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Abstract 

Nursery areas are crucial for elasmobranch populations, where females give birth 

and, neonates and juveniles spend their first months or years. An ecotourism 

industry based on the observation of small individuals of Munk’s devil ray (Mobula 

munkiana) was established in 2013 in a shallow bay at the Espiritu Santo 

Archipelago (ESA), Baja California Sur, Mexico. We assess the potential use of 

this bay as a nursery area of the filter feeder elasmobranch M. munkiana. We 

examine spatial use of the bay during one year in relation to seasonal 

environmental patterns using a combination of nonlethal methodologies such as 

traditional tagging (n=95), passive acoustic telemetry (n=7) and stable isotopes 

analysis (n=69). 

Neonates and juveniles comprised 86% of the 95 individuals captured during the 

study period. The residency index (RI) for tagged neonates and juveniles was 

significantly higher inside the bay than adjacent offshore habitats (W26= 182, 

p=0.0001) with a maximum of 145 consecutive days of residence within the bay.  

Residency index values were greater during August, September and December; 

corresponding to the seasonal peak in water temperature and zooplankton 

biovolumen.  

The observation of near-term pregnant females, mating behavior, females with 

distended cloacas and neonates evidenced that the pupping period for this 

species in this region extands from April to June. 

Review of archival photographs and videos obtained from recreational divers and 

ecotourism agencies operating in the area confirm that the patterns observed 

during the study period (2017-2018) reflected similar use of the ESA by neonates 

and juveniles over several years. We emphasize the ecological importance of 

shallow bays of the ESA for the early life stages of M. munkiana and we 

hypothesize that other nearshore regions in the Gulf of California likely serve as 

mating, pupping and nursery areas. Therefore, we highlight the need for special 

consideration for protection of these areas from anthropogenic activities 

(development, fishing, disturbance). 
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Resumen  

Las áreas de crianza son cruciales para muchas poblaciones de 

elasmobranquios, dónde las hembras dan a luz y los neonatos y juveniles pasan 

sus primeros meses o años de vida. En una bahía somera en el Archipiélago de 

Espíritu Santo (AES) en la península de Baja California, México se estableció 

desde 2013 una actividad ecoturistica de la observación de pequeños individuos 

de mobulas de Munk (Mobula munkiana). Este estudio evalua el uso potencial 

de esta bahía como área de críanza para el elasmobranquio filtrador, M. 

munkiana. Se examinó el uso de hábitat durante un año en función de los 

patrones ambientales mediante métodos no letales como el marcaje tradicional 

(n=95), la telemetría acústica pasiva (n=7) y el análisis de isótopos estables 

(n=69).  

Neonatos y juveniles tuvieron mayor abundancia representando el 86% de los 

95 individuos capturados durante el período de estudio. El índice de residencia 

(IR) de neonatos y juveniles marcados fue significativamente más alto dentro de 

la bahía que en los hábitats pelágicos próximos (W26= 182, p=0.0001) con un 

máximo de 145 días consecutivos de residencia dentro de la bahía. El mayor IR 

de neonatos y juveniles se observó durante agosto, septiembre y diciembre 

coincidiendo con los picos estacionales de temperatura y biovolumen de 

zooplancton.  

La presencia de hembras embarazadas, observación de comportamiento de 

cortejo, hembras con cloacas distendidas y neonatos evidenció un periodo de 

reproducción de abril a junio. Reportes de neonatos y juveniles durante varios 

años confirmados mediante fotografías y videos de buzos de las agencias de 

ecoturismo que operan en el área indican el uso repetido de M. munkiara en el 

AES. Por lo que destacamos la importancia ecológica que las bahías someras 

del AES juegan en los primeros estadios de vida de M. munkiana y sugerimos 

que otras áreas costeras en el Golfo de California pueden estar funcionando 

como áreas de apareamiento, alumbramiento y crianza. Por ello se ha de tomar 

especial consideración en estas regiones a las actividades antrópicas (pesca, 

desarrollos turísticos y alteraciones del medio). 
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INTRODUCTION 

Nursery areas are crucial for many elasmobranch populations (Heupel et al., 

2007). These discrete areas have been shown to have biotic and abiotic features 

important for pupping and enhancing the survival of neonates, young of the year 

(YOY) and juveniles (Castro, 1993; Heupel & Simpfendorfer, 2011). 

Elasmobranch nursery areas must follow at least three criteria as proposed for 

sharks (Heupel et al., 2007) and batoids (Martins et al., 2018): 1) neonates, YOY, 

and juveniles are more commonly encountered than in other adjacent areas, 2) 

individuals tend to remain or return to the area over weeks or months, and 3) the 

area is used in a similar manner repeatedly across years. 

While many studies have identified the importance of nursery areas for sharks 

(Snelson et al., 1984; Simpfendorfer & Milward, 1993; Compagno et al., 1995; 

Heupel & Simpfendorfer, 2002; Heupel et al., 2007) little is known about nursery 

areas fo batoids (Cerutti-Pereyra et al., 2004; Yokota & Lessa, 2006; Stewart et 

al., 2018a). Indeed, only one study had identified a nursery area for Mobulids 

(Mobula birostris and M. cf. birostris) in the Gulf of Mexico (Stewart et al., 2018a). 

Mobulids are planktivorous filter feeders with vulnerable life histories (Couturier 

et al., 2012, Stewart et al., 2018b) that include the lowest fecundity of all 

elasmobranchs (litter size of one pup) (Duvly et al., 2014), and delayed, 

ovoviviparous matrotrophic reproduction cycles of 1-3 years (Notarbartolo-di-

Sciara, 1988; Compagno & Last, 1999; Marshall & Bennett, 2010; Wourms, 1977; 

Dulvy & Reynolds, 1997; Croll et al., 2016), with a litter size of one pup (Hoenig 

& Gruber, 1990; Stevens et al., 2000).  

Such low reproductive rates make mobulids extremely vulnerable to 

anthropogenic impacts including targeted small-scale fisheries (Notarbartolo-di-

Sciara, 1988; White et al., 2006; Rohner et al., 2013) and bycatch in small- and 

large-scale fisheries (Paulin et al., 1982; White et al., 2006). As a result, all 

evaluated mobulid species are IUCN threatened or near-threatened, with many 

species experiencing population declines (Alaba et al., 2002, Ward-Paige et al., 

2013; White et al., 2015). Despite its vulnerability, existing studies have mainly 

focused on the taxonomy, movements, feeding habits and reproduction 

behaviour (Notarbartolo di Sciara, 1988; Sampson et al., 2010; Croll et al., 2012; 

Mendonça et al., 2018, Stewart et al., 2017; Duffy et al., 2017) of adults, with little 

information on the ecology and behavior of early life stages.  
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Munk’s devil ray (Mobula munkiana) is endemic to the Eastern Pacific, with a 

range that extends from the Gulf of California, Mexico to Peru and it is typically 

found in neritic and coastal habitats (Bizarro et al., 2006). It is currently classified 

as “Near Threatened” on the International Union for the Conservation of Nature 

(IUCN) Red List assessment (Bizarro et al., 2006) and is nationally protected in 

Mexican waters under the NOM-029-PESC-2006 and NOM-059-SEMARNAT- 

2018 regulation. However illegal fishing still exists in several areas of the Gulf of 

California (Heinrichs et al., 2011). Munk’s devil ray has an estimated disk width 

at birth of 35 cm and reaches up to 110 cm as adult (Notarbartolo di Sciara, 1987; 

Lopez, 2009) and is particularly known for its social behavior (Notarbartolo di 

Sciara, 1988; Bizarro et al., 2006); often congregating in large aggregations of 

thousands of individuals, presumedly for mating purposes (Stewart et al., 2018b). 

When Notarbartolo-Di-Sciara, (1987) described the species in the Southern Gulf 

of California he found that individuals segregated by size (Notarbartolo di 

Sciara,1987, 1988; Smith et al., 2009), leading to the potential for differential 

habitat use between juvenile and adult stages. 

 

Since 2013, local fishermen and tour operators in the Southern Gulf of California, 

have known a well-established aggregation of devil rays in the shallow bay with 

sandy bottom seafloor of Ensenada Grande (EG) located on the northwest part 

of the Espiritu Santo Archipelago (ESA). In recent years, an ecotourism activity 

has developed on this knowledge bringing recreational divers to observe feeding 

aggregations of neonates and juveniles of Munk’s devil rays attrackted to the 

zooplankton artificially concentrated with lights during certain months of the year. 

These anecdotal observations provided the opportunity to examine whether 

mobulid rays utilize nursery areas for mating, pupping and foraging of juveniles. 

 

We investigate if M. munkiana uses the shallow EG as a nursery area, following 

the criteria proposed by Heuple et al. (2007) and Martins et al. (2018). We use a 

combination of nonlethal methodologies including traditional tagging, passive 

acoustic telemetry, stable isotopes analysis, and biooceanographic sampling to 

examine spatial use and foraging ecology of early life history stage M. munkiana. 
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We emphasize the ecological significance of shallow coastal bays of the ESA and 

the surrounding region on the early life stages of M. munkiana. This biological 

information is relevant for protection managing and attempts to decrease bycatch 

of M. munkiana in coastal artisanal fisheries in the region. The present study is a 

baseline for the management of the ecotourism activity carried out in the ESA. 

 

METHODS 

Study site 

ESA, located on the west south part of the Gulf of California is the oriental limit of 

of Bahía de La Paz (Fig. 1). ESA was declared a Marine National Park in 2007 

and allows artisanal fisheries and ecotourism activities in some restricted areas.   

The bathymetry of the oriental coast of ESA has stepped slopes falling up to 100 

m just a few meters from the shore. Our main study area EG, is located on the 

west coast of ESA and is comprised of several sandy bottom embayments (< 40 

m depth) with small slopes (Gaitan et al., 2005).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Study site location. Red dots indicate acoustic receivers. 

 

ENSENADA GRANDE BAY  
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This archipelago is influenced by the monsoonal wind pattern of the Gulf of 

California with northwesterly winds that cause weak upwelling events during the 

cold season (December to May) with primary production rates ranging between 

1.16–1.91 g Cm2d-1 (Hidalgo-Gonzalez & Alvarez-Borrego, 2004). Strong thermal 

stratification occurs during the warm season (June to November), when the 

peninsular coast of Baja California peninsula does not present strong upwelling 

(Santamaria del Angel et al., 1999) with low primary production rates ranging 0.39 

to 0.49 g C m2 d-1 (Hidalgo-Gonzalez & Alvarez-Borrego, 2004).  

 

Captures and Conventional Tagging 

Munk’s devil rays were caught between August 2017 and June 2018 at EG during 

5 capture trips of three-days duration each one. Individuals were captured with 

encircling surface cotton twine nets 150 m long, 15 m deep, with 25 cm mesh net. 

Once captured, we maintained the individuals inside the water, allowing water to 

pass over their gills to reduce stress levels before transferring them into a holding 

thank on the boat. Individuals were sexed, measured for total length (TL) and disc 

width (DW), recording mating scars on pectoral fins and cloaca state of females 

and development state of claspers of males. Genetic and blood samples were 

taken, and individuals were tagged with conventional fish tags (FLOY TAG, Inc.) 

in the dorsal part of the pectoral fin for identification purposes. The capture-to-

release was typically completed in <5 min and all devil rays were released in good 

conditions.  

Individuals with umbilical scar were classified as neonates. Munk’s devil ray 

maturity was classified according to estimates of size at maturity as juvenile (<97-

98 cm DW) or adult (> 97-98 cm DW) (Lopez, 2009). Pregnant females were 

classified if showed evidence of a noticeably distended abdominal region on both 

the dorsal and ventral surfaces as defined by Mobula birostris (Marshall & 

Bennett, 2010). 

 

Acoustic Telemetry 

Four neonates and three juveniles Munk’s devil rays were captured on August 

2017 at EG and fitted with internal acoustic transmitters (Vemco V13; Vemco Ltd, 

Nova Scotia, Canada) with an expected battery life of 991 days. Transmitters 

operated on 69 kHz and were coded to pulse randomly once every 40–80 s 
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allowing the simultaneous monitoring of multiple individuals without continuous 

signal overlap. Transmitters were coated with beeswax to avoid infections and 

surgically inserted into the abdominal cavity doing a 5 cm incision. The incision 

was closed with synthetic surgical sutures. All devil rays were released without 

mortality and in good conditions. The tagging and surgical procedures followed 

the Institutional Animal Care and Use Committee of the University of California, 

Davis (IACUC, Protocol No. 16022). 

Six acoustic receivers (VR2w and VR2Tx, Vemco, Ltd, Nova Scotia, Canada) 

were deployed at the ESA as part of 17 tracking array installed at Bahía de La 

Paz to passively track the movement of neonate and juvenile Munk’s devil rays 

between August 2017–September 2018. Receivers were moored at depths 

between 5–26 m at locations previously known to be frequented by Munk’s devil 

rays at the ESA. The receiver array covered EG (RS1 at 5 m and RS2 at 26 m 

depth). Receiver RS3 was placed 1 km away from the coast at the San Lorenzo 

channel that connects Bahía de La Paz to the Gulf of California south of the ESA. 

RS4 was placed on the limit of the continental shelf west of the Ballena Island 

and RS5 was placed on a seamount about 18 km northwest from the ESA. 

Range testing showed the maximum detection range for receivers at the ESA 

was 350 m. Receivers recorded the identity, time and date of the Munk’s devil 

rays tagged that swam within the detection range of the receivers. Receivers from 

Bahía de La Paz form part of a large research network program with array of 

listening stations deployed through the Eastern Tropical Pacific (migramar.org).  

 

Enviromental factors 

Temperature loggers (HOBO 64k Pendant; accuracy: ± 0.53°C from 0–50 °C, 

range: -20 to 50 °C) were attached to the receivers in the EG recording every 2 

h during the study period. Zooplankton was sampled during day and night at three 

locations inside EG. Two of these stations were located close to RS1 and RS2 

receivers. A total of 125 zooplankton samples were collected from August 2017 

to June 2018 (25 samples per monitored month). Zooplankton was collected 

during three min oblique tows of a 60-cm mouth diameter zooplankton net (300 

μm mesh) equipped with a calibrated flow meter (G.O. 2030R) mounted in the 

mouth of the net to estimate the filtered seawater volume. Samples were 

preserved with 4% formalin. Zooplankton biomass volume was estimated for 
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each sample using the displacement volume method (Smith & Richardson, 

1979). 

Stable Isotope Analysis 

Samples of whole blood (“blood” hereafter) of 69 Munk’s devil ray were collected 

(Warm season 2017: 9 neonates, 18 juveniles, 9 adults; Cold season 2018: 26 

juveniles; 5 adults, 2 pregnant adults). Samples of 3 ml of blood were extracted 

with a 5 ml gauge sterile needle from the dorsal side of the left pectoral fin storing 

in Heparin K2 EDTA tubes (BD Vacutainer), placed on ice and posteriorly at land 

frozen. Lipid extraction was not necessary due to the low molar C:N ratios in the 

Munk’s devil rays blood samples (2.4 ± 0.11, mean ± SD), which indicates low 

lipid concentrations in the tissues and low variability among individuals (Post et 

al., 2007). 

Zooplankton samples for stable isotope were collected during the cold season of 

2018 at EG and around the ESA and Bahía de La Paz. Zooplankton samples 

were collected with the same net but towed near the surface during 15 min. The 

zooplankton samples were immeditately frozen. Euphausiids, mysis and 

copepods collected at EG during April 2018 were sorted out from the zooplankton 

samples to measure stable isotopes and compare with the isotopic signal of M. 

munkiana.   

Several authors suggest that dietary lipids in prey may be routed directly to 

consumers tissues, therefore they should be left on prey samples to be taken into 

consideration to characterize the diet of the consumers (Newsome et al., 2010a, 

Newsome et al., 2010b, Parng et al., 2014). For this reason, we did not lipid-

extract in prey samples although C:N values (5.4 ± 0.7, mean ± SD) indicated 

they were lipid-rich as defined by Newsome et al. (2010).  

Tissue turn over rate of blood was calculated using the mean values from serum 

and blood red cells (Caut et al., 2013) assuming a similar tissue turnover rate of 

87 days estimated for the shark Rhizoprionodon longurio (Trejo, 2017). 

All blood samples were dried for 48 h via freeze-drying using a FreeZone 2.5 

(LABCONCO Ltd.), and then grounded into a fine powder with a mortar and 

pestle. Subsamples of 0.07- 0.09 mg, were weighed and packed in 8x5 mm tin 

cups. 

The δ13C and δ15N values of blood tissue and prey samples were determined 

with a carbon-nitrogen analyzer coupled with an isotope ratio mass spectrometer 
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Delta V Plus (Thermo Scientific). Isotope values are reported as δ-values (as ‰) 

relative to Vienna PeeDee Belemnite (VPDB) and atmospheric N2 standards for 

carbon and nitrogen. Analytical precision was 0.2 ‰ estimated from standards 

analyzed with the samples. 

 

Statistic Analysis 

Data analyses for this study were conducted in the R environment (R 

Development Core Team, 2018). 

 

Captures and Conventional Tagging 

We used the data collected from captures and conventional tagging to 

characterize the Munk’s devil ray size and demographic composition of the 

population at EG. To estimate if there is a bias in the sex proportion of juveniles 

and neonates I did an X2 test. A Wilcoxon tests was done to compare disk width 

and sex distribution because the size and sex frequency distribution did not follow 

a normal distribution (W94= 0.925, p<0.05). Capture locations were plotted using 

SURFER (Golden Software, Inc., 2011) and the coast line data was extracted 

from GEODAS-NG (National Geophysical Data Center, 2000). The minimum 

distance between capture and recapture sites was calculated avoiding land with 

the route tool in Google Earth PRO. An X2 was calculated to compare disk width 

distribution of recaptured devil rays (at tagging) and disk width distribution of all 

captured devil rays to identify potential bias in the recaptures.  Pearson’s 

correlation coefficients were estimated between distance traveled and size of 

devil ray at recapture. A t-test was used to test for differences in average distance 

traveled between sexes and maturity stage. 

 

Acoustic Telemtry 

Data collected from acoustic receivers were analyzed to examine presence, 

residency time and movement patterns of the Munk’s devil ray population around 

the ESA. We filtered the data and used only the detections with two or more 

consecutive detections to avoid potentially false detections that arise from signal 

collisions or background noise (VUE software Manual version 2.5). 
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Residency 

Residency of each individual for the ESA was calculated dividing the number of 

days a Munk’s devil ray was detected with at least two detections within a single 

day, on any receiver within the array between the number of days since the 

animal was tagged until the receivers were taken out of the water. A value of one 

indicated an individual was always present, while zero indicated an individual was 

not detected after release. Residency index for each receiver on the array was 

also calculated. Daily presence data were analyzed to determine the number of 

consecutive days that an individual was resident (continuous presence). A 

Spearman correlation was performed between the Munk’s devil ray disk width 

and the residency index at the ESA. A t-test was then used to compare the 

influence of maturity stage and sex on the ESA residency index for each 

individual. 

 

Habitat preference 

Habitat preference was studied by grouping the acoustic receivers on inside-bay 

receivers (EG with RS1 and RS2) and offshore receivers (RS3, RS4, RS5, and 

RS6). A Wilcoxon test was used to compare the residency index found on inside-

bay receivers and offshore receivers. 

 

Seasonality 

To analyze the months of the year when the Munk’s devil ray was more resident 

at EG during the monitoring period, we applied a Kruskal-Wallis non-parametric 

test to the residency index across months. A post-hoc Dunn test analysis was 

done to test significant difference among months. 

 

Daily detection of rays   

To quantify diel changes in the Munk’s devil ray presence of EG we did circular 

plots of the number of detections per hours of daytime (6 am- 19 pm) and 

nighttime (19 pm- 6 am); diel times were determined using defined cutoffs for 

dawn and dusk (McCauley et al., 2014) We used Rao’s test to analyze the 

uniformity of the detections for the RS1 and RS2 receivers. 
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Movements 

The Munk’s devil ray movements were visualized by plotting presence and daily 

mean temperature data, gathered from all the receivers in the array and the EG 

temperature logger during the monitoring period. We calculated the “minimum 

linear dispersal distance” MLD for each individual defined as the distance 

between the two furthest receivers at which an individual was ever detected. We 

used the route tool in Google Earth PRO to calculate the MLD. 

 

Enviromental factors 

A Wilcoxon test was used to compare seawater temperatures among seasons 

because data followed a no normal frequency distribution (W3473 = 0.88501, p< 

2.2e-16). We tested the correlation between the seawater temperature and the 

mean monthly residency index at EG using a Spearman correlation. Wilcoxon 

test was used to compare zooplankton biovolumen between day/ night and 

between warm/ cold seasons because also this variable had non-normal 

distribution. Kruskal-Wallis non-parametric test was done to compare the 

zooplankton biovolumen among months among sampling stations. Post-hoc 

Dunn test analysis was done to determine which months and sampling station 

significantly differ from each other. We tested the correlation between the 

zooplankton biovolumen and the mean monthly residency index at EG using a 

Spearman correlation. 

Stable Isotopes Analysis 

Devil Rays 

A Wilcoxon test was used to compared isotopic values among seasons and sexes 

because δ15N and δ13C values had no normal frequency distribution. Kruskal-

Wallis non-parametric test was performed to compare isotopic values among 

davil ray maturity stages.  

Isotopic niche areas 

The niche breadth and trophic overlap of each Munk’s devil ray maturity stage 

was inferred using the Stable Isotope Bayesian Ellipses in R (SIBER) package 

(Jackson et al., 2011). This statistical method creates standard ellipses using a 

covariance matrix defining their shape and area in a bivariate δ15N and δ13C 

space. Nich breadth is represented by the standard ellipse corrected area 

(SEAc). Trophic overlap was calculated using SEAc and the ellipse overlap value 
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where values close to 1 represent a high degree of trophic overlap among 

individuals of distinct maturity stages. 

 

Trophic position 

The trophic position (TP) of each Munk’s devil ray individual in the food web was 

calculated using the δ15N value with equation proposed by Post (2002): 

 

TP Elasmobranch= (𝛿15𝑁Elasmobranch− 𝛿15𝑁Baseline) /(Δ15𝑁Elasmobranch)+ TP Baseline 

 

The mean value of δ15N 13.90 ‰, was estimated from the zooplankton samples 

collected during the cold season at EG, as δ15N baseline. Due to the high 

variability of the δ15N and δ13C values in phytoplankton, primary consumers are 

typically used as the baseline (Cabana & Rasmussen, 1996; Vander-Zanden & 

Rasmussen, 2001). The mean Δ δ15N values from serum and red blood cells 

reported by Kim et al. (2012) was used to calculate the trophic discrimination 

factor from blood tissue in M. munkiana same as calculated by Trejo (2017) with 

a mean value of 2.3 ± 0.6‰ (mean ±SD ) Δ δ15N for whole blood in sharks. Trophic 

position from the baseline, the zooplankton, was 2 (Post et al., 2000). A Wilcoxon 

test was done to compare trophic position between seasons and a Kruskal-Wallis 

non-parametric test was done to compare trophic position among maturity 

stages. 

 

Zooplankton 

An ANOVA one-way test was performed to compare isotopic differences among 

prey taxonomic groups (euphausiids, mysids and copepods). A Kruskal-Wallis 

non-parametric test was used to compare isotopic variability among areas 

because the isotopic values of zooplankton samples (all taxonomic groups) 

collected at different areas did not follow a normal distribution. 

 

Trophic fraction 

We calculate the discrimination trophic factor using the following Hussey et al. 

(2010) equation: 

Δℎ𝑋= 𝛿ℎ𝑋 Consumer− 𝛿ℎ𝑋𝑃𝑟ey 
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where Δℎ𝑋 is the trophic factor, h is the heavy isotope and X is the element. To 

obtain the differences in the isotopic composition among Munk’s devil rays and 

its preys we calculate the trophic factor for each devil ray individual with the mean 

value for each zooplankton taxonomic group (euphausiids, mysids and 

copepods). 

RESULTS 

Captures and Conventional Tagging 

A total of 95 Munk’s devil rays were captured at EG from August 2017 to June 

2018 during five capture periods.  Juveniles (65%) and neonates (19%) 

dominated the sampled population with a sex proportion 1:1 M: F (X2= 0.05, p > 

0.05).  

Munk’s devil ray catches and life stage varied seasonally. Neonates were 

captured only during August and juveniles were present throughout the year. 

Adults (15%) and pregnant females (1%) were observed April and June.  The 

disk width was not normally distributed (Fig. 2) (W94= 0.925, p<0.05). We found 

no significant difference in size by sex (W93=905, p > 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Disc width frequency distributions of tagged Munk’s devil rays collected 

at the EG from August 2017 to June 2018.The disk width of first maturity was 97 

cm for females and 98 cm for males (showed in dotted pink and blue lines).  
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Neonates were identified by the presence on the ventral part below the gills of 

the umbilical cord scar (Fig. 4D). The 18 neonate individuals with an umbilical 

scar had a disk width range between 49.5–56 cm. Animals within this range of 

disk width that did not showed evidence of umbilical scars were classified as 

juveniles. All neonate individuals were caught approximately at noon (12:00 pm) 

at depths between 2–5 m inside EG during August. We captured up to 7 

individuals per catch, but the average number of animals in a school was 4.5 ± 

1.73 (mean± SD). In these schools only neonates were present.  

Juveniles (n=62) had a disk width range of 49-85 cm and were captured in larger 

schools than neonates with up to 19 individuals and an average of 5.9 ± 6.3 

(mean± SD) per school. Juveniles were mostly captured at sunset (19:00) during 

August, October and December. However, when adults were present (April and 

June) juveniles were captured at noon. Juveniles were not caught with any other 

life stage individuals indicating size segregation of the schools. Captures were 

carried out at depths between 2 to 10 m inside EG. 

All neonate and juvenile males observed had undeveloped claspers with no 

rotation (Fig. 4A). Neonate and juvenile females showed no evidence of mating 

scars and the state of the cloaca was normal. 

 

 

A. 
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Figure 3. A) Map of EG with the locations where Munk’s devil rays of various life 

stages were captured during our sampling period. B) Seasonal frequency 

distribution of Munk’s devil ray captured per maturity stage at EG (ESA). 

 

All adults were capture during afternoon (after 17:00) and were only captured in 

spring and early summer (April and June). The four adults captured in April 2018 

were females with swollen distended cloaca evidenced with a reddish coloration 

indicating recent parturitions (Fig. 4B). During June 2018 was captured a group 

of one adult female and four adult males showing courtship behavior at surface, 

initiation and endurance as described for M. birostris and M. alfredi (Stevens et 

al., 2018). All these males had developed claspers with semen. Courtship 

behavior was also observed during April.  A female in an advanced state of 

pregnancy was captured at EG during June 2018 showing distended abdominal 

region on both the dorsal and ventral surface (Fig. 4C). Another pregnant female 

Munk’s devil ray captured in April at ESA exhibited the same morphological 

characteristics, which was corroborated using a WEED-2000AV portatil 

ultrasound (Ramirez et al. in prep).  

 

The influence of ontogeny on Munk’s devil ray spatial distribution was evident 

during our sampling period. Adults were only captured in >15 m depths while 

neonates and juveniles were captured in depths between 2 and 10 m. 
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Figure 4. A) Juvenile male Munk’s devil ray with undeveloped claspers (pointed 

with an arrow) collected at EG during August 2017. B) Adult female Munk’s devil 

ray with a distended cloaca collected during April 2018. C) A pregnant female 

with a traditional tag at EG collected in June 2018. D) Neonate with the scar of 

the umbilical cord (indicated by an arrow) in August 2017.  

 

Seven recaptures (6.23%) of 6 individuals were recorded during the period of 

study. Details of the Munk’s devil ray sex, disc width, maturity stage, position and 

date of capture and recapture are given in Table 1. All recaptured devil rays had 

equal or smaller straight line capture/recapture distance of 0.5 km from their 

capture location, with recapture durations ranging from 1 day to 8 months from 

initial capture.  

At the time of tagging disc width distribution of recaptured devil rays was not 

statistically different from disc width distribution of all captured devil rays (X2 = 

48.165, df = 41, p= 0.2055). This suggests recapture was not affected by size at 

tagging. No correlation was found between disk width at recapture and distance 

travelled (r= -0.236, p=0.609). Travelled distance also remained statistically 

unrelated by sex (t = 2.3686, df = 1.0705, p = 0.2409) and maturity stage (t = -

1.417, df = 1.1173, p = 0.3729) among neonates and juveniles.  
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Table 1.  Release and recapture details for tagged Munk’s devil rays. Ind is the 

number of the tag of the individual. DW (cm) is the disc width of the individual. 

GR (cm) is the growth rate, difference between DW at recapture and DW at 

tagging. DL are the days at liberty of the individual from the day it was tagged 

until its recapture. TD (Km) is the travelled distance. 

 

Acoustic Telemetry 

Seven Munk’s devil rays were passively tracked during 2017/2018, four neonates 

(50-55 cm DW) and three juveniles (72-75 cm DW). The seven tags were 

recorded by at least two receivers around the ESA. Acoustic deployments 

durations were inferred to range from 80–315 days according to dates of first and 

last detection on the array (236 ± 89, mean±SD). We recorded 36,836 detections 

for all individuals at 4 of the 6 receivers placed around ESA during the monitoring 

period (8/2017–6/2018) (Table 2).  

 

Residency 

Overall residency index ranged from 0.03 to 0.58 (0.29 ± 0.22, mean±SD) at the 

ESA.The time on which detections were received for the individual Munk’s devil 

rays ranged from 9 to 167 d (85.7 ± 65.04 d, mean±SD). Detections on 

consecutive days were found in receivers within EG (RS1 and RS2; maximum 

145 consecutive days) and outside EG (RS3; maximum of 3 consecutive days). 

Neonate individuals were present at EG during 26 to 145 successive days while 

juveniles ranged from 1 to 17 days.   
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Figure 5. Residency index (RI) of Munk’s devil rays tagged at EG with internal 

acoustic transmitters. RI is given for each receiver station (RS) located around 

the ESA. Individual devil rays (Number #Sex- Disc width in cm) are arranged by 

increasing disk width from top to bottom. 

 

Habitat preference 

Areas of high activity as determined by number of detections of tagged Munk’s 

devil rays were in coastal waters inside EG receivers (RS1, RS2). These two 

receivers yielded 98.7% of the validated detections, while the offshore receiver 

never detected tagged rays (RS5). The receivers placed at EG (RS1, RS2) 

reveled a statistically higher index of residence than the rest of the receivers 

placed around the ESA (W26= 182, p=0.0001) (Fig. 5). 
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Table 2. Passive acoustic details for tagged Munk’s devil ray. TDATE is the 

tagging date. Loc is the tagging location. N Days is the total number of days with 

a detection anywhere within the array. MCD is the maximum number of 

consecutive days the individual was detected at EG. DUR is the duration between 

date of tagging and the last day detected. N Hits is the total number of detections 

for each individual. MLD is the minimum linear dispersal distance between two 

furthest receivers with detections (Km). RI ESA is the residency index for the 

entire array around ESA.  

 

Seasonality 

Acoustic detections occurred at EG throughout the year for most devil rays, with 

statistically significant differences in their residency index throughout months 

(Kruskal-Wallis X2= 18.394, df = 10, p =0.04868). The significant differences were 

found comparing: (1) August 2017 vs April 2018, (2) June 2018 vs August and 

December 2017, (3) May 2017 vs August 2017, (4) October 2017 vs April 2018, 

(5) September 2017 vs January, April and June 2018 (Dunn test for all 

comparisons, p<0.05) (Fig. 9). The highest residency index was found during 

August, September and December of 2017. From the middle of April 2018, 

neonates were no longer detected inside EG coinciding with the appearance of 

adults in the outer part of EG. 
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Figure 6. Timeline showing the days each individual Munk’s devil ray was 

detected in the ESA, from August 2017 to June 2018 with the specific location of 

each detection color coded. Solid red line indicates mean daily water temperature 

at EG. Individual devil rays (Number #Sex- Disc width in cm) are arranged by 

increasing body size from top to bottom. 

 

Movements 

A minimum linear dispersal distance (MLD) of 21.5 and 21.4 km was estimated 

based on detections around the ESA for 6 of the 7 individuals acoustically tagged. 

One neonate individual was never detected outside of EG, and had an MLD of 

only 1.22 km. The neonate individual #4 traveled an MLD of 21.4 km during a 

two-days period. This individual was detected in EG (RS1) at noon and again 12 

h later at RS4, 9.3 km away. After one day at RS4 the individual was detected at 

RS3, 12.2 km away. 

 

 Diel change 

All detections at EG (RS1 and RS2) showed that the spatial distribution of Munk’s 

devil rays varied by time of the day (Fig. 7). Tagged Munk’s devil rays were 

detected mostly by coastal receiver (RS1, 5 m depth) during all hours of the day 
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and night but did not follow a uniform frequency detected rate (U=359.6, p<0.05). 

being significantly more frequent during daytime and from 02:00 am to 05:00 h.  

We found two peaks in detections between 7 am to 16 pm, and 2 am to 5 am. In 

contrast, the receiver placed further offshore in EG (RS2, 26 m depth) showed a 

significant diel difference in detection rate (U=359.39, p<0.05) with detections 

recorded mostly during daytime and almost no detections during nighttime when 

M. munkiana seem to move to shallower areas (RS1). 

 

 

Figure 7. A) Satellite image of EG. Red dots indicated receiver stations, RS1 

shallow receiver (5 m depth) and RS2 deeper receiver (26 m depth). Yellow lines 

represent the zooplankton sampling stations, RS1, RS2 and coastal station (CS). 

B) Mean zooplankton biovolumen per sampling station at EG during day and 

night time. Standard error are represented in black lines. C) Circular plots 

showing hours of detections for all Munk’s devil rays (n= 7) at the two receivers 

of EG. A significant non-uniform distribution of the detections was registered for 

both receivers (p<0.05). 
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Enviromental Factors 

Temperature 

Sea water temperature from EG was recorded from August 19, 2017 until the 

recovery of the acoustic receivers June 6, 2018. Temperature values followed the 

seasonal pattern (Obeso-Nieblas et al., 2002) with maximum temperatures from 

June to November (22.2–33.3°C) and minimum values from December to May 

(16.0–26.5°C). About 77% of hits recorded in EG occurred from 25.5–30.2 °C 

within a range of 16.0 to 33.3°C. We found a statistically significant Spearman 

correlation between the water temperature and the mean monthly residency 

index of tagged Munk’s devil rays at EG (S = 2.496e+09, p < 2.2e-16, rho=0.643) 

(Fig. 8). During August when neonates were captured at EG the temperature 

ranged from 25.8– 30.2°C. The four neonate individuals were detected at EG 

when the temperature ranged from 18.8–29.6°C. The adults were captured at sea 

water temperature ranging from 16.0°C to 29.1°C.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Relationship between the mean monthly residency index (RI) and the 

daily sea water temperature recorded at EG during each month (S = 2.496e9, p 

< 2.2e-16, rho=0.643). Higher water temperatures resulted in higher residency 

index for juveniles and neonates Munk’s devil ray.  
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Zooplankton 

Zooplankton was mostly composed by major taxonomic groups of holoplankton 

(Copepoda, Cladocera, Euphausiida, Chaetognatha, Mysidacea and Decapoda). 

On a preliminary analysis of the zooplankton composition on the samples 

collected, we observed that N. simplex was caught at RS1 in higher abundance 

and more often than in CS and RS2. On the other hand, Mysidacea spp were 

more frequently found in the shallower part, the costal station of EG.  

Zooplankton biovolume was significantly greater during the night compared to 

day (W126 = 1175, p = 0.0001549) across all sampling months, with a peak value 

of 36.27 ± 8.25 mL 100 m−3 (mean±SE) during nightime samples in December 

and mínimum during the daytime in October (7.77 ± 9.24 mL 100 m−3, mean±SE).  

We found a significantly higher mean zooplankton biovolume during the cold 

season (December to May) (W125 = 2454.5, p = 0.027) with significant differences 

among months (Kruskal-Wallis X2 = 23.1, df = 5, p = 0.0003), (1) April 2017 vs. 

December 2017, (2) August 2017 vs. June 2018, (3) October 2017 vs. August 

and December 2017 (Dunn test for all comparisons, p<0.05). Maximum 

zooplankton biovolume values were observed during December 31.12 ± 4.98 mL 

100 m−3 (mean±SE) and the lowest values in June 10.91 ± 1.64 mL 100 m−3 

(mean±SE) (Fig. 9).  

We found significant differences of zooplankton biovolume among our three 

sampling stations inside EG (Kruskal-Wallis X2= 13.478, df = 2, p = 0.00118) 

between the RS2 station vs the RS1 and the coastal station (Dunn test, p<0.05). 

RS2 was the station with a higher mean zooplankton biovolume recorded at night 

time, 29.13 ± 4.89 mL 100 m−3 (mean ±SE). However, Munk’s devil rays were 

mainly detected during night hours at the RS1 where zooplankton biovolume 

mean value was low 19.55 ± 5.08 mL 100 m−3 (mean±SE).  

 

Mean monthly residency index at EG and the zooplankton biovolumen within EG 

were significantly positively correlated (S = 221340, p = 5.046e-05, rho= 

0.3516104). 
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Figure 9. Mean monthly residency index at EG for all Munk’s devil rays (n=7). 

The vertical lines represent the standard error (SE) for each month’s residency 

index. Red line is the mean monthly temperature at EG and green dots are the 

mean monthly zooplankton biovolume. 

 

Stable Isotopes Analysis 

Devil rays 

We obtained the isotopic values for δ13C and δ15N from 69 M. munkiana blood 

samples at ESA. During the warm season of 2017 blood was collected from 9 

adults, 18 juveniles, 9 neonates and during the cold season 2018, 5 adults, 2 

pregnant adults and 26 juveniles (Table 3).  Stable isotopes values for M. 

munkiana ranged from -18.45 ‰ to -15.27 ‰ for δ13C and from 14.55 ‰ to 17.51 

‰ for δ15N. We found no significant differences in isotopic values between ray 

sexes or between cold and warm seasons (Wilcoxon test, p > 0.05). However, 

we found significant differences in the isotopic values for δ13C (Kruskal-Wallis X2 

= 27.08, df = 3, p = 5.641e-6) and δ15N among maturity stages (Kruskal-Wallis X2 

= 7.97, df = 3, p = 0.04). The mean δ13C of juveniles is significantly enriched than 

adults and pregnant females; neonates also had enriched δ13C values than 

adults. The δ15N showed significant differences between neonates vs juveniles 

and adults with enriched δ15N values (Dunn test, p<0.05).  
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Table 3. Stable isotopes summary information for blood tissue collected from M. 

munkiana during 2017-2018 at ESA. All values are means ± SD.  

 

 

Figure 10. δ15N and δ13C values for M. munkiana during cold (blue) and warm 

(red) season at ESA during 2017-2018. Points represent the δ13C and δ15N blood 

values from each individual. Disc width at which females (97 cm) and males (98 

cm) attain adulthood is shown with dotted pink and blue lines, respectively. 

 

Isotopic niche breadth and trophic overlap 

Stable Isotope Bayesian Ellipses (SIBER) were used to determine niche breadth 

and trophic overlap among the different Munks’ devil ray maturity stages. 

Considering the standard corrected ellipse area SEAc, juveniles (0.82) have a 

greater niche breadth than neonates (0.42) or adults (0.43). It was not possible 

to calculate pregnant females SEAc because of the low sample number (n=2). 



26 
 

The niche overlap among juveniles (20.9%) and neonates (40.4%) was higher for 

the last one due to its smaller niche breadth (Fig. 11B). 

 

Trophic position 

Trophic position of each maturity stage of M. munkiana was calculated using Post 

(2002) equation during the warm and cold seasons. The mean δ15N value of 

13.90 ‰ baseline was estimated from the zooplankton samples collected during 

the cold season at EG. Using this, we estimated an overall trophic position of 3.11 

± 0.24 (mean ± SD) for M. munkiana at ESA. Trophic position did not vary across 

seasons (Wilcoxon test, p > 0.05) but neonates occupied a higher trophic position 

compared to the other age classes (3.33 ± 0.21, mean ± SD) (Kruskal-Wallis X2 

= 7.97, df = 3, p = 0.0465) (Table 3), likely due to trophic enrichment from the 

mother. 

   

Figure 11. A) Isotopic values for δ13C and δ15N from Munk’s devil ray blood, 

preys and zooplankton collected during the cold season at the EG, ESA and 

Bahía de La Paz. Points are mean values and dotted lines are the standard 

deviation for each group. B) Isotopic niche overlapped among M. munkiana 

maturity stages. Points represent the δ13C and δ15N blood values from each 

individual.  Standard ellipses were calculated using Bayesian statistics with the 

SIBER analysis. 
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Zooplankton 

Twenty zooplankton samples were collected during the cold season 2017–2018. 

The samples of M. munkiana’s prey taxonomic groups, δ13C values ranged from 

-18.45 ‰ (Euphausiids, N. simplex) to -20.75 ‰ (Mysidacea) and δ13C values 

differed among taxonomic groups (ANOVA, p <0.01). The δ15N values ranged 

from 13.04 ‰ (Copepods) to 14.58 ‰ (Mysidacea) and they were not significantly 

different (ANOVA, p >0.05). There were no significant differences δ15N and δ13C 

values among sampling stations (EG, ESA and Bahía de La Paz) (Kruskal-Wallis 

test, p > 0.05) (Table 4). 

Trophic fraction 

All the taxonomic zooplankton groups and all the sampling stations were depleted 

in δ15N and δ13C in comparison to Munk’s devil rays (Table 4). Trophic 

fractionating was calculated for each devil ray individual with the mean value for 

each zooplankton taxonomic group. The δ15N fractioning of the prey taxonomic 

groups ranged from 1.94 ‰ (Mysidacea) to 3.48 ‰ (Copepods) and δ13C from 

1.51 ‰ (Euphausiids, N. simplex) to 3.81 ‰ (Mysidacea). 

The variability of δ13C was smaller among areas with values ranging from 1.92 ‰ 

(ESA) to 2.88 ‰ (Bahía de La Paz) and in δ15N values ranged from 3.55 ‰ (ESA) 

to 4.26 ‰ (Bahía de La Paz).  

 

Table 4. Stable isotopes summary for zooplankton samples collected during the 

cold season 2017-2018. All values are means ± SD. *Mean trophic fractionation 

between Munk’s devil rays and the mean value for each zooplankton taxonomic 

group. 
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DISCUSSION 

Nursery Area 

Using the criteria proposed by Heupel et al. (2007) and Martins et al. (2018), The 

Ensenada Grande bay of the Espiritu Santo Archipelago can be considered a 

nursery area for M. munkiana. 

The first criterion that rays are more commonly encountered in EG than in other 

areas is met by the high relative abundance 86% (n=80) of neonates and 

juveniles with disk width range of 49-85 cm compared with other studies in the 

Southern Gulf of California. Notarbartolo di Sciara (1988) and Lopez (2009) 

captured M. munkiana in other near ESA localities in similar disk width range but 

lower proportions for neonates (8.3 %, n=2) and juveniles (15 %, n= 22) as 

observed in the present study.  

EG fulfills the second nursery area criterion as neonates and juveniles exhibited 

high residency index to this inshore area having higher proportion of records in 

coastal acoustic receivers than offshore acoustic receivers placed around the 

ESA and Bahía de La Paz. Munk’s devil rays were detected almost daily for up 

to 7 of the 11 months monitoring period in the bay. Individuals resided inside EG 

from 1 to 145 consecutive days. Moreover, recaptured data from traditional 

tagging demonstrated a site fidelity of two to eight months inside EG for neonates 

and juveniles.  

There is evidence that M. munkiana neonates and juveniles inhabit EG 

repeatedly during several years observing reports of individuals within these early 

stages since 2013 to 2018 (Fig. 12) according with the third criteria to define a 

nursery area. This information was obtained from recreational divers and 

ecotourism agencies operating at the ESA. Since ecotourism activities started in 

2013, sightings were common each year from September to December.  

Recreational divers used to observe feeding aggregations of neonate and juvenil 

individuals during night dives at shallow areas of EG (< 6 m). These observations 

constitute an example of the potential value about how historical observations 

done by recreational divers at aggregations sites provide new insights into 

seasonality and species distribution (Luiz et al., 2008; Stewart et al., 2018b). 
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Figure 12. Juvenile Munk’s devil ray feeding at night in EG during recreational 

night dives. A) November 2013; B) October 2014; C) October 2016. Undeveloped 

claspers are indicated with arrows. Photograph copyrights: A and B. Erick Higera; 

C. Luke Inman. 

 

Collectively, these observations provide compelling evidence that M. munkiana 

uses EG as a nursery area during their early life stages. Furthermore, according 

to Bass (1978) this area can be described as a primary nursery area due to the 

presence of neonates and near-term pregnant females, and as a secondary 

nursery area because of the presence of juveniles (non-newborn). Therefore, 

overlapping of primary and secondary nursery areas for M. munkiana at EG 

occurs, similar as observed for other elasmobranch species (Snelson et al.,1984; 

Heupel et al., 2007). 

 

Segregation by Size and Sex and Mating Season 

We observed a clear ontogenetic spatio-temporal segregation in the distribution 

of Munk’s devil ray at EG during our tagging trips. Neonates, juveniles, and adults 

were all caught in different time of the day and areas in EG.  Neonates and 
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juveniles were mostly distributed at shallower areas (2-10 m depth) while adults 

were observed at the deeper areas (>15 m depth) of EG. Size segregation 

appears to be a common feature for this and other species of mobulids 

(Notarbartolo-di-Sciara, 1988; Deakos, 2010).  

Although sex segregation has been reported in the southern part of the Gulf of 

California across different years for mainly adults individuals of M. munkiana 

(Notarbartolo Di Sciara, 1988; Villavicencio-Garayzar, 1991; Guerrero-

Maldonado, 2002; Lopez, 2009), we found a 1:1 sex ratio for neonates and 

juveniles, a typical feature on elasmobranch nursery areas (Castro, 1993; 

Salomon et al., 2009; Trejo, 2017). This suggests that M. munkiana does not 

segregate by sex during early stages until they reach sexual maturity when sex 

segregation may occur. 

Size at maturity is reported for 97-98 cm disk width for female and male 

respectively (Lopez, 2009), however we proposed that individuals from 85 cm 

disk width up to maturity size are subadults (sexually immature) with a higher 

mobility and therefore, a lower degree of site fidelity. 13 Subadults (85–93 cm 

DW) were caught during April 2018 in other bays of ESA in schools where adults 

were also present. All male individuals (n=8) had undeveloped claspers with little 

calcification and without semen. We did not catch any subadult individual at the 

shallow part of EG (<10 m depth). 

 

Munk’s devil ray is the only mobulid species in the Gulf of California that is 

consistently seen in dense schools (Notarbartolo-di-Sciara,1988). They 

progressively increase in numbers of individuals within schools as individuals 

increased their body size from neonates to adults. At ESA small schools of 

neonate individuals (< 7 individuals) are observed at shallow areas while dense 

schools of adults (>100) appear during the pupping season at deeper areas. 

 

Aggregations of adults displaying courtship behavior at the surface, were 

observed at depths > 15 m at EG during April and June. It is very likely that mating 

behavior occurs soon after giving birth for M. munkiana since courtship and 

pregnancy were observed in the same area and period. Our field observations 

are supported by the mating behavior after parturition observed in captivity 

(Uchida et al., 2008) and wild individuals of M. alfredi (Stevens et al., 2018).  
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Females with swollen and distended cloaca were captured in April 2018. A 

distended cloaca has been interpreted as evidence of a recent mating feature in 

other elasmobranch species (Carrier & Jeffrey, 2012). 

 

Pupping Season 

Reproductive seasonality has been documented for several mobulid species 

(Marshall & Bennett, 2010; Stevens, 2016; Stevens et al., 2018). Based on our 

captures and field observations we hypothesized that the pupping season for 

Munk’s devil rays begin in April and ends in June with temperatures between 16–

29°C. Neonates (mobulas with umbilical cord scars) and juveniles were captured 

in the shallow area of EG. However, neonates were found only during August 

2017 while juveniles were caught during all sampling months. Parturition for 

Bahía de La Paz also has been previously reported elsewhere between May and 

June (Villavicencio-Garayzar, 1991), corroborating our observations. 

This time frame coincides with the end of the cold season and the cold-warm 

transition (June) when the euphausiid, Nyctiphanes simplex, one of the two main 

M. munkiana preys (Hobro, 2002) attain its maximum abundance and 

reproductive period in the Gulf of California (Brinton & Townsend 1980; De Silva 

Dávila & Palomares-García, 1998; Gómez-Gutiérrez et al., 2012). The lowest 

abundance of N. simplex occurs between July and October (Brinton & Townsend, 

1980) when adult M. munkiana have not been observed in the ESA. We did not 

find a positive correlation between zooplankton biovolume and presence of M. 

munkiana adults. However, we suggest that large mating aggregations of Munk’s 

devil ray around the ESA benefit from the secondary production rates reported in 

Bahía de La Paz during the pupping season, with peaks of up to 44.2 mL 100 m−3 

for these months (De Silva Dávila & Palomares-García, 1998). 

 

Near-term pregnant females were caught during April 2018 at the ESA and early 

June 2018 at EG. The pregnancy of a near-term female captured at the ESA 

during our tagging trips was corroborated using ultrasound techniques, with a 

single and well-developed term-embryo (Ramírez et al., 2018 in prep). This 

corroborated the estimation of the gestation of a single pup for M. munkiana 

(Villavicencio-Garayzar, 1991) and other mobulis species (Marshall et al., 2009; 

Couturier et al., 2012). 
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Mobulids present an embrionary nutrition where embryos develop and recive 

nutrition from its mother´s uterus, feeding initially on the yolk, which leaves the 

umbilical cord scar. This scar can be closed already during the last embryo stages 

(Galvan-Magaña, pers. obs). Thus, the embryo nourished with protein and lipid-

rich histotroph, secreted by the mother’s uterine villi (Wourms, 1977; Dulvy & 

Reynolds, 1997; Compagno & Last, 1999). This establishes an energy 

connection where nutrients are transferred directly from the mother to the embryo 

resulting in an isotopic enrichment of δ15N values and similar or depleted δ13C 

values in the neonates in comparison to the mother (Porras-Peters et al., 2008; 

Elorriaga-Verplancken et al., 2013).  

In the present study we found neonates with umbilical cord scars had significant 

enrichment in δ15N values of up to 2.10‰ compared to adults. This δ15N mother 

transferred enrichment is similar to the consumer-prey enrichment values 

reported for elasmobranches evidenced with blood serum 2.2 ± 0.7 ‰ and 2.4 ± 

0.5‰ red blood cells (mean ± SD) (Kim et al., 2012). Using Caut et al. (2013) 

information, a turnover rate of blood tissue of 87 days for elasmobranch was 

calculated (Trejo, 2017). Therefore, neonate individuals with enriched δ15N 

values captured in August should have been in their mother uterus approximately 

during May, which coincides within our proposed reproductive and pupping 

season.  

Habitat Use of Neonates and Juveniles 

The Southern Gulf of California was previously thought to be a wintering ground 

for M. munkiana, which after that migrated into unknown areas during warmer 

seasons for mating and pupping (Notarbartolo-di-Sciara, 1988). However, 

Villavicencio-Garayzar (1991) observed mating behavior during spring at Bahía 

de La Paz. We propose the use of a shallow bay, EG as a nursery area where 

neonate and juvenile females and males in same sex proportion remain in the 

area throughout the year. Neonates and juveniles were detected frequently at EG 

during late summer, autumn (warm season), winter and the beginning of the 

spring (cold season).  

Tagged individuals showed a higher consistency on their detections from August 

to April when water temperature ranged from 18.8–29.6°C, with up to 145 d 

consecutive detections suggesting that they may range less widely at those 
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months of the year. Munk’s devil ray during their early life stages exhibited a 

higher residency index at warmer water temperatures. This residency may 

provide an ecological advantage for the species accelerating metabolic rates 

(feeding and growth) of juveniles and thus reducing the duration of these 

vulnerable life-history stages (Tenzing, 2014; Wearmouth & Sims, 2008; Heuple 

et al., 2007). 

Detection rates for all tagged individuals decreased during March and April when 

adults began to be frequent at EG and ESA. For larger juveniles observed in April 

and June, this period represents the recruitment time based on field observation 

of a traditional tagged juvenile (about 85 cm disk width) swimming on the deep 

part of EG (>20 m) adding to large schools of Munk’s devil ray adults. 

 

The greatest number of detections (independenty of the day-night time) were at 

RS1 receiver at 5 m depth placed at the southern entrance of EG (Fig. 10). The 

location of the RS1 was not the area where the highest zooplankton biovolume 

was observed at EG; however, during zooplankton tows carried out at this station, 

N. simplex was caught in high abundance and more often than in the other two 

sampling stations inside EG. This is an interesting observation since this species 

seem to attain their highest population densities at 50–100 m deph regions in the 

Gulf of California (Gómez-Gutiérrez et al., 2012). 

The high abundance of N. simplex at near coastal waters can partially explain the 

higher detection rate of M. munkiana recorded at RS1.On the shallower and inner 

part of EG (CS station) Mysidacea spp. were more frequently found at bottom 

depth (>5 m). During the capture trips, neonates and juveniles were only found 

in these two portions of the bay within depths < 10 m.   

The differential habitat preference between neonates, juveniles, and adults was 

also evidenced using stable isotopes of blood tissue. δ13C values showed 

significant differences between ontogenetic stages, similar as the results 

obtained at other locations in the southern Gulf of California for M. munkiana 

(Cerutti, 2005). Adults had depleted δ13C values than neonates and juveniles 

indicating feeding preferences on more pelagic habitats (France, 1995). 

Neoantes and juveniles showed 13C enrichment relative to 12C explained by their 

coastal habitat due the influence of terrestrial detritus (France, 1995). Although 

isotopic niche is not the necessarily the same that trophic niche, they are highly 
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correlated and provides ecologically relevant information about the individual, 

population or community studied (Jackson et al., 2011). Isotopic niche overlap 

among juveniles and adults or neonates and adults was not evidenced using 

SIBER standard ellipses. The filter-feeders mechanism to enable trophic niche 

partitioning among different body sizes is less evident than in other 

elasmobranches (Stewart et al., 2017). For M. munkiana, neonates and juveniles 

behave as residents with a high fidelity to shallow-coastal habitats while adults 

are more mobile and pelagic organisms. Adult Munk’s devil ray individuals were 

tagged at the north part of Bahía de La Paz showing a more mobile behavior, 

being detected two weeks later 72 km away from the tagging location (Croll, 

unpublished observ). 

 

Therefore, the availability of the two main prey, N. simplex and mysids for Munk’s 

devil ray and the protection from large predators to early life stages with small 

sizes and limited swimming ability could favor the use of EG as a nursery area 

for M. munkiana.  

 

 
CONCLUSIONS 

The present study describes for the first time the habitat use and seasonal 

variability of a nursery area (Heuple et al., 2007) for a Mobula species in the Gulf 

of California. Neonates and juveniles M. munkiana individuals where present at 

ESA during most of the year with a high residency index for a higly mobile and 

migratory species. Sexual segregation does not occur during early life stages for 

M. munkiana altought size segregation is clear. The pupping season goes from 

April to June. It starts during the cold season associated with the highest 

zooplankton biovolume values in the region (De Silva-Davila & Palomares-

García, 1998). 

Residency and site fidelity of neonate and juvenile individuals was positively 

correlated to warmer water temperatures and higher zooplaknton biovolumes. 

Water temperature was highly correlated to the Munk devil ray’s residency index 

than prey abundance. 

Habitat preference among early life stages and adults was also clearly 

differenciated due to its distribution and its isotopic signals. Adult preferred to 
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feed on more pelagic habitats while neonates and juveniles were frequently 

observed at shallow areas of the bays.  

Residency index was higer at coastal receivers inside EG and mobulas were 

present during day and night inside the bay for several months.  

EG meets the three previously established criteria to be a primary and secondary 

nursery area for M. munkiana. 

This study provides useful biological information for managemet of the mobula 

related ecoturism activities at ESA and recognizing critical areas of reproduction 

to decrease the high rates of bycatch on artesanal fisheries in the region. 
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