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Le BOEUF, B.J., D.P. Costa ® A.c. Huntley, and s.D. FELDKAMP.
Dive Pattern of Fenale Northern El ephant Seals,  Mirounga

angustirostris.

The free-ranging dive pattern of seven adult fenmale northern
el ephant seals was obtained with time-depth recorders during the
first 14-27 days at sea follow ng |actation. The instruments
were recovered and mass gain at sea deternined when the animals
returned to the rookery at ARo Nuevo, California, to molt. The
seals gained a nean of 76.5 + 13.9 kg during a nean of 72.6 *
5.0 days at sea. The nean dive rate was 2.7 + 0.2 dives per hour
and diving was virtually continuous during the entire period at
sea. Mean dive duration was 19.2 + 4.3 min with the |ongest
subnersion lasting 48 mn. Mean surface interval between dives
was 2.8 + 0.5 rein, resulting in only 14.4%of the recorded tine
at sea being spent on the surface. Surface intervals did not
vary with the duration of preceding dives. Mdal dive depth for
each female was between 350 and 650 m  The naxinum dive depth
was estimated at 894 m a depth record for pinnipeds. The deep,
long, nearly continuous dive pattern of female elephant seals
differs fromthe dive pattern of other pinnipeds and nay serve to
facilitate foraging, energy conservation, and predator avoi dance.
The data suggest that nost dives are aerobic and that netabolism

varies in accordance with anticipated activity.



Seals and sea lions reproduce on land or ice and feed at
sea. Much is known about their onshore activities but only
recently has their aquatic behavior cone under investigation,
This has been nade possible by the devel opnent of depth
recorders, instruments attached to free-diving pinnipeds that
record diving performance and reflect foraging behavi or (Kooyman
1975, 1981; Kooyman, Gentry and Urquhart 1976; Kooyman, Billups
and Far\Wel|l 1983) . During the |last decade, depth recorders have
been used to obtain free-ranging dive records from four phocids
(Kooyman et al. 1983; Schlexer 1984; Le Boeuf et al. 1986), two
speci es of sea l|ions, (Feldkamp 1985; Kooyman and Trillmich
1986a; Gentry 1987), and five species of fur seals (see Gentry
and Xooyman 1986) . Addi tional species are being investigated
with increasingly nore sophisticated instrunents. A glinpse of
the marine habits of pinnipeds is beginning to energe.

Data fromtinme-depth recorders (Tbrs) yield information on
depth and duration of individual dives, diving schedules, tinme
spent swimming, diving, or at the surface, duration of dive
bouts , dive bouts per trip to sea, and day and night diving.
These data describe the nornmal diving pattern and provide
indirect evidence of foraging strategies enployed. D ve data
al so provide information on physiol ogi cal adaptations for diving.
Free ranging dive patterns provide a perspective for evaluating
studies of diving capacity in captive seals (e.g., Scholander
1940; Andersen 1966; Elsner 1969; Kooyman, Castellini and Davi s
1981; Elsner and Gooden 1983). Interpretation of |aboratory data

wi t hout knowl edge of the animal’s natural behavior can be



m sl eadi ng (Snyder 1983). For exanple, in some of the pioneering
research in the |aboratory (Scholander 1940), aninals were
submerged for the maxi mum durations observed in nature. Lactic
acid build-up followi ng these dives led to the conclusion that
anaerobic nmetabolism is inmportant in natural diving. Recent
evidence fromfree-diving seals carrying TDRs shows that nost
dives are brief and aerobic (Kooyman et al. 1980; Xooyman et al.
1983; Gentry and Kooyman 1986). Thus ,  TDRs shed light on the
ext ent to which diving potential is reflected in diving
per f or mance.

This paper reports a study of free-diving and foraging

behavi or of femal e northern el ephant seal s, Mirounga
angustirostris. Northern el ephant seals breed in winter along

the west coast of Baja California, Mexico and California. After
giving birth, a female nurses her pup daily for four weeks while
fasting from food and water. At the end of this period, she
copul ates, weans her pup and returns to sea to feed. After 10
weeks at sea, she returns to the rookery to nolt, a process that
t akes about one nonth (Le Boeuf, Witing and Gantt 1972; Reiter,
Panken and Le Boeuf 1981). Femal e el ephant seals are good
subjects for diving studies because they are large (250-650 kg)
and can carry TDRs without significant inpedinent to their
swimm ng and diving behavior, and their predictable habits aid in
determining the optimal tine and place to attach and recover
I nstruments.

A prelimnary study of one adult female (Le Boeuf et al.
1986) reveal ed continuous diving for the first 11 days at sea, a
nmean dive duration of 21 mn with a mean surface interval of 3
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min between dives, resulting in only 11% of the recorded tine at
sea being spent on the surface. The nmean dive depth was 333 + 42.7
m and the deepest dive was 630 m The continuous, deep and |ong
diving of elephant seals over such an extended period of tine
differs fromthe dive pattern of other pinnipeds and raises a
nunber of questions concerning oxygen utilization during diving,
foraging strategy, sleep pattern and predator avoi dance,

W report a nore extensive study of the diving behavior of
female northern el ephant seals. Qur aimwas to determ ne the
dive pattern of known-age fenales during the first 2-4 weeks at
sea followng lactation. We present data on mass gain at sea,
dive depth, dive duration, and surface interval duration between
dives, information which is inmportant for understanding diving

adaptations and foragi ng econom cs.

Met hods

Ei ght depth recorders were depl oyed at afo Nuevo Point,
California, between 9 February and 8 March - three in 1985 and
five in 1986. Subjects were lactating adult female northern
el ephant seals ranging in age from3 to 10 years old (Table 1)
One female carried instruments in both years, naking the total
nunber of females nonitored seven. Al'l subjects were narked
individually (Le Boeuf and Peterson 1969) and their behavior and
that of their pups was nonitored daily throughout their stay on
| and. Each female gave birth, nursed her pup daily for about
four weeks, and weaned her pup within two days after instrument
attachnent.

Subj ect s were immobilized wth 4-6 mg/kg of ketam ne
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hydrochl ori de (Xetaset, Bristol Laboratories, Syracuse, N.Y.)
(Briggs, Hendrickson and Le Beceuf 1975) a day before they were
expected to go to sea. Departure was predicted from parturition
date and age (Reiter, Panken and Le Boeuf 1981). Two darts
containing a total of approximately 25-30 ml of ketamine (loo0
ng/ml ) and 1-3 mM of 5 mg/ml diazapam (Valium Roche
Laboratories, Nutley, NJ.) were fired into the hind quarters
with a Q0,pistol (Cap-Chur Darts and Pistol, Pal mer Chemi cal
co.) as the subject rested on the periphery of the harem
Subsequent injections of 1-10 M of ketamine and 1-3 m of
di azapam were adninistered with a syringe intramuscularly or
I ntravenously when necessary.

Wthin 15 nmin after drug admnistration, the female was
approached, neasured, rolled onto a nylon stretcher and wei ghed
wth a 1000 + 2.5 kg dynanonmeter (chatillon WI-1000) that hung
froman alumnumtripod (Costa et al.  1986) . Her pup was
wei ghed, measured, sexed, marked and tagged in the hindflippers
(Le Boeuf and Peterson 1969).

The TDRs were photonechanical (J. Billups, Meer |nstrunents,

Del Mar, California) , identical to the type used in the
prelimnary study on elephant seals (Le Boeuf et al. 1986)
(Figure 1). A full description of the 5 X 20 cm 700 ¢gm

instrument, manufactured by J. Billups (Meer |Instrunents,  Del
Mar, California), is given by Xooyman (1981) and Kooyman, Billups
and Farwell (1983). The TDR produces a phot ographic record of
dive duration and dive depth in real time. Dives greater than 10

m in depth and 30 sec in duration can be resol ved. Prior to



depl oynment and inmediately after recovery, all TDRs were
calibrated to a maximum depth of 816 m using a pressure station.
TDRs were switched on approximately 2 hrs before attachment to
femal es.

The procedure for attaching the instruments was as follows.
After cleaning the pelage Wwth acetone, a PVC nold, 16 cm wi de,
was placed on the dorsal mdline of each femal e above the
shoul ders (Figure 1). The nold was filled with marine epoxy
(Evercoat Ten-set, Fibre-Evercoat Co., Cincinatti, Chio) and the
adhesive was worked under the hair. An 18 gauge, 3 X 14 cm
al um num pl at e, to which a TDR and a 9 X 3 cmradiotransmtter
(148-150 mhz frequency) (Advanced Telemetry Systems, Bethel,
M nnesota) was attached with hose clanmps, was inbedded in the
epoxy. The attachnent was firmwthin 30 nmn. Most femal es
departed the rookery and went to sea within 1.5-3 hrs after the
| ast drug adm ni stration; two fermales in 1986 (Rp and snl)
departed 24-48 hours after the last drug injection.

Based on data collected in previous years (B. Le Boeuf and
J. Reiter, unpublished) , we expected females to return to the
rookery to molt in 68 + 5 days. W began searching ARo Nuevo
| sland and the nearby mainland point for returning subjects 65
days after each one left the rookery. In addition, a radio
receiver (Telonics, Mesa, Arizona) attached to a strip chart
recorder indicated the exact tine of arrival of each female in
the area to the nearest hour. Al instrumented femal es returned
to the Ano Nuevo rookery. Wthin a day after a female returned,
she was inmobilized, wei ghed and the depth recorder and
transmtter were retrieved. The hose clanps protruding fromthe
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epoxy nount were cut off. The epoxy mount fell off within two
weeks when the animal nolted. The TDR filmrecord was devel oped,
enlarged seven times, and digitized. D ve neasurenments were
calcul ated, stored on floppy discs, and sunmarized by conputer.

Al'l dives of three females, fromday 3 until the end of the
record, were classified into six dive types based on their
configuration, the latter being determined by duration, depth
ascent and descent rates, ampunt of tinme spent at the bottom of
the dive, and activity (rate and direction of movenment) during
t he dive. The first two days were omtted to allow the animls
to reach deep water off-shore. For each female, twelve dives of
the type having a well-nmarked dive-bottom were selected randomy
for measurenent of ascent-descent speed and ot her rate
measurenents. W calculated the curvilinear arc of the recording
pen of each record, checked it against the calibration narks, and
drew this arc on a sheet of clear plastic. Using this tenplate,
we neasured tenporal deviation fromthe cal culated arc of the
pen, i.e., time fromthe surface to the bottomof a dive or vice
versa for ascent and descent duration, respectively. Rates were
derived by dividing depth by duration.

The timng circuit failed on one instrument half way through
the record (female Rp); dive durations for the remai nder of the
record were extrapol ated. These data are excluded in
cal cul ations of overall means and standard deviations of dive
duration and in all other summary statistics involving dive
duration.

The depth of 18 dives that exceeded the upper calibration



mark of 816 m was extrapolated by assumng a sharp, spiked bottom

(a characteristic of all neasurable dives deeper than 700 m and

a continuous linear relationship between pressure (dive depth)

and the distance traveled by the indicating arm across the film

Resul ts

Time at Sea and Mass Gain

Fenal es spent a nean of 72.6 + 5.0 days at sea, gained a nean
of 1.05 + .18 kg per day over the entire period, and increased
their mass over their departing weight by a nean of 24.1 + 4.6 %
(Table 1). These results do not differ significantly fromthose
obtained fromthree uninstrunented females nonitored in 1982 (Le
Boeuf et al 1986). Therefore, we assume that the instruments did
not inpede novenent or feeding significantly, as reflected by

| engthening the interval at sea or by causing a reduction in weight

gai n.

Diving Pattern Sunmary

Summary statistics for all fenmales are shown in Table 2.
Over 10,000 dives were recorded in 157 days at sea.  The genera
pattern of diving was as follows. Each seal dived 2.7 + 0.2
times per hour throughout the entire length of the dive record,
which varied from 14 to 27 days. Dive durations averaged 19.2 +
4.3 mn followed by about three mnutes on the surface. Mean
dive depths for each femal e exceeded 345 m Excerpts fromthe
dive record of one female, Snlin 1985  illustrate the general
diving pattern (Figure 2).

Three findings stand out. Femal es dived deep, they dived
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virtually continuously, spending nost of the tine at sea
underwater, and surface intervals were brief regardless of the
duration of preceding dives. W describe each result in turn and

address additional aspects of the diving pattern.

Dive depth

The mean depth of all dives for each female was between 345
and 480 m (Table 2). The maxi mum dive depth of all fenales
except Rp, the youngest, smallest fenale, exceeded the 816 m
limt of the instrunment. The deepest dive was estimated at 894
n. However, dives deeper than 700 m were infrequent, as
reveal ed by a frequency distribution of dive depths for all
femal es conbined (Figure 3).

An anal ysis of the distribution of dive depths by day for
each femal e shows the follow ng:

1 Dives were shallow on the first day at sea and becane

progressively deeper with tinme until a nodal or preferred depth

pattern was established by day 4 to 6. This pattern remained
relatively constant for the renainder of each record. Thi s
pattern is illustrated in Figures 4, 5 and 6 for the females
recorded in 1985. The nodal or preferred dive depth of all

femal es, once they had reached deep water, was in the range, 350
to 650 m The interval preferred by Rp, Ca, Ai, G and snl
(1985) was 400-450 m wth the others preferring the intervals:
350-400 m (Dot), 500-550 m (snl in 1986), and 600-650 m (T4d).

2. Al fenmales went directly out fromshore to deep water.
Figure 2 shows the typical pattern. Each female was diving
deeper than 200 m the depth of the continental shelf, by the end
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of the first day or the beginning of the second day. The mean
interval between the tine of departure and the first dive to 200
m or nore was 18.9 + 15.1 hrs (Range = 3.3-46 hrs).

3. After the first few days, the daily dive depths of sone
femal es assumed a bimodal distribution (Figure 4). This resulted
froma diel pattern of diving that will be discussed |ater

4, After six days at sea, dives less than 100 m in depth
were extremely rare (.06% and only 1.34% of the dives were
shal | ower than 200 m.  Thus , nost of the shallow dives in Figure
3 occurred during the first few days at sea.

5. Mean and maxi mum dive depths did not vary systematically

with age or mass (Table 2).

Conti nuous Diving

Al'l seals began diving as soon as they entered the water and
dived virtually continuously throughout the recording period,
which was determned by battery life or length of the recording
film (Figure 2). The dive rate decreased wth the age and nass
of females and was remarkably simlar in the individual measured
in two consecutive years, despite year-to-year differences in
mean depth of dives, nean dive duration (Table 2), and nean
surface interval between dives (Table 3). Because of steady
diving and brief intervals on the surface between dives, the
subj ects averaged 85.4% of the time at sea underwater. I'n other
words, they spent on average only 3.5 hrs per day on the surface
(Table 2)

The degree of continuous diving is indicated by analysis of
the surface intervals between dives. A frequency distribution of
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the surface intervals shows that the majority of all dives in
each record was followed by a surface interval of |less than five
mnutes (Table 3). The mean surface interval for each ani nal
ranged from2.2 to 4.2 ruin.

Additional information on the frequency and duration of
continuous diving is gained fromanalysis of deviations fromthe
basi c pattern. Ext ended surface intervals (Esis), defined as
surface intervals lasting |onger than 10 min, averaged |ess than
one per day for each female, wth the exception of fenale snl in
1986 (Table 4). The maxi mum ESI per record was variable, from
| ess than an hour to slightly over 5 hrs. Simlarly, total time
per record spent in ESIS ranged from 1.5-22 hrs. The duration of
cont i nuous diving without an ESI averaged 754 dives, or
approxi mately 11 days. The four-year-old female, Dot , dived
continuously for over 18 days. The frequency of ESIS and their
total duration was as variable in the sane fenale from one year
to the next (female snl) as it was anong females within the sane
year .

The tenporal patterning and duration of ESIS provides no
obvi ous clues to their function: (1) ESI's occurred during the
beginning, mniddle and end of records. When each record was
divided into 10 equal parts and the frequency of ESIS in each
part was sumed across fenales, the distribution was random The
record of female snl in 1986, stood out fromthe rest. Ei ghty
percent of her ESI's occurred on days 2-4; nost of these were
brief (X =21.4 + 18 rein). (2) ESIS occurred at alnost all

hours of the day. Sunming the records across hours of the day
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yielded 1-5 ESIS at all hours except 0000-0100, 0600-0800, 1600-
1700, and 2100-2200. (3) Eleven of 15 EsI's greater than 60 min
occurred between 0900 and 1400 hrs. However, this effect was due
to the performance of ali, Dot and snl; Ca and Td had their
| ongest ESI's during the night. (4) Esl’s did not follow or
precede | ong or deep dives, suggesting that recovery or
anticipation of effort was not involved. The nean dive durations
before and after the 15 |longest ESI's were 18.6 + 5.2 and 17.5 +*
3.7, respectively, shorter than the overall nean dive duration of
all females (19.2 + 4.3), and not significantly different from
each other (wilcoxon Signed Ranks, T = 21, af = 15, p < .05 .
Conversely, the nmean surface interval before and after the 15
| ongest dives of all females was nearly identical (2.71 + .44 and
2.78 + .71, respectively) and not significantly different from
the overal | mean surface interval of all dives of all femles
(excluding ESI's), 2.76 + .48, (5) The depth of preceding and
succeeding dives suggests that each ESI occurred at sea in deep

water and did not represent resting on |and.

Dive Duration

Mean dive duration varied from16.4 to 22 min anmong the six
females recorded (Table 2). Mean dive duration appears to
increase with mass and age; the youngest, smallest fenale, Dot,
had the | owest nean and maxi mum di ve duration and the ol dest,
largest female, snl, had the highest nean dive duration and
exhi bited the |ongest dive, 47.7 mn. However, the sanple size
is too small to be confident of this relationship.

Mean dive durations per day for each fenale were shortest on
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the first day at sea, increased significantly up to day 4, and
then remained fairly constant until the end of the record. For
example, the nean daily dive duration of all fenales conbined
(except female Rp) were 12.0, 15.6, 17.9, 20.2, 20.8, 20.6, 20.8,
21.1, 20.5 and 20.8 for days 1-lo, respectively. Figure 7
il lustrates these changes for the | ongest diver, snl in 1985. On
day 1, 85% of her dives were less than 16 rein; by day 4, only .9%
of her dives were this brief. By day 5, her nost frequent dives
were in the intervals 18-20 and 24-26 mn.

A frequency distribution of the dive durations of all
femal es shows that the mpjority of dives (81.5% were in the
interval 12-24 min (Figure 8). Di ves shorter than 10 mn and
| onger than 30 mn were rare.

Surface intervals did not vary systematically with the
duration of preceding dives (Figure 9). This is further
illustrated by the nbst extreme ease, the surface intervals
following the |ongest submersion and the series of long dives
that followed (Figure 10). On March 14, 1985, beginning at 0221
hrs, a dive by female Snl lasting 47.7 mn was followed by five
dives lasting over 30 m n each. The nmean surface interval
followi ng these dives was 2.17 + .25, below her nean surface
interval for all dives. During this period, 3.9 hrs, the fenale

spent only 13 min at the surface.

Daily Changes in Dive Pattern
Ni ght dives were nore numerous, shallower and of shorter
duration than day dives, as revealed by a record of all dives of

all fenmales by hour of day (Figure 11) . The sane relationship is
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apparent in the diving performance of each female. For each
individual, the period of relatively shallow dives at night was
labile in its onset and variable in |ength.

Addi tional conmparisons of diving behavior at mdday (looo-
1400 hrs) and at m dni ght (2200-0200 hrs) reveal that: (1) dives
were 27% nore frequent during night hours (1,576 vs 1,245), (2)
mean depth of day dives exceeded night dives by alnmost 100 m (466
Vs 370 m), and (3) nmean duration of day dives exceeded night
dives by nore than 4 min (21.5 vs 17.3 rein). Al of these

differences are statistically significant (t tests, p < .05).

Rel ati onshi p between Dive Duration and Dive Depth

Dive duration increased with increasing dive depth up to a
certain depth, decreased abruptly then began to clinmb again with
further increases in depth (Figure 12). This relationship
between dive duration and dive depth, and the two functions per
record, are characteristic of the diving records of all fenales.
The breakpoint, or apparent change fromone function to another,
was near 400 mfor all femal es except the youngest, Dot , whose
breakpoi nt was 300 m At this point, dive duration decreased by

approxi mately 6 to 15 rein, the magnitude of change correlating

positively with the age and mass of the fenales. Thi s dual
function, illustrated for two females in Figure 12, is
characteristic of the diving records of all fenales. The sl ope

of the regression lines of each function - for relatively shallow
di ves before the breakpoint and for deeper dives after the
breakpoint - is positive for all aninals. Wth the exception of

the di ves bel ow 200 m nmost of which occurred on the first few
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days at sea, the relationship between dive duration and dive

depth is not a time based progression.

Dive Types

V& were able to distinguish six dive types, after an aninal
was at sea for two days (Table 5). The majority of the dives of
each female recorded in 1985 were type D, deep dives with a
steady descent to a certain depth (the dive botton) where the
animal remained for a nean range of 23-42 %of the total dive

duration (Table 6) before ascending abruptly and steadily to the

surface. Type D dives had either a relatively flat bottomwth
few small changes in depth in either direction or a “jagged”
bottomwi th frequent small changes in depth (Figure 2). The

frequency distribution of other dive types varied greatly across
individuals with sonme dive types being rare or absent in sone
records. Type D dives occurred in long series at all tines of
day and night but |ess frequently around m dnight and the early

mor ni ng hours.

Ascent - Descent Rates and Bottom Tine

We cal cul ated the ascent rate, descent rate and time at the
bottom of dives for dive types D, A E, and B for the three
females recorded in 1985 (Table 6). These rates could be

calculated for these dives because of the sharp break-point at

the end of descent and at the beginning of ascent. The table
shows that: (1) Ascent-descent rates in the range, .4 to 2.7
m see were recorded. This is in accord with prelimnary data

obtained from swimvelocity neters attached to female northern
el ephant seals (G.L. Xooyman and P. Ponganis, pers. comm.) . (2)
16



Bot h ascent and descent rates varied with dive type. (3) The
fastest descent and ascent rates for all fenmales occurred during
Type D dives. Descent and ascent rates for type B and type E
dives were significantly slower than for type D dives (t's = 3 or
greater, &f = 11, p c .05). (4 Wthin the same dive type,
i ndividual differences as great as twofold, occurred between
individuals in both ascent and descent rates. (5) The rate of
ascent was nore rapid than descent in two femal es and the reverse
held for the third fenale. (6) Tinme at the bottom of dives
averaged about one third of the total dive duration of type D
dives and al nost half of the dive duration of type E dives. The
great variability of ascent and descent rates across dive type
and between individuals nmakes it difficult to generalize these

rates to females or to the species, except within broad limts.

Di scussi on

Results of diving under natural conditions show that female
northern el ephant seals have extraordinary capacities for breath
hol ding, and w thstanding changes in high pressures to permt
deep di vi ng. The normative data presented put the results of
physi ol ogi cal studies of diving under |aboratory conditions in
perspective and help us to understand the rel evance of |aboratory
studies of this species to nornal activities in the animal's
life. W argue below that the present study yields insights into
foraging behavior and the nature of the niche exploited by
el ephant seals, diving adaptations and netabolism during diving,

and the role of continuous diving.
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Deep diving

Nort hern el ephant seals are anong the deepest di vi ng
mamal s. The maxi mum depth recorded, 816 m and the maxi num
depth estimated, 894 m is alnmst 50% greater than the previous

depth record held by a pinniped, the Weddell seal, Leptonychotes

weddelli (Kooyman 1968). At these depths, the pressure bearing
on the animal is 90 atnobspheres (atm). Mre renmarkable than
tolerating this enormous pressure is the rate of conpression
experienced by the ani mal (Dossett and Hempleman 1972 ; Mller
1972) . The record setting dive lasted 22.5 mn and we assune
that it had a spiked bottom (type A dive). The seal went from O
to 90 atm in about 11 rein, averaging 8.18 atm/min or 1.35 nisee.
This 1is far greater than the conpression rate of 1.25 atm/min
that is standard in sone |aboratories investigating the effect of
pressure on manmals (Mller 1972). At faster rates, thresholds
for the appearance of trenmors and convulsions are |lowered (Mller
1972) .

Most dives by females in this study were in the range, 350
to 650 m far below 200 m where nost other marine manmal s and
marine birds feed, and where nost human fishing activities take

pl ace. Fur seal s (Callorhinus ursinus, Arctocephalus gazella, A_

pusillus, A_ australis, and A_ galapagoensis) feed at nmean

depths in the range 26-175 m (Gentry, Xooyman and Goebel 1986;
Kooyman, Davis and croxall 1986; Kooyman and GCentry 1986;
Trillmich, Kooyman, Majluf and Sanchez-Ginan 1986; Xocyman and

Trillmich 1986b). Sea |ions (Zalophus californianus, Z. C.

wollebaeki, and Phocarctos hookeri) dive in the nean depth range

of 37-180 m (Feldkamp 1985; Kooyman and Trillmich 1986a; (Gentry
18



1987) . The nean depth range of weddell seals, Leptonychotes

weddelli, s in the range 30-280 m, varying greatly with season
and | ocation (Kooyman 1975; 1981; Kooyman et al. 1980; Kooyman et

al. 1983). Mbst dives of nonk seal s, Monachus schauinslandi, are

between 10 and 40 m (Kooyman, Billups and Farwell 1983; Schlexer

1984) . Anbng cetacea, few species dive as deep as el ephant
seal s. The exceptions may include sperm whales, Physeter

catodon, Wwho have been ensnared in deep-sea cables and tracked
with echo-ranging equipnent, suggesting dives to at least 1,100
m (Heezen 1957; vablokov 1962; Gaskin 1964; Lockyer 1977), and

white whal es, Delphinapterus leucas, that have been trained to

dive to depths of 647 m (Ridgway et al. 1984) . Circunmstanti al
evi dence indicates that most bal een whal es, dol phins and the sea

otter, Enhydra lutris, are relatively shallow divers that feed in

the top 100 m(e.g., Slijper 1958; Leatherwood et al. 1982;
Wursig et al. 1984; Jacobsen 1985; Wells 1986; wursig, Wells and
croll 1986; Newby 1975; Estes, Janmeson and Johnson 1981).

The data on diving depths are in accord with records of
el ephant seal s being caught in fishing gear and at-sea
observations that suggest that elephant seals feed prinmarily off
the continental shelf beyond the 200 m nark. Most seal s
entangled in fishing gear have been caught at depths of 200 + 20
m (Scheffer 1964; Condit and Le Boeuf 1984). In nmonthly aeri al
transect surveys conducted over the open ocean along the coast of
California from Point Conception to the Oregon border from
February 1980 to January 1983 (each transect running east to west

from the coastline over the continental shelf (0-199 m, the
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conti nent al sl ope (200-1999 m, and offshore beyond the
continental slope (greater than 2000 m) to 140 km from shore),
only 165 northern el ephant seals were sighted, 4.3%of the total
nunber of pinnipeds observed (Bonnell, Pierson and Farrens 1983).
Ei ghty one percent of the elephant seals were seen over the
continental slope or further offshore; nmean distance of sighted
animals fromthe mainland was 35.2 kmw th the maxi mum di stance
being 140 km These results are consistent with our findings
that females spend nost of their time at sea underwater and that
they feed in deep water beyond the continental shelf.

The deep diving pattern of northern el ephant seals suggests
that they encounter little conpetition for prey at the depths
where they feed along the west coast of Mexico, the United
States, and Canada (condit and Le Boeuf 1984) . It is clear from
dive depth profiles that they woul d not be conpeting with fur

seal s, California sea lions, har bor seal s, Phoca vitulina, sea

otters or diving birds. Their range does not overlap with white
whal es and sperm whal es are not abundant in the northern el ephant
seal's range. Most commercial fishing in this region occurs in
the top 100 m zone. Perhaps | ow conpetition for food at these
depths is a mmjor reason why northern el ephant seals have made
such a rapid recovery fromnear-extinction in the last century
(Barthol omew and Hubbs 1960; Bonnell et al., 1978, Le Boeuf,
1981; Cooper and Stewart, 1983).

The depths attained by fenmale el ephant seals, and our ness
gain data, suggest that they are actively feeding in the deep
scattering layer in the mesopelagic zone between 100 - 1000 m.
A di stingui shing characteristic of this zone is that many fishes
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make nightly vertical mgrations fromit up to the epipelagic
zone (Marshall, 1971, 1979). Known prey of elephant seals, such

as squids and Pacific hake, Merluccius productus, (Condit and Le

Boeuf 1984) school in large nunbers and mgrate from deep water
during the day up to 200-400 m at night (Nelson and Larkins 1970;
Roper and Young 1973). The diel pattern of diving exhibited by
females in this study (Figures 4 and 11), wth the shall owest
dives occurring at night, corresponds with the daily schedul e of
these vertical migrators. This suggests strongly that the seal’s
dive pattern is set by the habits of its prey and that foraging
I's continuous throughout the day and night. Al t hough foraging
effort may be greater during the day than at night because the
seals are diving deeper, and as a result, less long, this may be
offset sonewhat by the behavior of the prey. Active migrators
are sluggish at depths during the day and are thought to be easy
prey for predators (Barnham, 1971).

If elephant seals are visual predators, how do they localize
prey in this twilight zone of the ocean, where |ight gradually
fades to extinction? Preying on biolum nescent animals is one
possibility. Mst of the fishes migrating towards the surface at
night are biolum nescent and they have a higher energy content

than fishes that remain in bathypelagic waters (Childress and

Nygaard,  1973) . Several species of squid, on which elephant
seal s prey (condit and Le Boeuf, 1984) , have elaborate |um nous
organs (Marshall, 1979) . However, el ephant seals also feed on
nonbioluminescent ani mal s (Condit and Le Boeuf, 1984) . Per haps

the prey pursued is specific to anbient light conditions but this
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i S unknown.

Conti nuous Diving

The continuous diving schedule of fermale northern el ephant
seal s contrasts with that of other pinnipeds studied. Al of the
latter exhibit bouts of diving and it is assuned that diving
bouts represent foraging. Fur seals and sea |lions engage in
bouts lasting 2-4 hrs; 1.5 to 16 of these bouts occur during
feeding trips lasting 1-7 days (CGentry and Xooyman 1986; Feldkamp
1985) .  Dive bouts in Weddell seals occur daily and |ast about 8-
11 hrs (Kooyman 1975; Kocoyman et al. 1979; Xooyman et al. 1980).
During dive bouts, diving is continuous with nost dives being
brief and at a nmean dive depth of about 200 m Bet ween di ves,
Weddell seals rest on the surface of the water or on ice. The
machi ne-li ke consistency of diving in elephant seals brings up
several questions: How long does uninterrupted diving continue?
|s this pattern characteristic of the other period that females
spend at sea, after the nmolt when they are gestating? Is this
pattern typical of both sexes? The present data do not speak to
these questions and answers wll require further research. W
are also at a loss to explain the function of the rare exceptions
to continuous diving, the EsIi's. The longest ESIS tend to occur
at mdday, when dive depths and dive durations are greatest.
However, one cannot conclude that they signify rest since these
periods are brief and infrequent and they do not necessarily
follow or precede a set of long, deep dives, i ndicating effort
expended or to be expended. EsI's mght reflect satiety but this

is unlikely since many of them occur early in the period at sea.
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Wat is the function of this high rate of diving? W
speculate on three possibilities: feeding, sleep or energy

conservation and predator avoidance.

Feedi ng. The associ ati on between diving and successf ul
foraging is supported by several lines of evidence: 1) Females

gained weight at the mean rate of 1 kg per day over the entire
period at sea. From water influx data, we estimate that females
consune 6.2 % of their mass daily (unpublished data) . Therefore,

we estimate that females in this study consumed approximtely 20
kg of prey per day at sea. 2) The ngjority of the dives of
three females sanpled, had a formindicating activity at the
bottom of the dive (type D dives) . 1f this activity reflects
foraging, then nost dives served this function. Time spent at
the bottom of these dives was a significant portion of the dive
duration and varied little fromdive to dive. The |ink between
type D dives and feeding is further strengthened by the fact that
descent and ascent rates were faster for these dive types than
for any others, with neans of 1.96 and 2.7 m/sec, respectively.

This suggests that the animals were traveling quickly to a
certain depth, remining there, and then traveling quickly back
to the surface. 3) The uniformity of dive depth over a |ong
series of dives suggests that the prey patches remain at the sane
depth over tinme and are dense enough for high encounter rates.

It appears that seals often exploit a certain depth |ayer for
several hours. For exanple, during a period from 1600 to just
past mdnight, fenale snl dived 26 times to a nmean depth of 419.8
+ 15 m the entire range was 53 m  from 391 to 444 m. 4) The
diel pattern of diving, as discussed earlier, suggests feeding
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on vertically mgrating animls throughout the day.

Ener gy conservation. El ephant seal s may expend | ess energy
diving than resting or swinmng at the surface, Wwhich would make
it expedient to continue diving even when not feeding.  This is
suggested by three lines of indirect evidence. First, diving is
associated with a decrease in tenperature and nmetabolic rate in
seals forced to dive (scholander 1940; Scholander, Irving and
Grinnell 1942) | trained to dive (Elsner 1965) and diving
natural |y (Kooyman et al. 1980; qQvist et al. 1986) . Metabolic
depression is brought about nmainly by cardi ovascul ar changes that
redistribute blood to vital structures while restricting blood
flowto other organs, i.e., the “diving response” (Elsner and
CGooden 1983).

Second, depression of netabolism would appear to be
facilitated by continuous exposure to cold waters and ingestion
of cold prey. Qur subjects were diving into the thernocline
going from surface tenperatures of 11.9 °C to tenperatures
averaging 5 °C at 500 mat this tine of year (M  Silver, pers.
comm. ) . On land, tenperatures of adult elephant seals vary from
37 to 33 °c, decreasing during periods of inactivity (MGnnis
and Southworth 1971) and at night (Barthol onew 1954). Thi s
suggests that they have the capacity to lower their tenperatures.
In Weddell seals, core body tenperature drops about 3 °C during
| ong dives to - 2° C (Kooyman et al. 1980; Qvist et al. 1986). A
simlar decline is likely in elephant seals since they are
spending nost of their time in deep cold water.

Third, we argue that the fenale elephant seals are sleeping
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during all or part of certain dives. Reduction in energy
consunption is one of the functions of sleep (Brebbia and
Altschuler 1965; Snapp and Heller 1981, Berger 1984). W
di scount two other possibilities. It is unlikely that the seals
did not sleep at all in light of the universal presence of sleep
in other animals (Zepelin and Rechtschaffen 1974) . One expects
that the seals slept sone portion of every day at sea. Thi s
woul d al so be predicted fromtheir behavior on land; individuals
of both sexes and all age categories sleep daily. Sl eepi ng on
the surface of the water is unlikely given what we know about
sleep when these animals are on | and. El ephant seals breath
irregularly on [land (Barthol omew 1954; Kenny 1979). Duri ng
behavioral sleep (i.e., supine, inactive, with eyes closed, and
i ncreased arousal threshold) , adult females alternate apneas of
about 9 min with periods of eupnea |asting about 6 min (B. Le
Boeuf, unpubl i shed data). Electrophysiological studies of weaned
pups show that all apneas greater than 1 min occur during sl eep,

and that less than 10 % of the total sleep tine is associated

W th eupnea (Huntley 1984). Thus, if sleep on land is associated
with breath holding, it is likely to be associated with breath
hol di ng at sea. Sleeping at the surface while breathing is

unlikely because this would necessitate a conplete change in
sl eeping pattern. Breath hold sleep at the surface is also
unlikely because the animal nust replenish oxygen stores and
expel excess co, followng a dive. Mreover, fromthe regression
equation for total sleep tinme in manmmls based on body nass
(zepelin and Rechtschaffen 1974), one would expect a 333 kg seal
to sleep 27 % of the time or 6.5 hrs per day. El ephant  seal
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femal es spent a mean percentage of only 14.4 % of the time at the
surface, 3.46 hrs per day. Even if all of this tine was spent
sl eeping, it would be less than the predicted anount of sleep.

El ephant seal s probably sleep underwater while at sea, but
it is not clear when it occurs, howlong it lasts, or whether it
resenbles the sleep state in terrestrial mammals. Weaned pups
and juveniles in captivity have been observed sleeping at the
bottom of a pool. However, it is unlikely that the free-diving
females were sleeping and inactive during descent or ascent
because the depths reached would require rapid drift rates in the
range of .7 to 2.7 nisee. Most likely, the seals slept while
swnmmng on ascent and descent or they slept at the bottom of
sonme dives. The latter would provide the nost secure sleeping
arrangenent agai nst near surface predators (see bel ow. Sone
dives were characterized by long inactive periods at the bottom
of the dive (dive type E). However, these dives were rare in
two of the three individuals measured. Prelimnary data from
m croprocessors wth attached swmvelocity neters indicate zero
swim velocity rates in sonme dives during the first few days at
sea but it is not clear whether this represents sleep or waiting
for prey (G Kooyman, P. Ponganis, pers,6conmm)

This |l ogic suggests an efficient strategy of recovery from a
| arge reproductive effort during which females lose 42.2 + 4.9 % of
their mass (Costa et al.  1986) . Fenmal es mnimze energy output

whi |l e realimenting.

Predat or avoi dance. Continuous, deep diving mght also play

a role in predator avoidance. The principal predator of northern
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el ephant seals is the white shark, Car charodon carchari as.

These animals appear to be shallow water predators, naking nost
of their attacks on seals near rookeries (Ainley et al 1981; Le
Boeuf, Riedman and Keyes 1982). Mbst white sharks sightings are
in pelagic waters nearshore (Klimley 1985). We know of no
reports of white sharks being observed bel ow 100 m. By renaining
submerged at great depths for 85 % of the tine, elephant seals

effectively reduce the probability of an encounter with a near

surface predator. The manner of swinmng out to deep water from
the rookery lends further support to this idea. El ephant seal s
do not swm at the surface or “porpoise” |ike sea |ions.

| nst ead, they dive repeatedly, wth the dives getting
progressively deeper, as if they are swmmng to and fromthe
bottomuntil deep water is reached (Figure 2). The result is

mnimzing the amount of time spent near the surface.

Aerobic diving

One of the nost interesting aspects of this study is the
apparent lack of a relationship between dive duration and the
followng surface interval (Figures 9 and 10) . | f anaerobic
met abol i sm was used to sustain the |ongest dives, we would expect
a concom tant long recovery period on the surface. Kooyman et
al. (1980) found a positive correlation between dive duration and
surface recovery time follow ng weddell seal free-ranging dives
that exceeded the aerobic dive Iimt. The aerobic dive limt
(ADL) is defined as the maxi num breath hold that is possible
wi thout any increase in blood lactic acid concentration (LA)

during or after the dive (Kooyman et al.  1980) . This limt is
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set by available 0,stores, diving nmetabolic rate, degree of
peripheral vasoconstriction, and the rate of LA production and
renoval (Kooyman 1985). The absence of extended surface recovery
periods follow ng Iong divesin el ephant seal s suggest that these
animals were either able to reduce netabolic rates to aerobic
level's, or they metabolized accunulated 1a by utilizing body |
stores during subsequent shorter dives. 2

Foll ow ng the procedure of Xooyman et al. (1983), we
calculated the theoretical ADL of northern el ephant seal femnales
usi ng nmeasurenments of body oxygen stores and an assuned netabolic
rate. In an average sized departing femal e weighing 333 kg, we
estimate a total available O,store of 24.2 1 (Lenfant et al
1970; Xooyman 1973; Xooyman et al. 1980; castellini and Somero
1981; Kooyman et al. 1983; P. Thorson, unpublished data). If
nmet abolism during diving is estimated to be equal to that

predi cted by the Kleiber (1975) equation for a resting, post-

absorptive, adul t animal that is  thermoneutral (2.44 ni
m“rein'l'kg'l)(see Lavigne et al. 1986) , then sufficient oxygen
woul d be available to sustain a dive for 30 mn. Ni nety eight

percent of the recorded dives were shorter than this estinmated
limt, a result simlar to that found in other seals and fur
seal s (Kooyman et al. 1980; Kooyman et al. 1983; Kooyman and
Gentry 1986). However, during many dives, the aninmals were
neither resting nor fasting, but swinmng, diving, hunting and
feedi ng throughout the period recorded, and we assume, throughout
most of the period at sea. If we assurme a higher netabolic rate
during diving of 1.5 times that predicted by Kleiber (Kooyman
1985), then the estimted ADL reduces to 20 mn. of all recorded
28



di ves, only 62.8 % were less than 20 min in duration. W
conclude that on |long duration dives exceeding 20 rein, netabolism
is reduced to near resting |evels.

of further interest are the 2% of the dives that exceeded
the predicted ADL of 30 mn. Al females had dive durations
exceeding this Iimt and in no case did ensuing surface intervals
deviate significantly fromthe overall nmean surface interval.
This suggests that these dives were also aerobic. Using the
estimated 0,stores presented above, a diving netabolic rate of

0.67 times resting nust be postulated for a 45 min dive to be

sust ai ned aerobically. We do not know if netabolismis nornally
reduced to this degree. Captive studi es suggest that el ephant
seal s have this capacity. In a female forced to dive, Van

Citters et al. (1965) recorded a change in heart rate from 60
beats/rein during resting to 4 beats/rein near the end of a 40 min
submer si on. Wrk on weddell seals has shown that average diving
metabolismis |lower than netabolismwhile resting at the surface
(Kcoyman et al. 1973) and Kooyman et al. (1980) concl ude that
this is due to | owered nmetabolism during dives. During the free
rangi ng dives of elephant seals that exceed the 30 min ADL,
activity may be reduced by reducing blood flow to certain organs.
This suggests a |lowering of sw nrates (Kooyman 1985) or sl eep.

Vari abl e swimrates may explain the difference in dive

duration above and below a certain depth (Figure 12). In
northern fur seals (Centry, Kooyman and Goebel 1986) and
California sea lions (Feldkamp 1985), dive duration increases
linearly with depth. Since these animals spend little tinme at
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depth, this suggests that average swmrate remains constant
during dives regardl ess of depth. However, female elephant seals
exhibit a conplex relationship between dive duration and dive
dept h. Duration increases linearly with depth in dives of |ess
than 400 m. At this depth, dive duration is markedly reduced and
then a new function begins with dive duration increasing with
dept h. W interpret this discontinuity as a "shift of gears" in
which the animal resets its oxygen utilization rate. In order to
maxi m ze bottomtine, the females may increase their swnrate and
shorten travel tine to depth at the expense of reducing the overal
time subnerged. This suggests that the diver adjusts its swimrate
to the depth of the anticipated dive. This conjecture is
consistent wth the hypothesis that during nost natural dives the
diver is not so nuch defending itself against asphyxia (Elsner et
al.  1966), but instead is utilizing 0,at a rate commensurate wth
a planned dive (Kooyman 1985).

In conclusion, the dive pattern of female el ephant seals
differs fundanmentally from that of other pi nni peds. Qur
understanding of the physiol ogi cal processes governing free
rangi ng dives has cone from exam nation of diving bouts of
coastal species during brief trips to sea. This may require
nmodi fication to explain continuous diving in the pelagic el ephant
seal . Data presented here provide additional support for the
statenment that the dive pattern that best serves foraging
consi sts of aerobic dives, where only blood and nmuscle oxygen
stores need to be replenished (Kooyman et al. 1980) . Lastly, the
results suggest that netabolismis Ilabile and varies wth
activity and the duration of the dive.
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Tabl e 1. Mass gain at sea of seven adult female northern
el ephant seals bearing time-depth recorders.

Mass (kg) Days  Mass % Mass
Subj ect Age ) at gai n per increase
(year) (yrs) Departure Recovery Gain sea day at sea
Rp 3 247 305 58 74 .78 23.5
(1986)
Dot 4 253 326 73 75 .97 28.8
(1986)
Ca 5 307 402 95 75 1.26 30.9
(1986)
A i 6 325 384 59 62 .95 18.2
(1986)
Gi 7 300 380 80 71 1.13 26.7
(1985)
Td 7 348 431 83 78 1.06 23.8
(1985)
Snl 9 401 494 93 70 1.33 23.2
(1985)
Snl 10 399 470 71 76 .93 17.8
(1986)
Means 322.5 399.0 76.5 72.6 1.05 24.1

Stan. Dev. 58.5 65. 3 13.9 5.0 .18 4.6



Tabl e 2. Sunmary statistics fromthe diving records of Seven
adult fenale northern el ephant_seals obtained in 1985 and 1986

from time-depth recorders. The first day of each record was
excluded in calculating neans and standard deviations of dive
depth and duration. ve duration statistics for female Rp are

extrapol ations; these are excluded in calculating the overal
maxi mum and nean dive duration, number of dives per hour, and
percent tine on the surface.

Record Record

Dur ati on Nunber Duration

of  Spent on Max. Mean Vax. Mean
Tot al Dives Surface Depth Depth  Dur. Dur .

Subject Hrs Di ves (hr) (% (m (m (rein) (rein)
Rp 421 1539 3.7 21. 4 668 389 23.3 12.9
+135 +3.1
Dot 598 1822 3.0 16.6 894 370 30.6 16.4
+158 +3.1
ca 458 1175 2.6 12.3 886 413 35.9  20.5
+165 +4,5
A 318 819 2.6 16. 8 822 363 35.8 19. 4
+162 +4.9
G 468 1370 2.9 16.0 854 480 35.2 17.2
+145 +3.3
Td 320 942 2.9 11.0 868 420 32.4 18.1
+178 +3.9
snl 363 883 2.4 11.0 760 345 47.7  22.0
(1985) +142 +5.0
Snl 619 1486 2.4 16.9 828 419 44.5  20.8
(1986) +166 +5.2

Totals 3,565 10,036
Means 2.7 14. 4 822 400 37%4 19.2
76 156 6.3 4.3

N
N
o

St andard Devi ati ons



Tabl e 3. Mean surface interval

(+1S. D ) and frequency

distribution of surface interval duration followng all dives of

six femal e el ephant seals.

Percent of Surface Intervals

Femal e (Ng%n geiinthan 5-9.9 min 1Og?égtg$

3.3+ 7.7 97. 4 2.1 5
Ca 2.9 + 8.8 98.9 .6 5
A 3.7 + 13.4 96. 2 1.7 2.1
G 3.3+ 1.1 98. 2 1.4 4
Td 2.2 +5.0 99.5 2 .3
snl (1985) 2.7 + 3.0 99.2 .5 .3
snl (1986) 4.2 + 8.4 83.1 13.9 3.0



Tabl e 4.

extended surface intervals (ESIs) ,

The duration of continuous diving and the frequency of

obtai ned fromsix female northern el ephant seals.

| asting ten mnutes or |onger,

Longest Bout of Ext ended Surface Intervals
Conti nuous Diving -
: Mean Maxi num Tot al
Nunmber Duration Duration Duration Duration
Femal e of dives (days) Nunber (hrs) (hrs) (hrs)
Dot 1337 18.2 9 1.2 4.6 10.7
+ 1.5
ca 643 11.1 6 1.6 3.4 9.8
+1.4
Ali 410 5 17 9 5.1 15.2
+ 1.4
G 788 12.2 6 2 4 1.5
+ 0.1
Td 692 10.9 3 1.1 2.5 3.4
+ 1.2
snl (85) 738 13.1 3 T 1.4 2.1
+ 0.6
snl (86) 641 11 44 .5 4.2 22.2
+ 0.7



Table 5. Percentage distribution of total dives for three fenales
broken down into six dive types. The period covered is from Day
3 to the end of each record.

Dive Types
— A B c D E F
— = \( N S Y
S 400 “\"' —\d/-
o3
ol
A 800
G 17. 44 3.84 8.58 70. 14
Td 3.03 15.16 7*39 65. 45 1.82 7.03
- snl . 82 .33 2.79 77.14 18. 26 .49
(1985)



Tabl e 6. Means and standard deviations of dive rates, dive
segnents and dive depths for selected dive types of three adult
females. N = 12 for each dive type.

_ Rate (m see) Duration (rein)

Dive Dept h

Femal e Type  Descent Ascent Tot al Bot t om (m
G D 1.96 1.10 17. 34 4.02 547
.43 .16 2.77 1.34 97

A 1.86 1.02 17.77 687

.46 .13 2.61 93

B .55 . 88 22.22 449
.05 17 3.94 70

Td D 1.40 2.11 19. 82 8.28 569
B .24 .44 1.82 2.00 92
A .99 2.07 18.04 718
.23 .45 2.84 127
B 41 1.22 24.94 436
.07 .39 4. 65 64
Snl D . 65 2.73 23.10 7.05 491
(1985) 13 . 88 3.04 1.59 73
E .40 2.32 30. 00 14.74 284

12 .99 2.85 3.20 37



Legends to Figures

Figure 1. D. Costa takes a blood sanple froma sedated
adult female elephant seal with attached tine-depth recorder and
radi otransmtter. A close up of the instrunments inbedded in an
epoxy nmount glued to a female' s pelage i s shown in the inset.

Figure 2. Excerpts fromthe dive record of snl in 1985.
The timng dots at the top of each daily record are 12 mn apart.

Figure 3. A frequency distribution of dive depths of all
dives of all fenales.

Figure 4. Percentage distribution of daily dives according
to depth for fenmale G.

Figure 5. Percentage distribution of daily dives according
to depth for fenale Td.

Fi gure 6. Percentage distribution of daily dives according
to depth for fenmale snl in 1985.

Figure 7. Percentage distribution of daily dives according
to dive duration for female Snl in 1985.

Figure 8. A frequency distribution of all dive durations of
six females (Rp excluded).

Figure 9. Scatter plots of surface interval as a function
of the preceding dive duration for three fenales. The asterisks
denote surface intervals that exceeded 35 mn.

Fi gure 10. An excerpt fromday 9 of the dive record of sni
in 1985 showing the surface intervals follow ng the |ongest dive
recorded and a series of |ong dives.

Figure 11. Frequency distributions of dive duration, dive



depth and di ve nunber by hour of day. The shaded area denotes
dark. The distributions are based on all dives of six adult
femal es

Figure 12. Dive duration in relation to dive depth for
femal e Td and female snl in 1985 and 1986. The distributions are

based on all dives for each fenale.
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