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ABSTRACT
Physiological Investigations of Captivity
Mortality in the Sea Otter (Enhydra lutris)

In February and March of 1954 a project was undertaken on Amchitka Island
in the Aleutians by the U, 5, Fish and Wildlife Service with collaboration by
the Agricultural Experiment Station, Purdue University, for the purpose
of studying the physiology of the sea otter (Enhydra lutris), with special
attention to the problem of captivity mortality, Determinations were made
of various blood components, organ weights, gastro-enteric activity, tempera-
ture control, and pathology of normal sea otters and compared with animals
which had died in captivity.

The cause of captivity mortality was probably due mainly to the narrow
range of temperature tolerance and the very high food intake requirement
which the sea otters have, Shock or stress, resulting from temperatures out-
side the tolerable range, insufficient food, or adverse neurological stimuli,
as the immediate cause of death is discussed,

Three otters were successfully maintained in captivity by proper manage-
ment of the environment, A description of the habits, activities, and mammer-
isms of sea otters in captivity and sugrestions for further study of the sea

otter are given in the appendices,




Physiological Investigation of Captivity
Mortality in the Sea Otter (Enhydra lutris)

INTRODUCTION

Although the sea otter (Enhydra lutris) was the object of man's attention be-
cause of its desirable pelt for two centuries prior to 1900, since then its near
extinction resulting from this attention precluded any organized scientific investi-
gations of it until the past few years, The remoteness and prugged character of the
habitat in which it lives further hampered such studies, Consequently, except for a
preliminary study of the parasitology1 and numerous incomplete or sketchy field ob-
~ servations of its habits virtually nothing was known about the fundamental life pro~
cesses of the sea otter prior to this investigation,

An attempt to transplant otters in 1951 from Amchitka Island in the Aleutians
to other areas of its former range was met with failure because of the inability to
keep the animals alive in captivity, OSubsequent efforts along the same lines were
equally unsuccessful, The causes of death in captivity was not immediately apparent,
though in some respects the symtoms of this captivity mortality resembled those of
animals dying naturally around Amchitka., Survival in captivity was relatively short,
varying from a few hours to one instance in which an adult male lived for eleven days,
The average survival pericd was three to four days, The only striking and constant
symptom attending death was a severe gastroenteritis, often resulting in sloughing of
the intestinal mucosa, Oddly enough the otters gave the outward appearance of ac-
cepting and adapting to captivity with relative ease, often accepting food within
minutes after capturs. |

Extensive discussion and correspondence with Robt, D, Jones Jr., Refuge Manager,
Aleutian Islands National Wildlife Refuge, who had made all previous attempts to
keep the sea otters in captivity, led to the formation of a hypothesis concerning
captivity mortality based upon his observations and experiences. According to

“this hypothesis, the otters suffered from an acute stress or shock reaction.

lRausch, Robert, Studies on the Helminth Fauna of Alaska, XIII Disease in the sea
otter with special reference to Helminth parasites. Ecology 34:3. July 1953,




2,
possibly neurogenic in nature, ariging from the circumstances of their capture
and confinement: Because nothing was known of the basic physiology of the sea otter
it was difficult to test this hypotheéis with tnown facts,

During February and March, 1954, a project was undertaken at Amchitka Island
by the U.S, Fish and Wildlife Service with collaboration by the Agricultural Experi-
ment Station, Purdue Uniﬁersity having the following objectives:

1, To determine if the cause of captivity mortality was primarily physio-
logical in nature, and if so what processes were involved, i.e., to test the
hypothesis that captivity mortality was due to a physiological stress or shock
reaction,

2. To devise a technique for capturing and holding sea otters in captivity
which would prevent captivity mortality.

3. To make fundamental physiological observations on the sea otters which
would provide a basis for future investigationms.

L. To collect such other basic scientifiec informatioﬁ about sea otters as
time and circumstances would permit.

4 detailed outline of experimental procedures was prepared (appendix 1),
realizing that the limitations imposed by.field conditions, and that other pro-
cedures indicated by.the results of early experiments would necessarily modify
this outline as the work progressed,

PROCEDURES

In order to get tissues and observations from as nearly normal animals as
possible, six otters were shot in the wild and brought into the laboratory immed-
iately. Five were killed instantly with a head shot from a ,257 Roberts rifle.
The sixth was shot through the thorax and died in.less than three minutes. The
otters were retrieved from the water by a man in a "frogman" suit, or in the dory,
and transported by jeep to a temporary laboratory set up on the water front. All
specimens arrived in the laboratory in less than ten minutes after the shot was

fired, the average time being 6,5 minutes., The animals were observed, usually
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3.
feeding, for ten minutes to over an hour before being shot and were judged to be
healthy,

Immediately upon arrival of the carcass at the laboratory the temperature was
taken, the pituitary was ekcised and preserved, blood was drawn and either diluted
directly for subsequent procedures or an anticoagulant added, and liver samples were
taken for liver glycogen analysis. The temperature was taken by inserting a pre-
warmed thermometer to a depth of about ten centimeters into the rectum for forty
seconds and then to a depth of fifteen centimeters for twenty seconds longer and
read, Blood was obtsined by cardiac puncture from the left ventricle by inserﬁing
a2 3 inch 17 gauge needle between the 5th and 6th ribs just left of the sternum.

It was noted that in three of the animals the heart was still beating with suf-
ficient strength to force blood through the needle at the time the blood was drawn
four to five minutes after the animals were shot,

Following these initial procedures, the carcass was weighed and transported
to the main laboratory. The gross necropsy was started immediately. OSamples of
brain, liver, diaphragm and leg muscle were first excised and weighed for the tissue
moisture content procedure, All organa were critically examined and any signs of
apparent abnormalities were noted, The thyroid, adrenals, kidneys, and liver were
weighed, Samples of all major body organs, (brain, spinal cord, skelital muscle,
heart, lung, spleen, liver, kidney, thyroid, pancreas, lymph node, stomach, duo-
denum, jejunum, ileum, colon, gonads, and bone) were preserved in AJF A and/ar Bouins
fixative at this time. The gastro-intestinal tract was opened along its entire
length and the contents, condition of the lining, and presence of parasites noted,

Live otters were captured in a dip net while sleeping on the beach or inshore

rocks, or while swimming and feeding off shore. They were transported back to the

. base in an aluminum carrying cage or simply loose on the floor of the jeep or deck

of the dory. In the case of anesthetized animals, (see below) they were transported
in a canvas litter. Upon arrival at the base they were weighed and placed in

confinement,
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Some animals were held in a tank of salt sezwater 30 inches deep and 10 feet
in diameter which was provided with a rock "island" three feet square in the middle
for the animals to haul out on. The water, pumped directly from the sea was fresh-
ened daily and remained at or a few degrees below sea temperature (39°F), A
building located a few feet east of the tank afforded a wind break from this direc-
tion, but no other protection from the weather was provided.

Other animals were confined in cages L8 x 2, x 18 inches covered with 1 x 1 inch
welded wire fabric. These cages were located in a large warehouse which gave 3omz
but not complete protection from the wind, At first no bedding was provided, dbuy
later dried grass was used as litter in the cages.

Subsequently a small unheated wooden building was remodeled for an animal house,
The plank floor of this building was covered with 1/2 inch of sawdust overlaid wii»
an inch or so of dried grass and provided an area about 15 x 20 feet in which the
otters could move about freely, Windows in the east, north, and west walls admitted
ample light, and although not open to the direct force of the wind, the walls and
windows allowed some penetration of wind and driven rain so that a damp, draughty
atmosphere prevailed., Grass filled cages, described above, were placed against one
wall of this building and were available to the otters in the daytime and used to
confine them at night. One otter was kept for eleven days as a "pet", having the
run of the living and laboratory quarters most of the time when not confined in a
grass filled cage.

Attempts were made to feed the otters as nearly a natural diet as possible,
however, the extreme difficulty in securing the marine invertebrates, which are the
main item in the wild otters' diet, precluded the use of more than token amount of

this material, The bulk of the diet of the captive otters was made up of marine

© fish, mostly kelp greenling, which were caught in traps and on set lines and fed

fresh, When fresh fish were not available in sufficient quantity goose and seal
flesh including viscera and commercially frozen fish were offered to and accepted

by some of the otters,
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During the early part of the project, feeding was rather haphazard, but when
a back>log of fish, kept alive in a large wooden tank, was achieved the otters
were fed four times daily at 0700-0730, 1100-1200, 1600-~1700 and 2100-2300, Depend-
ing upon the available supply, the amount given at each feeding varied from one-
half to two pounds of fish per animal,

The entire fish was fed, usually chopped up into chunks roughly 1 inch cube,
The bones of the head and vertebrae of larger fish were chopped finer, Occasion~
ally marine invertebrates, primarily blue mussels, limpets, hermit crab, and
ociopus, were given in small amounts to supplement this diet. Every other day ubout
10 grams of a dehydrated milk-like product Terralac® was sprinkled on the food of
each otter. |

The otters showed very strong food prejudices and individual variation in
preferences. JSome would not eat commercial frozen filet of sole or fresh water
Dolly Varden trout; another refused starfish which were readily accepted by the
others,

Fresh water wes provided the otters not held in the tank in tié?roof, Swim=
proof pans, or in the form of snowballs which they readily accepted. No conclusive
attempt was made to determine the otters! preference or need”fof fresh as compared
with sea water. Otters held in the tank were not provided with fresh water, although
snow was often present on the rocks in the middle of the tank, Otters were never
observed ezting this snow, however,

Three otters were anesthetized with intraperitoneal injection of sodium pen-
tobarbital (Nembutal) at the time of capture. The first received 40 mg/kilo, the
other two received 20 mg/kklo, During the course'of experimentation, one of the

latter received intraperitoneal injections of glucose, phenobarbital and metrazol.

* Teralac was supnlied for this work by Charles Pfizer and Company, Inc.,
Brooklyn, New York,




é.

Smaller animals could be handled with the use of heavy mittens, larger ones
were restrained in a cord net. Sex was determined by observation or palpation
for the baculum of the male, The animals were weighed in a sack or dip net, Attem-
pts to draw bleood from unanesthetized, living animals were unsuccessful because
of the difficulty in restraining the animal, although the fleshy, vascular ear
offered an excellent site for é shallow puncture, Body temperature of living
animals was measured by inserting a‘i&borétdxy'thermometer 10-15 cm into the rectum.

Breathing rate was readily obtained by direct observation, particularly ca
sleeping or quiescent animals, The breathing pattern, including depth, was record:c
on a chart ruled to represent 5 second intervals., Heart rate was determined by
auscultation and by palpation of an artery in the tarsal region, probably the
tibialus posterior on anesthetized or restrained animals, The heartbeat of otters
sleeping in a supine position could readily be chserved as a pulsation of the
abdomen just below the sternum,

The passage of food through the alimentary tract was timed by feeding a meal
containing blue mussels or other shelled molluscs to animals that had been receiving
an exclusively fish diet for at least 48 hours.The occurrence: of shells in the feces
then gave the time of passage of the material through the gut. The frequency,
character, and amount of the feces were noted.

The habits, mannerisms, and activities of the sea otters in captivity were
noted and will be found in Appendix é.

Animals which died in captivity or were found dead in good condition on the
beach were necropsied as soon as they were discovered. Only one captive animal was
sacrificed (shot with a .22 caliber bullet in the occipital region) because it was
considered moribund. All others died in the eariy morning hours, having shown no
recognizable signs of impending morbidity, even though they were usually observed
as late as 2100 the evening before. If the animal had been dead less than thfee

hours (as judged by body temperature and onset of rigor mortis) blocd was drawn
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immediately by cardiac puncture, Except that the pituitary was weighed and pre-
served for histological examination and no liver sample for liver glycogen analysis
was taken, the necropsy was carried out exﬁctly as indicated above for animals shot,
If the animal was judged to have been dead longer than three hours no blood deter-
minations were made,

The following laboratory procedures were completed on Amchitka:

1, Tissue moisture content. Tissue samples of brain, liver, diaphragm, and
leg muscle weighing approximately 0.5 gm were excised, placed on glass slides enc
weighed to the nearest miligram, They were then placed on a shelf above the stove
to dry and re-weighed at 24 hour intervals until two weights within three milligiaus
were obtained, The différence between the original and terminal weight was dividoe
by the original weight to give the percentage of water in the tissue.

2. Orgsn weights. The pituitary, thyroid, and adrenal glands were excisec,

freed of comnective tissue and weighed to the nearest milligram. The kidneys and
liver were weighed to the nearest 1/2 oz and the weights converted to grams.

3. Blood cell counts, Oxalated bloed (0.1 ml, 10% potassium oxalate per
10 ml, blood) was diluted in appropriate pipettes with Hayem's solution for REC
counts, Turk's solution for WBC counts, and phloxine-sodium carbonate-propylene
glycol stain for eosinophil counts, Counting was done on a Spencer Bright Line
hemocytometer and results expressed as number of cells per mm> blood,

L. Blood hemoslobin determination., Blood hemoglobin was determined on oxalated
blood by the Sahli hemometer method and the results expressed as grams of hemo=-
globin per 100 ml of blood.

5. Blood sugar determination, Unoxalated, fresh blood was used to determine
the blood sugar content wiﬁh the LaMotte Blood Sugar Outfit which uses a modificatisn
of Folin's Method, Results, determined by color comparison with standards, are
expressed in milligrams of blood sugar per 100 ml, of blood. This method is reascn-

ably accurate within a range of £ 7 mg%,
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The following laboratory procedures were started on Amchitka and completed
at Purdue.

1. Histological. Tissues for histological examinations were collected and
fixed in either or both A.F.A, and.Bouin's fixatives., The tissues in A,F,A. were
changed to 70% ethyl alcohol after 48 hours. Tissues were carried back to Purdue
in either 707 Alchol or Bouin's where they were imbedded in paraffin, sectioned,
mounted, stained with Mayer's hematoxylin and eosin, and examined,

2, Liver glycogen determination, Two liver samples of about 1 gm in weight
were collected from animals at the time of death and weighed to the nearest milli-
gram, One piece was préserved in fixative (9 parts absolute ethyl alcohol and 1
part neutral formaldehyde) and returned to Purdue for histo~chemical examination,
The other piece was disintegrated in hot 30% potassium hydroxide, the glycogen
precipitated with 953 ethyl alcohol, centrifuged and the supernatant fluid dis-
carded, The precipitate was returmed to Purdue, broken down to glucose by acid

hydrolysis, and the amount of sugar measured.

3. Pituitary ACTH content. Pituitaries were removed from animals as soon as
possible within ten minutes of the time an animal waé killed, They were immediately

preserved in neutral acetone and returned to Purdue. This procedure will be com~
pleted at a later date.

The presence of parasites in the gastrointestinal tract was noted. Parasites
and scrapings from the lining of the gut (duodenum, jejunum, and ileum and gall
bladder of 15 animals were preserved in A,F.A., changed to 70% alcohol and returned
to Purdue. This material will be examined at a later date.

Measurements of the gonads of 11 animals were made and testis smears f:om six
males were examined, Thé complete urogenital tract of six males and five females
were preserved and will be described morphologically at a later date,

RESULTS

The animals used in this study are divided into three groups. The first group
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will be referred to as "normal" and includes one adult and two subadult males and
three adult females which were shot in the wild, as well as one subadult male
which was killed immediately after capture by a lethal dose of nembutal, These
animals ranged in weight from 11.3 Kg to 37,2 Kg. The weight of individual animals
will be found in Table 1, |

The second group, referred to as "pathological" is made up of one adult and
eight subadult maies and one adult female which died after 12 hours to 7 days
in captivity. Also included are two subadult males and one subadult female found
dead on the beach, These animals ranged in weight from 9.9 Kg to 31.8 Kg at the
time of capture, and from 8,6 Kg to 30.8 Kg at death. The circumstances of their
capture and confinement, including capture and death weights and weight loss will
be found in Table II.

The third group, consisting of one subadult male and two subadult females,
lived for more than three months in captivity and were still alive when these
observations were concluded.

Necropsy. At necropsy, the seven normal animals appeared to be in good physical
condition as indicated by the presence of considerable amounts of subcutaneous and
visceral fat. The adult male (17-5L) was extremely fat, the greatest concentration
of fat was found in the subcutaneous inguinal region and about the kidneys, With
the exception of the lower gut, the organs of these animals appeared quite normal,
In all but one (27-54) there were indications of a mild inflammsation of the jejunum
and ileum in the form of local, mild hyperemia and petechiae of the mucosa. In no
case was there blood found in the lumen of the gut, The gut was very long; in one
30 Kg animal it measured slightly more than 4O feet in length, Very little fluid
was noticed in the body cavities, (See Table I),

The pathological group revealed a somewhat different picture, (Table II), Two
animals of this group were devoid of fat and two others showed markedly less fat

than was observed in the normal animals; however, three of them were quite fat,
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i Table I  Weight, Death, and Gross Necropsy Ex-
amination Bate for Normal Sea Otters.
 Animal | Body | . How Necropsy
wt. |killed] gestro-intest. enteritia Other organs; remarks
Sex Kgs. Stom.] duo. jej.i i1i.  dontent
17-54 | 37.2 | shot - - X x | food | Very fat; appeared in
m head good shape.
51-54 {16.3 | shot - - - xx | food normal
m head
50~54 | 12.6 | shot - - x x| food | normel. Not killed in-
m chest gstantly, died within 3
Minutes
i 3-54 111.3 | nem-
(- m butal - - X x| food |normal except for some car-
. diac decomp.; vasodil.
splanchnic area.
6-54 | 22.7 | shot - - x x | food |normal, quite fat.
by head '
22-54 }19.5 | shot - - - x | food normal
£ head
29—54 17.5 | shot - - - - ! food normal
£ head

#- Normal epithelium, no enteritis

x Mild enteritis, few isclated lesions

xx  Moderate enteritis, less than 50% involved
XXX Severe enteritis, more than 50% involved
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S NOTES: 1 “Actual (Kg) and % total body weight lost during captivity
~ -Normal epithelium, no enteritis
x Mild enteritis, few isolated lesions
xx Moderate enteritis, less than 50% involved
xxx Severe enteritis, more than 50% involved.

Death 1 ) . Hecropsy 2
cause{wt. [logs™| gasiro-intesty enteritis
tom

R 3 .
2o ¥ A a L A, D s vk 4 s

g, _duol. jeis il.; content other ormang; remsrks
i ieapt.f30.81 1 | -] x| x x| food& |lungs 20% congested; serum&:bloo
-1 mort. mucus abdk, sepous fluid im bedy cavity;
§ 3% mod. subcut. & visc. fat.
hyper{l5.0 | O x| xx XX Xx| gas & Lungs nearly black with blood; wh.
1 therm macus cysts on spleen; massive vasodil.
[ PURRUIIS TSR ISP S R o) oo e e foBLL L OTEENS, 0TI, e
; shot {13.2 {1.8 | - | - - xx| meat & |Lymphatics =agourged.
i capt. blood
o 12%
" found 12.2 x| - jaox XXX | micus Decompensated heart; subcut. edem:
dead
capte {11.3 1.3 | ~ | xx [xxx xx! blood Lungs very hemorrhagic; water in
mort. nucus lungs; quite fat.
10%
capt. [10.8 | .21 x poxx [xxx xxx| blood |Lungs OK; fluid and bubbles (frot
mort. | mucus in body cavity.

: 9£ ;I |
capt. 0.8 | 2 | - | - X x| food Lungs very black with blood; deco
mort. mucus pensated heart; visceral veins en

2% gourged.
found 110.3 ;L";:" XX |Xxx o | much Lungs OK; little subcut. fat.
dead fm | blood

~ hyper{9.9 R4 |- |- pxxx sxx | blood {Lungs extensively hemorrhagle;
-1 thern & liver "white & washed out"; good
3% : subcut. and visceral fat.

N

ccapt. | 7.2 R.7 | x|~- foxx | x| blood  |Lungs OK; very thin and emaciated

.i{:mor‘b. } %mucua» no fat.

R7% ;
« ~ {
:icapt- 9.9 .8 ixx bxx pox xxx meat & |Lungs OK: some subcut. fat, littl
fmnrt. &% blood visceral fat.

i

fggzg 8.6 - x |x x |blood [Lungs OK; very thin, no fat.
~...._..... M -




Table 11

Weights, Capture, Captivity, Death,
and Gross Necropsy Data for
Pathological Sea Otters

_ ) ‘ ey
Animal “Captivity
Sex duration} . food remarks
1-54 36 hrs. |1# inver-l 24 hrs in cage in snow
m : tebrates | drift; rough handling in
attempt to draw blood.
5«54 {15.0| net on| cage in 6 hrs. none hypartherniz . foXlowing
n beach bldg. nembutal anesthesiz
7-54 1.5.0] net on| tank 46 hrs. |3# fick, | nervous,excitable; took
n beach gsezl & a0 food first 24 hrs; in
goos=s & out of water oftsn.
31-54 Found dekd on beach
m .
9-54 fl2.6{ hand, | tank 36 hrs none nervous, excitable; in &
n - beach out of water often.
15-54 1.0 hand, } « |12 hrs | 6 Oz. Became very wezk 4 hrs.af-
m beach | cage, fish ter capture; fed & revived
' bare
18-54 11.0! net ony . |12 hrs | 1# fish | No signs of morbidity up
m beach | cage, to few hrs of death;
bare looked good!
R3-54 A‘ound dedd on beach.
n
4-54 11.3| net on{ floor 88 hrs. | 8 osz. Severe hypothermia after
m beach | in bldg. liver nembutal anesthesla; re-
vived;weakness,hyperthermia
27-54 | 9.9 net in| cage & |7 days | 2% # Seemed well adapted to cap:
m water | straw fish/day | tivity; no warning signs
of impending morbidity.
8-54 R1.7| net on{ tank [36 hrs 7# fish, | Appeared thin, emaciated
£ . | beach seal, but strong; shivering;
goose ate very well
14-54 found daa’d on bea'ch
f ‘
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Nearly half of these animals had marked pulmonary congestion, In three instances,

the lungs were nearly black and filled with blood, Cardiac decompensation, as

indicated by engeﬁrgement of the large veins and right side of the heart was ob-
served in over half of these animals, The abdominal and thoracic cavities usually E
contained several hundred ¢¢ of a pinkiéh or brownish serous fluid which was frothy

in some instances,

Gross examination of the abdominal organs showed few abnormalities except in the
gastro-intestinal tract. The organs were usually darker colored, indicating vas-
odilation, but specific lesions were noted in only two instances, Cysts were ob-
served on the spleen of one animal (5-54) and the liver was pale in another (4-54).
Only two of the thirteen animals in this proup showed mild.enﬂeritis.‘ In all others,
gastro-enteritis was moderate to severe, In some instances the gut was so inflamed
that éxternally it appeared an angry purplish-red color along its entire length,

The condition of the lining wvaried from isolated areas of hyperemia and petechiae
to a continuous severe ecchymossis with erosions and sloughing of the mucosa, The
lumen usually contained blood, No perforating ulcers were found,

Histological: The histological structure of the sea otter closely resembles that
of other mammals, The tissues are quite vascular and even in the normal animals
there was a condition which might be construed as hyperemia in éome organs, partic-
ularly lung and kidney. The secretory epithelium of the gastro-intestinal tract
is well developed. An indication of the high level of activity of these organs is
indicated by the branching of the gastric pits, crypts of Lieberkuhn, and the
villae, Most of the specimens, both normal and pathological, showed numerous old
scars in the enteric mucosa, submucose and muscularis, indicating some old damage
to the mucosa--the result of mechanical injury or infection., This was true of
-juvenile as well as adult animals,

The spleen is highly trabeculated, with numerous, thick-walled blood‘vessels,

which might indicate that the sea otter'!s spleen functions primarily as a blood
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reservoir,

The adrenal gland is somewhat unusual, It is irregular in shape, usually with
several lobes, The capsule and various zones of the cﬁrtex are easily recognizable,
but the medulls has no distinct definition., The group or cord arrangement of the
cells usually seen in the adrenal medull is nearly absent., In the center of the
gland is a large sinus which is usually filled with blood,

In general the tissues of the pathological animals were more hyperemic than
those of the normals, This was particularly true of the lungs which in some
instances showed extravasated blood.

The most remarkable difference between the normal and pathological animals
was found in the gut, Extensive necrosis and erosion were found in many patho-
logical animals, In some instances this included sloughing of the mucosa, Severs
hyperemia and extravasation of blood to form large sinuses were often observed in
the submweosa and museularis,

In several pathological animals the liver showed some abnormality also; The
hepatic sinusoids had lost definition and the lobules were indistinct., In a few |
. cases the pyramidal cells of the central nervous system seemed to be slightly
shrunken, usually an indication that the animal had been subjected to stress
prior to death, There was also some indication of increased thyroid activity
(diminution of colloid, increased heighth of epithelial cells) in one or two of
the pathological animals,

Organ Weights:  The weights of the pituitary, adrenal, thyroid, liver, and

kidney, and their percentage of total body weight are given in Table IIT for normal
animals, Table IV for pathological animals, and summarized and averaged in Table V,
The figures for the six animals which were shot may be slightly low because of the
blood lost at the time of death; however, this cannot account for the total dif-
ference between these figures and those for the pathological animals,

Tissue Moisture: The percentage of water in leg muscle, diaphragm, liver, and
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brain tissues of normal anﬁméls are given in Table III,for pathalogical animals
in Table IV, and are summafized and éveraged in Table V. All of these figures may :-
be slightly low because of inadequate facilities for completely drying tissues.
The figures for normals may be still lower because of fluid lost at the time of
death; however this loss cannot account for the total differences between the
normal and pathological groups.

Blood Studies: RBC, WBC, and eosinophil counts and hemoglobin and sugar con-

centrations of the blood are given for normal animals in Table III for pathological
animals in Table IV, and are summarized and averaged in Table V, some inac~ |
curacy may exist in these figures for animals from which the blood was not drawn

at the time of death; however, the similarity between these figures and the figures fr
animals from which the blood was drawm at the time of death would seem to indicate
that such inaccuracies were slight,

In two instances figures are available from the same animal at the time of
capture as well as after death, In the first (5-54) there was a very slight in-
crease in the R.B.C's, and a decrease in the W,B,C's, eosinophils, and blocd sugar.
This animal lived only six hoﬁrs in captivityj it became hyperthermic following
Nembutal anesthesia. In the second (4~54), an animal which lived 38 hours in cap-
tivity and was also anesthetized, there was a marked increase in the R.B,C's and
hemoglobin concentration, with a marked decrease in W,B.C's, eosinophils, and blood
sugar. The observations obtained from these two animals will be discussed in more
detail later,

Liver Glvcogen: Liver glycogen content for normal animals ranged from 3,3 to

8.5 gn% and averaged 5.4 gm? (Table III), Liver glycogen determination made on
one pathological animal (7-54), .. was found to be lh.l gm%,.

Body Temnerature and Temperature Control: The deep rectal temperatures of six

normal animals taken a few minutes after they were shot were: 95.0, 96.5, 99.5,99.5

100.0, and 100,5°F, average 98486F, The deep rectal temperature of animals shortly




Table IV Blood and Tissue Moisture Values and
Body and Organ Weight of Pathological Sea Otters

Animal] Blood .
time™ | R B% W B G [Eosin-[Hb, | Sugar] leg dia,| liver | brain
sex | drawn /rum /um 3 opl_xfl em® | mg® § musc,| musec,
mm
1-54 73% | 663 | 0% | 725
M
5-5, | capture| 5,920,000 5,680 {211 |14.0{ 137 [ °.
M death | 5,928,700 4,403 | 88 112 §74% | 73% | 70% | 81%
7ﬁ5h death | 5,605,000| 4,767 {®)B |16.5{ 167 || 73% | 7% | 68%
31-54
M
9ﬁ5h 554 | 89% | 822 | 78%
15-54 | 1.6 hr.| 4,888,400} 2,505 | 11 }13,5| ¢50 Vﬁ 5% | TR | 5% | 78%
M p-mort.
1184-51» 75% 75% 65% 78%
23=54
M
4=54 | capture| 5,930,000| 7,440 {183 |17.0| 112
: 2 hrs | 9,494,000} 1,520 |(0 |21.0] 75 I 5% | 7% | 3% | 76%
M p-mort.
27=-5L | 3 hrs
M p-mort, | 4,090,500 3,798 | 17 [10.5| ¢50 || 76% | 75% | B | 75%
8;5h wE | 3% | 68% | 724
L-54
s
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an we

adrenal (gms thyroid(r), | Kidney gms liver

. ;[l_l total- .zl ems %l. r t-‘ota%[’ %2 - gms %?

1,648 1.547 255

1.796 | 3.444 | 11 5 | 284|539 | 1.8{1,785] 5.8

2,618 2,369 14,2 1,120

2,760 5.378 | 36 16 |142) 284 | 1.9 7.5
113.2 1,006 .605 113
- 1.099 | 2.105 | 16 5 1 99|22 | 1.5] e2u| b.8
12,2 .892
,920 { 1,812 | 15
11,3135 | 1.2 | .782 1.975 99 652
632 1,414 {13 17} 99| 198 | 1.7 5.8
10,8 | 132 1.2 [1.065] V697 99
10,8| 126} 1.2 | .830 720 113
| 815 | 1.645 | 15 7 |100| 203 | 2.0] 709 6.6
10,3]119| 1.2 | .505 105 709

52, | 1,029 f 9 100 | 205 | 2.0 6.9
T 9.9)100] 1.0 {1.093 .655 113 761,
1.055 | 2,148 | 22 7iaLl227 | 2.3 7.5

2,0 [1.000 .T16 85 397

LT { 1,947 | 27 10{ 85{170 | 2.4 5.5
19.9(176] .8 |1.563 798| - |10 1,162
. 1,784 {3,711 | 19 L{170{ 30 | 1.7 5.8
. 8.6 .950 113 595
| .905 | 1,855 | 22 85198 | 2.4 6.9

1. mg, 4 of body weight 2. g0 % of body weight




Table III Blood, Liver Glycogen, and Tissue
Moisture Values and Body and Organ
- Vieights of Rormal Sea Otters

fnimal Blood “Tissues:% Moisture Content
Sex |time RBC |Y%BC Fosin~ Hb. |Sugar [Liver leg! dia. [liver jbrain
drawn bphyl | gm% | mgh |[Glyce-{musc} musc.
/mm3 /om3|  /mm3 genl

9754, ideath 15,474,200 | 4,040 {283 |[15.5 | 112 {7.0 | 71%| 170%| 67%| 68%

51-54 |death::} 4,949,000 | 3,272 1100 |14.5 | 125 |-- %) 69% | 67%; 1%

50-54 |death {5,151,000 | 4,120 {106 }14.0 | 112 3.3 UG 3% 61%| TN
n |
i

!

3-54 ([L.6hn 14,696,500 | 4,686 :106 |13.0 | 137 |-- 75% | TA% | 2% -
m p-mort ’

6-54 |death |4,008,690 | 2,302 '107 12.0 | 87 (8.5 |74% | 4% | 6% 66%

22;54 death }5,524,700 | 3,273 1146 |15.5 | 100 {3.9 {71% | 73% | 64%

29-54 Mdeath 4,625,800 {2,706 | 44 [15.0 |112 4.3 |79 { 7% | 673 | 779

lem% of liver weight
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! Body and Organ VWelghts '
Tory! adrenal (gms) | thyroid (r)kidney (gms) liver
125? ‘rfl. totad ¥R gms | 92| r/1| total; %3 | gms

e

1.345 o a1l
1.68513.030] 8}2.423 7 1 566| 1077 | 2.9}1,589 | 4.3
1.090 142 il
1.060|2.150]13 156 298 |1.8] 9081{5.6
0.9 700 S 113 o
. J78011.480(12} .848 7 | 114} 227 }1.8] 653}15.2

| 1.3 g o

A 2 2.189| 823 7.1
?‘

322.7 1,042 © oty 170 e

1.4252.467(11 [1.2213 |6 | 170|340 |2.5[,021 {4.5

19.5 1.455 Do 170
: 1.212{2.66711411.790 |9 (1421312 |1.6] 992 [5.1

17.5(156 Jo.9 | 1.328 RS 142 %
N 1.298 {2,626 [15{1.510 |9 {156 |298 |1.7| 807 4.0

L e AL+ LR e

2 mg.% total body weight. & gn 4 total body weight

5
:
!
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Summarization of Tables IIT and IV,

Table V
] Normal. Animals ; Pathologiczl Animals
‘ No, of : No, of
‘ . Animals Range Av, Animals Range Av,
. ; r | B *
: leg muscle §? T1=75 73 19 |55-76 73
Tissue Hp0  .diaphragm 7 169-74 72 9 166-89 75
1iver 7164=-T72 67 9 |65-82 70
‘brain 5166-77 72 8 {72-81 76
Body wt (kgm)z; 7137.2-11,3 19.6 12{7.2-30.8 13,3
pltultary (mg) i3 [117-156 142 9 |101-176 136
R mg/o bOdy wt 009-183 100 0.5-2.0 ;..__l__'
adrenal {gm) 713.030-1.480 2 373 15]1.029-5.37712.387
i img% body wh 8-19 9-3 19,0 |
Organ ‘Thyroid (gm) 512,4,23=0,858 l 3?7 ¥ 1.605-2.369 |1.120
Weights mg% body wt 6-9 7.6 4-17 8.6
g Kidney (gm) 6 11,077-227 L% 11{170-539 A4
%oody wt 1.5-2.9 1.9 1.5-2.4 2.0
liver {gm) 711, 585~653 370 11{397- 82l
%bOdy wt 1h.0-7,1 5.1 LoT=7.5 6i2 )
RBC/mm3 7 15,524, 700-4,008,690 |4,918,700{5 19,494,000~ 6,001,320
4,090,500
WBC /mme> 7 1b,686-2,302 .3399 5 |1,520-4,767 13,339
Blood {Eosinophyls/mm||7 |283-44 127 3 {11-e8 39
Hemoglobin gm# {i7 {15,5~12,0 14,2 L {135-21,0 |15.4
Sugar mgh 7 {87-137 112 5 {&50-167 87

wormy v
i

]
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after the onset of Nembutal anesthesia were 100,0 and 100,59F. The sea otter
apparently does not have good temperature control., In captivity, particularly
if insufficient food is avaiiable, it suffers greatly from temperature changes,
Shivering was noted on numerous occasions in the animals kept in the tank and in
others regularly kept in a dry environment but given a swim. In one case, three
animals that had been kept in cages for several days were placed in the water turk
for less than one minute. Two of these animals shivered excessively and dif ncb
recover fullvstrength for at least twelve hours after the experience. Wetting of
the fur always precipitated much rubbing and preening, possibly in an attempi to
dry it (see Appendix 2},

In another instance, an animal (4-54) that had recovered from anesthesis was
placed on the bare damp floor of an unheated shack over night, In the morning
(0700) it was comatose and the body temperature was 79° F, Successive baths in
water 105° F, and intraperitoneal injection of 1Oce of 15% sterile glucose and 1.8
cc of 5% metfazol effected a temporary recovery of this animal with a return of
body temperature to 98° F. at 1100, The animal accepted food at this time. At
1800, eight hours after recovery the animal began to scream, and though it was
still weak it appeared normal., At 2400 its body temperature was 102,50 F and it
had become restless. At 0120 the next day it was given a subtutaneous injection
of 50 mg/kilo phenobarbital to quiet it, At 0245 it was sleeping, breathing reg-
ularly, and its temperature was 104° F, The animal was dead at 07i5. It was
noted subsequently that the fur "slipped" on the hide of this animal which may
indicate the hyperthermic condition at the time of death.

Panting of sea ottersAwas noted on several occasions following the 8xertion
attending capture on the beach; however, this activity was never sustained for more
than a minute or two at a time. The mouth was only slightly agape and the tongue

was not extended,
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Panting was not observed in-an animal (5-54) which died when the body tem~
perature was 106° F following Nembutal anesthesia, The body temperature at the
time of capture and anesthetization was 100° F, At four hours, the animal began
to recover righting reflexes; the body temperature was then 103° F, The animal
was placed on a cool (300 F.), damp floor. It showed no furthsr signs of reccvery
and the breathing had become dyspneic and the heart beat was irregular 5 hours i(
minutes after anesthetization with a body temperature of 105° F. Tan miruvea
later the body temperature had risen to 106© F,, breathing stopped, the hezxr:
fibrillated, and the animal died.

Captive otters were observed to be rather restless and to seck the coole~t arsa
in a heated room, They avoided spots of direct sunlight which warmed their ze2«
fur very rapidly,

Heart Rate: The heart beat of ottefs that seemed to be in reasonably go.d
condition was strong and regular, The resting rates for three subadult aninads
that had been in captivity for two to three weeks are given in Table VI, Heart
rates of two animals immediately after capture and injection with Nembutal, but
before anesthesia was complete were both 168 beats per minute, In deep anesthesia,
a heart rate of 188 beats per minute was recorded. In two animals which were
comatose and in which the body temperature had begun to fall, but which subsequently
recovered temvorarily, the heart beat was very weak and irregular., During recovery,
the strength of the beat was recovered apvreciably sooner than a constant rhythm
was established, At the point of hyperthermic death, the heart went into fibrilla=-
tion.

Breathing Rate: The resting breéthing rates of three subadult otters after two
to three weeks captivity are riven in Table VI, Figure 1 shows the breathing pat-
tern of these three animals. It was noted that there are two distinct breathing

movements; the more frequent shallow breath is mainly thoracic while the deeper
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Heart and Breathing Rates of Resting
or Sleeping Captive Sub-Adult Sea Otters

{

i animals Beart Rate/liinute
}‘ NO . Qf
No., & Sexi observations! Renge
f
lOEBL S 3 144148
16-54 3 122-136
£ l
28-54 ; 1l 121
m
average

Breathing Rate/Minute

No. cf _“*n
|_av. observations range ave,
146.7, 12 .J9-16:5 12.2
129.7 9 8-14 10.6
121 8 12-15 13.6
132.4) 12.1
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A, B. 10-54(f) Sleeping supine F. 28-5.(m}) Sleeping prone _,[__ Deep brerth
C. 10-54(f) PResting prone G. 28-54(m) Resting supine L Shellow bresth
D, F. 16-54(f) Sleeping prone H. 28-54{m) Drinking water -~/ /~ Indefinite interval

Fiyure 1. Brenthing Pattern of Sleeving and Resting Captive, Sub-Adult Sea Otters.
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ventilation is more abdominal in nature. It was also noted that the rhythm is not
regular, The intervals between shallow breaths varied from 1 second to 15 seconds
in the same animal during the same period {several minuies) of observation. This
irregular rate was seen in animals both asleep and awake.

Breathing rates of 16/min and 22/min were recorded on animals shortly after
capture. Several otters were observed to pant for short intervals at the time of

capture,

Passage of Food and Digestion: The sea otter masticates its food very thoroughly
Most bones and pieces of skin are completely‘grouﬁd up before swallowing. The shells
of smaller mollusks are also ground up and swallowed, but larger shells may be
cracked and discarded. (See Appendix 2), The shells of mollusks included in the
food of the sea otters appeared in the feces within 4 hours after ingestion. In a
timed experiment one otter passed shells in 2 hrs. 45 min, a second in 2 hrs. 50 min,,
and a third in less thaﬁ 3 hrs, 15 min, after ingestion.

The feces of otters on a diet entirely composed of fish were not formed but were
guite watery, Only a small percentage of the total bone ingested appeared in the
feces, these being mostly head bones, ribs,‘and fin rays. All other parts of the
fish were completely digested, The shells and chiton of invertebrates did not
appear to be digested at all, and the feces of animals receiving this type of food
were semi~formed and less wﬁtery. |

When goose and seal flesh were included in the captive otters! diet, considerable
amounts appeared in the feces épparently completely undigested, This was partic-
ularly true if this food was provided in chunks, though even when the meat was ground
it could be recognized in the feces. Vhen fish and meat were ground together, the
fish was never recognizable in the feces, but the méat often was.

In one instance, three otters receiving about 21 1lbs of fish in a 24 hour periocd
‘ produced'about three and 1/4 1bs of fecal material during the same period, VWhen the

otters received insufficient food or were fed at intervals exceeding 10 hours, the
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feces became black and tarry (blood), Unless adequate food was provided immediately’

death usually followed in a maﬁter of hours,

Anesthesia: The first attempt to anesthetize an otter with sodium pentobarbital
(Nembutal) was fatal, A dose of 40 mg/kilo injected intraperitoneally (the anesthe-
tic dose for dogs) resulted in death df the animal in less than 30 minutes, Two
other attempts, using a dosage of 20 mg/kilo gave good anesthesia, Undesirable after
effects, as noted above, probably due in part at ieast to the anesthetic, contrain-
dicated further use of anesthesia in light of the limited number of animals which
could be handled,

Survival in Captivity: Three animals were successfully maintained in captivity,

For the first ten days these animals lost weight and frequently appearsc listless \
and in & weakened condition. During this time thej were housed in the animal house,
protected from the weather, and denied the use of water except for drinking. They
were fed approximately 2% 1bs of fish and meat pér animal per day (12% - 15% of body
weight), On several occasions they passed black tarry feces indicating that they
were probably suffering from enteritis, One animal became very weak on‘two occasions
réfusing food once (he was finally induced to eat by "teasing! with small bits of
chopped fish which he reluctantly swallowed), and showing acute respiratory distress
(coughing, dyspnea, as in pulmonary conjestion) another time.

After ten days the rations of these animals were stepped up to about seven
pounds of fish per animal per day (25% - 35% of body weight)., The animals immedia-
tely pepped up and no further signs of enteritis were noted, They btegan to gain
weight, were more active, and geemed to have more strength as they moved about.

They successfully withstood captivity, steadily improving, for three and a half
months, including 6,000 miles of transportation by ship and air.

They finally died in the National Zoo, in Washington, D, C., but beyond the fact
that they had "hemorrhagic enteritis® no details concefning their deaths or the en-

vironmental conditions in which they were being held immediately prior to their
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deaths have been received.‘ A week prior to their deaths they were judged by com-
petent observers to have been "in the best condition,"
DISCUSSION
In many respects the sea otter represents an interesting intermediate stege in
the adaptation of terrestrial mammals to an aquatic existence, This adaptation falls
/:i:rt of that seen in true marine mammals such as Cetacea and Sirenia which not only
have no requirement to leave the water, but are so highly specialized that thsy are
unable to do so, Most Pinnipedia, though they are capable of going ashore, aud do
so, often for relatively long periods, to rest and bear their young, show marked
specialization to an aquatic enviromment. Their morphological and physiological
adaptations are much more pronounced than those seen in the sea otter,

On the other hand the sea otter has largely lost the ablllty to survive on land
in the nacural state, It is unable to travel any distance or procure food out of
the water as most semi-aquatic mammals, such as the land otter and beaver are-able
to do, Morphologically the sea otter resembles these semi-aquatic animals more
closely than it does the true marine mammals,

Because of the lack of adequate information about the life history, habits, and
physiology of the sea otter it is difficult, if not impossible, to clearly under-
stand its requirements and stage of adaptation between a terrestrial and aquatic
existence, It is fairly certain that thie adaptation is not complete and the
evolutionary changes which are in progress have left the animal with a very narrow
range of envicrnmentai tolerance. This would explain the slow recovery of the
species from near annihilation even with complete protection for over L0 years,
and the difficulties encountered in working with individuals in captivity.

On the basis of the work reported here, the causes for captivity mortality
in sea otters stem from a combinaticn of inadequate feeding and environmental
stress., The lack of food does not usually result in a total energy deficiency as

seen in chronic starvation, since many animals which died were quite fat, few, in
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fact, having no fat reserves. It is rather a case of acute starvation in which

the mere absence of food from the digestive tract brings about changes in these
organs which are intolerable to the sea otter, It is also possible that the sea
otter is unable to mobilize stored energy resources (fat) rapidly enough to entirely
satisfy its immediate needs under stress,

When the digestive tract remains empty for more than a few hours very rapid
degenerative changes occur, Whether these changes result from the mere mechanical
absence of material in the gut, a chemical attack on the lining of the gut, v the
presence of some bacterial or viral organism is not clear, The rapidity o7 food

Y,

passage through the gut, which is long for an animal of *his type, and the :lstolo-
gical evidence that the gut is very active, indicates that it is geared to harcle
large quantities of food material almost constantly. When this material is nct
available there is’apparently no mechanism by which it can be slowed down. A
severe gastro-enteritis then develops which leads to fatal shock or circulatory
collapse,

The destruction of tissue (gastro-intestinal mucosa) and loss of blood usually
gseen in this condition is adequate stimulus for the shock syndrome, In a few inst-
ances the enteritic condition did not seem sufficicntly severe to have been the ‘
sole causative factor of shock. However, the excitement and stress of capture
and early confinement is in itself a strong neurological shock producing stimulus
and would tend to aggravate the situation,

There is considerable evidence in the results from pathological animals to
support this shock theory: ‘

1. A hyperemic condition, indicating vaso-dilatation, was observed at necropsy

on both gross and histological examination. |

2. 4 slightiy higher moisture content of the tissues, congestion in the lungs,

and free fluid in the body cavity indicated loss of fluid from the blood and

edema of tissues.
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3., Higher R.B,C, and hemoglobin values are an index of hemo-concentration,

4, Eosinopenia is a well recognized symptom of acute stiress,

5, The animals died very suddenly, showing few or no symptoms of morbidity up
to a few hours of death, which always occurred in the early morning hours, The
natural stimulations of human activity during the day and evening would have a
sympathomimetic effect on the animals, blocking the shock syndrome temporarily,

When this stimulation was removed the animals would succumb to shock rapidly._

In addition, it is possible that the entire otter population has a latent, es
yet undetected, infection of a bacterial or viral organism which causes enteritis,
When the gnimals are subjected to environmental stress or are unable to get adequate
food supplies, an exacerbation of this infection might occur, and if it subsides,
leave the scar tissue found in the gut of all a_nimals, both normal and pathological,
that were examined. Such a disease, and the toxins produced by it, might explain
all of the symptoms noted.

However, repeated sublethal environmental stress and the inability to procure
sufficient food during very rough weather might explain this scarring alone, since
gastroenteritis is a recognized symptom of str;;ss. It is fairly certain, judging
from the condition of the animals and oceurrence of blosd in the feses, that the an-
imals successfully held in captivity suffered attacks of enteritis during the early
part of their confinement from which they recovered,

The rapidity with which food material travels through the gut of the sea otter
is probably the reason why qertain foods such as seal and goose flesh are not com-
pletely digested, These substances are much tougher than fish and offer more
resistance to mastication, The digestive fluids would not have an opportunity to
mix with and attack this type of food as readily as the more thoroughly macerated
fish flesh, which contains less connective tissue, in the short time it remains in
the gut,

The metabolic rate of the sea otter was not determined, The high caloric intake
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of the otter per day would seem to indicate that it might be high; however, obser-
vation of the habits of animals kept in captivity did not bear this out. They
display none of the nervous activity frequently seen in captive animals of other
species., They did not pa;e and rarely moved about except at feeding time, spending
most of their time sleeping or resting, Much of the time they were not even alert
to their surrowndings, being undisturbéd by human activity, ineluding carpentry,
in their immediate vicinity, A high metabolic rate may be necessary to maintain
body temperature, but it is difficult to assume that their heat loss is excessiv=s
through the fur that they possess, even if wet, The captive animals, kept dry wost
of the time, showed no decrease in food requirements, even when the environmental
temperature rose.

The sea otter has a rather narrow range of temperature tolerance and is senﬁiﬁﬁﬂe‘
to abrupt changes in temperature, Captive animals held in a tank of water only one
or two degrees below t he temperature of the sea fram which they had been taken
shivered excessively and screamed their discomfort., The inadequacy of the diet
provided these animals probably accentuated their inability to cope with this con-
dition; however, they all had considerable fat reserves at the time of death.

Animals held successfully for more than a week in a dry environment, which were
then placed in water, shivered intensely and were seriously weakened by only a few
minutes exposure, taking 12 to 24 hours to recover from the experience. It is dif=-
ficult to understand this reaction in animals which spend their lives in and out of
the sea, It is quite possible that the artificial environment of captivity results
in loss of insulation and waterproofness of the pelt which may become dirty and
matted,

The temperature of the sea in the winter is probably at or near the lower limit
that the otters can tolerate, and even 2 drop of two or three degrees, particularly
if they are not in the best physical condition, causes a severe stress reaction

or shock,
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The obvious discomfort and distress of otters subjected to environmental tem-
peratures higher than 50° F, or when subjected to direct sunlight for more than a
few minutes, indicate that they caﬁnot withstand excessive heat any better than cold,
The lack of panting, except following strenuous exercise, when it is very brief and
apnarently ineffective, would seem to indicate that this usual method of controlling
body temperature is not well developed in the otter, Another indication of the lack
of an adequate temperature control mechanism is the uncontrolled rise of body tem-
perature in captive otters following anesthesia,

One of the first effects of high environmental temperature in most animals is 3
loss of appetite and refusal to eat. In the sea otter this is very serious and mey
result in the gastro-enteritic lesions discussed above,

The narrow range of environmental temperature tolerance of the sea otter is not
hard to understand in light of its natural habitat. The sea temperature has an araw-
al fluctuation of only about 9° F (38° F to 47° F) while the air temperature varies
only about 40° F (150 F to 55° F), Individual animals may be subjected to much less
variation than this, depending upon their immediate surroundings, Thé changes
within these ranges are slow and would give the animal ample time to make the slight
seasonal adjustment necessary, In captivity these changes are more abrupt and
often outside the natural range, and therefore constitute a potential stress~
provoking stimulus,

Not enough data of a comparative nature were obtained in this study to defini-
tely show how the blood sugar and liver glycogen effect, or are effected by, cap-
tivity mortality, There seems to be a decrease in the blood sugar with captivity
mortality, but whether this is associated with the causes of captivity mortality
or merely a side effect is not established. The value for the blood sugar and
liver glycogen of normal sea otters falls within the range of other mammals,

The values obtained for the organ weights and their percentage of body weight

are difficult to evaluate because of the wide range of size and age groups of sea
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otters worked with, The apparent increase in size of the adrenal gland of pathologi-
cal arimals ‘supportsthe théory that stress or shock is a causative factor in cap=
tivity mortality, since this gland is responsible for the body's defense against
these conditions, The slight increase in the pathological animals of percentage
of total body weight of the other organs measured is probably a reflection of the
body weight loss during captivity. Much of this information which seems to be of
little or questionable significance will probably become useful in light of the
results of further investigations,

The heart rate observed in the sea otters is comparable to that of other mammals
of similar size, The irregular characteristics of the breathing rate of the sea
otter is similar to that observed by other investigators in seals and elephant seals
and is apparently an adaptation to an aquatic existence,

Success in keeping sea otters in captivity depends largely upon adequate
feeding and environmental temperature control. The importance of keeping the gut
filled with food is obvious, Because of the rapid passage of food through the gut
this cannot be done with one or two feedings per day, but requires four meals per
day, spaced in such a way tﬁat no interval of more than ten hours elapses between
feedings. The ideal situation would appear to be four meals spaced at six hour
intervals, although an interval of eight hours at night does not seem to have a
deleterious effect.

The quantity of food is also important., Enough must be given at each meal so
that the stomach contains sufficient food material to be passed into the intestine
over a pefiod of hours following each meal, The total daily intake of food nec-
essary to maintain body weight of the sea otter is probably in excess of 25% of
the body weight of the animal, The focd should be of a type that is readily dig-
estible,

Maintainance of the animals in a dry environment was essential in the experi-

ments reported here. However, if adecuate food supplies were available, it would
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probably be possible to allow the animals at least limited access to water for
bathing, particularly if they are protected from the weather. Air temperatures
within a range of 30 to 45° F, appear to be satisfactory, How much lower the air
temperature may be allowed to drop before it has an adverse effect is not known,
but higher temperatures definitely cause distress. Water temperature should not
be below 4OC F,

The possibility of environmental stress occurring in wild animals has already
been pointed out, along with the evidence that this does occur., When animals
already suffering from such stresses are subjected to the additional stress of can-
ture and captivity their chances of survival are greatly diminished, Since there is
as yet no way of recognizing stress in wild animals, it is to be expected that some
animals in this condition will be taken captive and subsequently die, regardless of
the care given them.

Individual variations in temperament may also be a source of failure of animals.
to éurvive in,captivity. Some animals, although they outwardly appear to accept
captivity gfacefully remain nervous and uneasy. If they persist in this attitude,
refuse food, or stop eating after a few days, they are doomed., Excessive handling,
abrupt temperature changes, change of diet, isolation, and unusual, persistent
stimulations (e.g., vibrations and movements of the cage during ship or air travel):
should all be considered potential neurological stress-provoking stimuli capable of.
directly or indirectly precipitating captivity mortality,

This work 1s admittedly incomplete and should be considered as primarily an
exploratory investigation. Any conclusions that might be drawn at this time,
beyond the establishment of certain normal values for a few aspects of the sea ot .
ter's physiology, would unquestionably be vulnerable to criticism. The results.dcj
however, provide a basis for, and indicate the direction which future investigations

might take. Appendix 3 presents suggestions for further studies of the sea otter,
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Directions lor Filling Out Duta Sheots
Sea Obher Project.

sufficient, maks 3, Ter % i)

animals, on blank pages. 4 lmpressi ived &t bime

are dimued, contorted, or forgotten in'time. This is o purticule rly importunt
consideration in this project since it will be weeks, and perhops uonths, belore
all the dote can be analyszed.

Time and Hate: The time of Geath is most importent since resulis of some
of “he procedures must be internreted +iith regord to elepsed post mortem time.
Record to the nearest minute.

How *“lL_m. Teli axactly what killed the eniwmal. If shot, give the path
of the hullet through the body «nd zsmount of tisgue destruction.

Cenerzl congition or hea Give best subjective evaluation ol the animal
pessible, ranging from appars: vormel to descriptive of specific zbnormalities
ir the liwving or freshly ki nimal., This sheould be the impression geined be-

fora doing the physioclogi

e
(6255

roceduras.

Procedure: The procsdurss listsd on Lhe data shest g
lined Master rrocedures I and IT; however, they dc not corres

Time: (post mortem) This should be recorded as the e
of the animel znd beginning the speciiied procedurs. It sh

nd heurs, not time of day. oSters in this column indicate

Results: bntries in this cclumm are usually sobviocus. In sS0me cases,; €eg.,
pituitary, ACTH, livewr, glwco“u“, restults will not be determined until & later dzte,
so leave space blank. However, be sure to record iims.

Remarks: This column is5 to bes used to qualify or enlarge upon results. Under
number 5, 5, biood Jollected, state the type and amount or zntic ""Llant used, if any.
Under number &, Autopsy, a—p, note Lhe type fixatives u for esch tissue. Under

number 9, Lyophilization

cesa. In the event thuv

tions mey be valuable in

ticns. It is expected th
vertinent remarks.

-
Study the sample dat
particular item of data

or “ublimation, reccrd the tims it took to complete the pro-
any procsdurss are nob pe;"ormed, e.plain why. such nota-
se u'D_.‘.'l & up nvwev‘lmen bel Ppro cedures for future investiga

a4t additional blank pages will be necessary to inclu de &1l

Codecia

3
1%

o)

ta sheet cnd refer back to it when undecided how to record

«
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Appendix 2,

THE BEHAVIOR OF SEA OTTERS IN CAPTIVITY |

Although the behavior of wild sea otters in their natural environment has been
described® nothing has been published concerning their behavior in captivity, prim-
arily because herstofore it has been impossible to keep them alive for more than a
few days., During the course of this work more than twenty sea otters of both sexes
and all ages were held in captivity for periods ranging in length from a few hours
to more than three months, Because of their phlegmatic nature in captivity it is
nossible to observe them very intimately without disturbing them, and to describe
certain activities which might be obscureAto, or misinterpreted by a more remote
observer, The subjects for most of these observations were three subadult, prcbatly

yearling, sea otters: two females (Hortenmse, 19 3/k lbs, and Aggie, 24 1bs) and

one male (Peter, 25 1lbs),

Form and Appearance The length of the adult sea otter is four feet more or less
and adult weights range from 35 to 80 pounds, the latter in extremely large males,
Although at home in water, the body is pendulous and poorly supported on land by the }
relatively short, muscular limbs, The fore paws are pad-like with no separation of !
the digits although the terminal phalanges are movable and give great flexibility to !
the tips of the paws; short and slightly curved claws are normally retracted onto the
back of the paw but may be extended forward beyond the tip of the paw. The hind
foot is a broad, flipper-like structure, fully erbed, each digit with a nail-like
claw above and terminal callouses below, Unlike the forepaw, thé hind foot is fur-
red on both sides and all phalanges are mobile. (In the following discussion the
fore feet and hind feet will be referred to as paws and flippers respectively).

The musteline head is flat and blunt with a small dark eye and a small external
ear which is fleshy, vascular, naked, and twisted upon itself, A blunt, black nose

" pad separatés stiff, decurved but mobile vibrissae,
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The body fur is dark, soft, and luxurious with fine dense guard hairs and under
fur, but the head fur has a bristled appearance, In some individuals the head and
neck is a contrasting buff color and grizzling of guard hair tips is common in older
otters,

The skin are remarkably loose upon the body, even about the head, and is not
underlain with blubber as in other marine animals. On the chest extending from
one axilla to thecﬁﬂmGrAis.a capacious fold of skin, A pouch for holding food
is formed as needed by the otter's manipulation of this loose skin; however, it is
not an enclosed structure like a marsupiumg

Sleeping The usual position was on one side or supine, rarely prone., In any
position the head and neck were usually turned to one side with the hind quarteus
curved or straight. The paws of the sleeping otter were held either rigid or re-
laxed, usually with the palms held together beneath the chin or pressed tightly
over the ears., In the latter position the muzzle was thrust into the pouch regloz,
At other times the head laid upon the palm of one paw, the other paw relaxed under
the chin or extended outward or upward. The flippers were usually spread, plantar
surface down, with the tail straight back, but commonly one or both of theseflexible
structures turned at nearly right angles to the long axis of the body. Occasionally
when prone, the flippers were flexed forward under the abdomen. When supine an
intermittent reflex raising, spreading, and outward rotation of the flipper was
sugrestive of sculling, (This reflex also occurred when the otters fed on their
backs). Breathing movements, occurring at a rate of about 12 times per minute, were
accompanied by slight nostril dilation and twitching of the vibrissae, Otters in
sound sleep on a wooden floor aprarently were not awakened by gentle walking or
normal conversation a few feet from them,

Preening Preening was intensified when the fur was wet although the otters
preened regardless of the condition of their fur; this activity might be considered

a nervous reaction.
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When preening any position was assumed. When supine the head was brought up
and the nose was thrust'into the fur of the chest or abdomen and rapidly rubbed
from side to side with snorting and blowing while the paws rubbed sides, haunches,
face, ears, or neck with rapid rotary and %o and fro motions, Folds of the loose
body skin were repeatedly gathered and "scrubbed" vigorously between the paws. - The
paw movements frequently were not synchronized; one might be rubbing the head while
the other rubbed or even patted some other part, Hortense was very adept at rubhing
the right elbow with the left paw while rubbing face with back of right paw. Wich
arms folded before the chest, the paws rubbed opposite forelegs or shoulders simul-
taneously or the backs of the opposite paws alternately., In tbis action the dig:ts
of the paws frecuently extended outward away from the palm., There was much snake-
like wriggling on the straw, accompanied by pushing of the flippers against the
floor and ear rubbing while the otters were on their backs, sides, or bellies; in

the cage the wire was used for a rubbing surface for head, neck, and sides. Faen

~ the fur was wet, vigerous shaking of the head and neck was done in nearly all

positions, occasionally accompanied by a flipper scratching the shoulder region,
Vigorous shaking in a half-reclining position swung the paws away from the body
centrifugally, and even rotated the whole body to some extent.

Dried grass was used by the otters in preening. When permitted freedom of the
Wotter house!", the otters sought the drier areas of straw for preening and sleeping
although the warmer spots in direct sunlight were usually avoided. Wriggling in the
straw has been noted above, ¥When reclining the otters occasionally drew bunches of
loose grass toward and over themselves, rubbing it between the paws and against the
body, However, this behavior was not sustained very long at a time, When soiled,
damp, and matted litter was exchanged for clean.and dry grass, interest in grass
increased and the otters frequently climbed into the box containing fresh bedding,
Handfuls of grass dropped directly upon the animals were apparently enjoyed,

In any position the skin was moved to and fro, mainly in the abdominal and
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lower back region, less about the shoulders, This is done by contraction of dermal
muscles; it is not a rapid twitching as the fly-flicking of horses! skin, but a
slower peristaltic-like wave easily followed by the eye, Its purpose may be to sep-
arate the wateeratted fur by.raising the guard hairs to an upright position, al-
though the movement also occurred when the fur was dry or nearly so,

The tail was preened with either paws or flippers. From a supine position the
otter flexed the head and upper trunk caudally between the flippers to grasp the tail
with the paws. (The lower back region was also reached in this manner, with the
chin resting on the base of the tail and the paws reaching over and past the tail to
rub the back fur), The tail was worked over by the paws when body was in other posi-
tions, The dexterity of the