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Abstract 

In the summer months shortfin makos (Isurus oxyrinchus), blue sharks (Prionace glauca) and 
North Pacific swordfish (Xiphias gladius) inhabit the highly productive waters of the Southern 
California Bight. The result is the unintentional take of shortfin mako and blue sharks primarily 
due to their spatial overlap with swordfish near the surface at night.  Although these species 
overlap spatially their movements are driven by both physical and ecological processes. These 
behavioral responses, if they are predictable, can be used to separate species to reduce bycatch, 
inform stock assessments, and predict shifts cause by human induced climate change. This paper 
will focus on understanding the oxygen limits for three mako and three blue sharks double tagged 
with Pop-off Satellite archival tags and Satellite linked radio transmitter tags in the SCB California 
Cooperative Oceanic Fisheries Investigation survey grid. The sharks were linked to CalCOFI 
stations to better understand differences in oxygen preferences. Neither species spent a large 
amount of time in low oxygen waters. The results suggest that blue sharks make more dives into 
low oxygen environments and remain there for longer periods of time than shortfin mako. 
Neither species exploited the deeper low oxygen waters to the extent that swordfish do.  Fishing 
at deeper depths, in particular during daylight hours, may be a way to lessen bycatch.  

 

Introduction 

In the summer months shortfin makos (Isurus oxyrinchus), and blue sharks (Prionace glauca) 
inhabit the highly productive waters of the Southern California Bight (SCB) (O’Brien & Sunada, 
1994). Both species are tightly associated with other large pelagic fish targeted by commercial 



 4 

fisherman, such as the swordfish (Xiphias gladius) and a variety of tunas. The result is the 
unintentional take of shortfin mako and blue sharks. Although not directly targeted, shortfin 
makos incidentally caught are marketed on the U.S. West Coast (PMFC, 2016). Conversely, blue 
sharks have a low market value and are typically discarded at sea (PMFC, 2016). Between 2000 
and 2014 an annual average of 43 mt of shortfin makos was landed commercially on the U.S. 
West Coast, approximately 56% taken in drift gillnets (DGN) targeting swordfish (NMFS, 2015).  
For blue sharks an annual average of 4 mt was landed on the U.S. West Coast with an additional 
estimated 15mt discarded at sea from the DGN fishery (NMFS, 2015).  

 

Blue and mako interactions in the DGN  fishery is primarily the result of their spatial overlap with 
swordfish near the surface at night (Sepulveda et all., 2006). Movements of these large epipelagic 
fishes are driven by both physical and ecological processes. Physical processes would include 
preferred temperature, oxygen concentration and light levels among others. Ecological processes 
would include the need to forage successfully, avoid predation and successfully reproduce as 
adults.  The resulting behaviors can be sorted into horizontal movements and vertical 
movements. Vertical movements (diving behaviors) often involve rapid changes in temperature, 
light level, hydrostatic pressure and in many regions of the ocean descent into low oxygen 
conditions. Despite the fact that sharks extract oxygen from the water and marine mammals are 
air breathers, previous research has often shown that both marine mammals and large pelagic 
sharks spend extensive time in the upper layers of the ocean which is evidenced by the frequent 
communications of SPOT tags to satellites. Even though many shark species spend a larger 
amount of time in surface waters they often carry out repeated descents into deeper waters, 
often during the day. It is assumed that this is prey searching behavior with diet studies 
confirming that both shortfin mako and blue sharks have a high occurrence of fishes and 
cephalopods that inhabit deeper waters (Preti et al 2012). Like many pelagic sharks, blue and 
mako sharks spend the majority of their time near the surface but frequently make series of 
shallow and deep oscillatory dives ((Carey et al., 1990; Klimey et al., 2002; Queiroz et al., 2012; 
Vandeperre et al., 2014). 

 

Although blue sharks and shortfin mako have similar horizontal and vertical movement patterns, 
they have physiological differences which could affect their ability to perform at depth and result 
in the potential for separation in vertical habitat use. Makos enhanced metabolic activity allows 
for faster sustained swimming speeds (Carey and Scharold 1990; Holts and Bedford 1993; Klimley 
et al. 2002) and large eyes are indicative of a predator that focuses on visual ques while acquiring 
a meal (Vetter et al. 2008). Whereas blue sharks are known to search for food using their 
enhanced olfactory bulbs to find prey at depth (Carey and Scharold 1990). Moreover, the shortfin 
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mako is an endothermic fish that can maintain performance in deep, cooler water at the cost of 
requiring additional oxygen to maintain high metabolic rates (Grady, 2019). Conversely, the blue 
shark is an ectothermic fish and likely has a higher tolerance for low oxygen environments but is 
likely to have reduced activity levels at low temperature (Bernal et al., 2018). 

 

This study will focus on understanding the oxygen limits for three mako and three blue sharks 
double tagged with pop-off satellite archival tags (PSAT) and satellite position only tags (SPOT) in 
the SCB. Until recently fine scale electronic telemetry data has not been compared to oxygen 
concentrations because the PSAT tags did not have an oxygen sensor or if they did, the sensor 
was difficult calibrate while the shark was at liberty for a sustained period of time( Coffey and 
Holland 2015). The six sharks analyzed in the study spent time in and around the California 
Cooperative Oceanic Fisheries Investigation (CalCOFI) survey grid, which is a long-term observing 
program that collects a time-series of biological and oceanographic data. This data contains 
oxygen data at every meter to at least 500 m deep and can be linked to the sharks three 
dimensional movements.  

 

The Southern California Bight (SCB) is an ideal location for studying oxygen preferences because 
it is known for having a strong oxygen minimum zone centered at about 600m. The upper 
boundary of low oxygen is comparatively shallow and occurs at depths typically occupied by both 
blue and mako sharks (McClatchie, 2010, Bograd et al., 2008). Consequently, low oxygen may 
influence their vertical movements within the SCB. Based on data collected between 1950 and 
2007 the oxygen minimum zone (OMZ) in the SCB is expanding in thickness resulting in a shoaling 
of the upper boundary (McCathie, 2010; Bograd et al., 2008). This shoaling could differentially 
influence the vertical movements of blue and mako sharks; i.e. blue sharks may be better able to 
penetrate waters depleted in oxygen and exploit the prey at depth than mako sharks. Thus, the 
shoaling of the OMZ may differentially impact the habitat of the two species. Understanding the 
influence of the OMZ on vertical movements is also important for estimating gear vulnerability 
which is important for stock assessments. The shoaling of the OMZ has a tendency to reduce 
catch per unit effort (CPUE) by driving the fish to the surface; therefore, increasing their 
vulnerably to fishing pressure (Prince et al., 2010). In addition to CPUE, understanding depth and 
the mechanisms that influence vertical distributions can be used to create strategies to avoid 
bycatch and increase swordfish catch.  
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This research compares the habitat use of mako and blue sharks in relation to vertical water 
column structure. Both patterns in geographic movements and vertical movements were 
examined including the depths and the duration of dives under different conditions.   

 

 

Methods 

Data Collection 

All telemetry data was obtained through NOAA Fisheries Southwest Fisheries Science center. 
Tagging methods are well described in Nasby-Lucas et al., 2019 and therefore will not be 
repeated here. If only total length was recorded it was converted to fork length (FL) using the 
following equation (Wells et al. 2013) where lengths are in cm:  

 

FL = 0.913 x (TL) – 0.397. 

 

Male mako sharks were considered mature at (FL)  ³ 165 cm, while females were considered 
mature at FL ³ 265 cm (Semba et al. 2011, Wells et al. 2013). Male blue sharks were considered 
mature at FL ³ 177.5 cm and female blue sharks were considered mature at FL ³ 182.5 cm (Urbisci 
et al., 2013), if FL was less than previously stated, the sharks were considered immature.  

 

Description of tags  

PSATs (PAT2, PAT3, PAT4, and MK10-PAT, Wildlife Computers, Redmond WA) were programmed 
to record pressure (converted to depth), light and temperature at a constant time interval 
typically between 30 seconds to two minutes. Once the tag detached from the shark, the data 
were transmitted through a satellite returning binned intervals of temperature and depth. If the 
tag was recovered the fine-scale data described above was available. Only the archival data was 
used in this study to better understand fine scale movements and determine what metrics might 
be useful in the summarized data transmitted through satellite.  

 

The SPOT tags (SPOT2, SPOT3, SPOT4 and SPOT5, Wildlife Computers, Redmond WA) were 
programmed to transmit from 200 - 500 transmissions every day, every other day, or every third 
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day. SPOT data were filtered first by removing obviously erroneous data that showed locations 
that were too far for the animal to have traveled over the given time interval, then by selecting 
a daily position with the highest location class. Higher accuracy location data with a consistent 
time interval was created by processing the PSAT data with Wildlife Computers geolocation 
processing software GPE3 (Wildlife Computers 2019) and entering the daily filtered SPOT 
locations as known dates/locations into the analyses software. 

 

Data Analysis  

SPOT data matched to archival depth, temperature and light data from recovered PSAT’s of three 
blue and three mako sharks were analyzed in R (Table 1). The first day was removed to eliminate 
any recovery period associated with the tagging event. Data were separated into day and night 
periods using AstroCalc4R (Jacobson, 2011) and clipped to the CalCOFI survey area (Figure 1). The 
gaps in the SPOT data were interpolated using the R function Zoo to match the PSAT and SPOT 
data per minute. To examine the impacts of oceanography, three mako and three blue shark 
tracks were linked to CalCOFI stations. The tracks were split along station 60  for each line to 
generate near and offshore bins (Figure 1, Figure 2). Station 60 was chosen because it indicated 
the end of the continental shelf and the nearshore bin captures where the OMZ is shallowest and 
has the highest rate of change (Bograd et all., 2008). Surfaces of dissolved oxygen concentrations 
were created in ArcGIS software (Environmental Research Institute, Redlands CA) by 
interpolating a raster from each corresponding CalCOFI cruise paired with the shark’s time within 
the study area (within one month).  Rasters were generated by querying CalCOFI down casts for 
the depth at 0.5 ml/L [DO], 1.5ml/L, 2.5ml/L, and 3.5ml/L. The sample tool was used to determine 
the depths of various oxygen concentrations at the sharks’ location each minute over the 
deployment to better understand the nature of individual dives. The percent time of tag 
deployment under each oxygen surface was calculated as minutes below each layer divided by 
total tag deployment. The duration of individual dives below the oxygen minimum zone (OMZ) 
were calculated in R based on the time entering and exiting the 1.5ml/L DO surface (Figure 3).  

 

The depth and temperature histograms were created in R. Data were separated into day and 
night periods using AstroCalc4R (Jacobson, 2011) and clipped to the nearshore and offshore 
study area using ArcGIS, binned in 5m increments to 100m followed by a 100-200m bin and a 
>200m bin. The nearshore histogram is representative of all sharks, the offshore bin does not 
contain data from M09-12PS or B08-1PS. For each species and zone histograms of each shark was 
averaged to account for differences in tag length.  
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Results 

Horizonal Movements  

The SPOT tagged blue and mako sharks were widely distributed throughout the eastern Pacific 
Ocean  (EPO) from 2° N  to  50° N  and from the California current to -160° W (Figure 4). Shark’s 
time with in the CalCOFI study area varied across species and individuals. Makos spent a mean of 
62.3 days ± 47.4 days, and blue sharks spent a mean 46.5 ±5 4.2 days within the CalCOFI grid. 
Individual tag durations in the study area are shown in (Table 2). Five sharks were tagged in the 
CalCOFI study grid and one blue shark was tagged north of Washington state (Figure 5). Makos 
were present in the CalCOFI grid from June – December and blues were present in all months 
expect April, May and September. All Sharks exited the grid at a point and returned days or 
months later (Figure 6). While we have not done the statistical analyses, sharks appear to avoid 
regions where the OMZ is shallowest. This is most obvious in the track for sharks M09-12PS M06-
2PS and B06-1PS (Figure 7) where they come close to the regions where oxygen is within ~130-
150 m of the surface but do not enter that region. In fact, in no track did sharks enter the regions 
where the OMZ was shallowest, within 139 m of the surface. 

 

Vertical Movements  

Nearshore CalCOFI 

Over the length of the study all sharks provided data from the nearshore zone. Nearshore blue 
and makos depth and temperature were significantly different Mann-Whitney ran sum test, p < 
0.001, p < 0.001) (Figure 8, Figure 9).  

 

Offshore CalCOFI  

Over the length of the study only two blue sharks (B09-7PS, B06-15PS) and two makos (M06-2PS, 
M08-5PS) provided data from the nearshore zone. Offshore blue and makos average depth and 
temperature were significantly different (Mann-Whitney ran sum test, p < 0.001, p < 0.001) 
(Figure 10, Figure 11). 
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Oxygen  

All sharks dove below the 3.5ml/L, 2.5ml/L and the 1.5 ml/L dissolved Oxygen (DO) layer. Blue 
sharks spent more time at lower oxygen concentrations with the exception of B07-9PS, a 160 cm 
female. The largest blue shark, B08-1PS spent an order of magnitude under 1.5ml/L more than 
any other shark, likely due to its larger size. It should be noted that this shark spent limited time 
in the CalCOFI survey area (Table 2, Figure 7). Frequency of dives into the OMZ defined as 1.5ml/L 
of DO varied between species, maturity and individuals (Table 2).  However, max time within the 
OMZ between species and maturity were not statically significant (Mann-Whitney ran sum test, 
p = 0.533, p <= 0.700) nor were frequency of dives between species or maturity ((Mann-Whitney 
ran sum test, p < 0.400, p < 0.800).  

 

Paired Individual Tracks  

Mako 08-5PS and blue shark 08-1PS were chosen to highlight a week of dive behavior associated 
with DO, temperature and light because both sharks were in the nearshore SCB study region 
around Santa Catalina Island from June 23, 2008 – June 29, 2008. On the horizonal plane both 
sharks remained in areas where OMZ was shallower (Figure 7). On the vertical plane B08-1PS 
exhibits typical diurnal diving patterns where the shark makes quick dives below 200 meters into 
colder, low DO environment during the day followed by a return to the surface. During these 
dives B081PS dove well below the 1.5ml/L layer to a minimum temperature of 8°C (Figure 13, 
Figure 14). It should also be noted that the blue shark was diving to depths where light was 
minimal. The associated depth distribution histogram illustrates (Figure 15) the shark is making 
dives below 100 m at night but when referenced with the recorded light track these dives are 
typically made during crepuscular periods. During the same duration of the B08-1PS track, mako 
08-5PS remains in the top 15m of the water column with infrequent dives to depths below 100m. 
M08-5PS spent the majority of the week at temperatures between 19-21°C (Figure 16, Figure 17, 
Figure 18) and did not dive below the 2.5ml/L DO layer. However, over the length of the mako 
08-5PS track within the CalCOFI grid (116 days) the shark dove into the OMZ 17 separate 
occasions, the maximum time of 43 minutes and a mean of 18.4 ± 13.5. Blue shark 08-1PS was in 
the CalCOFI grid for a total of 12.9 day and dove into the OMZ on 41 separate occasions, with a 
maximum dive time of 86 minutes in the OMZ and a mean of 13.5  ± 16.8.  
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Discussion 

This study focused on determining the effects of low dissolved oxygen on three mako and three 
blue sharks in the CalCOFI grid. While the largest shark spent an order of magnitude more time 
in the OMZ, when looking at all sharks the study did not find significant differences between the 
species or age classes. This is likely because of the small sample size. However, the methodology 
can be used to expand the sample size and inform essential habitat characterization, 
management and potential shifts with climate change.  

 

 

Horizonal Movements 

Although statistical analyses have not been performed on the horizontal tracts, visual 
interpretation suggest that both species of shark appear to avoid areas where the OMZ is the 
shallowest. Arguments have been made that top predators can exploit areas where their prey is 
compressed to the surface by a shallow OMZ (Prince et al., 2010), in which case one would expect 
both species of shark to seek out and remain in areas of compressed habitat. This study did not 
find that to be the case. Unlike the previous research in Costa Rica, the OMZ in the SCB is unevenly 
distributed and could allow the prey to seek out areas where the OMZ is deeper, and therefore 
reduce the chance of being predated by increasing vertical separation. The horizonal analysis can 
be improved by looking into satellite derived sea surface temperature and chlorophyll data over 
the same time as the tracks to determine if there are other factors influencing geographic 
movements. The other CalCOFI variables at depth such as, hydrographic, primary productivity, 
and macrozooplankton,  would also help characterize the horizonal preferences of the mako and 
blue sharks.   

 

Vertical Movements 

The tagged blue and mako sharks spend the majority of their time near the surface but frequently 
make a series of shallow and deep oscillatory dives. The sharks could be motivated to dive for 
various reasons; 1) The “yoyo” pattern could be used to conserve energy, i.e. a negatively 
buoyant fish can glide horizontally downward with minimal effort and with a few tail beats return 
higher in the water column and repeat for more effective swimming. 2.) The repetitive dives 
could increase their probability to encounter food by covering more of the three dimensional 
environment and access the deep scattering layer (DSL) where prey density is higher. But because 
the DSL is below the thermocline the sharks must then thermally recharge in the warmer surface 
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waters. 3) The sharks could be taking advantage of the thick stratified layers to navigate over long 
distances. Because unique chemical composition of each homogeneous layer the sharks could 
swim through various layers to return to a previous location. 4) It may allow sharks to more easily 
detect the patterns of magnetization in the sea floor to navigate over long distances. Pushing 
back are the physical parameters, namely oxygen, temperature and light which set maximum 
boundaries for vertical distributions (Carey et al., 1990; Klimey et al., 2002). This study was 
designed to determine differences in vertical movement of makos and blue sharks in relation to 
the low DO concentrations.  

 

Although there is not statically different the blue and mako depth distribution histograms 
illustrate both species of sharks, spend the majority of their time, day and night in the top 10m 
of the water column. Once the sharks move offshore less time is spent concentrated at the 
surface but they typically remain above 50m. As hypothesized, the histograms suggest nearshore 
the blue sharks spent more time than the makos below 200m which could be indicative of more 
hypoxic tolerant characteristics. This is because nearshore the OMZ is frequently less than 200m 
and prohibiting the mako diving down to deep hypoxic water. To support the argument, the 
makos spend more time below 200m than blue sharks offshore, where the OMZ is deeper than 
300m. This could suggest that the mako are able to tolerate cooler temperatures deep, if they 
are not limited by low oxygen.  

 

The sharks characterized by percent time under oxygen concentrations illustrate that the two 
blue sharks were more tolerant of low oxygen environments. Blue shark B08-1PS, a large male 
spent an order of magnitude more than any of the other sharks at low dissolved oxygen 
concentrations. Although the percent of time under the OMZ as defined as 1.5ml/L was not 
statically different for species or maturity, large sharks are better equipped to make deep dives 
into cooler, more hypoxic water. They are able to take advantage of a lower mass-specific 
metabolic rate and higher thermal inertia which gives them an advantage over the immature 
sharks. Which is most likely why the large blue and mako experienced lower temperature and 
area of reduced DO.  Depth and temperature distribution box plots of individual sharks, 
separated into day and night bins would be useful to better compare the influences of species 
and size.  

 

Although not statically significant, the quantity and duration of individual dives into the OMZ 
provides the most convincing argument to describe oxygen preferences of the six sharks paired 
to CalCOFI stations. When adjusted for the tag duration within the CalCOFI grid the blue sharks 
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dove into the OMZ three times more than the makos. In addition, the blue shark 08-1PS had a 
maximum dive time into the OMZ was double that of any of the makos. The frequency and 
duration of dives into the OMZ could suggest blue sharks are more tolerant to low oxygen 
environments and are more likely to utilize the OMZ as an advantage over other less hypoxic 
tolerant species. Diet data from the SCB confirms blue sharks are foraging deeper than makos 
which could highlight a behavioral niche utilized by blue sharks (Preti et al, 2012). However, the 
dives into the OMZ are variable among size,  species and not statically significant. A more robust 
sample size would greatly enhance the evidence.  

 

Individual Tracks 

The mako and blue shark tracks that overlapped spatially and temporally highlight the variability 
within species and individual sharks. Despite similar temperature and DO stratification, the blue 
shark was diving daily to cold, low oxygen environments where as the mako remained within the 
top 25m of the water column for the majority of the week. Fine-scale vertical movements of both 
sharks are characterized by shallow U shaped dives where the shark remains at approximately 
50m for a period of time before returning to the surface. Conversely, the deep dives create a V 
pattern where the shark returns immediately after reaching depth. The shape of the deep dives 
could characterize a point where the shark has reached its physiological limit either due to 
temperature or hypoxia and must return to surface waters where the temperature is warmer 
and dissolved oxygen is higher. The analysis covering spatial and temporal overlap is interesting 
but limited. The analysis should be expanded over the entire length of each track to gain more 
insight on oxygen preferences and to better resemble the shark’s depth distribution over the 
total period in the CalCOFI grid.     

 

Conclusion  

To date oxygen sensors on tags have been unreliable. Reliance on summarized data from the 
World Ocean Atlas https://www.nodc.noaa.gov (as in Prince et al., 2010),provides basin scale 
insights but does not track seasonal and fine-scale changes in the OMZ.  The approach to link 
CalCOFI stations and shark locations to better understand environmental variables is unique and 
could be repeated with any one of the many standardized CalCOFI samples. However, without 
full scale modeling it is difficult to determine which variable has the greatest effect on the sharks’ 
behavior. It is most likely a combination of the incentives and limits discussed above.  
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Similar to both species of shark, swordfish nearshore are compressed to depths above ~300m 
(Dewar et al., 2011). However, once the swordfish move offshore to areas with increased 
dissolved oxygen and deeper deep scattering layer they spend the majority of the day well below 
that of either shark. This habitat separation could potentially be exploited to reduce unwanted 
catch of blue sharks. However, if climate models are correct and the OMZ continues to shoal 
nearshore, the swordfish could be compressed closer to the surface where it will be more difficult 
to separate target from non-target catch. If this is the case the transition from drift gill nets to 
deep set buoy, an experiential fishery which targets swordfish one at a time during the day 
between 270-320m may not be as successful as studies show. i.e. to effectively catch swordfish, 
deep set gear will need to be set higher in the water column where mako and blue sharks spend 
the majority of their time. If this is the case, one regulatory option would be to move the already 
reduced swordfish fleet offshore where the OMZ is deeper and fish are less compressed. Moving 
the fishery offshore, however, could create an environment in which the CA swordfish fishery 
could no longer sustain the cost nor compete with foreign vessels. The result would be a loss in 
American jobs, and an increase in imports, some of whose fleets record higher interactions with 
sharks, turtles and marine mammals.   

 

Next steps to be taken are to statically analyze the horizonal movements in relation to DO,  
Increase vertical plots across the entire track, increase the sample size to include all PSAT data 
and look at the seasonally of vertical behavior. Preliminary findings suggest both blue and makos 
are diving deeper in the fall when the upper bound of the OMZ is deeper. It would also be 
interesting to compare the movements of swordfish in the same area to determine the influence 
of a shoaling OMZ.  
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Table.1 Summary of the 6 sharks analyzed throughout the CalCOFI study area. Longitude and Latitude refer to 
tag deployment. The Offshore and Nearshore columns represent the number of days in each zone.  

Table.2 Summary of the 6 sharks analyzed throughout the CalCOFI study area in relation to the OMZ as defined as 
1.5ml/L DO. Time is in minutes. Percent represents the  frequency of dives into OMZ over the time in the CalCOFI 
grid, mean represents the mean length of dive under the 1.5ml/L surface. Dives is the number of dives under the 
1.5ml/L surface and Daily dives is the represents the frequency of dives into OMZ over a week in the CalCOFI grid.  
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Figure. 1 Study area with CalCOFI tracts in relation to the Eastern Pacific 
Ocean. The offshore zone shown in yellow and the nearshore shown in purple.  
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Figure. 2 Study area with CalCOFI tracts divided at the sixtieth stations indicated with “X’s” 
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Figure. 3 An example individual dives into the OMZ defined buy the dark blue. The yellow double headed arrow 
represent the beginning and end of the portion of the dive below 1.5 
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Figure. 4 All SPOT data for blue and makos sharks. Yellow indicates makos and purple indicates blue sharks. 
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Figure 5 visualizes the tagging location of each of the six sharks. Mako's are 
represented as green circles and blue sharks as black triangles.  
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Figure.6 SPOT points are colored by month and the black lines are the tracks interpolated in R to match the archival 
data. 
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Figure. 7 Depth layer of the OMZ. Defined as the first time the down cast of CalCOFI CTD reached 1.5ml/L. Each Shark 
is matched with the appropriate CalCOFI cruise. The grey portion of the B08-1PS and M08-5PS tract is June 23-29, 
2008 used for the overlapping week analysis. 

 

 

 

 

 

Figure. 8 Nearshore depth distribution for mako and blue sharks.  Blue indicates blue sharks and red indicates 
makos. The lighter bars are depths during the day and darker bars are depths at night.  
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Figure. 9 Nearshore temperature distribution for mako and blue sharks.  Blue indicates blue sharks and red 
indicates makos. The lighter bars are depths during the day and darker bars are depths at night.  
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Figure. 10 Offshore depth distribution for mako and blue sharks.  Blue indicates blue sharks and red indicates makos. 
The lighter bars are depths during the day and darker bars are depths at night.  
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Figure. 11 Offshore temperature distribution for mako and blue sharks.  Blue indicates blue sharks and red indicates 
makos. The lighter bars are depths during the day and darker bars are depths at night.  
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Figure. 12 Percent time each shark spent under 1.5ml/L, 2.5ml/L and 3.5ml/L.  



 28 

 

 

 

Figure.13 Vertical depth track of blue shark 081PS from June 23-29 2008, the color of each point represents a 
recorded temperature from the tags  archival record. The track is shown over DO interpolated from CalCOFI stations. 
Grey bars denote night.  
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Figure. 14 Temperature distribution for B081PS from June 23-29, 2008.  
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Figure. 15 Depth distribution for B081PS from June 23-29, 2008.  
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Figure. 16 Vertical depth track of mako shark 085PS from June 23-29 
2008, the color of each point represents an archival record. The track is 
shown over DO interpolated for CalCOFI stations. Grey bars denote night.  
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Figure. 17 Temperature distribution for B081PS from June 23-29, 2008.  
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Figure. 18 Depth distribution for M085PS from June 23-29, 2008.  
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