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Abstract

:

Oceanic temperature fluctuations are one of the leading factors affecting marine fish populations. Indian Ocean Dipole (IOD), characterized as the sea surface temperature (SST) anomaly change, is an ocean–atmosphere interactive process causing interannual climate variability in the Indian Ocean. Influences of the IOD on the tuna catch rates are supported by previous research. Yet, there remains limited information about the impacts on the abundance of tuna stocks. In this study, we used the standardized Catch Per Unit Effort (CPUE) index to present the stock abundance and compared the effects of the IOD on the bigeye tuna (Thunnus obesus) and yellowfin tuna (Thunnus albacares) among different management areas of the Indian Ocean Tuna Commission (IOTC). Results show significant correlations between IOD events on both species’ abundance in the tropical western Indian Ocean. However, in the tropical eastern Indian Ocean and the southern Indian Ocean, neither bigeye nor yellowfin tuna abundances were significantly correlated by the IOD. For the whole Indian Ocean, IOD was significantly correlated uniquely with the yellowfin tuna abundance. Our results emphasized the importance of evaluating the climate variability effects over fisheries abundance species by species and per fishing areas analyses.
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1. Introduction


Large-scale climate regime shifts affect fish population dynamics by altering their distribution, growth, reproduction, and so on. The most common phenomenon is the fluctuating ocean temperature. In response to the oscillation of sea surface temperature (SST), fish may move to different ocean areas or depths. In the northwest Atlantic Ocean, commercially important fish stocks such as alewife (Alosa pseudoharengus), silver hake (Merluccius bilinearis), and red hake (Urophycis chuss) showed obvious poleward migrations. This is associated with the Atlantic Multidecadal Oscillation positive events in the late 1990s and 2000s [1]. The longitudinal gravity center of fishing grounds of the skipjack tuna (Katsuwonus pelamis) in the western and central Pacific Ocean varied by up to 40° of longitude between strong El Niño and La Niña conditions [2]. Demersal fish assemblage in the North Sea deepened by about 3.6 m per decade as the bottom water temperature gets warmer [3]. Temperature is also a critical spawning cue that greatly influences the recruitment success of fish populations [4,5]. For example, recruitments of tropical skipjack tuna and yellowfin tuna in the Pacific Ocean increased during El Niño events; whereas subtropic albacore (Thunnus alalunga) had lower recruitment during El Niño, yet higher recruitment during La Niña [6]. Reef fishes in the western-central Atlantic Ocean showed lower fecundity, smaller eggs, or reduced pairing due to warmer water temperatures caused by climate change [7].



Climate variability could also affect fisheries by changing the habitat environment of fish populations. For example, the availability of Peruvian hake (Merluccius gayi peruanus), especially juvenile abundance, increased during El Niño events which were coupled with the elevated oxygen content and water temperature in the Peruvian coastal [8,9]. North Atlantic Oscillation (NAO) was negatively correlated with the landings of anchovy stock (Engraulis encrasicolus) in the Gulf of Cadiz due to changes in the sea temperature, run-off, and nutrient mixtures [10].



The Indian Ocean Dipole (IOD), a climate oscillation, occurs in the Indian Ocean due to the interaction of the SST and winds [11,12]. IOD events characterized the SST anomaly change associated with wind direction and precipitation deviations. IOD events experience two phases: positive and negative. During the positive phase, the winds at the surface across the Indian Ocean become more easterly bringing warmer waters to the west. This causes the temperature of the sea to be higher than average in the western Indian Ocean, while lower than average in the eastern Indian Ocean. The opposite is observed during the negative phase of IOD; westerly winds intensify, allowing warmer waters to the east. The SST becomes cooler in the western Indian Ocean and warmer in the eastern Indian Ocean [11,13].



After the Pacific Ocean, the Indian Ocean is the second ocean area to support the world’s largest tuna fisheries, which accounts for 23.3% of worldwide tuna catches (in live weight) in 2020. Yellowfin tuna (Thunnus albacares) and bigeye tuna (Thunnus obesus) are two important commercial tuna species inhabit tropical and subtropical waters, therefore they are commonly referred to as tropical tuna. Combined with skipjack tuna (Katsuwonus pelamis), these three tropical tuna species accounted for 94.2% of global tuna catch in 2020. Tropical tuna are also the main target species in the Indian Ocean. Of the tropical tunas, skipjack tuna contributes the most to catches (51.6%), followed by yellowfin (40.6%) and bigeye (7.8%) tuna in the Indian Ocean in 2020 (data from FAO FishStat database, available at https://www.fao.org/fishery/statistics-query/en/capture/capture_quantity, accessed on 21 January 2023). Yellowfin and bigeye tuna were both distributed in the pelagic zone. However, yellowfin tuna generally spreads in the mixing layer or at the top of the thermocline [14]. Both temperature and dissolved oxygen can affect its vertical distribution [15,16]. Dissimilarly, bigeye tuna has a higher O2 affinity that can adapt to deeper waters [17]. Therefore, the habitats of bigeye tuna are usually wider than yellowfin tuna [18,19,20,21]. Based on their diverse habitats, we hypothesize that IOD events may have different effects on bigeye and yellowfin tuna.



There are some studies explaining the influence of IOD on tuna stock. However, as the catch data are readily available, most of them mainly focus on the effects on the catch rates. For example, study found that the catch rates of longline yellowfin tuna in the tropical western Indian Ocean decreased during the positive IOD phase, and the fishing grounds were hampered in the northern and western margins of the western Indian Ocean. In contrast, during the negative IOD phase, the catch rates increased, and the fishing grounds expanded into the central regions of the western Indian Ocean [22]. In the eastern Indian Ocean off of Java Island (Indonesia), catch rates of the longline bigeye tuna fisheries tend to increase in the positive IOD phase [23]. Although it is meaningful to learn and predict the environmental impacts on fisheries, it is also important to study the effects on tuna stock abundance and provide valuable information for stock conservation and management. Therefore, in this study, we used the standardized Catch Per Unit Effort (CPUE) index to present the stock abundance and compared the IOD events effects on bigeye and yellowfin tuna across different regions of the Indian Ocean.




2. Materials and Methods


2.1. Spatial Structure


The research area of this study covered the whole Indian Ocean, which was divided into different regions based on the spatial structures carried out by the Indian Ocean Tuna Commission (IOTC). The spatial stratifications were used to account for the differences in biological characteristics of the species, fisheries/gears, and the availability of data [24]. In the Indian Ocean, the definitions of spatial structures mainly depend on the spatially distinct fisheries and the availability of the CPUE indices [25,26]. The main fishing gear of bigeye tuna is longline (38% in 2020) in the Indian Ocean, whereas the yellowfin tuna is mainly caught by purse seine (34% of the catch in 2020) [27]. Therefore, the spatial structures are different as their distinct patterns of fishery operation. The bigeye tuna stock was stratified into the western tropical region (R1b), eastern tropical region (R2b), and southern region (R3b) [25] (Figure 1a). The spatial structure of yellowfin tuna comprises of four regions (Figure 1b): western tropical region (R1y), the eastern tropical region (R4y), the southern area divided into the southwestern area (R2y), and the southeastern area (R3y) [26].




2.2. Standardized CPUE Data


Standardized CPUE can be assumed to be proportional to stock abundance, and often treated as the indices of relative abundance in the stock assessment [28]. Quarterly standardized CPUE data were available from the IOTC 21st working party on tropical tuna (data available at: https://iotc.org/WPTT/21/Data/13a-CPUE_BET_YFT_joint, accessed on 2 February 2022). Standardized CPUE indices of bigeye tuna and yellowfin tuna were derived using generalized linear models (GLM) from operational longline catch and effort data provided by Japan, Korea, Taiwan, China, and Seychelles [29]. CPUE indices were calculated as:


  ln ( C P U E + k ) ~ y r q t r + v e s s i d + l a t l o n g 5 + t a r g e t + ϕ ( h o o k s ) + ε  



(1)




where CPUE is the nominal CPUE, k is 10% of the mean CPUE to account for the zero catches. The covariates were year-quarter (yrqtr), vessel identifier (vessid), 5° square location (latlong5). The targeting variable (target) was either cluster, hooks between floats (hbf), or both cluster and hbf, and a cubic spline function ϕ with 10 degrees of freedom applied to the continuous variable hooks [29].



The CPUE data of bigeye and yellowfin tuna are available from 1979 to 2018 and 1975 to 2018, respectively. However, before 2000, there were dramatic declines in abundance with the increasing fishing activities. After the establishment of the IOTC in 1996, the fisheries have been effectively managed, and the abundance of bigeye and yellowfin tuna was relatively stable compared to the early years. To avoid the impact of the IOD on tuna abundance offset by fishery activities, we selected the standardized CPUE data from the recent stable catch mode years: 2000~2018 (Table S1).




2.3. Indian Ocean Dipole


The Dipole Modular Index (DMI) is used to monitor IOD events, which is calculated by anomalous sea surface temperature (SST) gradient between the tropical western Indian Ocean (50° E–70° E and 10° S–10° N) and the southeastern tropical Indian Ocean (90° E–110° E and 10° S–0° N). The monthly DMI from 2000 to 2018 can be obtained from the National Oceanic and Atmospheric Administration (NOAA) website (https://psl.noaa.gov/gcos_wgsp/Timeseries/DMI/, accessed on 2 February 2022). Each month has one value for the entire Indian Ocean; positive and negative DMI are referred to as positive and negative IOD phases, respectively. The time series of DMI is shown in Figure 2.




2.4. Statistical Analyses


Akaike Information Criteria (AIC) is a mathematical method used to compare different possible models and select the best fitting model [30]. To better understand the relationship, we have tested various link functions (e.g., “identity”, “inverse”, and “log”) both in the generalized additive model and the generalized linear model; and the best-fitted model was the generalized linear model with the “identity” link function. Therefore, we used linear regression model to investigate the relationships between the DMI and the standardized CPUE of bigeye and yellowfin tuna.



Linear regression models were applied to each of the subareas, as well as the whole Indian Ocean. When the p-value of the DMI index is smaller than 0.05, the relationship between standardized CPUE and IOD is considered statistically significant. The linear function was constructed in the R software using the “mgcv” package. We also used the “ggplot2” package in R to visualize the results. The R script was uploaded as Supplementary Material (File S1).





3. Results


The IOD events experienced three distinct regimes since 1880: negative IOD events played a major role before 1920; weak positive IOD events occurred during 1920–1949; and the occurrence of strong positive IOD events increased largely after 1960 [31] (Figure S1). For the research period, the DMI index in the positive and negative phases were similar from 2000 to 2006. After that, positive dipoles occurred more frequently than negative dipoles (Figure 2). The increasing positive IOD events may associate with the more frequent El Niño events, the high phase of the southern annular mode, and the onset of monsoon [31,32].



For the whole Indian Ocean, DMI had no significant relationship with bigeye tuna (p > 0.05, t = −0.248). The regression line showed no obvious trend (Figure 3a). However, DMI significantly correlated with yellowfin tuna abundance (p-value equals 0.041, t = 2.057) (Table 1). The regression line showed a slight negative relationship between DMI and the CPUE of yellowfin tuna (Figure 4a). Hence, when the IOD was in the negative phase, it would positively affect yellowfin tuna. As the DMI turned positive, IOD in the positive phase negatively influenced yellowfin tuna. However, the adjusted R-square is small (0.011).



In the tropical western Indian Ocean (R1b, R1y), DMI has significant correlations on both bigeye (p < 0.05, t = −3.758) and yellowfin tuna (p < 0.05, t = −2.624). The values of adjusted R-square are 0.054 for bigeye tuna and 0.072 for yellowfin tuna are still low (Table 1). The linear regression indicates the negative correlations of DMI on yellowfin and bigeye tuna (Figure 3b and Figure 4b).



In the tropical eastern and southern Indian Ocean, DMI did not have significant correlations with bigeye tuna (Table 1). The p-values and t-values are 0.813 and 0.237 in the tropical eastern Indian Ocean (R2b), 0.754 and −0.315 in the southern Indian Ocean (R3b), respectively. No significant trends between DMI and bigeye tuna were detected (Figure 3c,d). For yellowfin tuna, p-values and t-values of yellowfin tuna are 0.116 and −1.59 in the tropical eastern Indian Ocean (R4y), 0.925 and −0.061 in the southwestern Indian Ocean (R2y), and 0.458 and −0.745 in the southeastern Indian Ocean (R3y), respectively. No significant trends were found in R2y, R3y and R4y (Figure 4c–e).




4. Discussion


4.1. The Reasons Why IOD Could Affect Tuna


In the tropical western Indian Ocean, when a negative IOD event occurs, the thermocline becomes shallow, and productivity compresses to the sea surface. The depth of habitats of tuna becomes more superficial than usual, and the vertical movement range becomes limited. In contrast, when a positive IOD event occurs, the habitat expands in the horizontal and vertical directions, the level of surface productivity decreases, the distribution of tuna tends to disperse [22,33,34]. Consequently, in the tropical western Indian Ocean, DMI positively affected bigeye and yellowfin tuna during negative IOD events; while it had negative impacts on tunas’ abundance during positive IOD events (Figure 3b and Figure 4b).



Although DMI showed a significant correlation on bigeye and yellowfin tuna in the tropical western Indian Ocean, the values of adjusted R-square were very low. The strong IOD events are driven by the thermocline-SST coupling, and are intensely interactive with the atmosphere, whereas the weak IOD events are a mere response to surface winds without such a dynamic coupling [35]. Therefore, studies focusing on strong IOD years could capture stronger effects of the IOD [22,36,37]. However, fishery management is based on the stock assessment which uses long-term continuous data. Our aim is to provide direct scientific advice for management. Therefore, we tested the influence of the IOD by using time series data containing both strong and weak IOD years, which may weaken the effects of the IOD.




4.2. The Effects of Climate Change Differ among Species and Regions


For the whole Indian Ocean, IOD showed a significant correlation on the yellowfin tuna but not on bigeye tuna. Yellowfin and bigeye tuna have distinctive depth distributions and vertical movement patterns. As mentioned before, bigeye tuna can live in wider waters than yellowfin tuna. It is also found that bigeye tuna can exploit deeper food resources than yellowfin tuna [18]. Therefore, when IOD occurs, yellowfin tuna stocks inhabiting more superficial layers may be more vulnerable to environmental changes. Impacts in the species-specific difference also occurred in other marine creatures. Lynam et al. [38] detected the relationship between jellyfish abundance and the NAO in the North Sea. They investigated three jellyfish species Aurelia aurita, Cyanea lamarckii, and Cyanea capillata, and found that the abundance of A. aurita and C. lamarckii were significantly negatively related to the NAO in the west of northern Denmark and east of Scotland. The fluctuations in the abundance of these two species might be connected to hydroclimatic variations caused by atmospheric influences on the wind stress, temperature, and currents. However, there were no substantial effects on C. capillata. It should be noted that climate variability may have the same correlations among different species. Rubio et al. [39] investigated the effects of NAO on Spanish catches of albacore and yellowfin tuna in the northeast Atlantic Ocean. The results showed positive correlations between the NAO and the CPUE for both albacore and yellowfin tuna.



There were differences in the impacts of climate variability on the same species across different regions. In contrast to the northern part of the Indian Ocean, IOD did not show a significant relationship with bigeye and yellowfin tuna in the southern Indian Ocean. As we mentioned before, the formation of IOD is due to anomalous surface wind. The wind fields spread over the tropical Indian Ocean, particularly along the equator zone. Thus, during a dipole mode event, the rainfall changes over the oceanic tropical convergence zone (OTCZ). Then through the tropical precipitation field, there exists a strong coupling between SST and the wind field [11]. Therefore, the changes in the marine environment caused by the IOD mainly occur in the equatorial region, which may not influence the bigeye and yellowfin tuna in the southern Indian Ocean. Another study also showed the spatial variability: in the south Pacific Ocean, the influence of the PDO on the albacore CPUE became more prominent from east to west [40]. Regional differences were also emphasized in a follow-up study [41]. A. aurita and C. lamarckii in the northwest and southeast North Sea showed contrasting correlations with the NAO: positive relationships were found in the north of Scotland; whereas, as mentioned before, A. aurita and C. lamarckii had negative relationships with the NAO in the northern Denmark area waters. The effects on jellyfish can vary regionally as the distinct environmental processes among different regions in the North Sea.




4.3. The Debates about the IOD Influence on Bigeye and Yellowfin Tuna in the Tropical Eastern Indian Ocean


As the IOD events were occurred in the whole tropical Indian Ocean, they had inverse influences for the western and eastern Indian Ocean. Our initial hypothesis is that IOD will have opposite effects on tuna in the tropical western and eastern Indian Ocean. However, in this study, the p-value suggested that there was no significant relationship between the tuna and the IOD in the tropical eastern Indian Ocean (Table 1).



Other studies also showed some different results. Lan et al. found that there is a negative relationship between IOD and yellowfin tuna in the tropical western Indian Ocean [22]. However, from Figure 1 in this study, the results showed that the standardized CPUE of yellowfin tuna has a lower value at the positive IOD phase than at the negative phase [22]. This means there still exists a negative relationship in the tropical eastern Indian Ocean. They further detected the IOD influence on yellowfin tuna for the whole Indian Ocean and suggested a negative correlation between IOD and yellowfin tuna [42]. However, Amri et al. investigated the impact of IOD on the catches of yellowfin tuna in the eastern Indian Ocean off West Java; the results showed that a high increase of the CPUE occurred during an intense positive IOD event (2006) [36]. This means CPUE has a positive correlation with IOD index in the eastern Indian Ocean coastal waters. For the bigeye tuna, a higher catch rate also occurred in the positive IOD in the eastern Indian Ocean off Java Island (Indonesia) [23]. Therefore, due to the complexity of climate variability impact mechanisms, further studies still need to explore the relationship between IOD and tuna in the tropical eastern Indian Ocean.




4.4. Consider Climate Variabilities in Fishery Management


Our results suggested that climate variability could have spatially distinct effects on fish populations. From the results, for the whole Indian Ocean, the IOD did not have a significant effect on bigeye tuna. However, it does not mean we do not need to consider the effects of climate variability on bigeye tuna, which still has a significant relationship with the IOD in the tropical western Indian Ocean. Additionally, as yellowfin tuna are also affected by the IOD in this area, we suggested that the western tropical Indian Ocean is the most important area that the fisheries managers need to pay attention to. Thus, implementing spatial management is important for fishery management. In practice, the IOD events dramatically reduced the catch rates of the purse seine fleets in the western Indian Ocean [43]. Whereas, longline fleets may be less directly affected by the IOD events because they can change the target species to offset the reduced catch rates for a given species. Moreover, the gear of the longline is adjustable so that the hooks can be set at various depths to exploit different tuna habitats [44]. As the climate models project that the frequency of the positive IOD events would continue to increase in the future [31], stakeholders (especially the purse seine fisheries) and managers could develop resilient management measures and responsive harvest control rules in advance. Close collaboration and communication among scientists, managers, and stakeholders are also important. Through regular workshops or meetings, managers and stakeholders could gain timely information from scientists, and also give feedback to improve scientific research [45].



Recently, building marine protected areas (MPAs) or implementing time/area fishery closures have been recognized as effective ways of spatial management. Effective MPAs could mitigate and recover from the damage caused by climate variability, and also have more fish species, higher and larger fish biomass [46,47]. However, effective MPA design requires skillful consideration; most MPAs failed to meet their management objectives [48]. Researchers also found that this kind of static spatial closure may not be suitable for the Indian Ocean tuna due to the strong environmental fluctuations, large observed tuna displacement distances, high fisher mobility, and so on [49,50]. Future improvements in management and information collection may enhance our ability in spatial management.



Projecting climate trends and the potential impacts on fish populations is another tool for management. The managers can adjust management strategies to reduce the risks posed by climate variability. For example, one of the project models designed for tuna fisheries is the Spatial Ecosystem And Populations Dynamics Model (SEAPODYM; https://www.spc.int/ofp/seapodym/, accessed on 2 February 2022) [51], a numerical model created to investigate the physical–biological interactions between tuna populations and the Pacific Ocean’s pelagic environment. SEAPODYM has been used for four tuna species (e.g., skipjack, bigeye, yellowfin, albacore) in the western and central Pacific Ocean to evaluate the potential impacts of climate variabilities [52,53,54,55]. Other methods such as the bioclimate envelop model [56] or combined physical–biogeochemical and size-based ecosystem model [57] can be also used to project the potential impacts of changing ocean conditions on marine creatures.





5. Conclusions


Using standardized CPUE to represent stock abundance, we detected the influence of the IOD on the bigeye and yellowfin tuna in the Indian Ocean. Our results suggest that the effects seem different between the two species. For the whole Indian Ocean, the IOD had a significantly negative correlation on yellowfin tuna but not the bigeye tuna. Moreover, spatial differences in the influence were also observed. Both for bigeye and yellowfin tuna, there were significant negative relationships with the IOD only in the tropical western Indian Ocean.



This study provides preliminary insights into species–specific and spatially-explicit effects of climate variability on tuna abundance. However, although there were significant relationships in the tropical western Indian Ocean, the R-square values were small. Thus, there could have other environmental or fishery factors that drive the fluctuations in tuna abundance. To better understand the impacts of the climate variability on tuna abundance, combining with other factors would be the next step. Additionally, the effect of the IOD in the tropical eastern Indian Ocean is still unclear. Further studies needed to focus on the tropical eastern Indian Ocean to provide more specific advice for managers. Furthermore, we used the standardized CPUE, which was calculated by the longline fishery data in this study. Recent years, CPUE standardization data based on purse seine fisheries were also provided by the IOTC, which could also used as an abundance index in the future. Finally, examining the ability of the IOD as the predictor of the abundance changes is also an important topic for the future.
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Figure 1. Regional stratification of bigeye tuna (a) and yellowfin tuna (b) in the Indian Ocean [25,26]. 
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Figure 2. Distribution of DMI from 2000 to 2018. Positive DMI is referred to as positive IOD; negative DMI represents the negative IOD phenomenon. 
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Figure 3. Scatter plots of standardized CPUE and DMI with linear regression line of bigeye tuna. Grey shade represented 95% confidence intervals. (a) IO: Indian Ocean; (b) R1: the tropical western Indian Ocean; (c) R2: the tropical eastern Indian Ocean; (d) R3: the southern Indian Ocean. BET: bigeye tuna. 
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Figure 4. Scatter plots of standardized CPUE and DMI with linear regression line of yellowfin tuna. Grey shade represented 95% confidence intervals. (a) IO: Indian Ocean; (b) R1: the tropical western Indian Ocean; (c) R2: the southwestern Indian Ocean; (d) R3: the southeastern Indian Ocean; (e) R4: the tropical eastern Indian Ocean. YFT: yellowfin tuna. 
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Table 1. Results including estimate, std. error, t-value, p-value, adjusted R-squared, which derived from the linear regression analyses of bigeye tuna and yellowfin tuna for the whole Indian Ocean, western Indian Ocean, east Indian Ocean, and south Indian Ocean during 2000–2018. IO: Indian Ocean; WIO: the tropical western Indian Ocean; EIO: the tropical eastern Indian Ocean; SIO: the southern Indian Ocean. BET: bigeye tuna; YFT: yellowfin tuna.
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Estimate

	
Std. Error

	
t-Value

	
p-Value

	
Adjusted R-Squared






	
IO

	
BET

	
(Intercept)

DMI

	
0.73

	
0.016

	

	

	




	
−0.02

	
0.063

	
−0.248

	
0.804

	
−0.003




	
YFT

	
(Intercept)

	
0.619

	
0.021

	

	

	




	
DMI

	
−0.17

	
0.086

	
−2.057

	
0.041

	
0.011




	
WIO

	
BET(R1b)

	
(Intercept)

	
0.891

	
0.029

	

	

	




	
DMI

	
−0.392

	
0.104

	
−3.758

	
0.0002

	
0.054




	
YFT(R1y)

	
(Intercept)

	
0.612

	
0.033

	

	

	




	
DMI

	
−0.348

	
0.132

	
−2.624

	
0.0106

	
0.072




	
EIO

	
BET(R2b)

	
(Intercept)

	
0.742

	
0.021

	

	

	




	
DMI

	
0.02

	
0.085

	
0.237

	
0.813

	
−0.013




	
YFT(R4y)

	
(Intercept)

	
0.388

	
0.032

	

	

	




	
DMI

	
−0.2

	
0.127

	
−1.59

	
0.116

	
0.019




	
SIO

	
BET(R3b)

	
(Intercept)

	
0.822

	
0.031

	

	

	




	
DMI

	
−0.038

	
0.123

	
−0.315

	
0.754

	
−0.012




	
YFT(R2y)

	
(Intercept)

	
0.872

	
0.028

	

	

	




	
DMI

	
−0.0068

	
0.1121

	
−0.061

	
0.925

	
−0.013




	
YFT(R3y)

	
(Intercept)

	
0.604

	
0.051

	

	

	




	
DMI

	
−0.15

	
0.203

	
−0.745

	
0.458

	
−0.006
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