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ABSTMCT

The Weddell seal, Leptonvchotes weddelll Lesson, is circumpolar 
in distribution, breeds further south than any other mammal, and lives 

its entire life in the ice-covered coastal waters of Antarctica. The 

limited number of breathing holes in this coastal fast ice creates an 

ideal situation for a study of diving behavior. In this study an at
tempt has been made to relate the diving behavior of Leptonychotes to:
1) some physiological characteristics of the seal, 2) the problem of 
under-ice navigation, and 3) its ecology.

There are three basic dive patterns: 1) Pattern I dives were

usually less than 5 minutes in length and to depths less than 100 meters,

2) Pattern II dives had durations as great as 43 minutes, 20 seconds, 

and dive depths of less than 200 meters, and 3) Pattern III dive dura

tions usually range between 8 and 15 minutes while the depth range was 
usually between 300-400 meters. The deepest dive recorded was approxi

mately 600.meters in depth and the longest submersion duration observed 

was 43 minutes, 20 seconds. Both of these determinations are believed 
to be near the natural limits of the Weddell seal. Estimates of rates 

of ascent and descent, swimming velocity and horizontal swimming radius 

are included.
There was a significant difference in blood oxygen capacity and 

packed cell volume between samples collected from the hepatic sinus 

(02 cap. = 38.1 vol. Hct. = 73%) and the facial tributaries of the

x



jugular (02 cap. = 32.5 vol. %; Hct0 s 58%). Post-dive heart rate and 
respiration rate was nearly twice as grdat as the resting, eupneic heart 

rate of 56 beats/min. and respiration rate of 7,7 breathes/min. The 
mean body temperature for adults was 36,7°G. It is suggested that a 

comparison of such dive and physiological data in one species can be 
useful in making inferences about dive capacity in other species where 
physiological estimates are possible, but diving estimates are not.

Twenty orientation experiments were conducted and the results 

suggest a precise navigational ability. The function of a particular 

dive pattern seems to be correlated with the problems of navigation. 
Hunting was associated with deep, vertical dives directly below the 

hole. It is proposed that the risk of becoming disoriented due to ran
dom deviations while pursuing fish is minimal on this type of dive. 
Prolonged, horizontal dives are made during movements to or in search of 
other holes. The shallow depth allows the seal to secure visual cues 
from the under-ice surface. Leptonychotes1 navigational abilities and 
endurance capacity allow it to reach isolated holes at least 2.5 nauti
cal miles distant from one another. The observed interactions between 

seals at these isolated breathing holes was always aggressive. Such 

behavior may be important in the distribution of the seals, and it may 

exert a significant influence on the movement of seals northward during 

the winter.
Specific adaptations of Leptonychotes to its polar habitat are 

probably related to the seal's precise navigational ability and aggres

sive behavior at breathing holes. With a submersion endurance of



approximately 40 to 50 minutes little time is available for search if 
a seal becomes disoriented; consequently, selective pressures must be 
great for errorless navigation» Closely allied to the evolution of 
under-ice navigation is the development of aggressive tendencies of 
seals around ice holes»

xii
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INTRODUCTION

A large amount of Information is available concerning almost 

every biological aspect of marine mammals. Some of the most compre
hensive reports deal with breeding behavior, respiratory and circulatory 
physiology, acoustic orientation, and migration patterns. However, one 

major part of their biology has been neglected, their diving behavior 

while unrestrained in the sea* If one scrutinizes the literature 

alluding to this subject, it soon becomes clear that with the exception 
of interim reports dealing with the present study (35, 36, 37), there 

have been no detailed field studies of diving behavior or of such in

clusive topics as submersion times, diving depths, rates of descent and 

ascent, swimming velocity, or the functional significance of particular 

dive patterns* Most reports on diving behavior are sporadic, incidental 

to other studies, and are often paraphrased commentaries on other reports 
or verbal communications where Verification is difficult or impossible. 

The present study is an effort to provide some comprehensive in

formation about the diving habits and related phenomena of at least one 

marine mammal and, perhaps, provide the foundation for developing infer
ences about other marine mammals, especially phocids, with regard to 

their diving behavior and physiology.
The Weddell seal, Leptonychotes weddelli Lesson, was selected 

for this study for three major reasons: 1) the animal is abundant near
a well-equipped marine station at McMurdo Sound, Antarctica, 2) it 

shows little fear of man and -usually does not attempt to escape into
1
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the sea at his approach, and 3) it habitually remains in an area of 
solid, fast ice. The specifics about these advantages will become 
clearer in the discussion of methods.

One major objective of this study is to define the ability of 
Leptonychotes to exploit the under-ice environment of its Antarctic 

habitat. Consequently, it includes consideration of maximum diving 
capacities in terms of submersion time, depth, rate of depth change, 
submerged horizontal range, and submarine navigation. Certain physio
logical parameters were measured to compare the Weddell seal with other 

pinnipeds and. to aid in formulating some conclusions about adaptations 
of the.Weddell seal, which enable it to endure impressive extremes of 

pressure and anoxia.
The second major objective is to analyze the movement of indi

vidual seals, pup dispersal from the rookeries, general population 

movements, and aggressive behavior. This information is necessary to 

interpret some reasons why certain dive patterns obtain and their pos

sible ecological significance.



MATERIALS AND METHODS

Diving Capacities
The location of Ross Island, Antarctica and the study area 

adjacent to Ross Island are presented in Figure 1„ For 8 to 10 months 
of each year the sea ice provides a solid cover except for tidal cracks 
along the coast, pressure cracks between old and new ice, and scattered 

holes cut for oceanographic works This gives the seals rather specific 

areas where they may surface in order to breathe* When they visit 
these breathing holes, instruments may be attached to them with a high 
probability that they will revisit the same hole and allow the investiga
tor to remove the instrument* To reduce further the chances of instru- 
merit loss, stations were placed on the fast ice as far off shore as 

practicableo This was an effort to isolate them as much as possible 

from all other cracks and seal holes, and to place them over deep water* 

It was hoped that, the isolation of these stations would prevent the seals 

from leaving the station hole for at least several hours9 and would force 
them to put forth maximum diving efforts in their search for other holes* 

Stations 63A and 63B were over a steeply sloping bottom, but
i

stations 64B and 64C seemed to be over a deep flat valley; the change 

in depth from one to the other was only about 10 meters (Fig* 2)* The 

station in each case consisted of a hole cut in ice the thickness of 

which varied from 14 feet in 1963 to 6 feet in 1964* The ice hole was 
cut with Homelite chain saws to within 3 feet of the bottom, and the 
remainder of the ice was blown out with dynamite* A portable 12 by 20

\
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Fig. 1. Antarctica (upper) and McMurdo Sound (lower) 
A encloses the area of all tagging_and seal movement studies, 
B is where all diving experiments were conducted (see Fig. 2 
and 22 for detail). .
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Fig. 2. Station and collection sites for both summer seasons 
1963-64 and 1964-65 (Area B of Fig. 1). Collection site number and the 
experiment number are the same. Haul„outs are those present before De
cember. Average sea ice thickness in 1963 was 12 feet, in 1964 it was 
6 feet. The depths of stations 63A, 63B and 64D were 300-350 meters, 
the depths of stations 64A, B and C were 550-610 meters. Humeral be
side sial hole is the maximum number of vagrant seals observed.
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foot insulated and heated hut was then placed over the hole.

The seals were captured in a pursing type net and then placed in 
a 12 by 4 by 4 foot sled and transported to the station* Upon arrival 
a nylon strap was attached to the seal's back, then the seal was allowed 

to leave the sled, pass through the hut and enter the ice hole* The 
nylon strap attachment was accomplished by means of hog-rings anchored 
into the tough and rather insensitive hide of the seal* This was not 

only an easier method of attachment as compared to a harness that might 
be cinched on, but it had the added advantage in that it was easier to 

remove both by the experimenter and by the seal* Consequently, when an 
occasional seal escaped with the strap, it was not condemned to wearing 

a harness the rest, of its life* On the strap were key rings which pro

vided holdfasts to which the instruments, enclosed in red canvas bags, 

were fastened with quick release snaps. For future identification, 
experimental seals were tagged on the outer margin of the hind flipper 

with monel metal cattle ear tags* This same procedure was used for 

seals used in the study of movements«

Seal behavior in the water was observed in three ways* The 

simplest method was peering down seal holes and open cracks or observing 

the seals as they swam about in large melt pools. Scuba dives were made 

in several localities to assess the under-ice conditions, the appearance 

of seal holes from beneath the ice and the change in visibility as the 

plankton bloom progressed in mid-summer, A sub-ice observation chamber 

was installed at station 64B for the last four orientation experiments. 

From the chamber the following observations were noted: 1) headings the

seals took as they made dives from the hole, 2) effects the instrument
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packs had on the seals, and 3) interactions between sealse Communica

tion between the chamber and the hut was by sound powered phones» 
Vocalization by the seals was recorded with a Uher 4000 Report S tape 
recorder and hydrophone. Figures 3, 4, 5 and 6 illustrate the methods 
used in collection, instrumentation and observation.

To determine the various diving parameters two types of instru
ments were desirable, a depth-time device for recording dive profiles 

and a smaller, more easily attached unit to measure maximum depth of 
single dives.

No commercial depth-time recorder was available to meet the needs 
of the proposed study. All were much too heavy or not sufficiently ac

curate. With the help of Howard A. Baldwin, Director of the Sensory 
Systems Laboratory and his assistant, Bernard Strothman, a depth-time 

recorder (Fig. 7) was designed, and several were subsequently constructed 

at the Sensory Systems Laboratory in Tucson, Arizona. The basic com

ponents of the instrument are labelled in Figure 8. The pressure gauge 

used is a type especially designed to withstand high vibrations. This 

proved ideal because there are no gears, and the recording needle is 

attached directly to the bourdon tube, thus eliminating any play or lag 

in the needle response. The timer device was made from an ordinary, 
sixty-minute, kitchen timer with a smoked glass disc mounted on it. The 

dive profile was recorded as a trace on the smoked disc, which was then 

reproduced by a contact photographic print. This gave a permanent record 

that was then analyzed by placing a time grid over the photograph to 

determine the duration of the dive and the depth at any specific time.



Fig® 3A9 Bo Go M o Drabek and the author netting 
an adult Weddell seal with a .purse net (Photo by M. Beatty).

1
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Fig0 40 Adult Weddell;, seal with depth-time recorder 
■ is in canvas bag attached to a nylon strap*Recorder



9



Figo 5e Ce Mo Drabek placing a depth transmitter on a 
Weddell seal while it is surfaced in a station hole* Drabek is 
partially covered by a canvas blind surrounding the hole.
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Fig0 60 The sub-ice observation chamber being placed 
below 6 feet of ice at station 640*
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Figo 70 The depth-time recorder* (A) casing (B) clock with 
glass disc (G) lid with bourdon tube (D) key for winding the clock.





Figo 80 Diagram of the depth-time recorder* 1, casing; 
2, timer housing;.3, timer shaft; 4, glass disc bushing; 5, set 
pin; 6g smoked glass disc; 7, washer; 8, locking clip; 9, brass 
timer mounting stud and locking screws; 10, pressure indicator 
arm with flexible needle; 11, bourdon tube; 12, MoM ring;
13, brass cover; 14, bourdon tube external opening; 15, locking 
screws.
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The depth was estimated by measuring with a pair of dial calipers the 
amount of needle travel» The whole record was then plotted on graph 
paper with time and depth as the two axes. The depth limits of the 
instrument could be modified by the installation of bourdon tubes of 

varying pressure ranges. For example, a 100 psi gauge is equivalent to 
a depth of approximately 60 meters; whereas a 300 psi gauge would have 

a maximum depth limit of about 200 meters. The main disadvantages of 

this instrument were: 1) the timing mechanism had to be restricted to
one hour in order to define clearly the trace, 2) recovery of the 
device was necessary for data collection, and 3) it was necessary to 
restrain the seal while attaching the strap which served as a mount for 
the recorders.

To obtain a large sample of depth measurements, in addition to 
the dive profiles, the second measuring device, a glass capillary mano

meter tube was used. The manometer tubes were 60.9 cm. long, and the 

interior was dusted with a water soluble dye that left a visible ring at 
the point of maximum compression. They were similar to a type used by 
Scholander (57), but differed from his in that they were bent into small 

units and wrapped in neoprene rubber (Fig. 9). Because of the small 
size of these devices it was possible to place them on the seals while 

they were in the water. The tube in its neoprene wrapper was attached 

to a short strand of nylon line and then hog-ringed to the back of the 
animal. The rubber wrapper protected the glass against breakage and had 

the added merit of making the whole device slightly buoyant enabling one 

to recover it easily as the seal surfaced for air at the breathing hole. 

By using this method the maximum diving depth attained by a large number



MANOMETER TUBE NEOPRENE CASE

Fig, 9, Glass capillary manometer tube in neoprene rubber case.
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of seals at scattered localities could be ascertained* The most 
limiting aspect of this device was that it had to be removed after each 
dive, or accuracy was sacrificed*

Because of the limitations mentioned in these two types of depth 
recorders two different types of instruments were introduced as supple

ments for the second season's work* The Sensory Systems Laboratory pro

vided a transmitter (Fig* 10) designed to shift frequency from 45 to 55 

KG in proportion to the voltage output across a pressure transducer*
This transducer consisted of a bourdon tube which varied the tap on a 
potentiometer in response to pressure in the tube* The 50 KG frequency 
was transposed in the receiver into audible range by a reference oscil

lator and balanced modulator. The audible signal was monitored by a 

TJher 4000 Report S tape recorder and later analyzed at the Sensory 

Systems Laboratory with a Hewlett-Packard frequency counter* Although 

the transmitter overcame some of the problems inherent in the mechanical 

depth-time recorder it had some limitations of its own. The range of 

signal reception was less than one mile, and the output signal seemed 

to disturb some seals*
A Tsurumi-Seikikosaku maximum depth recorder (Fig, 11) was sub

stituted for the manometer tubes when it was necessary to leave the 

diving seal unobserved* It was designed to register maximum depth only, 

but could be left attached to the seal for many hours without sacrific

ing the accuracy of the information. This instrument was fastened to 

the nylon strap in the same manner as the depth-time recorders* The 

TSK depth recorder was factory calibrated from 0-500 meters, and the



Figo 10e Fifty KG receiver (A) and pressure trans
mitter with power source. (B)6 „
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Figo 11. Exploded view of Tsurumi-Seikikosaku maximum 
depth recorder. (A) casing, (B) smoked glass slide with pressure 
tube and needle, .(C) casing cover.
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manufacturer's estimated reliability was approximately + 2 meters. 
Measured test drops at McMurdo agreed with these estimates. The cali
bration of the transmitter was carried out in a pressure chamber at the 
Sensory Systems Laboratory. The depth-time recorders and manometer 

depth tubes were calibrated at McMurdo Station by lowering them to a 
measured depth on 1/8 inch stainless steel cable. The transmitter's 

estimated reliability was approximately +  7 meters, the depth-time 

recorder was + 5 meters at a given depth. The manometer tube's 

reliability diminished with depth, ranging from + 4% at 200 meters to 
4- 10% at 500 meters.

Physiological Estimates

Blood samples were obtained from seals that were shot for dog 

food by the New Zealanders. The blood was collected immediately after 
the seal was shot. Blood was drawn from three different sites, the 

hepatic sinus, a facial tributary of the jugular vein, and the shot 
wound.

Oxygen capacity was estimated with the Van Slyke-Neill blood 

gas manometric apparatus following the procedures of Peters and Van 
Slyke (48) for blood saturated in a separate vessel and analysis of 

2 ml. sample sizes. The water jacketed extraction chamber was at a 

room temperature of 22° G. One modification of the Van Slyke and Neill 
method was the use of a 4% rather than a 0.6% potassium ferricyanide 
solution in order to get complete oxygen extraction. This also required 

a few drops more of caprylic alcohol to prevent frothing. Blood counts 

were made with a Spencer Bright Line Hemacytometer, using Hayim's
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solution as the diluting fluid* Packed cell volumes were determined with 

Wintrobe hematocrit tubes centrifuged for approximately one-half hour at 

5000 rpm* All blood estimates were determined in duplicate or triplicate, 
The heart rates of sleeping seals were manifested by a tremor of 

the chest blubber which was easily visible from several feet away*
Heart rates of seals when surfaced after dives were obtained at the dive 

stations with a waterproofed stethoscope placed in the water a foot from 

the chest* The beat is very strong and makes an easily audible sound* 

Respiration rates were determined by visual count*
Rectal temperatures were obtained from sleeping, unrestrained 

adults and awake, but unexcited pups* A single channel Yellowsprings 

Thermistemp Telethermometer with a scale from 35° C* to 46° G. was used* 
Depth of insertion of the rectal probes was noted and varied, from 10 to 

70 cm* Most success in taking body temperature was on warm, windless, 

sunny days (ambient temperature range -9*5° C, to -3*2° G.) when the 

seals seemed to sleep more soundly.



RESULTS

A description of the most salient features of each dive experi
ment and the profiles collected for each experiment may be found in 

Appendix I0 A key summarizing these experiments is presented in Table 

1, and Figure 2 illustrates the location of the stations and collection 
siteso It will be noted that in experiments dive profiles are not 

presented. It was impossible to place depth-time recorders on these 

animals. However, in some it was still possible to obtain depth data 

with the more easily attached manometer tubes,
These dive experiments furnished most of the information on dive, 

capacities and were the sole source of data for the under-ice orientation 

studies.

Diving Capacities

Submersion duration:
A total of 959 dives made by adult or subadult seals was timed 

during 3 austral summers, A summary of these observations, is presented 
in Figure 12, and only those dives are reported for which timing was 
known to be accurate. Any doubtful times in which a seal may have made 

an interim stop at another hole, are.omitted. These observations can be . 

considered as a random sampling of serial dives with accompanying surface 

times which seemed consistent with the nature of the dive and its dura

tion, When a seal began to remain on the surface for long periods of time 

with intermittent short duration dives, observations were terminated.
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Table le Summary of all dive experiments for 1963 and 1964* 
Experiments 1 to 4 were carried out in December, 1963; the remainder were 
conducted from October through December, 1964, SA is subadult or animals 
estimated to be 2 or 3 years old; A equals adult seals.
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Seal
Experiment 
s’ Number Station

Profiles
‘Blotted Sex Age

001 1 63-B 0 M SA
239 2 63-A + F A

241 3 63-A *3- M SA

004 4 63-A + F SA
301 5 64-A 0 M A

006 6 64-A + F SA

314 7 64-B -3- F SA

319 8 64-B 0 M SA

327 9 64-B 0 F SA

332 10 64-B + F A

011 11 64-B + F A

331 12 64-B b F SA

376 13 64-G + F . 4

377 14 64-C 0 M A

395 15 64-G + M A

, 15-A 64-G i- i i H

400 16 64-C ■4* F A

401 17 64-C + F A

402 18 64-G 0 M A

801 19 64-G *h M A

803 20 64-C *3" F . A



Fig6 12© Submersion time summary of 31 adult and sub
adult seals© The numbers above each column and the crosshatchings 
indicate the number of dives observed with depth**time recorders 
attached to the seals© The total number of dives observed was 
959©
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The. dives observed most frequently were those lasting from 0-5 
minutes. These represent shallow dives near the hole. Submersion times 

of 6-15 minutes usually were correlated with dives in excess of 100 

meters and often greater than 300 meters. The dives that lasted over 

20 minutes seemed to be exploratory; the seals were most likely search
ing for other breathing holes. The longest dive recorded was timed with 
a stopwatch and lasted 43 minutes, 20 seconds. This dive was made by 
an adult female carrying a depth-time recorder which stopped running 
after 33 minutes (Fig. 24 and App. I, Exp. 13). The behavior of the 
seal, conditions of the experiment, and characteristics of the first 33 

minutes of the dive leave no doubt that this was a single, uninterrupted 

dive (37).
Contrasted with the adults are the results of three experiments 

with pups shortly after their weaning (Fig. 13). Only one of these pups, 
seal 132, was in good condition; the other two were quite thin and ob

viously had fed very little since weaning. Pup 132 was the only one 

enthusiastic about diving, and she accounted for all submersion times in 
excess of 3 minutes. She was also the only one to return with fish after 
her dives. It is not surprising that the pups were reluctant to dive at 

station 63A, since the ice thickness at that station was 13 feet with 4 

to 5 feet of flake ice added upon that. These conditions were new to 

the pups and are probably reflected in cautious dives.

Dive depths
The total number of diving depths recorded and their frequency 

within each grouping of 50 meter intervals is illustrated in Figure 14.
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Time (minutes)
Fig. 13. Submersion time summary of three, 7 

week old female pups. Total number of dives measured 
was 104; longest dive duration was 5 minutes 5 seconds.
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. Maximum diving depth summary. The total number of 
for 27 adult and subadult seals was 381.
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Often the procedure followed was to observe the behavior of the seal, 
and when a particular pattern seemed to be established, a manometer 
tube would be attached to corroborate this supposition* The results 
show that Weddell seals make many dives to mid-water depths (300-400 
meters), but that dives in excess of 400 meters are quite rare* The 

deepest dive recorded in this investigation was made by seal 377 carry
ing a TSK depth recorder* The instrument’s calibrated range of 0-500 
meters was exceeded by many meters, but without damage to the instru
ment* A measured test drop using a TSK meter wheel was made with the 
same instrument in order to match the trace of the seal's dive, and 
the matching depth was found to be 600 meters (37)*

The table summarizing deep dives may be misleading in consider
ing just how seldom dives in excess of 400 meters are made* The pro
cedure with the TSK depth recorder was to leave it attached for several 
hours while the seal was diving; as a result, the maximum dive record
ing represented the deepest depth attained in a long series of dives* 

This means that although 381 maximum depths are reported this repre

sents many more than 381 dives *

Most of the dive depth measurements were obtained at stations 
64B and 64C* Although the bottom was measured at 610 meters, the deep 

diving depth limit in almost all cases seemed to be between 300-400 
meters* It is interesting to note that at stations 63A and 63B where 

the bottom depth directly below the hole was approximately 300 meters 
and 380 meters respectively, there were a number of dives between 250- 

400 meters, and two dives estimated at more than 450 meters* It seems
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likely that seals departing from these holes were going directly to 
the bottom and following the steep slope to greater depths.

The dive depths were also obtained from the three previously 
mentioned pups. The results are summarized in Table 2, From the small 

number of dives measured it is doubtful that these estimates are near 
their maximum capacities, Nevertheless, the 92 meter dive by seal 132 
makes it clear that diving proficiency must develop very rapidly.

Rates of descent and ascent:

One of the peculiarities of deep dives is the rapid rate of 

descent and ascent with little delay at any particular depth. Illus
trative of this point are the profiles of two deep dives in Figure 15. 
The rapid changes in depth characteristic of deep dives make them es

pecially interesting to analyze for ascent and descent rates. An 

estimation of the overall rate of depth change and an analysis of the 

duration of deep dives is presented in Figure 16, The maximum estimated 

rate of depth change was 104 meters/min, for a 6 minute, 50 second 
dive. In this time the seal made a round trip to a depth of about 360 

meters. Some depth change rates are also illustrated in Figure 16 and 

were collected from the depth-time recorder traces. The measurements 
represent rates for selected segments of a dive rather than the average 

rate for the whole dive. With the exception of two dives these rates 

were taken from dives of less than 200 meters maximum depth. The most 
rapid depth change measured was an ascent from 200 meters to the surface 
at a rate of 120 meters/min.
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Table 2„ Diving depths of three, seven week old female pups0

r
132

Seal No0 
238 240

Depth (meters) 20 17 - 22
22 18 30

24 19 41
24 20 43

31 30

64 
78
92



0 10I

A 0 0 6

B 4 0 2

Fig. 15. Deep dive profiles. Dive A to an estimated 280 meters and dive B to a 
measured 310 meters.

U)o



Fig. 16. Ascent and descent rates, and submersion times for 
deep dives. Vertical line is range, horizontal line is the mean, and 
N is the sample size.
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Swimming velocity:

The velocity estimates were obtained from the results of four 
dives from experiments 15 and 15A (dives 15, 17, 18 and 24) made by 

seal 395 (App, I, Exp« 15, Fig0 33, 34 and 37)„ Two assumptions are 
made in the calculations; 1) the seal swam directly from one hole to 
the station hole and 2) the other hole was seal hole D (Fig, 2),

Based on the profiles, the first assumption may be spurious particularly 
for dives 15 and 18, The fact that dive 15 was the first to another 
hole supports the possibility that this dive was not a direct passage to 
hole B, The validity of assumption 2 is based on two factors: 1) Hole
D was the nearest hole to the station at this time, and 2) it was also 

the only hole where 395 was ever seen other than at the station. In

terestingly enough the transit time agreed within seconds for three of 
the dives. Total elapsed time was approximately 12 minutes, except for 

dive 18 which lasted 15 mintites. Taking into consideration the devia

tion to swimming depth plus straight line distance from hole to hole, 
the most conservative estimated average swimming speed between holes is -

from 3,9 to. 5,0 knots (4,5 to 5,7 mph). Although this is a low estimate
- ^compared to observations by Bertram (6) of 7,0 k. for L, weddelli it may

be a more realistic estimate of cruising speed on prolonged dives. 

Estimates of Bartholomew (3) for Mirounga angustirostris of 8,7 to 10,4 

k, and Laws (39) for M, leonina of 10,4 to 13,0 k, are of similar 

magnitude.
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Physiological Studies

Blood Chemis try:

Initially samples were collected from the hepatic sinus because 
of the ease of collection from this large blood reservoir. However, the 
great variability in these samples made it apparent that samples from 
another site were desirable. The results (Fig, 17) show a significant 

difference in packed cell volume and oxygen capacity between blood 

samples taken from the hepatic sinus and the facial veins. This tendency 
for sedimentation of cells in the hepatic sinus can be quite extreme as 

shown by the maximum determination of 95% packed cell volume. Figure 18 
illustrates the relationship between packed cell volume determinations 
and oxygen capacities. Such a high correlation demonstrates the possible 
usefulness in estimating oxygen capacity from cell volume when the former 

determination might be impossible under field conditions.
Only samples collected from the facial vein were used for esti

mating blood counts, The mean count from five individuals with an 

average packed cell volume of 56% was 3,70 x 10^ /mnP, The average cell 

size in three individuals was 11,0 microns. These values are consider

ably different from those of humans and may reflect some circulatory 
adaptation to diving (Table 3), There is little available information 
on pinniped blood as indicated by Table 3, but data that are available 

demonstrate some interesting variations in oxygen capacity, cell size, 

and number.

Heart rates
Lability of the heart rate in marine mammals, particularly during



34

lOOr-

Q>
E3
O>

0)
o

■O<D_x:
ooCL

cQ>Ok-0>CL

9 0

8 0

7 0

6 0

5 0

Hepatic
Sinus

Shot
Wound

Facial
Branch

of
Jugular

N = 2 0  N = 13

Hepatic
Sinus

Facial
Branch

of
Jugular

N = 16

2 5

Fig. 17. Oxygen capacity and packed cell volume in the Weddell 
seal. Vertical line is the range, horizontal line is the mean, vertical 
bar indicates the 957. confidence interval of the mean, and N is the 
sample size.
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Table 3„ Some blood 
in parentheses is sample size

estimates of diving mammals» All 
, and the numbers in brackets are

figures are means 
the range.

except the number

02 Capacity 
(Vol. %)

Hb
(g/100 ml)

Packed Cell 
Volume (%)

Cell Count 
xlO^/mnP

Cystophora cristhta (57) 29 ■

Halichoerus grypiis (57,. 24) 20 - 19.0 5.8
Hydrurga leptonyx (8) 19,6 (1) 4,4 (1)
Mirounga leonina (57) 40 (1)

Phoea vitulina (30) 29.3 (11) 
22.8-35.7

. 16.5 (8) 48 (11) 
31-59 ;

6 (11)

(24) 18,4 (3) 
15.1-22.3

57 (4) 
50-60,

6.52 (4) 
5.1-8,5.

Lobodon careinophagus (63) 18.2 (5) 
18.0-18,5

4,41 (5) 
4.10-4,52

Laptonychotes weddelli* 32.5 (16) 
27.9-38.5

58,3 (16) 
52-68 .

3,70 (5) 
3.44-3.89

Eumetophias stelleri 4- (18) 19.8 (1) 29 (1)

Phocoenoides dalli (51) 20,3 (3) 
17.8-23,7

57 (3) 
52-63.



Table 3 (continued)

Qo Capacity Hb packed Cell Cell Count
(Volo %) (g/100 ml) Volume (%) xl06/mm3 * *

Lagenorhyncus obliquidens (51)

Tursiops truncatus (15, 51) 19d

*  Data from this report and excluding hepatic sinus estimates 

•¥ Sick animal, and large blood loss before sample was collected

17,0 (4) 
16,0-19,6

14,4 (12) 
13,2-15,3

53 (4) 
50-59.

45 (12) 
40-48 _
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diving activities, has been shown by a number of investigators (5, 28, 

57). However, little is known about cardiac rhythms of unrestrained 
animals in their natural surrounding, and few comparisons are available 

between the adults and young animals (3, 4). This information as well 
as that on respiration rate and body temperature is significant for two 
reasonss 1) much of the experimental work on diving mammals has been 
done on young animals or species of small body size, and 2) differences 

between adults and pups might offer clues to the importance of certain 

of these parameters relative to diving capacityo Similar to the northern 
elephant seal, Mirounga angustirostris, studied by Bartholomew (3) adult 

Weddell seals breathe arrythmically while sleeping (Fig. 19). As in 
M. angustirostris there appears to be a slight bradycardia during apnea. 
In contrast to the heart rate of resting, eupneic animals, the heart 
rate immediately after a dive is much higher, which is consistent with 

the difference in circumstances where post dive tachycardia is a circula

tory response to oxygen debt incurred during a prolonged and active dive.

Respirations
The observed post dive respiration rates are more than twice 

those of the resting rates. The resting respiration rate is a response 

to the respiratory needs of the sleeping animals, whose apheic periods 

did not exceed 7 minutes, 34 seconds for these particular observations. 

However, the respiration rate for diving animals is a response to oxygen 

debts incurred while actively diving for periods that may be in excess

of 40 minutes



Figo 19o Summary of adult and pup data on resting heart 
rates during apnea and eupnea5 and length of apnea and eupnea; rest
ing respiration rates; and heart and respiration rates between dives0 
Vertical line is the range, horizontal line is the mean0
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Pups did not exhibit the marked arrhythmic breathing character

istics of the adults. The resting heart and respiration rates were 
always quite high, comparable to those of active adults, and the active

i "
heart rates of pups were not dramatically different: from their resting 
level* This suggests that the pups are not as physiologically labile as 

the adults; and consequently, this lack of,flexibility is reflected in 
a reduced ability to withstand asphyxia*

Body Temperature:
Considering the number of physiological experiments performed 

on pinnipeds and their popularity as zoo animals, there are surprisingly 
few accounts of their body temperatures* The reason for this paucity of 

information is obvious for many are large and aggressive animals* How

ever, the effort necessary to obtain data from those species amenable 
to present day technics seems warranted. Some pinnipeds are among the 

largest of mammals, they are found at all latitudes, and those measured 

seem to exhibit a rather labile body temperature (3, 4, 39, 57). Weddell 

seals are of especial interest for two reasons: 1) their large body
size and 2) the extremely low ambient temperature of their habitat.

Bartholomew (3, 4) determined the body temperature of both 
adults and pups of M. angustirostris and C. ursinus. In both cases the
temperatures in the young animals seemed higher; however, the results for

- - i[ • .
G. ursinus pups are questionable because it was necessary to restrain the 

animals (Table 4). Heddell seal temperatures fall between those of M. 
angustirostris and G. ursinus. The difference in body temperature between 
the adults, and pups is slight, and although the difference is significant 

at the 5% level, this should be viewed with caution. Several factors can 

cause variability of temperature readings in the same individual. One



of the most important is depth of probe insertion. The best example of
. - . . ■ ... 7

this is illustrated in the case of one seal in which the probe Was'in
serted to 70 cm* and then readings taken at decreasing depths. The 

temperature 70 cm. was 37.8°G.; 60 cm.=37.8°C.; 50 cm.-37.8°C.; 40 cm.=j . ' •O O 137o7 Co; and 15 cm* =37*1 C» This observation points out the hazard in
. • i -

using rectal temperature values for comparative purpose where probe 
insertion is shallow and does not represent deep core temperature»

Since only three measurements were made at 60 cm* depths or greater, 

the mean in Table 4 is probably about 0o5^Co below the deep core body 

temperatureo The results of those three measurements were 60 cm*=
37»0°Co; 70 cmo=37o8°Co; 60 cm0 =37*4^0. This seems to indicate further 
that there is little difference between adult and pup body temperatureso 

One Unexpected observation was that of an adult female whose body 
temperature was measured with a rapid responding mercury thermometer 

when it became obvious that her body temperature was too low for the 

YSI unit's temperature range. Her vagina. 1 temperature was 30,4^ and 

her rectal temperature was 32,4^0, at an insertion depth between 10-15 

cm. She was lying in a small pool of water and her exposed side was dry. 
She was extremely sluggish, and unresponsive to our manipulations. The 
only other observation of such a low body temperature is that of Laws 

(39) on a southern elephant seal, M. leonine, which had a body tempera-'
Qture of 32.2 G. Unlike the animal observed by Laws this female Weddell 

seal appeared in good condition except for her sluggishness.
iTemperature fluctuations of a more modest nature have been demon

strated in the Harbor seal, Phoca vitulinai During experimental dives 

the abdominal temperature dropped about 1°G. and the brain temperature 

dropped: as much as 2.5°G. (57). Diurnal fluctuations are also suggested



/Table 4© Pinniped body temperatures0

Mean
Humber of 
Observations .Range S.D..'

Weddell seal •$- 
Leptonychotes weddelli . '

Adults* 36.7 47 35,6-37,8 0,469

Pups 37,0 22 36,2-37.8 0.452

N» elephant seal (3) 
Mirounga angustirostris

Day 35.0 19

Night 33.8 5

So elephant seal (39) 
M. leonina

Moult 36.3 25 32.2-38.4

Non-moult 36.5 _ 21 34.6-38.2

No fur seal (4) 
Callorhinus ursinus

Adults 37,7 13

Pups 38.2 31

+  Results of this, study
* One temperature recording of. 32©4° C* was so unusual that it was 

excluded from the determination of the mean and S©D© See text 
for further explanation©



by Bartholomew (4, see also Table 4) in M» anaustirostris. Bartholomew 

was using a mercury thermometer, and it seems likely that the tempera

ture drop at night may have been more a result of vasoconstriction and 
peripheral cooling around the anus than a real drop in deep core tem
perature* Certainly rectal body temperatures taken at shallow probe 
depth will reflect such responses to changing environmental conditions 
as cutaneous vasoconstriction at night for heat conservation and voso- 

dilation during the day for heat dissipation*
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Behavior

Orientations
Since stations 64B and 64C were assumed to be new territory for 

the seals released there, it is of interest to know in what direction 
the seals departed from the hole in the early period after their release 

(Fig* 20)* The sample size of this study is small and conclusions from 
the results must be considered provisional* Also, the headings described 

are those maintained by the seals as they went beyond the field of view* 

For experiments 7 through 12 at station 64B and experiments 13 and 16 at 

station 64C this was determined while looking down the hole, and con
sequently represent headings taken immediately after leaving the hole* 

However, the sub-ice chamber observations demonstrated that the initial 

headings persisted until the seals swam out of sight at an estimated 200- 
250 feet from the chamber* Results of the observations indicate that 

headings taken by the seals are not random but tend to be toward the 

direction of the shoreline from which they were collected (Fig* 2),

Table 5 summarizes the time required for the seals to find another hole*
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N NW SW S 

Exp. 7 -12  64B

30r

NE N NW SW S SE

Exp. 13, 1 6 -2 0  64C
Fig. 20. Compass directions taken by seals 

during orientation experiments. The shoreline of 
Ross Island was in an easterly direction.
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Table 5, Date and 

find another hole,' s
time of seal releases and

<
time required to

Experiment
Number

Heldase
Datei Time

Elapsed time 
Hours

to find another hoi 
Minutes

2 12/17/63 1210 ,

3 12/18 2230 *7 50

4 12/23 1610 0 0
5 10/15/64 1615 0 0
6 10/15 2120 *5 30

7 10/19 1650 5 47

8 10/20 2005 *7 25

9 10/22 1330 6 12
10 10/24 1525 *10 20

11 11/2 1150 1 25

12 11/2 2015 1 08

13 11/4 2110 *7 50

14 11/7 1347 *11 40

15 11/9 0400 3 17

16 11/16 0930 5 07

17 11/25 1015 *14 10

18 11/27 2005 *11 45

19 11/30 1810 5 0

20 12/2 1622 *19 50

* Secured from experiment and seal had still not found another hole.



Another aspect of the directional behavior of the seals was the 
consistency with which they returned from the same direction in which 
they departed* Out of 85 dives observed from the chamber 89„5% returned 

from the direction of their departure and 5*8% from different headings; 

4*7% were unobserved* A unique exception was seal 803 who frequently 
returned about 30 to 60 degrees to the left of her departure heading*

No seal ever returned from a direction 90 degrees out of phase with the 

departure heading, which is evidence that no seal was ever disoriented 
to such an extent that it overshot the hole* Similarly, the deep dive 
headings consistently were almost straight downward from the hole and 
back from the same direction* These data suggest that the seals do not 
swim out from the hole in an expanding circle nor do they make random 
turns and deviations, but rather, maintain a precise heading going away 

and returning to the hole*

Agonistic Behavior:
When a large group of Weddell seals is seen on the ice for the 

first time, one is struck by the difference in the pattern of lying out 
as compared with that of Mirounga angustirostris, or of Zalophus 

californianus* Unlike these northern pinnipeds which usually cluster 

tightly together, one seal firmly against another, Leptonychotes is well 

spaced* If a Weddell seal should happen to roll against the body of a 

nearby seal, both usually awaken abruptly from their slumber and draw 

away from each other frequently bellowing or clattering teeth in the 

process* Adult Weddell seals do not seem to be gregarious animals, and 

the large numbers of seals at certain areas of broken ice is probably

46
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an expedient due to the limited number of holes and cracks suitable 
for hauling out®

In three austral summers of observing seals I witnessed my 
first exception to this rather antisocial behavior during the third 
summer® It was on 7 January 1965 several miles offshore from Gape 
Bernacchi of the mainland® A large iceberg was held fast in sea ice® 
and a complex network of cracks had developed around the berg® Along 
these cracks approximately 200 seals, mostly yearling and subaduits, 
were hauled out® In one large pool a number of young animals were 
swimming, and to my surprise, playing® The play they were engaged in 

seemed to be mock-fighting® One subadult male sparred briefly with 

several other seals and then engaged a young female with whom he went 
through a series of maneuvers that was suggestive of what might be ag

gressive or courtship behavior in the adult® Several times they pushed 

their muzzles into each other's genital or axillary area® Also at times 
they would interlock their widely opened jaws® A further unusual be

havioral characteristic of the seals at this area was observed when they 

returned from dives® At such times they showed little concern for other 

seals in the.pool and would frequently place their hind flippers in the 

face of another seal® They seemed to have no fears of having their 

vulnerable hind flippers bitten® Indeed, one seal of a sparring pair de 

cided to leave the water, and the other seal gently grabbed his hind 

flipper and tried to pull him back into the water®
I have never witnessed such behavior in adult seals® Adult 

seals ventilating at the breathing holes are very restless if other
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seals are in the vicinity. They constantly peer down into the water, 

and if the hole is only large enough for one seal, they either immed
iately dive when another seal begins to enter the hole, or they reverse 
themselves and face down into the water to prevent the entrance of the 
interloper. Hind flippers dangling below the hole are vulnerable and 
may bear the brunt of an intruding seal's attack as was the case de

scribed in experiment 11 (App. I) where seal 332 fiercely bit seal 

Oil's hind flipper. The tattered condition of many Eeddell seals' hind 

flippers is evidence that flipper attacks are a common occurrence. This 

is further corroborated by Robin's 1947 account cited in Mansfield's 
(42) report of two fighting bulls which fought for 20 minutes. At one 

stage in the fight one bull tried to crawl up on a floe and was bitten 

severely on the hind flipper by the other seal. This substantiates the 
fact that hind flippers are subject to attack and contrasts sharply with 

the subadult behavior previously described. If a hole is just large 

enough to accommodate two adult seals and the ventilating seal refuses 

to leave, a new arrival may come into the hole anyway. The result is 

usually a fight. In large pools many seals may ventilate at the same 

time, and in these cases fights are rare, but the seals always face into 

the center of the pool with their vulnerable hind flippers directed to

ward the periphery.
The nature of Leptonychotes behavior at isolated holes, such as 

the station holes, strongly suggests a modified type of territoriality- 

modified in the sense that one seal does not defend the area to the 
complete exclusion of other seals, but actively defends it to the dis

couragement of other seals. Complete exclusion would be impossible by
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virtue of the fact that an intruding seal must breathe, and this re
quirement must override bluffs or actual attacks made by a defending 
seal. However, in almost every case where more than one seal was 
present, fights broke out. Although the situation for the dive experi

ments is not normal, similar behavior was witnessed at isolated holes 
where no experimental manipulation of the seals was involved.

The defense of holes has been observed by the author since 1961, 

but not until the sub-ice observation chamber was available in 1964 
could the entire behavior pattern be observed. Although the sub-ice 
observations were made under the rather unusual conditions described 

for the orientation experiments in which seals were released into strange 

surroundings, the similarities in their aggressive behavior seem to com
pare well with observations made under more natural circumstances. The 

most extensive under-ice notes were obtained during experiment 17 

(App. I) on interactions between seals Z and 401. Seal X was the de
fending seal in this case, and 13 consecutive dives were observed during 

this interplay before he left the area. The general scheme of the pattern 

was for seal X to remain near the breathing hole, resting against the 

bottom of the ice. As seal 401 returned he would swim out and follow 

her back to the hole. While she was up in the hole, he would remain 

nearby resting against the bottom of the ice. On seal 401's departure 

a skirmish sometimes occurred and then seal X often followed her out 100 

to 150 feet. He would go up into the breathing hole after this but 

periodically peek out the bottom. This routine was then repeated.

One striking contrast to this pattern was observed during ex

periment 19 (App. I) when seal X was once again defending the hole.
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Seal 801 had just recently been released, and on dive 26 he left the 
hole, swam toward seal X who was lying up against the ice bottom®
Several loud chirps were exchanged and then they fought violently.

Seal X broke off, went into the hole for a few short breaths and then 
left in the direction of hole B, meanwhile seal 801 watched his direc
tion of departure and then went up to breathe.

The fighting itself is quite dramatic^- The seals usually take 
a vertical posture, eyes directed forward, foreflippers broadly extended 

serving as an important agent for maintaining position, and jaws often 
opened very wide. There are many thrusts to the chest, neck and axillary 
area in attempts to bite, and frequently the jaws appear almost to inter

lock. The abdomen and chest are in contact, with the necks extended 
back except when the seal strikes forward. Surprisingly enough, with the 

exception of one attack by seal 332 on seal Oil (4pp. I, Exp, 11), no 
actual bite or other real physical damage was observed. Nevertheless 

cuts and gashes on the chest, axillary regions, genitals and flippers 

are commonly seen, especially on adult bulls during the breeding season, 
which is evidence that fights, at times, are vicious.

The point to note is that although there were many variations of 

this aggressive behavior, the basic pattern is for one seal to remain 

local to the hole and challenge or harass the interloper as it comes and 

goes on extended dives. It seems reasonable that this harassment might 

induce other seals to seek breathing holes where they can dive with less 

disturbance.
In the course of these aggressive displays certain associated 

vocalizations were recorded, of which there are a few variations.
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These calls are of a moderate frequency and might be likened to an 
intense, sharp fronted burst of sound, a trill, a chirrup, a rapid 
chi-chi-chi, and eeeyo* One call difficult to classify but quite 
common was .teeth-clackingo It seemed to occur as the seals passed one 
another while leaving or entering the breathing hole and consists of a 

rapid snapping of the jaws together0 This same response is often 

elicited when the seals are disturbed on the ice0 Sonagrams of three 

of the calls are presented to aid the reader in imagining the nature of 

these sounds (Pig, 21)=
Opportunities for simultaneously observing the vocalizations and 

behavior were limited. The chirrup was produced by seal X on several 
occasions, and in each case it was when the seals were separated by some 

distance. This call is very loud and directional. If it were to be 

qualified in any way, it would be as a challenge or warning. On one 

occasion while I was in the chamber, seal X chirruped several times 

while at a distance of 30-50 feet and looking directly at me. In the 

next instant he swam directly toward me and pressed his muzzle firmly 
against the chamber window. The trill seemed to occur when emotions 

were very tense. During a fight between seal 314 and 319 a loud trill 

was heard as one of the seals lunged at the throat of the other and 

drove him backwards, The chi-chi-chi was also associated with tense 

situations. No direct observations were made but this sound could be 

heard when there was a great deal of commotion among the seals. It was 

also a sound made by seals disturbed on the ice.



Fig. 21. Sonagrams;. of seal calls recorded during 
agonistic behavior. The 11chi-chi-chi 11 is represented in A 
and B. It continued for approximately 2 seconds longer than 
illustrated, but the characteristics of the final 2 sec0nds 
were similar to the last 5 illustrated pulses. C is the 11trill 11 ; 

note the low pulses beginning half way through the "trill", 
which seem to be generated by a separate mechanism from the 
"trill". D •. is the ·"eeeyo" represented in its el}-tirety. 
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Population Movementst

Wilson (65), Lindsey (40) and Sapin-Jaloustre (53) have all 

stated that the Weddell seal does not seem to have a general migration 
pattern, but remains in local waters throughout the year. Recent 
evidence from aerial surveys (61) does not appear to support this 

premise for those seals found at McMurdo Sound, As the summer pro

gresses and the border of the ice break out advances southward, the 

number of seals observed on the ice in McMurdo Sound increases. This 

increase in seals as estimated by aerial counts could be interpreted 

in two ways: 1) more seals are hauling out as the weather becomes
warmer, or 2) there is an influx of seals from the north to add to the 
local population of seals. The results of the tagging program support 

the latter conclusion,
generally speaking there seem to be three major influxes of 

seals during the spring and summer months based on the number of seals 

hauled out. The first arrivals are pregnant females coming to the 

rookeries and non-pregnant females that may be found in concentrations 

at scattered haul out areas (Fig, 22), In the latter part of November 

bull seals begin to increase in the major haul out areas, Whether this 

is due to their recent arrival in the area or simply to the fact that 
they are beginning to spend more time out of water is difficult to say. 

Many of these bulls are badly lacerated and perhaps this increase of 

bulls on the ice represents the conclusion of the rutting season. By 

December even though there are many more seals in the McMurdo area than 

in the spring, the seal noise level under water is much reduced. Again,



Fig. 22. Major seal rookeries near McMurdo Station 
(Area A of Fig. 1).
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this may be an indication that rutting has ended, and there is a diminu
tion in social vocalization.

By early December subadults and yearlings are more numerous, and 
it appears that late arrivals in the vicinity are seals moving ahead of 
the ice break out. Observations made on a flight to Dunlop Island on 
7 January 1965 suggested that the seals may group in year classes. At 
an ice locked berg about 20 miles south of Dunlop Island and several 

miles offshore 150-200 seals were hauled out. Of these approximately 

70% were subadults and yearlings. This is the largest and densest con

centration of young animals I have ever seen. There was an abundance of 

cracks and large open pools in the area and the ice front was about one- 
half mile away. From this berg we flew along the coast to Dunlop 

Island, There were an estimated 400 seals scattered along the coast to 
Dunlop Island and as determined from a low flying helicopter the major
ity of these appeared to be pups, yearlings and subadults. It seems 

probable that the influx in late summer at McMurdo may be very loose 

aggregates of young animals moving south with the ice break up.

Table 6 summarizes the recovery results of seals tagged at Gape 
Boyds, the most northerly area in which it was practicable to tag 

animals for this study. The results show that some seals move south in 

the summer. It should be pointed out that the difference between the 
number of tagged seals that moved south in 1964 as compared to 1963 may 

not be real. In 1964 it was not possible to carry on as intensive a 

search for tags as it was in 1963,

Separate from The general population movement south is that of 

the cows, most of whom arrived at the rookeries in late October or early
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Table 6= Cape Royds tagging results.

Date
Tagged

Total
Tagged Male Female S-A Y

Sighted S, of 
Glacier Tongue

11/11/63 22 ii ii 5 1 10
10/15/64 18 6 ii 2 7 4*

Totals 40 17 22 7 8 14

* One other seal was recovered at Gape Bird 1/21/65, 

S-A = subadult

Y = yearling
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November, After approximately a six week delay at the rookeries the 

cows deserted their pups and dispersed* As in the case of the seals 

tagged at Cape Boyds it appears that a number of these cows move fur

ther South, The results summarized in Table 7 are undoubtedly low. 
Certainly not all of the tagged seals were sighted, and in 1964 it was 
necessary to leave MeMurdo in mid-January before some of the cows had 

arrived as far south as Cape Armitage,
Although the pups from the local rookeries do not move further 

south (Table 4), a northward movement is suggested by observations that 
were made in February 1963 at Hutton Cliffs and Erebus Bay, The total 
number of pups in the area of Hutton Cliffs, Erebus Bay and Turtle Bock 

in the spring of 1963 was estimated to be about 175, Yet in this area 
on 17 February only 10 pups were counted among 200 seals on the ice and 

on 22 February only 20 pups were counted among 200, Either the pups 

were spending more time in the water, had left the area entirely, or 

had died.
There is a small influx of pups that occurs around Cape Armitage 

in late summer. This was noted in 1964 when pups began to arrive about 

8 January and continued to do so through February, It was originally 

believed that these seals were from the local rookeries. The following 

season, all pups at the local rookeries were tagged, and it was expected 

that this would reveal what rookeries the pups coming to Cape Armitage 

represented. Pups began to arrive 1 January 1965 and again new arrivals 

continued to appear through February with a peak around 13 January, 
Surprisingly, out of 35 pups only nine had been tagged. In view of the



58

Table 7© Recovery results of cows and pups after departure 
from the rookeries in mid-December of 1963 arid 1964©

Locality of Total Tagged Number S» of % of Total
Tagging . Cape Armitage

Adults Pups Adults Pups Adults Pups

Turtle Hock 25 82 15 8 60 10
Hutton Cliffs 11 62 3 0 ; 27 0
Erebus Bay 5 22 0 1 0 4
Turk’s Head 23 120 7 0 30 0
Big Razorback

Island 10 31 3 0 30 0
Tent Island 5 8 2 0 40 0
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small number of pups that were not tagged at the nearby rookeries it is 

unlikely that these are local. Early in December the U, S* Navy icebreak- 
\ ers cut a channel from the outer ice edge at Gape Boyds to McMurdo 

Station, This established an early access route south for whales, 

penguins, and seals. These pups may have come south through this 

channel. The nearest seal rookeries beyond Cape Boyds are, to my knowl
edge, at Gape Bird or on the shores of the continent across the Sound,

If these pups did not represent local rookeries or any incidental pup- 
pings that may have occurred from Gape Evans to Cape Boyds, then they 

must have traveled a minimum distance of 50 to 60 miles to reach Gape 
Armitage in the few weeks since weaning. Few of these pups that came 

south to Gape Armitage stayed long; the longest period between the first 

sighting and the last of any particular pup was two weeks and most were 
less than a week. The number of pups progressively decreased in February 

suggesting that a northward migration was beginning, or that the less 

successful were dying.
At the time of this writing, two years after the first pups were 

marked, no tagged pup had been observed in the McMurdo area prior to 

December of the next year (Table 8), The sample size is small and the 

evidence circumstantial, particularly because no intense effort to re

cover yearlings in October and November of 1965 was made; nevertheless, 

the late occurrence of the marked yearlings suggests their absence in 

early spring. Smith (61) postulates that the pups go north to the pack 

ice for three or four years before returning to breed. The tagging re
sults point out that at least some pups go south each year. What the
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Table 80 Recovery dates and locality for yearlings and two 
year olds born at local9 McMmrdo Sound rookeries0

Pup
Number

Post Winter 
Recovery Bate Location

133 12/19/64 Knob Point

121 1/13/65 3 mi. NB Cape Armitage
148 1/15/65 Knob Point
272 1/13/65 Cape Armitage

284 1/5/65 Cape Armitage

391 1/28/66 Scott Base

380 1/31/66 4 mi. s. Scott Base

292 2/2/66 4 mi. s. Scott Base

795 2/4/66 Scott Base

883 2/6/66 Scott Base

644 2/16/66 Scott Base

(Two year olds) ,

160 2/8/66 Scott Base

134 2/13/66 Scott Base
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trend is for the majority of animals cannot be determined until more is 
known about the mortality of the pups and what percentage of the total 
population these tag recoveries represent.

Some time in late summer or early fall a northward migration of 
the adults must commence. Once the freeze begins and the ice thickens 

the available breathing holes are just not abundant enough to accommodate 
nearly 1000 seals| Smith's (61) highest count was 995 seals on 20 Febru
ary, 1962, The number of seals that overwinter at or near Cape Armitage 

is unknown. Of all the seals tagged in this study only four adult bulls 

(137, 207, 301 and 377) offered strong evidence that they wintered near 
Cape Armitage (Table 9). There are five other tagged seals that probably 

overwintered in the vicinity, but the .evidence was less certain. Charac
teristic of all : nine. seals was their apparent sedentariness. The 

greatest distance between one individual's haul out areas for the summer 

was about 8 miles, and most were within 6 miles. Most remarkable was 

the range of seal 207, In two summers he was never found north of Hut 
Point and the maximum distance between haul outs was less than 3 miles. 

Because the females leave early in the spring for the rookeries 

it is difficult to determine whether they are overwintering, unless they.' 
fail to breed and do not move to the rookery for pupping purposes. Also, 

it may be that only the yound and very old bulls remain through the sum

mer at their local wintering environs, while the breeding bulls along 

with the females move off early to the pupping areas or breeding grounds, 

This type of behavior would tend to reduce the estimates of overwinter

ing seals near Cape Armitage,



Table 9o Estimates of tagged seals overwintering at or near Cape Amitage,

Seal
"Number Sex

Spring Recovery 
. Date

Final Fall 
Observation

Number Sightings
Locality  ̂ For Season

137 M 10/30/63 2/17/64 Arrival Heights and south 23

10/10/64 12/17/65 Knob Point and south 3

207 M 11/9/63 2/20/64 Hut Point and south 11*
10/24/64 1/9/65 Cape Armitage and south 8

301 M 10/12/64 1/13/65 Hut Point 6*

377 M 11/7/64 --- Cape Armitage constantly 
at 64C

211 M 11/16/63 2/14/64 Gape Armitage 11
214 F 11/16/63 2/20/64 Pressure Ridges 10
117 F 11/1/63 12/2/63 Turtle Rock 5

10/26/64 1/9/65 Turtle Rock and south 2
2/18/66 Pressure Ridges 1

126 M 11/3/63 12/9/63 Hut Point 4
127 M 11/3/63 2/20/64 Hut Point and south 8

11/21/64 Turk's Head 1

* Tag was read only six times but his haul out was visible from the base and on several occasions 
. a seal was visible that probably was .207, and 301, respectively.



DISCUSSION OF RESULTS

Submersion Durations

Most of the major physiological adjustments that allow for pro
longed Submersion of seals are known; there is an immediate and dramatic 
drop in heart rate (57), a decrease in cardiac output (16) and a re

distribution of blood circulation following arterial constriction (7, 20, 
57)o These actions conserve the oxygen available in the blood for the 

heart and central nervous system which have an obligatory oxygen require
ment (28) while the other tissues rely mainly on anaerobic glycolysis 

for energy® Oxygen conservation is necessary because neither blood 

oxygen stores (57), nor the muscle oxygen content is (1, 52) large enough 

to permit an oxygen consumption rate equal to pre-dive basal conditions® 

Further energy conservation, and thus greater resistance to asphyxia is 
achieved by a reduction of metabolism in many tissues during the dive 
(57)® General reviews of diving adaptation were recently published by 

Andersen, Irving, and Scholander (1, 29, 59)®
It can be seen from Table 10 that most observations of dive dura

tion in seals have been obtained from animals under laboratory condi

tions® Considering the circumstances of these observations it is 

unlikely that the results shown reflect the maximum capacities in many 
of the pinnipeds observed® These submersion duration estimates are the 

result of experiments in which the dive and ventilation period are con

trolled by the researcher® Also, the animals used in these experiments 

are usually subadults, whose capacities are less than those of the adults®
63
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Table 10® Reported submersion durations and diving depths of 

pinnipeds® = restrained for experimental dive; RoH® = restrained
by harpooning; U = unrestrained; H.&® = hook and line; B«R® = depth 
recorder attached, unrestrained® .

Species
Duration
(min®) Conditions

Depth
(meters) Conditions

Walrus (64) 
Odobenus rosmarus 10 U 80 Indirect*

Northern fur seal (32, 34) 
Callorhinus ursinus 5 RsE® 55 H®L®

Steller sea lion (34) 
Eumetopias iubata. - - . 183 HaL,

Grey seal (11) 
Halichoerus grvpus 18 R®E® 146 Hal,®

Harbor seal (22) 
Phoca vitulina „ , 28 R=E® 91 R®E®

Hooded seal (57)
Gvstophora cristata 18 R.E® 75(pup) DaR®

Northern elephant seal (17,54) 
Mirounga angustirostris. 20 ReE. 183 Hat.

Ringed seal (19) 
Efisa hispida. 21 ReH® - -

Weddell seal (41, 13, 37) 
Leptonvchotes,weddelli 16®5 u 350 DaR®

43® 3 u 600 DaR,

* Walruses are bottom feeders and observed depth at foraging areas was 
. never greater than 80 m®
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Field data to defend the premise that laboratory estimates are low are 

lacking for pinnipeds. The importance of behavior is indicated by some 
laboratory experiments in which those seals that proved to be the best 

divers were in poor physical condition but had good dispositions and a 
stable nervous temperament (28), Some studies of cetaceans also seem 
to support this point. For example Scholander (57) observed Harbor 
porpoises, Phocaena phocaena, diving up to twelve minutes in the normal 

habitat, but under the experimental conditions of the laboratory, his 

one specimen lapsed into convulsions and died after a submergence of 

only 1,5 minutes. Similar results were obtained in work with Tursiops 
truncates for which 2 to 3 minutes was the maximum safe diving time (31), 

Certain physiological adjustments to diving suggest that preparation is 
required in order to realize maximum submersion capacity. Analysis 

(Fig, 23) of the number of breaths before and after prolonged dives show 

a relationship between the length of the dive and amount of ventilation 
required before and after the dive, with the strongest correlation re

lating to recovery after the dive. Also, relevant is the post-dive 
heart rate and respiration rate which are twice as great as the resting 

rates. Inability of a seal to anticipate a dive or to recover fully from 

it before diving again has limiting effects because of. failure to satur

ate completely oxygen stores. Complete oxygen saturation of hemoglobin 
and myoglobin probably never occurs except under the conditions of 

adequate hyperventilation. In the resting Weddell seal sedimentation 
of red blood cells occurs in the hepatic sinus (Fig. 17), The packed 

cell volume of the hepatic sinus fluctuates widely, but the mean of



Fig. 23, Regression of number of breaths on the 
length of dive. Note that the greatest correlation is post
dive "breath number on duration of dive.
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74% is significantly different from the 58,5% packed cell volume of 

the peripheral circulation. It is likely that during recovery from a 
dive those red blood cells in the hepatic sinus are mobilized and 
oxygen saturated. The resting heart rate of about 56 beats/minute is 
nearly doubled in the post dive recovery period. Such an increased 
circulation rate further suggests mobilization of available red blood 

cells, and complete hemoglobin and myoglobin oxygenation. Harrison 

(24) has pointed out that during the dive the caval sphincter probably 

contracts to prevent overloading of the right atrium. In turn this may 
result in the accumulation of red blood cells in the hepatic sinus 

similar to the condition when the seal is at rest. Irving (30) esti
mated that in Phoca vitulina the overall blood oxygen saturation, 

considering both venous and arterial blood, would be about 70%. How

ever, in a hyperventilated seal it seems possible that overall blood 

saturation might approach 100%. In this case the blood accumulating in 
the venous system, particularly the hepatic sinus would be a more sig

nificant oxygen store. Scholander (57) showed that the muscle oxygen 

utilization curve was exponential with depletion occurring in 5-10 
minutes, whereas arterial blood oxygen depletion occurred linearly. 

Scholander (57) pointed out that oxygen depletion in different indi

viduals was nearly constant irrespective of oxygen capacity and that 

there seemed to be a rough proportionality between oxygen capacity and 

submersion duration. Gvstophora and Halichoerus average depletion rate 

of arterial blood oxygen with a maximum oxygen capacity of 25 volumes % 

was about 23 minutes. If we assume approximately the same oxygen deple
tion rate for the Weddell seal and begin with a maximum oxygen capacity
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of 32o5 volumes % the result is a submersion duration of 31 minutes, 

a low estimate for the capabilities of the unrestrained, actively 
diving sealso

Harrison and Tomlinson (23) note that young P« vitulina were 
not nearly as able divers as their elders. This was also the case in 

recently weaned heptonychotes pups. No doubt experience plays an impor

tant role. The adult Weddell seal leaves the impression of being an 

efficient diving machine with his deliberate fast to slow hyperventila
tion rate between dives, the methodical and smoothly executed raising 

of the foreparts high out of the water just prior to diving with the 
neck extended and the deep exhalation as he sinks below the surface, 

closing the nostrils the instant before he submerges, and then the 

strong, deep strokes of the hind flippers as he departs the hole. 

Strikingly different is the pup behavior prior to diving* which is 
characterized by rapid respiration with little decrease in rate, rapid 

diving sometimes in mid-expiration or with no expiration at all, and 
the less effective rapid, shallow strokes of the hind flippers.

Besides the behavioral differences the young animals seem less 

well prepared physiologically for extended submersion® The packed cell 

volume of one, 3 week old pup was 41% suggesting less oxygen stores, 
but more importantly was the indication of less effective insulation and 

peripheral vasoconstriction. Although the body temperatures of adults 

and pups is about the same, the metabolic rate of pups is probably 

higher during dives than can be accounted for on surface-volume relation

ships alone. Adult seals were never observed to shiver while in the 

water, even after several days in the ice hole; however, pups and
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yearlings frequently shivered after only a few dives = This suggests 

that heat production in young animals was necessary to maintain body 

temperature because either insulation or peripheral vasoconstriction 
or both were less effective in the young animals than in the adults, 
Irving (28) noted that a leakage of blood into the peripheral regions 

during diving reduced the submersion endurance considerably. Therefore, 

either of the above mentioned considerations would diminish the diving 
endurance* However,, maturation is rapid; observations of this study 

showed that there seem to be only slight differences in capability be

tween 2 to 3 year old seals and the adults. This points out that the 
modest abilities of the pups rapidly mature in the course of 2 to 3 

years of growth and behavioral development. The implications of the 

above discussion are that in many cases of experimentally controlled 

diving, the upper limits, even considering the cases where the animal 

is merely resting under water, are less than those for the unrestrained 

seal. The adjustment to diving is a complex system of control, much of 
which is voluntary and the proper preparedness on the seal's part is 

essential.
Many factors other than the previously mentioned physiological 

parameters play a role in the submergence duration attained- In' the wild. 

Such things as the type of habitat and the degree of motivation are in- 

volved. Speculation on the capabilities of marine mammals is very tenu

ous even if there was a substantial amount of data available. Little 

data exist, but until the information is forthcoming, tentative estimates 

are useful in yielding some insight about the abilities of marine mammals 

in their given habitat, A correlation of blood estimates with diving
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behavior and ecology has been suggested by Ridgway and Johnston (51) 
for three species of porpoise. Using similar parameters some reason
able estimates of submersion endurance for pinnipeds might be possible. 

The upper limit of diving time in the Weddell seal suggested by the 
data is probably not more than 50 minutes. Using this as a standard, 

seals of somewhat similar proportions and which display similar physio

logical characteristics of resting respiration rates, heart rates, and 
oxygen capacities might have similar endurances.

Dive Depths
The available information on dive depths in pinnipeds (Table 10) 

is quite limited, but two points are clears 1) the sample sizes in most 

reports are quite small and undoubtedly do not represent depth maxima 
in most cases, and 2) the depths reached by all species are great enough 

for nitrogen absorption and the possibility of embolism,

Irving (25) calculated that in a diving whale 4 atmospheres would 

be necessary for total absorption of lung nitrogen into the blood. He 
estimated this volume of nitrogen to be only three times the amount a 

human diver could safely eliminate. Unlike the circulation of a human 
diver, that of a whale is restricted during the dive, limiting the dis

tribution of nitrogen saturated blood, and circulation accelerates upon 

decompression. It was suggested that these modifications provide a 

circulatory system more than three times as effective in discharging ni

trogen as that of the human diver, , .
Scholander (57) extended Irving's original hypothesis of rapid 

redistribution of blood during decompression by pointing out the
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probable importance of expiration before deep diving9 rapid descent 
beyond 40 meters to collapse the alveoli, and post-dive hyperventila- 

tion6 He estimated the lung capacity of Halichoerus to be 1500 ml 

fully inspired and the volume after expiration, preparatory for a 
dive, to be 400 ml* Lung collapse occurs due to rapid descent beyond 

40 meters, pushing the alveolar air into the less permeable upper 

respiratory passages before absorption can occur* Importance of pre
dive expiration was stressed by the calculation that if the seal were 

to dive with filled lungs, collapse would not occur until 180 meters depth 

resulting in more nitrogen being absorbed* During Scholanderss study a 
Cystophora was plunged on a line to 300 meters in 3 minutes* The seal 

died, and death was attributed to air embolism* Scholander suggested
that the seal was not prepared for the dive and went to that depth with

'

his lungs full* The only other report of an experiment involving deep 
diving is Harrison and Tomlinson8 s (24) work with P* vitulina* The 

first dive of an individual to 91 meters was successful, but on the 
following day another dive to 91 meters was fatal* It was suggested 

that heart malfunction occurred due to "squeeze8*, but no explanation 

was offered as to how such a condition could develop*

According to Scholander the most dangerous dives are those to 

depths where total alveolar collapse does not occur and serial deep 
dives where residual amounts of nitrogen might build up to dangerous 

levels* It is necessary to flush completely any residual nitrogen from 

the blood before the next dive and to reduce the availability of blood 

nitrogen for absorption during the dive*
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The only field data on serial deep diving of a marine mammal is 

the result of this study. The data seem to substantiate the hypothesis 

proposed by Scholander, Of approximately 100 different seals that were 

observed diving in this study only one adult, seal 801, consistently 

failed to exhale before submerging. In pups failure to exhale before 

diving is common, but this is inconsequential because their dives are 
usually shallow and short. On deep dives the descent is rapid (Fig. 15 
and Fig, 16) passing quickly beyond 50 meters and presumably reducing 
the nitrogen invasion rate. The ascent seems to be even more rapid and 
the dive times are comparatively short, relative to the actual ability 
of Leptonychotes. Prolonged dives of over 20 minutes are characterized 

by comparatively shallow depth with slow descent and ascent (Fig. 24). 

Although moderate depths present the greatest risk to a diving mammal, 

the' slow ascent rates of Leptonychotes allow for nitrogen discharge under 
the ideal conditions of slow decompression. The amount of post-dive 

ventilation is proportional to the length of the dive (Fig. 23), and 

although this is probably a response to the oxygen debt, it has the 
added advantage of allowing more time for complete nitrogen removal. 

Unlike the deep dives where one deep dive after another is alternated 

with 2 to 3 minute ventilation periods, prolonged dives of 20 minutes 

or more were never observed to be serial. Instead they were followed by 

several short, shallow dives near the breathing hole. Again, this may 
be mainly because of fatigue resulting from such long dives, but it 

would also have the effect of insuring that complete nitrogen elimina

tion was accomplished before the next extended dive.



Fig, 24, Pattern XI type dives conqpiled from experiments 4, 11, 
14, 15 and 20, The dive profiles have been separated arbitrarily into 
A, B and C for ease of illustration.
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It is interesting to note that the only reports of possible 

decompression sickness during serial breath-hold dives have been in 
man, where most of the adaptations mentioned by Scholander do not exist* 

Paulev (46) described a personal incident of decompression sickness 

after repeated dives from 5 to 20 meters* Immediately prior to the 

dives he had been exposed for a few minutes to 3 atmospheres absolute 

in a recompression chamber. Somewhat similar is the report of Cross 
(12) describing in detail the diving pattern of some Paumotan pearl 
divers in the Tuamotu Archipelago. These pearlers -make repeated dives 

to depths often in excess of 30 meters. The average dive time is about 

2 minutes, and surface hyperventilation between dives is from 3 to 10 

minutes. The divers are frequently stricken with an illness called 
taravana (tara--to fall; vana— crazily). Paulev (47) believes that 

taravana is also decompression sickness, and Lanphier (38), with re
servations, agrees that some of these cases of taravana are probably 

due to embolism. Unlike the Paumotan divers, the divers from Hangareva 

Island (12) use a less forceful hyperventilation continuing for 12 to 
15 minutes. The Mangarevan divers never experience taravana. If tara

vana is the result of air embolism, then the ventilation period appears 
to be critical and at shallow depths can compensate for the inflexible 

chest cavity and failure of the alveoli to collapse.

Orientations
Three basic dive patterns, each of which may be serving one or 

more related purposes, are apparent from the data. Usually after the 

seal was released these three patterns emerged sequentially, but after



75
a few hours patterns often occurred in random ordere Certainly, over
lap in purpose and profile characteristics exists in these patterns 

and what is discussed pertains mainly to the most striking representa
tives of each particular pattern*

Pattern I--Buring the initial phases of orientation the short 
duration, shallow depth dives are probably for familiarization purposes* 

This kind of dive enables the seal to detect the presence of other seals 
and assess such under-ice conditions as ice thickness, presence of 

cracks, and flake abundance* The majority of these dives are less than 
5 minutes in duration, and the seal's behavior may vary from just peek

ing out of the hole to slowly swimming about in the near vicinity* The 

best examples of this kind of dive are illustrated in Figures 30, 31, 32, 

38, 39 and 42 of App* I* After the seal has been at the station for some 

time such dives may represent a variety of purposes other than those 
previously related to orientation and familiarization. For example, when 

the seals were resting or fighting under the ice, short, shallow dives 

were observed*
Pattern II--The most striking characteristic of Pattern II 

dives is the long submersion duration at relatively shallow depths* The 

duration is often in excess of 20 minutes* The mean maximum depth at

tained for 25 of these 20 minute or longer dives was 130 meters, with a 

range of 37 to 206 meters. Figure 24 is a summary of all profiles ob-̂  

tained relating to this kind of dive, and shows that a great majority 

of the time is spent at depths less than 100 meters* The nature of these 

dives suggests that their function is exploratory, enabling the seal to 
find other breathing holes. Extremely long duration dives such as
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395*“A and 376-B (Fig0 24) probably are not made until the seal is 
thoroughly familiar with the area surrounding the hole from which he 
is diving* Of course, there is also the possibility that these seals 
made slight navigational errors, and such lengthy dives were accidental* 

Two other particularly interesting dives of Figure 24 are those of 011-B 
and 004-0 in which both seals bolted the station hole on the first dive 

and swam well over one linear mile under the ice to another hole*

Pattern IXl~~Usually after the seal had made a number of
/

Pattern 1 and II type dives deep diving would follow* Those deep dives 
observed at stations 64B and 640, where the bottom depth was approxi
mately 600 meters, were usually to a depth ranging from 300 to 400 
meters with a submersion duration of 8 to 15 minutes (Pig* 16), These 
are believed to be hunting dives, which means that those seals feeding 

off shore in deep water are exploiting primarily the mid-water depths* 

This suggestion is further corroborated by the fact that the fish, 
Trematomus borchgrevinki3 found abundantly just under the ice was pur

sued by adult seals only on the rare occasions when a fish was caught
J ■

by surprise in the ice hole* Usually as the seals returned to the ice 

hole, the local %* borchgrevinki would disappear into the flake ice until 

the seal left the area* Fish known to be eaten by the seals while diving 

from these stations were Bissestichus mawsoni, Pleura&ramma antarcticum 

and Ghaenocephalus wilsoni*
Examples of profile characteristics of deep dives are found in

Figure 15* The most diagnostic feature of these dives is the rapid
..

descent and ascent rates with no pause at any particular depth (see dive
r
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capacities for rates). A seal's departure from the hole on a deep dive 

is very different from that of a local dive or an exploratory dive.
The seal rapidly leaves the hole pointed down at an 80 to 90 degree 

angle, and lateral sculling of the hind flippers is so vigorous that 

/ the entire body is involved in the sculling movements. The seal also 

returns from an 80 to 90 degree angle ascending very rapidly but with 
little sculling. It appears that by the time Leptonychotes is in 
visible range from the chamber his momentum and positive bouyancy are 

sufficient to carry him upward into the hole.
Pattern III dives are the most consistent dive patterns of all.

A seal diving deeply may carry on for 8 or 9 hours in this manner, one 

dive after another with only 2 or 3 minute rest stops between dives.
The duration and depth of the dives are usually quite uniform for each 

particular seal. Even the ventilation time and the number of breaths 
varies little from dive to dive. One other feature that is apparent most 

often during deep dives is the frothing and vomiting that occurs at in

tervals between dives in some of the seals.
Of the three basic dive patterns observed in the Weddell seal, 

two have especial interest with regard to orientation. The prolonged 

Pattern II dives, some of which last more than 40 minutes, immediately 
raise the question of how the seals keep from becoming hopelessly lost 

under the ice. Seals in this study have swum well over 6000 feet under 
the ice, and there is strong evidence for distances considerably greater 

than this (Fig. 24, 011-B; App. I, Exp. 11, Fig. 31). The results of 

experiment 11 show that a seal will submerge for at least 30 minutes 

while swimming to another hole. Taking into account the estimated 5
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knot cruising speed of seal 395 as a near normal speed, in 30 minutes 

a seal might dive a radial distance of 2„5 nautical miles or 15,190 

feet. In some cases, such as the experimental station work, this does 

not mean swimming along a crack system or swimming to a breathing hole 
within a crack system, but rather, navigating to a small 4 by 4 foot 
hole that is isolated and not a part of any network of pressure or 
tidal cracks.

The Pattern III dives pose somewhat similar problems. Although 
the linear distance away from the hole is not as great, usually from 
1000-1300 feet, these distances 'are certainly great enough that dis

orientation is possible.

There are a number of differences between Pattern II and III 

dives that may be significant to orientation. Once the seal had been 

at the hole for some time a preponderance of deep dives was observed 

as reflected by the comparatively large number of 300-400 meter dives 

measured (Fig. 14). The significance of this type of dive for hunting 
may be related to two important factors, availability of food and re
duction in possible navigational errors. Most of the fish that 

Leptonychotes feed on may occur at mid-water depths, and the fish may 

also be layering at different depths. As a seal dives to depth, his 
chances of passing through a depth where fish are abundant is enhanced 

by a vertical dive. Because the duration of these dives is comparatively 
short, deviation in pursuit of fish is possible, as are slight naviga

tional errors that may result.from these deviations, without approach

ing a critical submersion time. Such short duration dives also mean 

that the seal will be limited to familiar under-ice territory. A seal
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returning to the surface from deep below the hole should be able to 
detect the hole visually and possibly acoustically sooner than if he 
had traveled horizontally and close under the ice. Finally, when 
making dives to depth, directional component to the hole persists. It 
is upward. In contrast, prolonged, horizontal dives (1) do not have a 

persistent home direction, (2) the distance back to the hole is much 

greater and slight deviations from the track could cause major naviga

tional errors, (3) dive durations may approach the endurance capacity 
of the seal resulting in any navigational error being critical, and 
(4) if the seal is in search of a new breathing hole, large portions of 

the dive may be in unfamiliar waters. One notable characteristic common 
to both types of dives is the consistency of the diametrically opposite 

departure and return headings. Errors of navigation would be less if 

a seal made few random deviations from its track, and this seems to be 

the case” in both horizontal and deep dives.

What cues are most important for orientation is difficult to say. 

Certainly the seals must take advantage of a variety of information.
Some of the most plausible cues are under-ice configuration, bottom 

contour, calls of other seals, sun or moon position, and currents. By 
what sensory receptors this information is acquired is controversial, 

fo begin with the least speculative, Leptonychotes is quite 

vocal. By listening a seal could locate a particular concentration of 

seals, but such a passive system could result in some critical errors if 
a quiet period occurred near the end of a long dive. The direction of 

the sun and moon can be determined through sea ice and may provide com

pass directions. Evidence for the ability to determine compass headings



80
is suggested from the data of Figure 20, where a bias is indicated in 

the shoreward directions of northeast, southeast, and south. At 

stations 64B and 64C a tidal current was noted that flowed north and 
south. It seems reasonable that the seals are familiar with currents 

in McMurdo Sound,, and that these might provide them with locality clues. 
Further considerations of sensory orientation become more specu

lative, Considering the depth to which Weddell seals deep dive and the 

light conditions that must prevail at these depths under the ice, it is 

very tempting to suggest echolocation as an important method of orienta

tion, However, convincing evidence of echolocation has been reported 
in only one species of marine mammal, the harbor porpoise, Tursiops 

truncates (33, 45, 55), Sounds of some pinnipeds have been reported 

(50, 56), and Poulter suggests that the nature of Zalophus californianus 

Signals indicate a sophisticated sonar system. Certain aspects of the 

Weddell seal's habitat and behavior would seem to indicate that such a 
system would be advantageous, heptonychotes emits a wide variety of 

underwater noises, and some of these calls appear to have distinct echoes 

which sound much like a depth-sounder, , The low light intensity under the 
ice, the long, dark, winter night, the isolation of breathing holes, and 

the plankton bloom with the concomitant increase in turbidity would also 

seem to require a system other than vision or passive listening. This 

bloom is so intense that visibility of over 30 meters will drop to less 

than 4,5 meters in 32 hours. This was witnessed in the course of two 

consecutive scuba dives to 21,3 meters near McMurdo station on 18 and 

19 Dec, 1964= At some stations (64D) the turbidity became so great
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that the bottom of the ice, could not be seen 2.4 meters below (compare 

with the more normal conditions of Fig, 25), It is difficult to explain 
how seals find the holes under such conditions, unless it is by echo- 
location, However, the occurrence of the bloom is ephemeral and occurs 
at a time of year when the ice is breaking up and large numbers of 
seals are in the area. Hence, navigational errors would not be as 

critical with many cracks and holes prevalent. The many seals might 

act as markers to breathing holes, and plankton blooms are confined to 
the upper waters so visibility may still be good at lower depths.

Unlike Z, californianus and M, leonina among which totally blind, 
but otherwise healthy individuals have been observed (39, 50) there are 
no reports of totally blind jLeptonvchotes, In the course of this study 

several thousand seals were observed, and a few were partially blind, 

but no completely blind seal was ever witnessed. Whether echolocation 
is or is not a functional system in Weddell seals, the nature of their 

under-ice environment strongly suggests that vision must play a major 

role in their adaptation to this habitat. Several features of the 

Weddell seal's eye indicate highly acute reception under low light in

tensities: 1) stereo vision and great mobility of the eye (Fig, 26)
2) large eye size 3) elliptical pupil and 4) presence of tapetum 

lucidum.
The damping effect of the sea-ice has essentially eliminated 

wave action and the consequent stirring of bottom debris in McMurdo Sound, 

Combined with the low phytoplankton production for most of the year the 

result is water probably as clear as any in the world. Any discontinu

ities in the ice such as cracks, holes, or absence of flake ice show up



Figo 25o Seal 377 in the ice hole at station 64C» 
Note the clearness of the water® The ice bottom is 6 feet 
below the water ?s surface, and a hydrophone can be seen 
faintly 12 feet below the water's surface»
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Fig. 26. An example of Leptonychotes eye mobility and stereo
scopic vision. Note the top seal's forward directed eyes, while the 
bottom seal's eyes are turned to look directly above its head. This eye 
mobility allows a seal to look directly above it without moving its head; 
thus, no change occurs in body streamlining while easily observing the . 
under-ice surface.





quite distinctly? and if the holes and cracks are free of snow and ice, 

then on a clear, sunny day a brilliant shaft of light penetrates deeply* 
Sunlight passing through one of these holes appears to have little 

diminution in its intensity, and appears as a very bright spot striking 

the bottom 21*3 meters below* According to Clark and Benton (10) broad 
field vision by deep sea fish is possible in the clearest oceanic waters 

at a depth of nearly 600 meters when the ambient light source is the 
moon* Intensity of sunlight penetrating through the ice at McMurdo is 

probably greater than moonlight on ice free waters* The 6 feet thick 

sea-ice cover reduces the light intensity to that of a dark, overcast 
day® Stenuit (61) reports that at 132 meters in the Bahamas at mid-day, 

visibility is more than 30*4 meters* Dietz (14) says that from the 

bathyscaph, Trieste, the last evidence of surface light for his non-dark 

adapted eyes occurred at a depth of 525 meters in the Mediterranean Sea* 
He also points out that the limits for others on dives in the Trieste 

were sometimes as great as 600. meters* According to Clark and Hubbard 

(9) about 900 to 1000 meters appears to be the shallowest depth 8?at 

which daylight would never be sufficiently strong for inhabitants to be 

seen by their predators or by their prey*11 External sources of light 
are not the only sources available for vision in deep water* Clark and 

Denton (10) state, $,Bioluminescence providing continuous light or indi
vidual flashes of intensities above the threshold for animal perception 

has been recorded at all depths investigated to 3:750 meters*” Further 

indications that this source of light may be significant are from studies 

of deep sea fishes which reveal that the spectral composition of bio
luminescence coincide with the visual pigment absorption maxima of some
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fishes (43), Finally, to quote from Fonting (49) as he was watching 
Weddell seals during the winter night at McMurdo Sound, M, a  seal 

emerged, its beautiful head all blazing with phosphorescence,H It 

seems reasonable that all manner of available light is utilized by the 
Weddell seal for orientation and hunting.

The 130 meter average maximum cruising depth of Leptonvchotes 
on prolonged horizontal dives may have significance in two ways, keep
ing in mind that most of the dive time is spent between 50 to 100 

meters: 1) reduced nitrogen invasion due to completely collapsed lungs

as outlined earlier, and 2) depths of slightly less than 100 meters may 

be ideal for obtaining visual information over a broad area of the under

ice surface. With regard to the latter case, we know from scuba dives 
that there is a tremendous variability in the under-ice configuration. 
There are networks of cracks and refrozen cracks throughout McMurdo 

Sound, there is differential thickness of the ice where old and new ice 

meet, and flake accumulation under sea ice varies widely with locality.

All this plus the visual information about the sun and moon coming through 

the ice must aid in providing navigational checks while swimming to and 

from breathing holes scattered throughout McMurdo Sound,

Population Movements:
The high degree of sedentariness exhibited by some Weddell seals 

is exemplified in this study by seals 207 and 377, Nevertheless, most 

of the population is quite mobile. By late summer the pups begin to 

move north, and sometime before the winter freeze most of the adults 

have left the Cape Armitage area also, and comparatively few seals remain 
through the winter night.
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The northward movement prior to the winter night is necessary,

A serious congestion would occur in the limited number of breathing 

holes if all the seals remained in the southern part of McMurdo Sound 

during the winter* The southward movement in the spring is equally 
important* Some of the most suitable pupping areas are in the south 

where sea ice conditions are more stable. The fact that this southward 
movement is a general population movement which includes the subadult
and yearling seals emphasizes the intimate relationship of Leptonychotes

j  .distribution to the prevailing ice conditions. Large collections of 

seals may be seen hauled out a distance back from the ice front, but 

seldom are large haul outs observed at the edge of the ice front.

This habit of remaining in the regions of fast, sea ice certainly must 

reduce the incidences of predation by killer whales*

The aggressive behavior of Leptonychotes must play an important 
role in the distribution of animals at the scattered diving holes. The 

individual that has the ability to swim out under the ice and find an 
unoccupied hole has improved his chances of survival. Essentially he has 

a new forage area available to exploit. In nearly all cases where the 

large fish, D, mawsoni, (Fig, 27) was caught by seals, it was shortly 

after the ice holes had been cut. These fish are so large (ca, 50-120 

pounds) that at times they are partially eaten and the remainder left in 

the hole (App, I, Exp* 13), If the first arrival is aggressive enough 

to prevent other seals from utilizing the hole, he has eliminated im
portant competitors from hunting or possibly feeding on fish stored in 

or near the hole. It is significant that many yearlings found in the



Figo 27o Seal 207 with a Pissostlchus mawsoni. These 
fish may weigh as much as 120 pounds<, Usually the fish are 
caught only within the first week or two after a new ice hole 
is cut. A total of 9 fish captures were observed during this 
study (Photo by P. Koerwitz).
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early spring at the southernmost part of McMurdo Sound are emaciated 

and in poor condition. One possible motivation that sends the pups and 
subadults northward for the winter may be the harassment from adult 
seals.

In such places as White Island the importance of aggressive 
behavior may be especially profound. White Island is located about 14 

miles south of the northern edge of the Ross ice shelf (Fig, 1) and near 
its northeastern tip is a small population of Weddell seals. The thick
ness of the ice between Cape Armitage and White Island may be quite 
great (some estimates are 200 feet)» and an aerial survey revealed no 

surface cracks. Cracks invisible from the air may be present affording 

free access to and from the island or this population may be trapped, 

the first arrivals reaching the island in years past when ice conditions 

were considerably different. In either case aggressive behavior could 

have great importance in the regulation of the population size. If 

there is ready access to the open sea, then overwintering seals would 

tend to force the young animals out for the winter. If the population 

is trapped, then in years of high population density and low numbers of 

breathing holes the defense of these holes by healthy adult seals could 

cause a high mortality among the younger animals and the old adults.

The physiological modifications for diving and the diving capaci

ties were attributes of the ancestral forms that first invaded the polar 

seas of Antarctica, Selective pressures have probably resulted in the 

development of diving capacities, such as duration and depth of dives, 

that are somewhat better than in the ancestral forms, but other habitats
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could have similar effects. The modifications that may have evolved 

as a result of the polar environment and thus are unique enough to be e 
called polar adaptations may be certain of the following behavioral 
characteristics.

The north and south movements that many Weddell seals exhibit as 
they move with the ice front during the year was probably one of the 

earliest modifications in ancestral forms that made them a uniquely polar 

animal. This close association between Leptonychotes and fast ice is 
epitomized by the semiannual northward and southward movements by much 

of the population. Because of the limited breathing holes present in 

the southernmost part of l,eptonychotes range during the winter, a north
ward movement makes possible a larger population than would otherwise 
be the case. It also allows many of the pups to mature under the less 

rigorous under-ice habitat to the north. This appears to be an ideal 

response to such an under-ice habitat which contracts and expands with 

the seasons.
Limited numbers of breathing holes have possibly resulted in the 

emergence of a defensive or "territorial" behavior. This may be a 

specific adaptation to the polar habitat. Sole possession probably 

never exists because the urge to breathe may override the urge to flee. 
Too complete a development of territorial behavior would be disadvan

tageous. Limited sharing of a hole would be adaptive because there 

would be a sharing of labor to keep the hole open during the cold winter 

night. Yet, aggressive behavior at the breathing holes would tend to 

force the young, the old, and the unhealthy to move north with the
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expanding ice during the major part of the year, with concentrations 

developing in the spring for pupping and breeding and in late summer 

as the ice front recedes south®
Perhaps the most unique polar characteristic of all is what 

must be a sophisticated sub-ice navigational system® Selective pres

sures for the evolution of such a system are probably nowhere greater 
than in the polar waters where fast ice prevails almost the entire year 
and the risk of drowning is ever present® It would be surprising if 
such a system in which navigational errors must be kept to a minimum 

did not rely on a number of sensory cues® It is suggested that those 
sensory receptors most important in under-ice orientation are vision and 

hearing® What the particular cues are and how they are used are moot 

questions®



SUMM&RY

Several diving characteristics of Leptonychotes were measured 
in the course of observing over 1000 dives.

1. Submersion duration was found to be greater than ever previously 

reported for pinnipeds. The maximum duration of a dive was 43 minutes,
20 seconds. This is believed to be near the upper limit for 

Leptonychotes under conditions of unrestrained, active diving. The vast 
majority of dives observed had durations of less than 15 minutes.

2. Some 381 dive depths were measured; the maximum depth reached was 

600 meters, again greater than for any other pinniped thus far studied.
The rarity of such deep dives suggests that it is near the limit to which 

the Weddell seal can dive. Such a deep dive has important physiological 
implications, but its ecological significance may be minor. The major

ity of dives are to depths less than 100 meters, but those dives in' the 

300-400 meters range are very common and are of particular importance. 

These are the mid-water feeding dives of those seals diving in deep 

waters. Characteristic of the deep dives is their short duration, usually 

lasting from 8-15 minutes, and the rapid rates of descent and ascent.

3. Estimates of descent and ascent rates showed that depth-change 

velocities were highly variable, but in some instances may be as much

as 120m/min. or 3.7 knots. Swimming velocity of seals between holes was 

estimated to be as high as 5 knots.
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40 Several physiological parameters relative to diving capacities 
were determined; these were blood oxygen capacity, packed cell volume, 
heart and respiration rates under varying conditions, and body tem

peratures 0 It was discovered that sedimentation of red blood cells 

occurs in the hepatic sinus of resting seals, and it is postulated that 

during hyperventilation this may provide a significant additional source 
of red blood cells for rapid tissue oxygenation and oxygen stores dur
ing the dive*

5o The physiological estimates are similar to those reported for other 
seals yet the submersion duration is much greater than for those seals 

used in restrained experimental studies» The importance of voluntary 

preparation for diving is stressed, and it is suggested that this may 

make a substantial difference in the submersion capability of seals.

6. The behavioral and physiological characteristics of diving by 
Leptonychotes represent the first field study to substantiate Scholander *s 

hypothesis which explains how marine mammals avoid decompression sickness 
while diving repetitively; that is, rapid descent beyond 50 meters with 

only partially filled lungs, and complete ventilation after each dive.

7. Seasonal northward and southward movements were observed and seem to 

be closely associated with the conditions of the fast ice.

8. Aggressive behavior suggestive of territoriality occurred at the 

isolated station holes. This behavior seems to have profound effects 

on the distribution pattern of the seals.
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9<> Compass directions can be determined by Leptonychotes and precise 

headings can be maintained* The major portion of prolonged, horizontal 
dives are at depths less than 100 meters* Leptonychotes was observed 

to swim slightly more than one nautical mile under ice from one hole to 

another, and there is strong evidence for distances two to three times 
that great* This all suggests a well developed under-ice navigational 

ability*



APPENDIX I

Experiment 1, This experiment was an attempt to run a line between two 
fishing holes 300 yards apart. When the seal was released, he swam 
immediately to the other hole with the line attached; his maximum- depth 

in transit was 40 meters. There was a yearling diving from the opposite 
hole which may have provided the cue to its location.

Experiment 2. Seal 239 escaped on the sixth dive (Fig. 28). After three 

days and two aerial searches she was found near the Erebus Bay rookery, 
approximately 13 miles from the release site.

Experiment 3. At the time of release the icebreaker channel was only 2 

miles north of the station. The first dives were quite brief and shallow 

(Fig. 29), and on dive 18 seal 241 came up with a small fish, Trematomus 

borchgrevinki. On about dive 20 an untagged adult began using the hole 
also. For the next day and a half, until 241 deserted the station, 

there were many fights. On many occasions 241 took the offensive in 
these fights. One of the earliest and most vicious fights occurred when 

241 returned from a 26 minute dive and found the hole occupied by the 

adult bull.

Experiment 4. When seal 004 was released, she took three short breaths 

and swam a straight line distance of approximately 6000 feet under the 

ice to Cape Armitage in an elapsed time of 27.5 minutes (Fig. 28).
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Fig. 28. Profiles of experiment 2 and 4. Digit in upper left corner is the experiment 
number, digit below or within the profile is the dive number, for all illustrations of profiles. 
Dive 6 of experiment 2 was the escape dive of seal 239. Dive 1 of experiment 4 represents the 
profile of seal 004 as he swam from 63A to the tip of Cape Armitage, over 6000 feet away. Ice 
thickness was 13 feet, plus 4 to 5 feet of flake ice. VOIn
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She was released at 1610 and was found on the ice at 1805 near the 
place where she had been originally collected*

Experiment 5* The release site in this experiment as in experiments 1 
through 4 was so close to the collection site that the area was probably 

familiar to the seal. He escaped on the first dive carrying an instru
ment pack and was seen four days later sleeping at the hole where he 

had been collected* The seal was no longer carrying the instruments*

Experiment 6* Seal 006 progressed rapidly from short shallow dives to 

a deep dive (Fig* 30)* Following this deep dive she again made a 
number of brief, shallow dives* Dive 17 was the longest dive she was 
observed to make, and the profiles suggest that most of her dives were 
shallow. Information retrieval came to an end when on her dive 36 she 

lost the instrument pack and nylon strap*

Experiment 7* Profiles were obtained for the first three dives only 

(Fig* 31), and these, show the characteristic shallow, short duration 

pattern* On dive 11 this seal made a 22 minute, 40 second dive which 

initiated d period of long dives* Three dives in this series were over 

20 minutes in duration, the longest being the thirty-fifth dive, which 

lasted 33 minutes, 15 seconds* On the forty-fifth dive she escaped*

A search of the near vicinity revealed a frozen lead with a newly cut 

hole at B (Fig* 2). Apparently, her long dives were to this lead where 

she was cutting a new breathing hole in ice approximately three inches

thick,



Fig, 30, Seal 006 profiles while diving from 64A, Ice thick
ness was .8-9 feet, plus 2-3 feet of flake ice. The water depth was 
550 meters.
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Fig, 31o Profiles of experiments 7, 10 and 11, Dives 30-37 of 
experiment 10 are profiles of hole "guarding". Dive 9 of .experiment 11 
was Oil's emigration dive from station 64B, .She .was found the next day 
at Knob Point, the site where she was collected. Depth at station 64B 
was. 600 meters.
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Experiment 8« It was not possible to attach instruments to 319 because 

of his wariness* Beginning with dive 15 he began to make deep dives, 
several lasting over 18 minutes. On the forty-fourth dive observations 
were terminated because of the inability to obtain depth data.

Experiment 9, By the time''this experiment was performed it was becoming 

obvious that subadult seals were not easily manipulated subjects. All 

were very wary of anything going on about them and showed none of the 

indifference to activity above water that adults do once they are re

leased in the hole. Again it was impossible to attach depth-time 
recorders, and the use of manometer tubes was relied upon for information 
on maximum depths. Measurements of 6 of these dives showed them to be 

in excess of 350 meters. On dive 28, the seal went to another hole.

Experiment 10, When 332 was released 319 was using the hole also.

Seal 332 stayed in the vicinity of the station usually just hanging below 

the hole and frequently fighting with 319, The recorded profiles 

(Fig, 31) of dives 30 through 37 are good examples of 332*s dives. She 

made no attempt to leave the hole until her forty-first dive. By her 

fifty-third dive she was making vertical dives that progressively 
deepened. From dive 58 to 68 she made a series of dives in excess of 
300 meters. Observations were discontinued after dive 68, at which time 

both 332 and 319 were continuing to make deep vertical dives. During 

this entire period 332 did not appear to make any real effort to find 

other breathing holes.
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Experiment 11. As soon as Oil was released, she began making serious 

dives with intermittent interruptions to fight with 332„ On her ninth 

dive she left the area permanently. As illustrated in Figure 31 dive 
9 had lasted 27.5 minutes when the timer stopped. At this time Oil was 

still down 100 meters and descending. The dive profile attests that 

she did not go to the nearby seal hole B, but went either directly back 
to Know Point or to one of the off shore breathing holes near Knob Point. 
The distance from 64B to the nearest shoreline is about 4 miles. The 

next day she was found with the instrument at Knob Point, her original 

collection site.

Experiment 12. Immediately after release seal 331 began to make pro

longed, horizontal dives. Her fourth dive lasted over 18 minutes, and 

she failed to return from her seventh dive. Her early departure to 

another hole was undoubtedly induced partially by the harassment from 

332 who was at the hole when she was released. While 331 was ventilat

ing after her fifth dive 332 made one particularly violent attack and 
grabbed 331's hind flipper and hung on tenaciously. This is the only 

incident in which a seal was observed to bite and hold.

Experiment 13. After experiment 12, it was clear that there were too 

many holes and introduced seals near station 64B to restrict a released 

seal to the station for any length of time. Consequently, station 64C 

was established. It was the most isolated of all station sites. When 
376 was freed in this hole, she promptly began to make prolonged dives. 

Within 32 dives she had made 6 exceptionally long dives beginning with
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dive 11 which lasted 24 minutes, followed by dives ranging from 20 

minutes, 15 seconds to 40 minutes, 12 secondse After dive 31 she went 

to sleep in the hole0 She had been diving for 7e5 hourse Observations 
were discontinued until late in the eveningc A dead fish, Pleuragramma 

antarcticum, in the hole signified that she had been feeding«, For two 

more hours she dove seriously and then abruptly stopped diving and went 

to sleepo

Sometime during the following day she found hole D (Figo 2), but 

she continued to return to the station even after 377 (Exp» 14) had been 
introducede Fights between these two seals continued intermittently for 

a week after which time, 376 left the station permanentlye On the second 
day of encounters between 376 and 377 profiles were obtained of some 
dives made by 376 (Fig, 32) that are of particular interest. Shortly 

after 376 returned from hole D and began diving at the station, 377 

surfaced with a large, 60 to 80 pound fish, Dissostichus mawsoni. Dur

ing the ensuing period several fights occurred between the two seals, 

and 376's dive 12 (Fig, 32) may represent either a shallow, exploratory 

dive or a local, holding dive in which she remained near the hole watch

ing 377 eat his fish. Shortly thereafter, she made an extremely long 

dive, number 17, which lasted 43 minutes, 20 seconds,

Eleven days after introduction seal 376 left station 64C 

permanently. Of all the seals studied during this project she made more 

and longer duration dives than any other seal. She was also the only 

seal released from 640 to go to 64B, a distance of nearly 2 miles under 

ice free of holes and open cracks, A month after her departure from 640



Fig» 32. Profiles of dives by seal 376 four days after re
leased at station 640. Most noteworthy is dive 17 which lasted 43 
min. 20 sec.
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she was sighted at Knob Point, probably reaching this area by following 

the crack systems that run roughly northeast to southwest and pass 
nearby both station 64B and 64Co

Experiment 14. Seal 377 was released on 7 November 1964, and from that 
time until 14 December when the station was abandoned, he was either at 
the station or hauled out at hole Do None of his observed dives indi
cated that he was ever making an attempt to find a way out of the area. 

During the month after his introduction to the station, 129 of his 

dives were timed0 His dives were usually deep and of a relatively short 
duration, rarely exceeding 12 minutes * Measurement of his deep diving 
abilities was climaxed by a 600 meter plunge made sometime between 15 
and 16 November0 Instrument attachment to 377 was sporadic throughout 
the study because of his frequent tendency not to lie prone and expose 

his back*
On dive 46 after his release at 64C he came to the surface with 

a live Do mawsoni which had a length of 59 inches, a maximum girth of 33 
inches and an estimated weight of 70 pounds0 In the course of 2 to 3 

hours he devoured the entire fisho The next night he caught another Do 

mawsoni of similar size, but consumed only the fore section. In less 
than 24 hours he had consumed approximately 100 pounds of fish.

For seven days, 377 did not leave the station, at least for any 

significant length of time. During this time he ate, slept, and fought 

considerably with 376 and 395. Frequent references to 377 will be made 

during the rest of this commentary on experiments since he was always . 

present during some phase of each succeeding experiment and fought with



almost all new arrivals to station 64C» On 2 January 1965, when we 
flew out to the old station site for the last time, 377 was sleeping on 
the ice by the hole*

Experiment 15* In the process of capturing 395 the nictitating membranes 
in both eyes were injured to such an extent that they became edematous 

and protruded between the closed eyelids* When 395 was allowed to enter 

the hut, he crawled to the dive hole and refused to enter* Instead he 
went to sleep on the station floor for the next nine hours. During this 

time 376 and 377 were diving from the hole and fighting much of the time. 

Occasionally 395 would awaken, face toward the hole, and if 376 and 377 

happened to be ventilating at the time, bellow at them.
The nictitating membranes of 395 were still swollen badly when 

he entered the water at 0400, but after approximately three hours in the 

water they were no longer protruding* Dives away from the station began 
on dive 8, and a continuous series of profiles were obtained from dive 

10 to 22 (Fig* 33 and 34), Prolonged, horizontal dives were initiated 

early (see dives 11 and 14) and on dive 15 he swam to hole D (this 
supposition is based upon holes present at this time and later haul out 
observations), returning on dive 17. On dive 18 he again left the sta

tion and did not reappear for 3 hours*

Shortly after his entry into the water, a battle began among 
the 3 seals. For the next few days while these seals came and went, 
fights would erupt whenever any of the seals happened to visit the hole 

simultaneously* After fighting intermittently all the first day 377 and 

3.95 both went to sleep in the hole for several hours, Early the next

105



Figs 33s Dives of seal 395 (Exp* 15) shortly after entering , 
the water at station 640* Dives 15 and 17 represent.profiles while 
swimming between station 640 and hole D*
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Figo 340 Continuation of seal 395 's dive profiles after re
lease at.station 64C0 Dives 17 and 18 were transits between station 
64C and hole D,
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morning the fighting resumed as soon as the seals awakened. On succeed
ing days 395 seemed to dominate, spending long periods lying at the 
surface resting and forcing the other seals to squeeze in where room 
was available for ventilating.

The final series of profiles were collected (Fig, 35, 36 and 37) 

over a period of several hours. Three of these dives were of rather long 

duration (dives 9, 15 and 19), On dive twenty-four 395 swam from 64C to 
another hole, presumably hole D, It was three days before he returned 
and we were able to recover the instrument.

Experiment 16, Sometime before the beginning of this experiment 376 and 

395 stopped visiting the station. However, as mentioned earlier 377 
frequently used 64C from the time of his release to well beyond the con
clusion of all experimental work at the station. Consequently, for this 

experiment and through experiment 20, aggressive behavior was witnessed 
that was similar to that described for the previous 3 experiments. Ex

cept for particularly notable observations only brief mention will be 

made of these later aggressive displays by the seals.
Shortly after her release 400 began diving in earnest, as well 

as suffering harassment from 377, On dive 15 (Fig, 38) she made her first 
dive in excess of 20 minutes. The submersion duration was 25 minutes,

15 seconds; the depth did not exceed 120 meters. In addition to dive 15 

she made 3 more long duration dives ranging from 24 minutes, 51 seconds 

to 30 minutes, 22 seconds, before departing from the hole on dive 35,

After her departure, 377 began sleeping in the hole.
Eight and one-half hours later 400 returned to the hole and made



Figo 35o A profile series obtained from seal 395 on his third 
day of diving from station 64Co The duration of dives 9 and 15 were 
29 minutes and 22 minutes 50 seconds0
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Fig. 36. Continuation of profiles obtained from seal 395 on his third day of diving. 
The duration of dive 19 was 37 minutes 30 seconds.
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Fig. 37 Final series of profiles obtained from seal 395 on his third day of diving



Figo 38o Orientation dives of experiment 16. Duration of dive 
15 was 25 minutes 15 seconds. Note that dives 15 and 18 are not consecu
tive dives but represent two different days, also there was about an 8 
hour interval between dive 24 and 37.
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a series of 25 dives over a period of 7 hours 0 She fought almost 
constantly with 377 during this time and dives 8 through 24 (Pig* 38) 
show the nature of these dives* The behavior during dives of this 
kind was further elucidated by sub-ice chamber observations in later 
experiments (see experiment 17 for a detailed description of local 

under-ice behavior)* As soon as 377 left the station, 400fs diving 

pattern shifted* Dive 37 represents a transition between the shallow, 

local dives to those well in excess of 300 meters beginning with dive 
38* For the next 5*5 hours she made one deep dive after another* At 
the conclusion of this time period she went to sleep in the hole* For 
2 more days 400 slept and dove at 64G before leaving permanently*

Experiment 17* For this and the final 3 experiments an under-ice 
observation chamber was utilized to supplement information obtained 

with depth-time recorders* While the hole for the chamber was being 
cut, an unmarked seal, seal Z, appeared at 64C* This was the only seal 

that had not been introduced by us that visited station 64C* He was 

later seen on several occasions hauled out at hole D*

When seal 401 was released she met with almost immediate opposi
tion from seal Z* Figure 39 displays the profile characteristics of her 

early dives* Concurrent observations under the ice revealed that seal X 

remained near the hole much of the time while 401 was diving out beyond 
visual range (ca* 200 feet horizontal range)* A pattern quite frequently 

observed was one in which seal X would lie up under the ice and wait 

for 401 to ventilate* When 401 left the hole seal Z would move immed

iately into the hole* After one or two minutes he would descend below



Dive 42'sFig. 39. Initial dive profiles of experiment 17. 
duration .was 25 minutes 04 seconds.
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the hole and either wait nearby or swim out a short distance in the 
direction of 401's departure. Judging from his behavior, he was always 
aware of 401’s approach before I could see her and would often swim out 

and follow her back to the hole. During these observations seal X 

never seemed to make a serious dive away from the station. Fights would 

break out between the seals as 401 departed and returned to the hole. 
Occasionally one of the seals would chirp loudly as they approached one 
another. On dive 19 seal X left, but on dive 41 seal 377 arrived at the 

station and fights began anew between 401 and 377, One distinctive 
feature of dives .41, 46, 57 and 59 (Fig, 39 and 40) is the flat shallow 
period at the end of these dives. This delineates the time when the 

seal is waiting under the ice near the hole. This occurred when another 
seal (377) was occupying the hole at the time 401 returned from a dive.

On dive forty-two 401 made her first prolonged, horizontal dive (Fig, 39), 
Four more dives in excess of 20 minutes were made before suspension of 

the observations on dive 73.

Experiment 18, A total of 78 dives was observed. During almost this 

entire period 377 was close by and often fighting with 402, and for a 

short time a third seal was involved. From dive 31 to 72 many deep 
dives were made by 402, A profile of dive 72 is presented in Figure 

15, dive B, Sometime later that day or the next 402 left the station and 

was found at hole G one-quarter mile from 64C (Fig. 2), This hole was 

located on the same crack system as hole D and judging from its new 

appearance 402 had cut this breathing and haul out hole. A few days 

later this hole appeared inactive and was later frozen shut.
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Experiment 190 Twenty-five minutes after seal 801 was released, and 
during the fifth dive, seal X arrived and remained near the station 
until dive 10o Seal X returned on dive 25 and was met with great 

opposition from 801, In this instance seal X was resting against the 
bottom of the ice waiting for 801 to leave the hole. As 801 left he 
came directly toward seal X, several loud chirps were heard, and then 

they fought. Seal X broke off, went up into the hole for a short period 
and then departed in the direction of hole D and did not return the rest 

that day. Contrasted with this aggressive display was that of the 

following day. Both 801 and 377 were at 64C and at this time 377 seemed 

to be deep diving while 801 remained near the hole, either resting under 

the ice as 377 ventilated or resting in the hole while 377 was diving. 
During this period no fighting occurred between the seals.

Experiment 20. On this final experiment seal 803 was released at 1622 
hours on 2 December 1964= Throughout the entire observation period 801 
was present. The skirmishes between seals were frequent. The profiles 

in Figures 41 and 42 exhibit the variety of dives 803 was making until 
observations were concluded after 62 dives at 1215 hours on 3 December. 
In the course of these 62 dives 803 made several long duration dives. 

Seven dives were in excess of 20 minutes, and dives 4l and 48 lasted 31 

minutes, 40 seconds and 32 minutes, 6 seconds, respectively. The ex

periment was halted when 803's dives digressed to local dives near the
r

hole as 801 and 803 began to fight constantly.



Fig. 41. Profiles of experiment 20. Duration of dives 11 and 
31 were 20 minutes 07 seconds and 25 minutes 35 seconds.
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