; female: ln(GSI + 1) = 0.0187FL − 0.0000322FL2 − 1.162, Figure 4a,b). The results of the GLM showed that the relationship between the GSI of male individuals and FL and the quadratic power of FL was significant (p < 0.001), while the GSI of female individuals was significant and positively correlated with FL (p = 0.0328 < 0.05, Table 1). Significant differences in GSI among months were found for both sexes (Table 1, p < 0.05). Monthly variation showed that mean GSI values of females were significantly higher from September to December and peaked in September. For males, the overall annual variation was similar to that of females, although the peak was in November (Figure 4c,d). Thus, the main spawning period of female yellowfin tuna was between September and December.



With increasing FL, the proportion of highly mature stages in yellowfin tuna gradually increased (Figure 5a,b). In the same FL group, the proportion of gonadal mature individuals was higher in females (   β 1    > 0 according to the multivariate ordinal logistic model; p < 0.001, Table 2).



The monthly proportions of gonadal development stages for both sexes based on mature individuals is illustrated in Figure 5c,d. For both sexes, the peak of mature and spawned gonads appeared in September, and later developing gonads mainly occurred in November and December. The spawning of female yellowfin tuna peaked in November (in the multivariate ordinal logistic model, male: sine p = 0.027, cosine p < 0.001; female: sine p = 0.073 < 0.1, cosine p < 0.001, Table 2).



The proportions of female and male gonad maturity by depth are shown in Figure 5e,f. The proportion of individual gonad maturity of yellowfin tuna varied significantly between different water layers, and the proportion of high sexual maturity grades increased with increasing water depth (   β 2    > 0 in the multivariate ordered logistic model; p < 0.05, Table 2).



As shown in Figure 5g,h, the proportion of individual gonad maturity of yellowfin tuna varied significantly between different dissolved oxygen. Over 80% of the mature and spawned gonads for females and males occurred in 150–190 mg/L dissolved oxygen, the peak of mature and spawned was 190 mg/L for males and 150 mg/L for females (p = 0.051 for males; p = 0.095 for females in the multivariate ordered logistic model, with marginal significance, Table 2).




3.3. Size at Sexual Maturity


The observed minimum length at sexual maturity was around 96 cm for female and 95 cm for male, respectively. The sexual maturity curve (logistic curve) shows that the FL50 for males and females was estimated at 111.96 cm (SD = ±1.04) and 119.64 cm (SD = ±1.30), respectively (Figure 6).





4. Discussion


The present study provides useful information for assessors and managers about some reproductive traits of T. albacares. These reproductive parameters will reduce uncertainty in current stock assessment models, which will ultimately assist the fishery industry to become sustainable for future generations.



Stergiou [33] pointed out that under a lower fishing pressure, the growth rate of fish weight increased, expressed by greater values of the power index n. In comparison with other studies on FL–EW relationships, the n values in this study are slightly lower than those published for the Atlantic Ocean at 3.140 and 2.812 [21], and those published for the Indian Ocean at 3.197 and 3.244 [25], respectively. This could reflect an increment of the current fishing pressure for yellowfin tuna in the WCPO, which would be consistent with the latest assessment of the WCPFC stock results [2].



In FL lower than 110 cm, the proportion of males and females was balanced, while males became dominant in the sample at around an FL of 130 cm. The results of this study are similar to those obtained by Vincent et al. [34]. The positive correlation found here between FL and male predominance could be related to the higher mortality rates of mature females due to the physiological stresses related to spawning [35,36]. An alternative explanation may be a combination of this and different growth rates between males and females at older ages [37]. These differences in growth between male and female yellowfin tunas make the population assessment challenging and should be incorporated to obtain more accurate assessments.



The GSI is an important indicator to describe the reproductive traits and season of fish stocks worldwide [6]. Zhu et al. [6] suggested that yellowfin tuna undergo rapid development of gonads at an early age. When this age is exceeded, males and females start to have relatively different development speeds. Stéquert et al. [38] also found that in the western Indian Ocean, the GSI of male tuna is lower than that of females at the same age. This suggests that the ovaries of females develop faster and are heavier with higher GSI values than in males. This is similar to the results reported by Chen et al. [39] for yellowfin tuna in the south Pacific Ocean and by McPherson [10] for yellowfin tuna in the WCPO region.



Results of the monthly evolution of the GSI were consistent with research results for the western and central Indian Ocean [6], for the western Indian Ocean [24], for the south Pacific Ocean [40], for the western Pacific Ocean [41], and for the eastern Atlantic Ocean [14]. The GSI is higher at the end and beginning of the year and seasonal variations are evident. GSI is related to hormonal changes and environmental conditions (such as sea surface temperature, photoperiod, and monsoon) [38]. The reason for the seasonal reproductive peak may be that the northern monsoon weather in tropical waters affects yellowfin tuna. During this season, their reproductive activity is low [38] as low sea surface temperatures limit productivity and food availability, thereby inhibiting the reproductive activity of yellowfin tuna [8,12]. Furthermore, even a sudden small drop in sea surface temperature triggers a stress physiological response that reduces reproductive activity in yellowfin tuna [42]. In contrast to the asynchronous breeding peaks between male and female bigeye tuna, the monthly trend between male and female yellowfin tuna is consistent, as reported by Zudaire et al. [7] for the Indian Ocean. It is worth noting that the female GSI fitting curve is steeper than that of males, which further explains the earlier and faster development in female gonads compared with those in males.



In this study, the sexual maturity of yellowfin tuna was studied using macroscopic classification. Macroscopical classification of mature stages may lead to misclassification of females as immature after spawning or in the resting state, or a misclassification of immature females as mature [43]. Consequently, it could lead to errors in the assessment of maturity and spawning season, thereby introducing uncertainty into assessments of maturity and reproductive potential [44]. The proportion of mature stages increased with FL (i.e., the regression coefficient β1 > 0 in the polytomous logistic regression for ordinal response model has a significant impact, Table 2). In tropical waters, yellowfin tuna reproduce year round but show seasonal reproductive peaks in the waters of the WCPO [8,45]. The results obtained in the present study show that the seasons with higher reproductive activity are winter and spring, which is consistent with the findings for the Indian Ocean [7], for the Atlantic Ocean [21], and for the WCPO [8]. Longhurst [46] suggested that, driven by the strongly reversed monsoon weather in the tropics, seasonal changes affect both eutrophic and oligotrophic biological systems in the waters, which in turn result in monthly changes in reproductive activity. Cole [47] suggested that the upwelling generated near oceanic islands or along the frontal boundary between the equatorial north–south current and the equatorial countercurrent leads to changes in the local ocean area.



The depth distribution of fish and environmental factors of suitable habitats are of great significance in ecological research on pelagic fish [48]. The study showed that female yellowfin tuna preferred deeper waters at maturity, while the effect of dissolved oxygen on gonad maturity was not significant. Therefore, the dissolved oxygen factor alone does not seem to play a key role in the gonad maturity of yellowfin tuna, but, rather, multiple factors interact, thus affecting gonad maturity. The dissolved oxygen in the Pacific Ocean is lower than in other oceans [49]. As a visual and opportunistic predator, tuna can heat their blood by vascular countercurrent heat exchangers, which greatly decreases oxygen affinity [50,51]. Their high tolerance to low to moderate dissolved oxygen levels allows them to dive into deeper waters for baiting [8,52]. Schaefer [5] pointed out that female tuna need more energy to reproduce than males. Therefore, females would attain deeper waters where they can obtain more food to support the storage of energy required for reproduction.



The size and age at which 50% (FL50) of a population of tunas reaches maturity and are thus capable of reproducing are important life history parameters used in fishery management [12]. In this study, the FL50 for yellowfin tuna was estimated at 111.96 cm (male) and 119.64 cm (female), which is smaller than the 120–129 cm FL reported by Yuen [53] for the Central Pacific. However, they are bigger than the 92 cm FL reported by Schaefer [12] for the eastern Pacific Ocean, the 104.95 and 109.69 cm FL reported by Nootmorn et al. [54] for the eastern Indian Ocean, and the 97–101 cm FL reported by Costa et al. [21] or the 99.2 cm FL reported by Diaha et al. [14] both for the Atlantic Ocean. This difference could be explained by the differences in latitudes and marine environments; the higher the latitude, the lower the sea surface temperature. High sustainable swimming speeds enable tunas to travel quickly between food patches and to search large volumes of water in the least amount of time. In addition, tunas have been shown to have very high rates of digestion [55], which is advantageous for species that must be able to fully exploit a food patch wherever one is found. Because the pelagic environment provides tuna no place to hide and rest while repaying an oxygen debt, the ability to quickly metabolize lactate is also advantageous [55]. High sustainable swimming speeds therefore allow tuna to rapidly repay an oxygen debt when one is accumulated, which also results in rapid growth rates and high fecundity of yellowfin tuna in the high seas of the tropical WCPO [9,56].



In addition, fluctuations in the breeding season can lead to delayed maturation [8]. The results of this study show that the sexual maturity ogive of male yellowfin tuna is steeper than that of females. When using the distance between 25% and 75% of sexual maturity FL (FL75–FL25) as an indicator, the result for males is 15.76 cm (SD = ±2.48), while that for females is 17.35 cm (SD = ±4.03), which is very similar to the results obtained by Zhu et al. [6] in the Indian Ocean. This indicates that the male gonad development in the same group may be more concentrated in time compared with the gonad development in females, and growth and gonad development are faster.



In conclusion, the reproductive parameters of tropical western and central Pacific yellowfin tuna can be described using months as the cyclic variable. The results indicated that female yellowfin tuna showed spawning behavior during most of the year. The monthly variation regularly showed that mean GSI values of both sexes were significantly higher from September to December. For both sexes, the peak of mature and spawned gonads appeared in September, and later developing gonads mainly occurred in November and December. This further indicates that female yellowfin tuna mainly spawn between September and December.



In this study, a first attempt was made to quantify the relationship between gonad maturity and driver factors in yellowfin tuna using polytomous logistic regression for the ordinal response model. Results are consistent with related studies, indicating that the model has good applicability.
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Figure 1. Tropical western and central Pacific Ocean showing sampling locations of T. albacares (blue closed circles). 






Figure 1. Tropical western and central Pacific Ocean showing sampling locations of T. albacares (blue closed circles).



[image: Fishes 07 00162 g001]







[image: Fishes 07 00162 g002 550] 





Figure 2. Fork length (FL) composition columns by sex (a) and month (b) and the proportion of males (line) in T. albacares. 
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Figure 3. Relationship between FL (mean = 118.87 cm) and EW (mean = 24.67 kg) of T. albacares ((a) both sexes; (b) male; (c) female). 
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Figure 4. ln(GSI + 1) by FL and month ((a,c) males; (b,d) females). Error bars represent the standard deviations. 
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Figure 5. Proportions of the sexual maturity stages found in T. albacares ((a) male, FL; (b) female, FL; (c) male, month; (d) female, month; (e) male, water depth; (f) female, water depth; (g) male, dissolved oxygen; (h) female, dissolved oxygen). 
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Figure 6. Maturity ogive of (a) male and (b) female T. albacares. The shaded parts represent 95% confidence interval. The horizontal dotted line represents the proportion at which 50% of the population of T. albacares is mature and the vertical dotted line shows the corresponding FL. 
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Table 1. Outputs of generalized linear model (GLM) fitting for gonadosomatic index (GSI) with biological and temporal factors. Significant p-values are formatted in bold (<0.05).
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Coefficients

	
Estimate

	
Std. Error

	
t-Value

	
p-Value






	
Male

	
   Intercept    α 0    

	
−3.434

	
5.023 × 10−1

	
−6.837

	
<0.001




	
   FL    α 1    

	
5.464 × 10−2

	
8.168 × 10−3

	
6.690

	
<0.001




	
    FL 2     α 2    

	
−1.844 × 10−4

	
3.276 × 10−5

	
−5.628

	
<0.001




	
month

	
   sin    α 3    

	
−5.845 × 10−2

	
1.962 × 10−2

	
−2.979

	
0.0031




	
   cos    α 4    

	
1.184 × 10−1

	
1.392 × 10−2

	
8.508

	
<0.001




	
Female

	
   Intercept    α 0    

	
−1.914

	
0.8796

	
−2.175

	
0.0303




	
   FL    α 1    

	
3.238 × 10−2

	
1.510 × 10−2

	
2.144

	
0.0328




	
    FL 2     α 2    

	
−9.256 × 10−5

	
6.417 × 10−2

	
−1.442

	
0.1502




	
month

	
   sin    α 3    

	
1.777 × 10−1

	
2.968 × 10−2

	
−5.989

	
<0.001




	
   cos    α 4    

	
1.280 × 10−1

	
2.078 × 10−2

	
6.160

	
<0.001
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Table 2. Fitting results of multiple ordered logistic model for sexual maturity grade and influencing factors. Significant p-values are formatted in bold (<0.05).
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Coefficients

	
Estimate

	
Std. Error

	
t-Value

	
p-Value






	
Male

	
Intercept

   β 0   

	
I|II

	
13.61

	
2.419

	
5.627

	
<0.001




	
II|III

	
14.81

	
2.436

	
6.082

	
<0.001




	
III|IV

	
16.90

	
2.484

	
6.803

	
<0.001




	
IV|V

	
17.07

	
2.487

	
6.864

	
<0.001




	
   FL    β 1    

	
1.013 × 10−1

	
8.840 × 10−3

	
11.46

	
<0.001




	
   D    β 2    

	
5.236 × 10−3

	
2.944 × 10−3

	
1.779

	
0.038




	
   DO    β 3    

	
1.634 × 10−2

	
9.991 × 10−3

	
1.635

	
0.051




	
month

	
   sin    β 4    

	
−4.077 × 10−1

	
2.114 × 10−1

	
−1.929

	
0.027




	
   cos    β 5    

	
5.116 × 10−1

	
1.5551 × 10−1

	
3.299

	
<0.001




	
Female

	
Intercept

   β 0   

	
I|II

	
13.34

	
3.204

	
4.163

	
<0.001




	
II|III

	
17.81

	
3.300

	
5.397

	
<0.001




	
III|IV

	
18.76

	
3.319

	
5.651

	
<0.001




	
IV|V

	
19.57

	
3.331

	
5.874

	
<0.001




	
   FL    β 1    

	
1.137 × 10−1

	
1.181 × 10−2

	
9.639

	
<0.001




	
   D    β 2    

	
7.511 × 10−3

	
3.845 × 10−3

	
1.594

	
0.025




	
   DO    β 3    

	
1.787 × 10−2

	
1.366 × 10−2

	
1.308

	
0.095




	
month

	
   sin    β 4    

	
−4.002 × 10−1

	
2.749 × 10−1

	
−1.456

	
0.073




	
   cos    β 5    

	
9.185 × 10−1

	
1.912 × 10−1

	
4.802

	
<0.001
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