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ABSTRACT 47 
 48 
Little is known about the reproductive biology of the leopard seal (Hydrurga leptonyx), a 49 
Southern Ocean predator. Here we observed sexual behavior in wild leopard seals in Laguna San 50 
Rafael, Chile during a two-hour courtship interaction between a female and male. The female 51 
was hauled out on ice, mostly lying still (69% of the time) or moving (19%). The male was 52 
mostly under water (87%) or at the water’s surface (11%). The female made seven in-air calls 53 
(i.e., thump-pulse, noseblast, blast, growl). The male produced 65 underwater calls (i.e., low and 54 
high double trills, unidentified trills). The underwater calls appeared to be directed toward the 55 
female. After the primary male vocalized for an hour, one or two unidentified leopard seals 56 
briefly swam near the female. After leaving the area, we heard underwater calls for another eight 57 
hours. The next day, the primary male was hauled out on ice with a swollen genital opening. The 58 
male was bleeding from a laceration caudal to the preputial opening, suggesting the male 59 
attempted to mate and that the female, or another seal, was responsible for the injury. Together, 60 
we find that leopard seal courtship involves a suite of behavioral and acoustic behaviors by both 61 
sexes, both in air and under water. This is the first description of leopard seal sexual behavior in 62 
the wild. Our study also provides the first evidence that leopard seals mate in South America.  63 
 64 
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INTRODUCTION 93 
 94 
Leopard seals (Hydrurga leptonyx) are generally solitary apex predators broadly distributed 95 
around the Southern Ocean (Hamilton 1939; Southwell et al. 2003; Forcada and Robinson 2006). 96 
Leopard seals spend much of their lives under water and live in remote, difficult-to-access 97 
locations (Hamilton 1939; Siniff 1991; Southwell et al. 2003). As a result, limited data exist for 98 
many aspects of their life cycle, including their reproductive biology.  99 
 100 
Leopard seals have long been considered ice-obligate breeders that rely on Antarctic pack ice 101 
and floating ice for reproduction (Demaster et al. 1980; Siniff and Stone 1985; Southwell et al. 102 
2003; Bester et al. 2021). A recent review showed that most of the 19 documented leopard seal 103 
newborn pups (84%) have been outside of Antarctica (e.g., subantarctic islands, Chile, New 104 
Zealand, Falkland Islands; van der Linde et al. 2022). From these 19 records, nine newborn pups 105 
were on ice, three were on land, two were in the water, and the remaining five were on 106 
unidentified substrates (van der Linde et al. 2022). Regardless of location, most pups were born 107 
between September and December, with a peak in November and December (Laws 1984; Laws 108 
1993; Rogers 2018; van der Linde et al. 2022). Parturition is then followed by a potentially short 109 
lactation period (~10-14 days; Brown, 1957; Southwell et al. 2003; Kienle et al. 2022). 110 
 111 
Mating is thought to occur 3-4 weeks after parturition, when the female is in estrus (Sinha and 112 
Erickson 1972; Siniff and Stone 1985; Rogers et al. 1996). Estrus has been documented in a 113 
single captive adult female leopard seal that had elevated estradiol levels in December coinciding 114 
with sexual receptivity (i.e., the female permitted mounting by a male; Rogers et al. 1996). Siniff 115 
and Stone (1985) suggested that the decrease in sightings of leopard seals on ice floes between 116 
November and December meant that the species mate under water. Weddell seals (Leptonychotes 117 
weddellii), the sister taxon to leopard seals (Fulton and Strobeck 2010), mates aquatically, with 118 
males attracting mates and defending underwater territories using vocal displays (Thomas and 119 
Stirling 1983; Thomas et al. 1983; Pahl et al. 1996; Harcourt et al. 2007). Therefore, leopard seal 120 
breeding season is thought to range from October to January, peaking between November and 121 
December (Southwell et al. 2003; van Opzeeland et al. 2010; Rogers 2017). However, to our 122 
knowledge, no one has documented sexual behavior (defined here as the actions and activities 123 
that animals engage in to find and attract mates and reproduce; Pfaus et al. 2001) in wild leopard 124 
seals. The only observations of copulation for the species came from a pair of captive leopard 125 
seals (November-February; Marlow 1967).  126 
 127 
Acoustic behavior plays an important role in leopard seal communication, especially during the 128 
breeding season (Stirling and Siniff 1979; Rogers et al. 1995, 1996; Rogers and Cato 2002; 129 
Rogers 2007; Kreiss et al. 2013). Leopard seals have ~14 different call types (Rogers et al. 1995; 130 
Thomas and Golladay 1995; Rogers et al. 1996; Rogers and Cato 2002; Rogers 2007). Both 131 
sexes vocalize (Rogers et al. 1996), but most studies have focused on males (Rogers et al. 1995; 132 
Rogers 2007, 2014, 2017).  133 
 134 
Research over the last 30 years has shown that male leopard seals exhibit individual, age, and 135 
geographic variation in underwater calls (Stirling and Siniff 1979; Rogers et al. 1995; Rogers 136 
and Cato 2002; Rogers 2007, 2014, 2017; Shabangu and Rogers 2021). Males produce loud and 137 
frequent underwater calls throughout the breeding season (Thomas and Demaster, 1982; Rogers 138 
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2007; Van Opzeeland et al. 2010; Kreiss et al. 2013; Rogers 2017). Calls peak between 139 
November and January, which potentially coincides with weaning and the female’s estrus cycle 140 
(Thomas and Demaster 1982; Rogers and Cato 2002; Shabangu and Rogers 2021). The low and 141 
high double trill are the most common call types (Stirling and Siniff 1979; Rogers et al. 1995; 142 
Rogers 2014) and therefore thought to play a role in territorial behavior and attracting females 143 
during the breeding season (Thomas and Demaster 1982; Rogers et al. 1996). Rogers (2005), for 144 
example, describes male leopard seals as producing ‘vocal courtship displays’, where courtship 145 
is a reproductive communication system (often including vocal and behavioral displays) leading 146 
up to copulation (Morris 1956; Ewer 1968). However, it has been challenging to determine the 147 
function of different call types. As a result, call function has mainly been inferred from captive 148 
observations (Marlow 1967; Rogers et al. 1996) or from the timing of calls relative to the 149 
breeding season (Thomas and Demaster 1982; Rogers 2014; Shabangu and Rogers 2021). 150 
 151 
In December 2022, we opportunistically observed leopard seal sexual behavior in Laguna San 152 
Rafael National Park, Chile. We collected acoustic and behavioral data from male and female 153 
leopard seals during a two-hour observation period. The next day, we observed one of the male 154 
leopard seals from the previous day hauled out on ice with physical indications of attempted 155 
copulation. To our knowledge, this is the first description of leopard seal courtship behavior in 156 
the wild. Our findings provide insight on the reproductive biology of this enigmatic Southern 157 
Ocean predator. 158 
 159 
METHODS 160 
 161 
Data Collection 162 
We recorded behavioral and acoustic data from leopard seals during fieldwork in Parque 163 
Nacional Laguna San Rafael, Chile (46.62S, 73.95W). All work was done under Chilean 164 
permits SUBPESCA: R. EX. N° E-2022-717 and CONAF XI-21-2022 and approved by Baylor’s 165 
Animal Care and Use Committee. We collected behavioral and acoustic data from a small boat 166 
from 18:10-20:16 on December 16, 2022 (hereafter, this two-hour interval is called the 167 
‘observation period’). We were 10-100 meters away from the seals throughout the observation 168 
period. Additional acoustic data was collected from our ship from 22:00 on December 16, 2022 169 
to 6:30 on December 17, 2022. We also collected additional behavioral data from a small boat at 170 
12:40 on December 17, 2022. Photos, videos, and acoustic data were recorded on multiple 171 
devices, including DSLR cameras, GoPros, and iPhones. When possible, the sex of each seal was 172 
visually confirmed. 173 
 174 
Behavioral Data 175 
Video footage was analyzed and quantified in the open-access analysis software BORIS v. 7.13.9 176 
(https://www.boris./unito.it/; Friard and Gamba 2016). We created an ethogram of point events 177 
(behaviors with no time duration) and state events (behaviors with a time duration; Table 1).  178 
 179 
Table 1. Ethogram of point and state variables used to classify leopard seal behaviors from 180 
video footage during the observation period.  181 
Location Type Behavior Description 

On ice Point Opens mouth Seal opens its mouth 
Point Closes mouth  Seal closes its mouth 

https://www.boris./unito.it/
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State Mouth movements 
Time from when seal first opens its mouth until it 
completely closes its mouth 

Point Throat movements 
Seal moves its throat in a vibrating or pulsate 
motion; often associated with producing sounds 

Point Lifts head Seal lifts its head off the ice 
Point Lowers head Seal lowers its head onto the ice 
Point Swinging head   Seal swings its head from side-to-side 

State Head movements 

Time from when seal starts moving its head until it 
rests its head on ice; includes swinging, lifting, 
and lowering the head 

State 
Foreflippers 
movements 

Time from when seal starts moving its foreflippers 
until it rests foreflippers on ice 

State 
Hindflippers 
movements 

Time from when seal starts moving its hindflippers 
until it rests hindflippers on ice 

Point Rolling Seal moves body from side to side 
Point Turning Seal turns its body, moving to a new position 

State 
Whole body 
movements 

Entire body moves and/or shakes; this includes 
rolling, turning, and pulsate motions where the 
entire throat, neck, and chest vibrate 

State Moving on ice 

Time from when seal starts to move to when seal 
is lying still on the ice; this includes mouth, head, 
foreflipper, hindflipper, and whole body 
movements 

State Lying on ice 
Time from when seal is lying still on ice until seal 
starts moving any part of its body 

State Not visible on ice 
Time from when seal is not visible on ice until seal 
is visible again  

In water 

Point Surfacing 

Part of the seal’s body rises above the water; 
multiple body parts may be out of the water 
simultaneously 

Point Breathing 

Seal makes audible inhale or exhale; sometimes 
accompanied by water droplets expelled from the 
nostrils 

Point Spyhopping*  

Seal raises its head vertically out of water and then 
sinks below the surface without much splash; the 
top of the seal’s head can be angled 0-90° from the 
water’s surface 

Point Hauling out* 
Seal moves its body out of the water by crawling 
or leaping onto land or ice 

State Swimming 

Time from when seal is above the water's surface 
and moving in a forward direction until it stops 
moving or is completely under water 

Point Diving 

A series of events starting with a seal lifting its 
head vertically out of the water with the body 
traveling forward; then the seal’s head goes under 
water, followed by its highly arched back; finally, 
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the hindflippers rise out of the water before 
sinking below the water  

Point Under water  
The seal’s body is submerged entirely below the 
water 

State 
Not visible under 
water 

Time from when seal is entirely under water to 
when the seal’s body (often the head and/or back) 
breaks the water's surface 

Calls State In-air call Time from first to last in-air call 
State Underwater call Time from first to last underwater call 

*Definition based on Würsig et al. (2018) 182 
 183 
Behaviors were assigned to adult female LSR 07, adult male LSR 06, unidentified seal sighting 184 
1, and unidentified seal sighting 2. Leopard seal identification numbers, residency status (i.e., 185 
whether the seal had been seen in previous months/years in Laguna San Rafael), and age class 186 
were obtained from a photo-ID catalog created by the Corporación Nacional Forestal (CONAF 187 
2021, unpublished data). Leopard seals have unique pelage patterns and scars that can be used 188 
for photo identification (Forcada and Robinson 2006; Hupman et al. 2019; Grabham et al. 2024). 189 
To identify individual seals, we manually compared photographs of seals from this study with a 190 
reference catalog of known leopard seal individuals from Laguna San Rafael to determine 191 
matches (CONAF 2021 unpublished data). We recorded the time at which each behavior 192 
occurred and calculated the duration for all state events. For the video analysis, we focused on 193 
the relative amount of time each individual seal spent engaged in each behavior while video was 194 
recorded. We then calculated summary statistics for each state event.  195 
 196 
Acoustic Data 197 
We isolated each leopard seal sound from the video recordings using the software Raven Pro 1.6 198 
(Charif et al. 2010; https://ravensoundsoftware.com/). To assign calls to individual seals, we used 199 
the following criteria. For in-air calls, we identified the caller by the presence of a seal above the 200 
water when a sound was heard, as well as associated visual behavioral cues (e.g., head, mouth, 201 
and body movements) from video recordings., For the underwater calls, we followed the 202 
approach outlined by Rogers and Cato (2002), Rogers (2007), and Rogers (2017); specifically, 203 
the calling seal was identified if: (1) no other leopard seal calls were heard in the area at the same 204 
time, (2) calls began within five minutes of the identified seal diving under water, and (3) if calls 205 
were heard when the identified seal was under water and stopped when the identified seal was at 206 
the surface. Each call was analyzed for the following metrics: total duration (s), number of parts 207 
of the call, and duration of each part of the call (s). Based on the call characteristics, we assigned 208 
each one to a known leopard seal call type when possible based on previous work (Rogers et al. 209 
1995, 1996). We calculated summary statistics for the acoustic variables.  210 
 211 
RESULTS 212 
 213 
Behavioral Observations 214 
On December 16, 2022 at 18:10, we observed a leopard seal hauled-out on ice. The seal was 215 
visually confirmed to be LSR 07, an adult female and annual resident at Laguna San Rafael (first 216 
documented in 2012; CONAF 2021 unpublished data). As we approached within ~10 m, female 217 

https://ravensoundsoftware.com/
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LSR 07 had her right lateral side on the ice with her back to the boat (Fig. 1a). Female LSR 07 218 
remained hauled out on this ice floe the entire observation period.  219 
 220 
We immediately observed another leopard seal swimming around the female’s ice floe (Fig. 1b). 221 
This second seal was visually confirmed to be LSR 06, an adult male and annual resident at 222 
Laguna San Rafael (first documented in 2012; CONAF 2021 unpublished data). As we 223 
approached, male LSR 06 swam around the female’s ice floe and spyhopped, lifting his head and 224 
neck above the water to look at female LSR 07 and toward the boat (Fig. 1b; Supplemental 225 
Movie 1). Then he dove and surfaced next to the female’s ice floe twice. Throughout the 226 
observation period, diving was characterized by: (1) exhaling, (2) the top of the head rising 227 
vertically out of the water with the seal’s body traveling forward, (3) the head going under water 228 
followed by its highly arched back, (5) the hindflippers coming out of the water, and (6) the 229 
hindflippers sinking underneath the water’s surface (Supplemental Movie 1). On male LSR 06’s 230 
next dive at 18:18, he vocalized twice under water, and this was the first call heard during the 231 
observation period (Supplemental Movie 1). All underwater calls were identified as low double 232 
trills, high double trills, or unidentified trills (Rogers et al. 1995). The underwater calls were 233 
loud, even above the water. After the first two calls, male LSR 06 dove and surfaced six more 234 
times. At the surface, male LSR swam alongside the female’s ice floe, often lifting his head to 235 
look toward the female and sometimes toward the boat.  236 
 237 

 238 
 239 
Fig. 1 Interaction between adult female leopard seal LSR 07 and male leopard seal LSR 06. (a) 240 
Female LSR 07 lying on ice at the start of the observation period; (b) Male LSR 06 in the water 241 
spyhopping by female LSR 07’s ice floe at the start of the observation period; (c) Male LSR 06 242 
jumping out of the water; (d) Female LSR 07 and male LSR 06 hauled out; (e) Female LSR 07 243 
swinging her head to look at male LSR 06; (f) Male LSR 06 diving into the water while female 244 
LSR 07 is watching. Photos by Emily Sperou 245 
 246 
Female LSR 07 alternated between lying still and moving (Supplemental Movie 1). Moving 247 
included: (1) lifting, lowering, and swinging the head from side to side, (2) opening and closing 248 
the mouth, (3) raising and lowering the foreflippers and scratching, (4)  raising and lowering the 249 
hindflippers and shaking them), and (5) rolling and turning. Some of the female’s movements 250 
overlapped with male LSR 06 calling under water, but some occurred while he was at the surface 251 
or not calling under water.  252 
 253 
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At 18:25, male LSR 06 dove, called under water twice, and then hauled out on the ice floe with 254 
the female (Fig. 1c-d; Supplemental Movie 1). LSR 06 did not approach the female, and she did 255 
not initially react to his presence (Fig. 1c-d). On the ice, male LSR 06 was in the same plane as 256 
the female, with his head facing both the boat and angled toward the female’s hindflippers. Male 257 
LSR 06 was constantly moving on the ice; he rolled, turned his head and body toward the 258 
female, and then repositioned so that his head was along the ice edge (the opposite direction of 259 
the female; Fig. 1e). Female LSR 07 raised her head off the ice 45 s after the male hauled out and 260 
then swung her head to look at the male before lying back down (Fig. 1e-f). Twenty-two seconds 261 
later at 18:26, male LSR 06 dove back into the water, and the female watched (Fig. 1e-f). Male 262 
LSR 06 stayed near the female’s ice floe, repeatedly surfacing alongside the ice floe. The male 263 
dove under water at 18:28. 264 
 265 
Between 18:28 and 18:29, while the male was under water, female LSR 07 made three in-air 266 
sounds (Supplemental Movie 1). During the first call, she raised her hindflippers and opened her 267 
mouth, producing a blast (Rogers et al. 1995, 1996) with her mouth open and starting to close. 268 
Then, she laid on the ice. Seven seconds later, female LSR 07 produced a second sound, 269 
noseblast (Rogers et al. 1995, 1996) while lying on the ice with her mouth closed and no body 270 
movements. An additional thirty-two seconds later, the female moved her hindflippers, raised her 271 
head off the ice with her mouth closed, and produced a third call, another noseblast. During the 272 
production of these in-air sounds, the male was not at the surface or vocalizing. The male 273 
surfaced 44 seconds after the second noseblast.  274 
 275 
For the next ~70 minutes (18:29-19:36), male LSR 06 followed a repeated pattern: surfacing 276 
next to the female’s ice floe, breathing, diving, making 1-8 underwater calls, and then surfacing 277 
again (Supplemental Movie 1). Underwater calls were only heard after male LSR 06 dove under 278 
water and never heard when he was at the surface.  279 
 280 
At 18:39, male LSR 06 surfaced near the female’s ice floe. After the male began a dive, female 281 
LSR 07 growled (Rogers et al. 1995, 1996; Supplemental Movie 1). When growling, the female 282 
was lying on the ice, her mouth was not visible, and she did not raise her head off the ice. 283 
Afterwards, female LSR 07 did not vocalize again for 87 minutes. For the next ~60 minutes 284 
(18:39 to 19:36), the female alternated between lying still and moving. Some of female LSR 07’s 285 
on-ice movements overlapped with male LSR 06 vocalizing under water, but movements also 286 
occurred when LSR 06 was swimming at the surface and/or not vocalizing under water.  287 
 288 
At 19:17, a leopard seal was observed at the water’s surface at the edge of a nearby ice floe 289 
(hereafter, ‘unidentified seal sighting 1’; Supplemental Movie 1). We could not get a clear view 290 
of this seal, so we could not visually match it with the CONAF photo ID catalog nor confirm it 291 
was not male LSR 06. This unidentified seal dove shortly after we first saw it. It surfaced again 292 
at 19:20, swimming toward female LSR 07’s ice floe. The unidentified seal spyhopped with its 293 
head and neck out of the water (Fig. 2a) before diving under water or swimming out of sight 294 
behind female LSR 07’s ice floe. The unidentified seal was observed a third time at 19:21 at the 295 
opposite side of female LSR 07’s ice floe, swimming away from the ice floe before diving. 296 
While the unidentified seal was in the area, we recorded three underwater calls. The first call was 297 
at 19:18, while the unidentified seal was breathing at the water’s surface. The second call was at 298 
19:19, while the unidentified seal was spyhopping at the surface. The third call was at 19:20, 299 
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after the unidentified seal was not visible behind the ice floe/under water. Because two 300 
underwater calls overlapped with the unidentified seal at the surface, we are confident that there 301 
were two seals in the water. However, since we did not see male LSR 06 immediately prior to 302 
the start of this bout of calls, we did not attribute these three calls to a particular seal. At 19:27, 303 
male LSR 06 surfaced near female LSR 07, dove, and began calling under water again.  304 
 305 
Male LSR 06 was last seen diving by female LSR 07’s ice floe at 19:36. Between 20:01 and 306 
20:03, eight additional underwater calls were recorded. The calls were similar in type and 307 
duration to the previous calls made by male LSR 06. However, since we did not see male LSR 308 
06 immediately prior to the start of this bout of calls, we did not attribute these eight calls to a 309 
particular seal. After these eight calls, no other underwater calls were recorded during the 310 
observation period. 311 
 312 
At 20:03, another leopard seal (hereafter ’unidentified seal sighting 2’) swam away from female 313 
LSR 07’s ice floe (Fig. 2b; Supplemental Movie 1). We only saw the right side of this 314 
unidentified seal’s head (for photo identification, we make individual matches from multiple 315 
views). The seal was potentially LSR 05, an adult male and annual resident at Laguna San Rafael 316 
first recorded in 2009 (CONAF 2021 unpublished data). However, with only one view of the 317 
seal’s head, we cannot confirm that this seal was not male LSR 06 or the same unidentified seal 318 
from earlier. During the ~30 seconds that the unidentified seal was visible, it swam away from 319 
female LSR 07’s ice floe until we could no longer see it behind ice floes or under water. No 320 
underwater calls were heard while this unidentified seal was in the area. 321 
 322 
At 20:06, female LSR 07 produced three in-air sounds (Supplemental Movie 1). No other 323 
leopard seals were observed nearby or were calling under water. The three calls were all thump-324 
pulses (Rogers et al. 1995, 1996). During the first thump-pulse, female LSR 07 was lying with 325 
her right lateral side against the ice and her ventral side toward us. The video was not in focus, 326 
but the sound was audible. A few seconds later, female LSR 07 made a second thump-pulse. 327 
During the call, female LSR 07 opened her mouth and slightly lifted her head dorsally from the 328 
ice. Her throat, neck, chest, and lower body vibrated side to side in time with the thumps. The 329 
female then lowered her head to the ice and breathed. The third thump-pulse call started eight 330 
seconds later characterized by the same behavioral pattern. After the third thump-pulse, female 331 
LSR 07 closed her mouth and laid on the ice. The female did not make any other sounds the rest 332 
of the observation period. We left the area by boat at 20:16 as it was getting dark (sunset was at 333 
20:43). As we departed, female LSR 07 remained hauled out. We also saw a leopard seal 334 
swimming in the area as we departed, but we were unable to identify the seal.  335 
 336 
Throughout the night (22:00) and into the next morning (6:30 on December 17; sunrise was at 337 
6:14), we heard low and high double trill calls from our ship that was anchored 9-10 km from 338 
where female LSR 07 had been hauled-out on ice. The pattern and duration of the calls were like 339 
those produced by male LSR 06 during the observation period.  340 
 341 
The following day, December 17, 2022 ~12:40, we observed male LSR 06 hauled out on an ice 342 
floe. No other leopard seals were observed or heard in the area. Male LSR 06 was lying with his 343 
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 344 
Fig. 2 Two leopard seals sightings in the area during the interaction between female LSR 07 and 345 
male LSR 06. (a) Unidentified seal of unknown sex swimming by female LSR 07’s ice floe; (b) 346 
Unidentified seal of unknown sex swimming away from female LSR 07’s ice floe. Photos by 347 
Renato Borras-Chavez 348 
 349 
right lateral side on the ice. He was bleeding from an open laceration slightly right of the ventral 350 
midline and immediately caudal to the preputial opening (for the penis; Fig. 3a-b). Male LSR 06 351 
had an enlarged and swollen genital area, especially the soft tissue surrounding the preputial 352 
opening. Part of the time we were by the ice floe, the tip of his penis was visible through the 353 
preputial opening (Fig. 3c). 354 
 355 
Behavioral Analyses 356 
We analyzed 68 minutes of video recordings from the observation period on December 16, 2022. 357 
We categorized 1,740 point and state events, which included in-air behaviors, in-water 358 
behaviors, and calls, for female LSR 07, male LSR 06, and unidentified seal sightings 1 and 2 359 
(Table 2).  360 
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 361 

 362 
Fig. 3 Male LSR 06 hauled out on ice on December 17, 2022, the day after courting female LSR 363 
07. (a) Full body view of male lying on his right side with his ventral side visible; (b) Close up \ 364 
of the bleeding laceration caudal to the preputial opening; (c) Ventral view showing swollen 365 
tissue and penis visible by the preputial opening. Photos by Mike Goebel. 366 
 367 
Female LSR 07 spent most of the time lying still on the ice (n=153; 68.7% of time; Fig. 4). The 368 
periods where female LSR 07 was lying on ice lasted 19.1 ± 25.0 s (mean ± standard deviation). 369 
Female LSR 07 spent 19.4% of the time moving on ice, which included head movements (n=78; 370 
including throat movements, lifting, raising, turning, and swinging the head), mouth movements 371 
(n=58; including opening and closing the mouth), hindflipper movements (n=29), foreflipper 372 
movements (n=17), and whole-body movements (n=4; including shaking, rolling, and turning). 373 
Movements of different parts of the body often happened simultaneously. For example, when 374 
female LSR 07 lifted her head, she would frequently open her mouth and lift her hindflippers at 375 
the same time. These movements lasted 8.3 ± 6.8 s. Female LSR 07 was not visible in 11.9% of 376 
the videos (n=61); however, while not recorded in the video, we could see that female LSR 07 377 
was either lying or moving on ice. We never observed female LSR 07 in the water.  378 
 379 
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In contrast, male LSR 06 spent most of the time under water (n=71; 87.4% of time), which lasted 380 
49.7 ± 36.6 s (Fig. 4). Male LSR 06 spent 10.8% of the time doing surface behaviors (n=31; 381 
10.8%). Surface behaviors included breathing (n=13), surfacing (n=54), spyhopping (n=4), 382 
swimming (n=31), and diving (n=28). These surface behaviors lasted 14.1 ± 10.6 s. Male LSR 383 
06 also spent 1.8% of the observation period hauled out on ice next to female LSR 07, which 384 
included lying on ice (n=1; 1.0% of time; 41.0 s) and moving on ice (n=2; 0.8%; 15.6 ± 15.4 s).   385 
 386 
During unidentified seal sighting 1, the seal was at the surface for 8.7% of the time it was 387 
observed and was known to be under water for 91.3% of its given observation period. During 388 
this time, the unidentified seal was surfacing (n=3), spyhopping (n=1), swimming (n=3), and 389 
diving (n=1). These surface behaviors lasted 4.9 ± 3.3 s. The first unidentified seal was last 390 
observed swimming away from the ice floe with female LSR 07 on it. During unidentified seal 391 
sighting 2, the seal was only observed at the surface for 28 s of the recorded observation period. 392 
During this time, the unidentified seal was surfacing (n=5), breathing (n=5), swimming (n=1), 393 
and diving (n=1). The second unidentified seal was last observed swimming away from the ice 394 
floe with female LSR 07 on it.  395 
 396 
Calls 397 
During the two-hour observation period, we recorded 84 calls (Table 3). These sounds included 398 
54 low double trills (64.3% of sounds), 13 high double trills (15.5%), 8 unidentified trills (9.5%), 399 
3 thump-pulses (3.6%), 2 noseblasts (2.4%), 1 blast (1.2%), 1 growl (1.2%), and 2 unidentified 400 
calls (2.4%; for representative spectrograms for these calls, refer to Rogers et al. 1995; Rogers et 401 
al. 1996, Rogers 2007; Kreiss et al. 2014; Rogers 2017; Shabangu and Rogers 2021). The first 402 
call was recorded at 18:18 and the last call during the observation period was at 20:06. Most calls 403 
occurred under water (89.3%), some were in air (8.3%), and the location (air or water) could not 404 
be determined for 2.4%.  405 
 406 
Underwater calls only occurred when male LSR 06 was under water (Supplemental Movie 1). 407 
Most were produced when male LSR 06 was the only leopard seal observed in the area. We 408 
never heard multiple, overlapping underwater calls occurring the same time. Therefore, 409 
following Rogers and Cato (2002), Rogers (2007), and Rogers (2017), we assigned 65 of the 75 410 
underwater calls to male LSR 06. Ten underwater calls occurred when no leopard seal was 411 
observed in the area, so these calls were not assigned to an individual.  412 
 413 
Male LSR 06 spent 7.7% of the recorded observation period calling (Table 3). Most of male LSR 414 
06’s underwater calls were low double trills (73% of underwater calls). The low double trill had 415 
a duration of 5.2  1.0 s and was characterized by two distinct segments; the first was 2.4  0.5 s, 416 
and the second was 3.0  0.5 s. The second most common underwater call was the high double 417 
trill (18% of underwater calls). The high double trill had a duration of 1.7  0.4 s and two distinct 418 
parts; the first segment was 0.9  0.2 s, and the second was 0.7  0.2 s. Some underwater calls 419 
were categorized as unknown trills (9% of underwater calls). These unknown trills were 420 
acoustically like the high double trill but differed by not having two distinct parts. The unknown 421 
trills had a duration of 0.9  0.3 s. It is possible that these unknown trills were either medium 422 
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Table 2. Behavioral state data for the primary male and female leopard seal during the 423 
observation period.  424 

Behavior 

Female LSR 07 Male LSR 06 

N 

Total 
Duration 

(s) 

Mean 
Duration 

(s) N 

Total 
Duration 

(s) 

Mean 
Duration 

(s) 
Lying on ice 153 2,773.7 19.1±25.0 1 41.0 41.0 
Moving on ice 94 783.6 8.3±6.8 2 31.3 15.6±15.4 

Head  78 522.0 6.7±5.1 3 17.3 5.8±5.5 
Mouth  58 231.7 4.0±3.0 0 0.0 0.0 

Foreflippers  17 71.0 4.2±2.4 0 0.0 0.0 
Hindflippers  29 189.3 6.5±3.8 1 4.8 4.8 
Whole body  4 11.0 2.7±0.7 4 17.0 4.3±1.6 

Not visible on 
ice 61 481.3 7.9±11.4 0 0.0 0.0 

Surface 
behaviors 0 0.0 0.0 31 436.6 14.1±10.6 

Under water 0 0.0 0.0 71 3529.5 49.7±36.6 
Total 
Observation 
Duration (s) 

4,038.6 4,038.4 

425 
 426 

 427 
Fig. 4 Proportion of time female LSR 07 and male LSR 06 spent in different behavioral states 428 
with representative photos (from left to right) of female LSR 07 lying on ice, female LSR 07 429 
moving on ice, male LSR 06 diving under water (only tips of hindflippers visible), and male LSR 430 
06 surface behaviors. Photos by Sarah Kienle 431 
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Table 3. Call types produced by the adult male and female leopard seal during the observation 432 
period, along with the number of calls and their mean duration (mean ± standard deviation).  433 
 434 
Seal Call Type Number Duration (s) 
Male LSR 06 Low double trill 47 5.2 ± 1.0 

 High double trill 12 1.7 ± 0.4 
 Unidentified trill 6 0.9 ± 0.3 

  TOTAL 65 312.8 
Female LSR 07 Thump-pulse 3 3.8 ± 0.4 

 Noseblast 2 0.7 ± 0.3 
 Growl 1 2.3 
 Blast 1 0.6 

  TOTAL 7 14.5 
 435 
single trills (Rogers et al. 1995, 1996) or partial recordings of high double trills. Regardless, low 436 
double trills always occurred before either the high double trill or the unknown trill.  437 
 438 
We recorded seven in-air calling, that included the thump pulse, noseblast, blast, and growl 439 
(Supplemental Movie 1). All in-air calls were produced by female LSR 07 on ice. Female LSR 440 
07 spent 0.4% of the recorded observation time calling (Table 3). The most common in-air call 441 
was the thump-pulse (n=3; 42.9% of in-air calls). The thump-pulse was characterized by female 442 
LSR 07 lying on her side on the ice, opening and closing her mouth and slightly lifting the head 443 
dorsally, with her throat, neck, and chest vibrating in time with the call. The thump-pulse lasted 444 
3.8  0.4 s. The second most common in-air call was the noseblast (n=2; 28.6% of in-air call). 445 
The noseblast sounded like a sneeze. The female produced the first noseblast while lying on her 446 
side with her mouth closed and no associated movements, and the second one was associated 447 
with raising her head and lifting her head dorsally off the ice with her mouth closed. The 448 
noseblast lasted 0.7  0.3 s. The blast (n=1; 14.3% of in-air calls) was characterized by the 449 
female lying on her side and opening her mouth. The blast lasted 0.6 s. The growl (n=1; 14.3% 450 
of in-air calls) was a moan-like, rumbling sound that lasted 2.3 s and was not associated with any 451 
head or body movements. All in-air calls by female LSR 07 were produced when she was alone 452 
on the ice floe.  453 
 454 
DISCUSSION 455 
This is the first description of sexual behavior in wild leopard seals. We found that leopard seal 456 
sexual behavior involves a suite of behavioral and acoustic behaviors by both sexes. Our results 457 
demonstrate the importance of in-air and underwater calls during the breeding season (October – 458 
January), which corroborates previous studies on the species (e.g., Stirling and Siniff, 1979; 459 
Rogers et al. 1995; Van Opzeeland et al. 2010; Rogers 2007, 2014). Together, our data provide 460 
important insights on leopard seal reproductive biology. 461 
 462 
The two sexes primarily operated in different mediums. The male was mostly under water, while 463 
the female was hauled out on ice the entire time. Likewise, the sexes vocalized in different 464 
mediums; the male only vocalized under water, while the female only vocalized in the air. Using 465 
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ice for sexual behaviors is consistent with descriptions of the species as ice-obligate breeders 466 
(Demaster et al. 1980; Siniff and Stone 1985; Southwell et al. 2003; Bester et al. 2021).  467 
 468 
Here, the adult male leopard seal made at least 65 underwater calls during repeated bouts of 469 
diving across the two-hour period. After we left the area, we continued to hear the same calls for 470 
another 8.5 hours that were potentially made by the same male (male LSR 06). Our results 471 
suggest that this one male spent at least two and potentially up to 12 hours vocalizing under 472 
water as part of courtship. Lone male leopard seals can vocalize under water for hours (Rogers 473 
2007), especially during the breeding season (Thomas and Demaster, 1982; Rogers et al. 1996; 474 
Van Opzeeland et al. 2010). Several studies have shown that the frequency of low and high 475 
double trills made by males dramatically increases during the breeding season (Stirling and 476 
Siniff, 1979; Thomas and Demaster 1982; Rogers et al. 1995; Rogers and Cato 2002; van 477 
Opzeeland et al. 2010; Rogers 2007, 2014; Shabangu and Rogers 2021). Further, these two call 478 
types have been documented in every breeding leopard seal aggregation in the South Shetland 479 
Islands and around Antarctica (Stirling and Siniff, 1979; Rogers et al. 1995; Rogers 2007, 2014, 480 
2017). Our study provides the first report of low and high double trills in leopard seals from 481 
South America, emphasizing how common these calls are across the species range.  482 
 483 
The male produced the low double trill four times more frequently than the high double trill. 484 
Previous studies found geographic differences in the proportion of these two call types – from 485 
more low double trills in pack ice in the Davis Sea (Rogers 2014) to equal numbers of low and 486 
high double trills in Prydz Bay and the Davis Sea (Rogers and Cato 2002; Rogers 2007). 487 
However, previous studies noted that these patterns (and those presented here) may reflect 488 
differences in propagation and call source levels between the call types, rather than intraspecific 489 
variation in the type of calls (Rogers 2014). 490 
 491 
Regardless of call type, male leopard seal underwater calls are loud (Stirling and Siniff 1979; 492 
Rogers 2014; this study), and these sounds are referred to as ‘broadcast’ calls (Rogers et al. 493 
1995, 1996). Stirling and Siniff (1979), for example, described hearing leopard seal calls through 494 
the hull of their ship. Similarly, Rogers et al. (2014) heard underwater calls above the ice. Here, 495 
we heard leopard seal low and high double trills inside our ship >8 kilometers from where we 496 
had last seen leopard seals. 497 
 498 
These loud underwater calls (especially low and high double trills) likely play a role in female 499 
mate choice and/or male competition/territorial displays (Rogers et al. 1996; Rogers and Cato 500 
2002; Rogers 2007, 2017). Many aquatic mating pinnipeds use vocal courtship displays during 501 
their species’ breeding season, from bearded seals (Erignathus barbatus) to walruses (Odobenus 502 
rosmarus; Ray and Watkins 1975; Stirling et al. 1987; Fay et al. 1984; Sjare and Stirling 1995; 503 
Van Parijs et al. 1999, 2001). In widely dispersed and solitary species like leopard seals, loud 504 
stereotyped underwater calls travel long distance and may help overcome the challenges of 505 
communicating and finding mates (Rogers 2017; Shabangu and Rogers 2021). The increase in 506 
leopard seal call frequency and rates during their breeding season suggests that these underwater 507 
calls are an important part of male mating behavior (Rogers and Cato 2002; Rogers 2017)., 508 
maintaining a repeated pattern of breath-holding and calling may function as an indicator of 509 
fitness (Rogers and Cato 2002; van Opzeeland et al. 2010; Rogers 2017). Larger male leopard 510 
seals, for example, produce more consistent, stable calls throughout the breeding season than 511 
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smaller males, suggesting these calls showcase a male’s breath-holding ability and stamina 512 
(Rogers 2017). However, it has been difficult to test the function of different call types in wild 513 
leopard seals because of the difficulties in recording behavioral and acoustic data from 514 
individuals of known age, sex, and body size.  515 
 516 
The repeated underwater calls by the male leopard seal (LSR 06) appeared to be directed toward 517 
the lone female on ice. The male remained near the female for at least two hours, repeatedly 518 
calling near the female. The male frequently surfaced by the female’s ice floe between bouts of 519 
diving. Further, we heard low and high double trills both when we were and were not in the area, 520 
showing that the production of these calls was not influenced by our presence. The loud 521 
underwater calls of the primary male (LSR 06) may also have garnered the attention of another 522 
nearby leopard seal(s) that then came over to investigate. However, it is also possible that the 523 
female’s in-air calls brought these other leopard seals to the area. Broadly, these observational 524 
data suggest that the underwater calls by males are an important part of courtship, potentially 525 
used to attract the attention of specific females, while potentially also announcing the courtship 526 
attempt to others in the area (Rogers 2003).  527 
 528 
Most studies on phocid (seal) mating have focused on male behavior and calls (e.g., bearded 529 
seals, Weddell seals, and harbor seals [Phoca vitulina]; van Parijs et al. 1997, 1999, 2001, 2006; 530 
Moors et al. 2004; Harcourt et al. 2007); this has also been true for leopard seals (Rogers et al. 531 
1995; Rogers 2007, 2014, 2017). The focus on male calls is partly due to the widespread use of 532 
underwater hydrophones, automatically resulting in more data from the individuals (mostly 533 
males) that call under water. One of the only studies to document calls of a female leopard seal 534 
found that a captive female primarily called from the beginning of estrus until mating (Rogers et 535 
al. 1996). The authors suggested that female leopard seals may use acoustic displays to advertise 536 
their sexual receptivity over long distances to broadly dispersed males (Rogers et al. 1996; 537 
Rogers 2003). Similarly, our observations of the behavioral and acoustic displays of a wild 538 
female leopard seal suggest that females play more than a passive role in sexual behavior.  539 
 540 
While the male leopard seal made more calls than the female, the female produced a greater 541 
variety of sound types, including noseblasts, thump-pulses, a blast and growl. Based on 542 
observations of a male and female leopard seal in captivity, the blast and growl are used during 543 
aggressive encounters between conspecifics, such as lunging and slapping (Rogers et al. 1996). 544 
Wild leopard seals also produce blast and growl calls in response to other species, including 545 
humans (Rogers et al. 1995). The noseblast has only been documented in captive leopard seals, 546 
where it was produced during both aggressive and defensive behaviors between a male and 547 
female (Rogers et al. 1996). Here, the female produced the blast and noseblasts right after the 548 
male (LSR 06) hauled out on the same ice floe. The thump-pulse call has also been used in both 549 
aggressive and defensive behaviors in both captive and wild interactions (Rogers et al. 1995, 550 
1996). Further, the thump-pulse is distinguished as the only female call recorded during 551 
mounting/attempted mountings during the observations of captive leopard seals during the 552 
breeding season (Rogers et al. 1996). Here, the thump-pulse calls were produced a few minutes 553 
after the last underwater calls were heard during the observation period,. All in-air calls were 554 
made while the female was awake; some leopard seals have been documented making in-air calls 555 
while hauled out and sleeping (Stirling and Siniff 1979).  556 
 557 
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There are several possible explanations for why the female leopard seal made the different call 558 
types and what information was communicated. First, our mid-December observation overlaps 559 
with hypothesized estrus for female leopard seals. However, each female’s estrus period depends 560 
on the timing of pupping and ovulation (Laws and Sinha 1993). The purpose of different calls 561 
likely differs depending on the timing of the estrus cycle (Rogers et al. 1996), and we do not 562 
know if this female was in estrus. Estrus has only been documented in a single captive female 563 
that had increased estradiol concentrations and showed behavioral sexual receptivity (i.e., 564 
permitted a male to mount her) in December (Rogers et al. 1996). Second, it is not clear whether 565 
leopard seals mate on ice or in water. Most polar pinnipeds, including other Antarctic phocids 566 
(i.e., crabeater, Ross, and Weddell seals), mate aquatically (Van Opzeeland et al. 2008, 2010). 567 
However, copulation has not been documented in wild leopard seals, and this species shows an 568 
unusual degree of female-biased sexual dimorphism that may influence their mating system 569 
(Hamilton 1939; Kienle et al. 2022; Sperou et al. 2023). Third, the calls and behaviors made by 570 
the female could suggest both interest or disinterest in mating. For example, if copulation occurs 571 
under water, the aggressive and/or defensive calls and the fact that the female remained hauled 572 
out on ice may have signaled disinterest. Alternatively, if mating occurs on ice, the thump-pulse 573 
calls and the fact that the female remained on ice may have signaled interest. Finally, the female 574 
may have produced these calls in response to our team’s presence, especially toward the 575 
beginning of the observation period when our boat was closest to the female’s ice floe. Leopard 576 
seals have made calls (e.g., the growl, blast, and thump-pulse) in response to human approach 577 
(Rogers et al. 1995); however, these calls have also all been used in intraspecific interactions 578 
(Rogers et al. 1996). Here, most of the female’s calls were made when the female was not 579 
looking at us. Additionally, no leopard seals, including this female, vocalized in response to our 580 
presence at any other point during this same field work. 581 
 582 
We did not observe any copulation attempts in this study. A recent study described the large 583 
baculum of a male leopard seal and suggested that their large baculum size is likely associated 584 
with a long intromission (Rule et al. 2023). The only observations of copulation for the species 585 
were between a captive male and female in shallow (~0.5 m) of water with copulation lasting 586 
~10 minutes (Marlow 1967). During the of copulation, observers described that the male made 587 
‘gargling’ calls below the water, and ‘grunting’ calls at the surface (Marlow 1967). On February 588 
18, after copulating the day before, the female leopard seal was found dead with multiple severe 589 
lacerations the following day but cause of death could not be determined, although the male 590 
clearly played some part in her injuries (Marlow 1967).  591 
 592 
The day after our observation of courtship, the male (LSR 06) was hauled out on ice with a 593 
bleeding cut immediately caudal to his preputial opening. In addition, his preputial opening and 594 
the region between the umbilicus and preputial opening were swollen. Marlow (1967) described 595 
a similarly large swelling at the base of the male’s penis after an observed copulation between a 596 
captive male and female leopard seal. We suggest that the male attempted to mate with a female, 597 
and that either the female, or another leopard seal in the area, were the cause of the wound near 598 
his preputial opening.  599 
 600 
Together, our study shows that leopard seal sexual behaviors occur in Laguna San Rafael. This 601 
finding aligns with previous reports of leopard seal pups in the lagoon (Boop 2014; van der 602 
Linde et al. 2022). Up to five pups have been documented in Laguna San Rafael from 2013 to 603 
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2022 (Boop 2014; van der Linde et al. 2022; CONAF, pers. comm.). In Chile, only two other 604 
leopard seal pups have ever been documented, both in Tierra del Fuego (2012 and 2015; 605 
Acevedo et al. 2017). Laguna San Rafael may therefore be an important breeding site for leopard 606 
seals outside of Antarctica. More broadly, these observations of sexual behavior and leopard seal 607 
pups in South America correspond with a recent review of sightings of leopard seal births and 608 
pups which showed most sightings of newborns and pups occurred outside Antarctica (van der 609 
Linde et al. 2022). These data provide additional evidence that leopard seals can—and are—610 
breeding outside of Antarctic pack ice. 611 
 612 
Our opportunistic observation of leopard seal sexual behavior in Laguna San Rafael offers new 613 
insights into the reproductive biology of this species. The present study was limited by a small 614 
sample size and short observation period. Additionally, we cannot rule out the possibility that the 615 
our presence at the site may have influenced some leopard seal behavior. Nevertheless, we 616 
provide the first documentation of sexual behavior in wild leopard seals. Future work will 617 
undoubtedly expand upon these findings, and we emphasize the need to collect paired in-air and 618 
underwater acoustic and video data of known sex individuals to better understand the role of 619 
competition, territoriality, and female choice in the mating behavior of leopard seals. Leopard 620 
seals are important Southern Ocean predators; understanding their reliance on sea ice and the 621 
drivers of reproductive success within and between populations is crucial for predicting how this 622 
species is—and will—respond to rapidly changing conditions across the southern hemisphere. 623 
 624 
ACKNOWLEDGEMENTS 625 
We would like to thank all CONAF Aysén personnel for their invaluable help and logistic 626 
support, particularly park rangers Héctor Marchant Cárcamo and Sandro Campos Paredes. We 627 
also thank Tracey Rogers for sharing her expertise on leopard seal sounds. We appreciate 628 
Caroline Casey’s invaluable insights and advice on all things acoustic. We also thank the 629 
incredible crew members of the vessel “Petrel V”: Julio Aguilar, Juan Carlos Wichmann, and 630 
Juan Ampuero; we could not have done this work without them. This work was funded by an 631 
NSF 2146068 awarded to SSK and CBL. This work was also supported by the AMNH Lerner 632 
Gray Memorial Fund and the American Philosophical Society Lewis and Clark Fund for 633 
Exploration and Field Research grant awarded to ESS.  634 
 635 
AUTHOR CONTRIBUTION STATEMENT 636 
SSK: Conceptualization, data curation, formal analysis, funding acquisition, investigation, 637 
methodology, project administration, resources, visualization, writing (original draft, review & 638 
editing). CAB: Conceptualization, data curation, funding acquisition, investigation, 639 
methodology, project administration, resources, writing (review & editing). GG: Funding 640 
acquisition, project administration, resources, writing (review & editing). MEG: 641 
Conceptualization, data curation, investigation, methodology, resources, writing (review & 642 
editing). MD: Investigation, methodology, resources, writing (review & editing). ESS: 643 
Conceptualization, data curation, funding acquisition, investigation, methodology, resources, 644 
visualization, writing (review & editing). AIG: Conceptualization, data curation, investigation, 645 
methodology, resources, writing (review & editing). RBC: Conceptualization, data curation, 646 
funding acquisition, investigation, methodology, project administration, resources, writing 647 
(review & editing). All authors contributed to the article and approved the manuscript.  648 
 649 



 19 

REFERENCES 650 
Acevedo J, González A, Garthe S, González I, Gómez R, Aguayo-Lobo A (2017) Births of 651 

leopard seals Hydrurga leptonyx in southern Chile. Polar Biol 40:713–717. 652 
https://doi.org/10.1007/s00300-016-1968-0  653 

Bester MN, Lübcker N, Haddad W, Bornemann H, Wege M (2021) Antarctic pack ice seal 654 
observations during spring across the Lazarev Sea. Polar Rec 57. 655 
https://doi.org/10.1017/S003224742100005X  656 

Boop P (2014) Foca leopardo (Hydrurga leptonyx) en el Parque Nacional Laguna San Rafael, 657 
Region de Aysen. Biodiversidata 1:47. 658 

Brown KG (1957) The leopard seal at Heard Island, 1951-54. Antarctic Division, Department of 659 
External Affairs, Melbourne. 660 

Charif RA, Waack AM, Strickman LM (2010) Raven Pro 1.4 User’s Manual. Cornell Lab of 661 
Ornithology, Ithaca, NY. 662 

DeMaster D, Thomas J, Stone S, Andriashek D (1980) Biological studies of seals in pack ice 663 
habitat. Antarc J 14:179–180. 664 

Ewer RF (1968) Courtship and mating. In: Ewer RF (ed) Ethology of Mammals, Springer, New 665 
York, pp: 199-233. 666 

Fay FH, Ray GC, Kibal'chich AA (1984) Timing and location of mating and associated behavior of 667 
the Pacific walrus, Odobenus rosmarus. In: Fay FA, Fedoseev GA (eds.) Soviet-American 668 
cooperative research on marine mammals, Volume 1 - Pinnipeds. NOAA Technical Report 669 
NMFS 12, pp. 89-99. 670 

Forcada J, Robinson SL (2006) Population abundance, structure and turnover estimates for 671 
leopard seals during winter dispersal combining tagging and photo-identification data. Polar 672 
Biol 29:1052–1062. https://doi.org/10.1007/s00300-006-0149-y  673 

Friard O, Gamba M (2016) BORIS: A free, versatile open-source event-logging software for 674 
video/audio coding and live observations. Methods Ecol Evol 7:1325–1330. 675 
https://doi.org/10.1111/2041-210X.12584  676 

Fulton TL, Strobeck C (2010) Multiple markers and multiple individuals refine true seal 677 
phylogeny and bring molecules and morphology back in line. Proc Royal Soc B 277:1065-678 
1070. 679 

Grabham AA, van der Linde K, Nelson XJ (2024) Evaluating the performance of semiautomated 680 
photographic identification programs for leopard seals. Wildl Soc Bull e1520. 681 

Hamilton JE (1939) The leopard seal Hydrurga leptonyx (de Blainville). Discovery Reports 682 
18:241–264 plates VII-XIII. 683 

Harcourt RG, Kingston JJ, Waas JR, Hindell MA (2007) Foraging while breeding: Alternative 684 
mating strategies by male Weddell seals? Aquat Conserv 17:S68. 685 

Hupman K, Visser IN, Fyfe J, Cawthorn M, Forbes G, Grabham AA, Bout R, Mathias B, 686 
Benninghaus E, Matucci K, Cooper T, Fletcher L, Godoy D (2020) From Vagrant to 687 
Resident: Occurrence, residency and births of leopard seals (Hydrurga leptonyx) in New 688 
Zealand waters. N Z J Mar Freshw Res 54:1–23. 689 
https://doi.org/10.1080/00288330.2019.1619598 690 

Kienle SS, Goebel ME, LaBrecque E, Borras-Chavez R, Trumble SJ, Kanatous SB, Crocker D 691 
E, Costa DP (2022) Plasticity in the morphometrics and movements of an Antarctic apex 692 
predator, the leopard seal. Front Mar Sci 9:976019. 693 
https://doi.org/10.3389/fmars.2022.976019  694 

https://doi.org/10.1007/s00300-016-1968-0
https://doi.org/10.1017/S003224742100005X
https://doi.org/10.1007/s00300-006-0149-y
https://doi.org/10.1111/2041-210X.12584
https://doi.org/10.1080/00288330.2019.1619598
https://doi.org/10.3389/fmars.2022.976019


 20 

Kreiss CM, Boebel O, Bornemann H, Kindermann L, Klinck H, Klinck K, Plötz J, Rogers TL, 695 
Van Opzeeland IC (2013) Call characteristics of high-double trill leopard seal (Hydrurga 696 
leptonyx) vocalizations from three Antarctic locations. Polarforschung 83:63-71. 697 

Laws RM (1984) Seals. In: Laws RM (ed) Antarctic Ecology. Academic Press, London, pp 621–698 
715. 699 

Laws RM (1993) Identification of species. In: Laws RM (ed) Antarctic Seals: Research Methods 700 
and Techniques, 1st edn. Cambridge University Press, Cambridge, pp 17–21. 701 

Laws RM and Sinha AA (1993). Reproduction. In: Laws RM (ed) Antarctic Seals: Research 702 
Methods and Techniques, 1st edn. Cambridge University Press, Cambridge, pp 1228–1267 703 

Marlow BJ (1967) Mating behaviour in the leopard seal, Hydrurga leptonyx (Mammalia: 704 
Phocidae), in captivity. Aust J Zool 15:1–5. 705 

Mesnick S, Ralls K (2018) Sexual dimorphism. In: Perrin WF, Würsig B, Thewissen JGM, 706 
Kovacs KM (eds) Encyclopedia of Marine Mammals, 3rd ed. Academic Press, San Diego, 707 
pp 848–853. 708 

Moors HB, Terhune JM (2004) Repetition patterns in Weddell seal (Leptonychotes weddellii) 709 
underwater multiple element calls. J Acoust Soc Am 116:1261-1270. 710 

Morris DJ (1956) The function and causation of courtship ceremonies. In: Grass PP (ed) 711 
L’Instinct dans le comportement des Animaux et de L’Homme, Masson & Cie., Paris, pp 712 
261-287. 713 

Pahl BC, Terhune JM, Burton HR (1996) Proportional weekly use of underwater call types by 714 
Weddell seals, Leptonychotes weddellii (Pinnipedia: Phocidae), during the breeding season 715 
at the Vestfold Hills. Aust J Zool 44:75-79.  716 

Pfaus JG, Kippin TE, Centeno S (2001) Conditioning and sexual behavior: A review. Horm 717 
Behav 40:291-321. 718 

Ray GC, Watkins WA (1975) Social function of underwater sounds in the walrus Odobenus 719 
rosmarus. Rapports et Proces-verbaux des Reunions, Conseil International pour l'Exploration de 720 
la Mer 169:524-526.  721 

Rogers TL (2003) Factors influencing the acoustic behaviour of male phocids seals. Aquat 722 
Mamm 29:247-260. 723 

Rogers TL (2007) Age-related differences in the acoustic characteristics of male leopard seals, 724 
Hydrurga leptonyx. J Acoust Soc Am 122:596–605. https://doi.org/10.1121/1.2736976  725 

Rogers TL (2014) Source levels of the underwater calls of a male leopard seal. J Acoust Soc Am 726 
136:1495–1498. https://doi.org/10.1121/1.4895685  727 

Rogers TL (2017) Calling underwater is a costly signal: Size-related differences in the call rates 728 
of Antarctic leopard seals. Curr Zool 63:433–443. https://doi.org/10.1093/cz/zox028 729 

Rogers TL (2018) The leopard seal, Hydrurga leptonyx. In: Perrin WF, Würsig B, Thewissen 730 
JGM, Kovacs KM (eds) Encyclopedia of Marine Mammals, 3rd ed. Academic Press, San 731 
Diego, pp 550–552. 732 

Rogers TL, Cato D, Bryden M (1995) Underwater vocal repertoire of the leopard seal (Hydrurga 733 
leptonyx) in Prydz Bay, Antarctica. In: Kastelein RA, Thomas JA, Nachtigall PE (eds) 734 
Sensory Systems of Aquatic Mammals De Spil Publishers, Woerden, pp 223-236. 735 

Rogers TL, Cato DH (2002) Individual variation in the acoustic behaviour of the adult male 736 
leopard seal, Hydrurga leptonyx. Behaviour 139:1267-1286. 737 

Rogers TL, Cato DH, Bryden MM (1996) Behavioral significance of underwater vocalizations of 738 
captive leopard seals Hydrurga leptonyx. Mar Mamm Sci 12:414–427. 739 

https://doi.org/10.1121/1.2736976
https://doi.org/10.1121/1.4895685
https://doi.org/10.1093/cz/zox028


 21 

Rule JP, Richards HL, Pollock TI, Hocking DP, Evans AR (2024) Traditional and digital 740 
examination of the baculum of a leopard seal (Hydrurga leptonyx). Mar Mammal 741 
Sci 40:292-301. 742 

Shabangu FW, Rogers TL (2021) Summer circumpolar acoustic occurrence and call rates of 743 
Ross, Ommatophoca rossii, and leopard, Hydrurga leptonyx, seals in the Southern Ocean. 744 
Polar Biol 44:433–450. https://doi.org/10.1007/s00300-021-02804-9  745 

Sinha AA, Erickson AW (1972) Ultrastructure of the placenta of Antarctic seals during the first 746 
third of pregnancy. Am J Anat 141:263–280. 747 

Siniff DB (1991) An overview of the ecology of Antarctic seals. Am Zool 31:143-149. 748 
https://academic.oup.com/icb/article/31/1/143/151810  749 

Siniff DB, Stone S (1985) The role of the leopard seal in the tropho-dynamics of the Antarctic 750 
marine ecosystem. In: Siegfried WR, Condy PR, Laws RM (eds) Antarctic Nutrient Cycles 751 
and Food Webs, Springer Berlin Heidelberg, Heidelberg, pp 555-560. 752 

Sjare B, Stirling I (1996) The breeding behavior of Atlantic walruses, Odobenus rosmarus 753 
rosmarus, in the Canadian High Arctic. Can J Zool 74:897-911. 754 

Southwell C, Kerry K, Ensor P, Woehler EJ, Rogers T (2003) The timing of pupping by pack-ice 755 
seals in East Antarctica. Polar Biol 26:648–652. https://doi.org/10.1007/s00300-003-0534-8  756 

Sperou ES, Crocker DE, Borras-Chavez R, Costa DP, Goebel ME, Kanatous SB, Krause DJ, 757 
Trumble SJ, Kienle SS. Large and in charge: Cortisol levels vary with sex, diet, and body 758 
mass in an Antarctic predator, the leopard seal. Front Mar Sci 10:1179236. 759 
https://doi.org/10.3389/fmars.2023.1179236.  760 

Stirling I, Calvert W, Spencer C (1987) Evidence of stereotyped underwater vocalizations of 761 
male Atlantic walruses (Odobenus rosmarus rosmarus). Can J Zool 65:2311–2321. 762 
https://doi.org/10.1139/z87-348  763 

Stirling I, Siniff DB (1979) Underwater vocalizations of leopard seals (Hydrurga leptonyx) and 764 
crabeater seals (Lobodon carcinophagus) near the South Shetland Islands, Antarctica. Can J 765 
Zool 57:1244–1248. https://doi.org/10.1139/z79-160  766 

Thomas JA, DeMaster DP (1982) An acoustic technique for determining diurnal activities in 767 
leopard (Hydrurga leptonyx) and crabeater (Lobodon carcinophagus) seal. Can J Zool 768 
60:2028–2031. https://doi.org/10.1139/z82-260 769 

Thomas JA, Stirling I (1983) Geographic variation in the underwater vocalizations of Weddell 770 
seals (Leptonychotes weddelli) from Palmer Peninsula and McMurdo Sound, 771 
Antarctica. Can J Zool 61:2203-2212. 772 

Thomas JA, Zinnel KC, Ferm LM (1983) Analysis of Weddell seal (Leptonychotes weddelli) 773 
vocalizations using underwater playbacks. Can J Zool 61:1448-1456. 774 

Thomas JA, Golladay CL (1995) Geographic variation in leopard seal (Hydrurga leptonyx) 775 
underwater vocalizations. In: Kastelein RA, Thomas JA, Nachtigall PE (eds) Sensory 776 
Systems of Aquatic Mammals. De Spil Publishers, Woerden, pp 201-221. 777 

Van der Linde K, Visser IN, Bout R, Krause DJ, Forcada J, Siniff D, Stone S, Fyfe J, Fernández-778 
Ferrada N, Macallan K, Savenko O, Cooper TE (2022) A review of leopard seal (Hydrurga 779 
leptonyx) births and pups using a standardised age-class classification system. Polar Biol 780 
45:1193-1209. https://doi.org/10.1007/s00300-022-03053-0  781 

Van Opzeeland I, Van Parijs S, Bornemann H, Frickenhaus S, Kindermann L, Klinck H, Plötz J, 782 
Boebel O (2010) Acoustic ecology of Antarctic pinnipeds. Mar Ecol Prog Ser 414:267–291. 783 
https://doi.org/10.3354/meps08683  784 

https://doi.org/10.1007/s00300-021-02804-9
https://academic.oup.com/icb/article/31/1/143/151810
https://doi.org/10.1007/s00300-003-0534-8
https://doi.org/10.3389/fmars.2023.1179236
https://doi.org/10.1139/z87-348
https://doi.org/10.1139/z79-160
https://doi.org/10.1139/z82-260
https://doi.org/10.1007/s00300-022-03053-0
https://doi.org/10.3354/meps08683


 22 

Van Opzeeland I, Kindermann L, Boebel O, Van Parijs SM (2008) Insights into the acoustic 785 
behaviour of polar pinnipeds - Current knowledge and emerging techniques of study. In: 786 
Weber EA, Krause LH (eds) Animal Behaviour: New Research. Nova Science Publishers, 787 
Hauppage, pp 133-161. 788 

Van Parijs SM, Thompson PM, Tollit DJ, Mackay A (1997) Distribution and activity of male 789 
harbour seals during the mating season. Anim Behav 54:35-43. 790 

Van Parijs SM, Hastie GD, Thompson PM (1999) Geographical variation in temporal and spatial 791 
vocalization patterns of male harbour seals in the mating season. Anim Behav 58:1231-792 
1239. 793 

Van Parijs SM, Kovacs KM, Lydersen C (2001) Spatial and temporal distribution of vocalising 794 
male bearded seals: Implications for male mating strategies. Behaviour 138:905-922. 795 

Van Parijs SM, Clark CW (2006) Long-term mating tactics in an aquatic-mating pinniped, the 796 
bearded seal, Erignathus barbatus. Anim Behav 72:1269-1277. 797 

Würsig B, Thewissen JGM, Kovacs KM (eds) (2018) Encyclopedia of Marine Mammals. 798 
Academic Press, San Diego, CA 799 

 800 


