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Bummary. 1. Plosma thyrexin: (T, prodein bound edine (PRI, seroanie
indine, total iodine, chyrexine hinding glohalin (TGIE), unsataraced THG {resin
T, uptake test) amd free thyraxine wore mensored in & serics of besta an b
spectes of porpedse for doalphing} and two species of small whales, This was the
first such work done an ectaceans. The values peesented for the bettlenoss dolphin,
Pwrsiops fruncatis, were derived from 86 plosma specimens frome 31 differamt
nmimils {Table 2] ond shoeld be clinienlly usefal dor the fotere dinpnosi of $leymoid
ilizense in that speeies.

2 & total of twenty-foor plizms specimens from the Pacific white-steiged
tdphin. fagemarkgnebus eldigoidens (Fig. %), the killer while Ceeizaa siva [Fig, 4)
amel the pilet whale Sfeddeephety sammont [Fig, 51 gave wvoloes that most be
regunied ax preliminary wietil o lorger number of animals con be ssmpled.

Ao Al of these mnrine eetaceans hivee lurger thyraids and smiller hody sorface
areas thn tecresterinl mammals of comparable weight.

A In Buttberase calphing and Paeilie whitestriped dolphins fthe todal thyroid
weigeht is abont 2025 dimes the dotal adeenad glind weights The aelrennds wmi the
thyredd wre Both aloot ane-third larger fon & glamd weight to by weight hasi)
i Pavifiv whitesstriped doedpluins.

o Differenees i woter tempersbane of 500 to 00 did nob appear fo offect the
pla=ma thyroid indices of bottlemose dalphins or killer whales (Fig, 45, A T&5hour
Lagl conmed an inerease in plogaes T levels of cooh of 3 battlenose dedplins with an
pevieraee rise of 1.2 e/ 100k nl.

i The liigh bevel of plasimn Uy aned PEL appear bo correlate well with e melatiavely
liigh metabinlic rate absarved in T frepeefus, However, the species that appears o
b Gloe Digheat metab=olic mabe, e Pacific whitestripesd dolphin, fageweonkymolos
obfapeatens (Fig, 31, had the st plasin level of T, PRI total jedine, TOGR
capaoity sl olalesstensl (Table 25 Thia dala poinds oul Ghe el Tor a ccnprehensive
sty of thyroid Tunstion in wild and caplive ahitestziped dolphine and other
apecies Lhod are diffioult to maintain in caplividy.

Introduction

Undontocetes  {toothed whales ineluding  dolphins and - porpoedses)
arc eonsidersd to have a high metabolic rate (Urile and Quiving, 18940
Lewing «f el 1041 Kanwisher and Sondness, D966 Theyv live in a

EI"IIil-i'«'I!I_‘-' l!!III.II I"II'«'iI'\l:lrIIIII"II"- ||‘Ii]|- '|'|'l::IIJ]I| IR E R [EK] I":!Lllli:l'\.! ]ill'g!! Ill:!itl-
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production for homeostasis as well as special mechanisms [or heat
conservation (Kanwisher and Sundnoess, 166; Scholander and Scehovill,
LG5 Bel'kovich, 1965).

The thyroid gland in most oothed whales is relatively large. Crile
aml Quiring (19400 compared the thyroid weights of the Bcluga faelplhiv.
apderis tewoaz with a thoroughbred horse and lound the cotacean 1o lve
nbout three times the thyroid tissue per kg of body weighl as the
equine. Bottlenose dolphing Tureiops truncmtes have aliont 400 my of
thyroid tissuekg of body weight [Ridgway, 1968), wherens the oz lias
about 35 myg of thyvreidkg (Ganong, 19673 The sine range for adoli
humans in North American is 15-25 g {aboul 230 mg/kagl—just over
half that of Bottlenose dolphing (Williams, 1962}, The largest thyroid
known to us (on s eatio to body weight basis] is that of the Dhall [ror-
poise Fhacoenoides dalli s 650 to 900 gl Marrizon {969 sives values
of 4800 mg/lg for the harbor porpoise Phococne phocaere, Our Pacific
white-striped dolphing Legerorfyrchus abliseidens (both wild and Caprlive
animals) have thyroils of ahont SO0 gl which iz in close agrecment
with data given by Haorrison, One juvendle pilot whale @lebecephaln
setrirani ad a thyroid weight of 200 mg g ([arrizon, 1966). Thyroids of
these odentocetes: are about 2,235 times ns large as the wdreenals. This
ratic wis similar among Uhe speeies that we studied. Fig, | s a deawing
of the thyroid gland and its regional anatomy on a bottlencse porpoise,
Tha: g'-:‘ll'll:l iz l:]I.IiI.l.' lakbmliti=d snel has & viel blaad supply, Llaveizon {19649)
has recently reported on the histology of the thyroid of several B[Irics
of eetaceans in detail, Therefore we will not disewss e histolory of the
gland.

Tl protein bound iodine (PRI determination lias been empoyed o
sonebine clinical dingnostie test in owr porpoise health program (Ridgway,
BEIG3). We noticed tlat the PRI, determined bv the modified allealine aszh
mothod of Barker of of, (1951), i unusually high in our iy researeh
aperies, the bottlenose porpoise 7 trencefas, These values were so high
that by human clinical standards virtbually all of the animals would be
judged Byperthyroid. In contrast the Pacifie whitc-striped porpoise
o sbliguidens exhibited o relatively low PRI sven thongh thiz specics
1 more active, has w higher metabolio rate, lives in eolder waters (Hor-
vath efaf., 106G8; Ridgway and Johnston, 196G6), and as mentioned
previously, hias n large thyroid gl in proportion to bdy weight. The
differences in PEI were quite siznble and we wanted to try o determing
what they were due to.

First it was necessary to determine whether or not specimens collected
from ¥ fraweelus were in some way bing affected by oxopenons nrEanic
indine of whicl we were not aware, The methods of Murphy an:d Pattec
IHB'GJ_I anil I"II'!'_-'?'I at . |:J'i"5|]. W -I_'|:|1_E:|||_;-.'|'|_~;| L mngsissare |.|'I_'|'|:'l.l."\..El"II'
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i= acenrate in the presence of inorganic fodine or rereuey ennkueningtion
Thi: resualés, as shown in Table I, indicated 1t no signifiennt amoant
of contamination ocenrved and that the observed speeics differencee was
real.

To owe knowledge oo detailed tests of thyeoid hormones ave pee.
viously been domne in any eetacean species. We deaidol Lo investipate
plismn thyrodd hormone levelz in the four retacean speeies availabile fous

Methiwls

The animalz were kepd in several types of enclosures and were randomly
maved feam ane fo et e, Thess enolsures inclade laponn ems, eanereds tanke,
nowendn tank, and Teating pens in the open ocean. Thers wos ne filtration in £l
concrite tanks; walor qualily was maintained by continwous water flow, The
wacdlen tank baz a sl and gravel filtzation system, and copper sulfnte (CuS0,)
wits acdded. o chemical Leeatmsent was used in the ather halding faeilitics anel
witker gamalarity tanged fram 352 ta 818 mOsm. Air temperature normally varied
fram 147 £ tg 227 C while water temperature ranged from 117 4o 237 02

ke samples For these atudies were deawn from the centeal veins or arterics
of the tail fluke (Ridgway, 1965) or mrely from the flipper (Medway and Gerne,
Py, Tin the Killer whales, doveal fin (Fig. 8) or $ail flukes (Fig. T corld be utilized
for bland sample collection, ol fail fluke sumples were wiilized in this stody,
bevwever. Specimsens worn colleoled a2 animals were bled on o rowdine elinical
hasis over an 18 month pocked. Some mescarch animalz are hled on o regular
sehedule while athers are examined and bled when £heic holding tanks are cleaned
or when they are moved froms of Lo an eoso pen,

We ol opportumitios to sample wild porpeiaes freshly canght in the open sea.
Thirteen . traneatuns (Fig, 2 had beon mecently eoplured, but maost of the samples
Froom T feuneatis wore Troon aoslmala thot bave lived ot oer faeility for 4wo ta six
years, Several of these parpolace are normally maintsieed in oecan pens in the
faeific Oecon off the Maring Biceckones Facility, amd frequently participate in
coperinents that reduire them to be feer and wpbethoered in fhe spen sea. One
Looeddigueidens feraale (Fig. 35 was witly s Tor Dive years and another mole for over
two years, while the athers wers recontly eaplumed. Two killer whiles Creines arca
wore sumplel about tem days after thelr caplare and again six and bten weeks
Infer. These bwo young males wers |'||'||'q,|.|1_'||1|ll.' rl'}|_|||_-;|_|:l.' Troan e oubeet and adapded
[l gLl “'l'l'.li.l:l.' i CF] I'I'|'|I1i'|.'i.|].' ardl hiimian assccintion thap any olher mavine mamml
withi which we hove heon asaccinted, Twa .|||||:‘1| whalea f.'.'u‘_'lr'{r*u'yr&r AR AR
wepe sampled soon after eaptone and then |'|n|,:|'r:'||:'||;\-:'.y.||:|.' |!|,:||'i|:|'!_l Bl muinxd aix moad b,
L st cases, Blood was drown when the andmals had boen Fasted avemieht, bl
Eliiz was not practicnl in all cises and o few af the Tl eoaeatins .-\.'\,|_|-|||;{1_l_-c e balorn
from anineals not fosted.

Tz, &, Prolure of Tursicps Irwnemlaa, the Atlantic betileross qh'r!lpl:in o i)
(UL R, Navy photograpl)

Fig. i Picture of faperaekynebas ollignidens, the Pacifse whileeslripgued dolphin
for porpoise) (LS, Navy pholegrapl)

Fig- 4. Pictare of feeinns sren, the killer whale (U2 Xovy Photograph)
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T haparirnized anmiples were centrifuged] at low specds aned the plasma reroved
anel frazen for later analveis, with the sxeeption of the Murply-Petteo teats which
wern pun inmelintley. Inoaddition e methods mentioned shove (Backer ef al,,
1950 ; Murphy and Pattes, 1964 Pileges et 1G]], the method of Sterling amd
Prcmmer (1906067 & wsodilied by Lee (19689 was used in the dotermination of froe
thymoxing {fr ), Thyroxine binding slobalin CUBG capneity] and unsatoried TEG
(resin Ty nptako tost) woes eslinated by methods snmmurized by Heney (LOET) a0
Fissan | 10E5),

Resulis

The results of the various gronps of testa for ciroulating thyroal
hormone are presented in Table 2. Values for the ¥ frawcatis anid
i fll':-\.".l'.-lr!rir.!'.-':v:-a are in the same genoeal rAnge as Lhe: ||:n-|i|'|ri|1.!1|'_'..' waluaes
in Table 1 and the |u1."-'il.:-u:1 elinond dala on PREs done in oonre J:Lh-:r-.l.'rt-:r_'.'-

The € orea and T druncofus specimens wore =imilar s wero the
values for 07, seesimer: and 1, r.-":-'-"-}.!ri:r-r-'l-i*.u_ Animalz of cthe latior fwo
speaigs b low TRG, higher T test, with low T, and PRI OF possible
!‘i[_’ﬂifl'l.‘-!'ll'li.:vl.' is the fact that the pilet whales slowed o high ."'r. while in
the L. -'.'-N!-'I'i:l:lh'-!!'-:l'q?.'\-!-v it was lower. The r-.':|.|.|_:r xl-l'i]::irlg Fi:||||i|'|;_r 1= tlie lovwer
value in every index for L L r.ll'.-.r.l'.llrlr.'r.l'.-:h'.-. HRVE I'I'.L; uptake value which
waz slightly inerensed i line with the lower TBG capacity.

I¥isenssion

Hisson (1) bas ceviewsed the various thyeoid funetion Lests aml
their interpretation, The reader is reforved o his diseussion for the
detwils of thyroid evaluation,

Crile and Quiring (1940} pointed oul that pacticulorly lncge thyroids
aecur mainly in aquatio mammals and in erresteial mammals that dwell
in the Arctie. Thus, we sought to find some relationship between eir
culating thyrodl hormone and water temperatire,

Three of our T traneafus blood samles woere taken Teom animals
being maintained in Hawail where water temperabure was aboot G700
warmer, and thirteen .=||:l|'-:'[|:'|'|l.'r'|:-: wiper laleen Fromm amimals (BRI arrival
from southern Flovids where wataer temperature was alao about G° O

F"_'. A lf:l'{l-'.lfl’l’_.'.n.'}\-'ll'-'] seapminizmd, the California |||||:|L. whale i a :“'-!""' DL AT
tank with severnl l!ll:|||:lllil'|$| im tha |x|.|'|vig.*:|-||r'||’|. |"'|||_|I_|_|Fr.p,]||'| canrbesy af Mr. John
Preseact, Maviseland of the Paeilie

Fig. 5. Bmall Blood saomples may be taken from the killes whiole's deesal fine These
whale= adapt very readily Lo captivity and to human aswecintion
Fig. 7. Blosd swmples for these stadies were taken from che conteal vessclz of e
tatl flukes. The Larger killer whiale is being aamapled bhers
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warrer than at Pomnd Aega, Two of these animals were sampled biefore,
thuring nnad after 19 days inow hewted pool (57 O woarmer chan their normal
covironment), The two £ arcg were first sampled on their arrvival from
Puget Sound where the water temperatuce was 97 O colider than at Point
Muga. In mone of these cases dic Chore appeas bo be sigoilieant diflerences
e Ve Levels of the measares] thvraid tachees Shat counlad b velnted fo tlese
differenais imowater fomperabore,

Fven waters of 257 C which was the highest water temperatore
that we tested, represent a marcked  mammalion  thermovegulatory
problem beeause water has M or more times the sooling effect of air.
PBecanse of the apparently well regolated anatomienl o plivsiologieal
micelinizme for hont  ronservabion  (Sceholender wml Sehevill, 1955
Biel'kovich, VS, vemndions of 9% Cor less in wober temperature mizghi
lies toey srmiall b ]'.|'|'||I|,:|rq,' mcha nlic chanoes,

A trmaweatys placed in oo 470 iee water Bath showed a papid 17O
Fise in eor lemporature and o :vt|:i.'-.'-:'r3r|.g alter ane hovore, The eritical
Lermpreratuee Tor T fewsecfes st D somewhere belween 4700 andd
LEP 0 whieh b e lowest water temperabure that we normally ave at
Point Muzu

Three bottlenose porpoises (bwo female and one malel that were
fasted for T2 bours had an aveeagoe increaso of L2 oo in plasma 17
concentration as comparved with prefast levels,

Agcording to Williamson (1962 the thyvroid of man produoecd sef.
Fredent lormons fo minbain an avernge resting medabolic vale of 37 calories
T b T snuare metor -:I;r-u,l'l':l-'_'h;. nf |'|:'|||_'.' aurfoee arcn, An £, o
gisebens of 30 kg had a body aurface avea of 15 2quarc metors, o maintain
bescly weight thiz animal vequived & Tood Intale of 7500 keal 'day, "his
indicates o merablio mte ol aboot 2000 Keal on® b Osovgen consampdion
ol D28 ke, 223 oo, ¥ Freseesetas Temale was roesoeed i elosenl elusmbeer
paackially filled with 177 C water for periods ranging from fawe be six hors
[I"l'!_-' S1%, The animal had beesn wich o= sinee 1963 and had E:-I'\-C"'.'i-l'll_lﬁ|_'.'
Beem acewustomed to ztaving in thi= tank for long period= of time, She was
nat ateandled but had sufficient water depth to support her whole bods,
Previously this aoimad ol Been traimes] Le bold Ter beeath one conumanid
while submmergel and exhale ito gn verted woager filled fonne] and fo
[ress A }mr:lrlla_' |a-.'r.lri-."_||,alrl'.;r.-1r1'.'.'|a-.' Rt :-"i:_-'r|||l while in thi= =ame container,
Althowgh these meazurement= may nob represcnt a basal rate completely
companable with such measurements in oman amd other  terrestrial
marrimals, Lhe porpeise was quied, she was oot actively swimming aoud in
woslale, s mearly as owe ecalil determimne booa dolphom el rest. Asverane
RN |-::-||.'=.1.1|||||1'i||1.| weis WOkl emin whieh |'rn'|'r-:.'Ex'-||-:5I!: to ol
[l I;-:-ul':ln_:l.' for o messgeed |'I_':-\.|I'i|':|_1IIT:|.' e et (1301 of 077, The

LA mueh huger chionber B Been deseribed by Paeece (10707,
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IFig. 8. Set-up for oxygen consumaption measumments on o bottlencer delplin

body surface area of this T brwscalus was caleulated as approximately
2 metiers for a metabalio sate of 1355 lenl /m . This is over three fimes
the resting rate for moan on o surfoce ares basls amd if we e Ghe
nevepted formula of W5 our 7 fewsestes bl over bwice the BMIE of
man. A man of 225 con and 120 kg would have a conziderably groter
body surface wren, A pig of the same surface area would be heavier,
and one of identical weight woulid have o BME of about 2150 keal/day,
Mensurernents of OX AP |'-:a-||.==1|r||||1inr| sk e Ln:-.' (R Enj; el ol nlsn showed
bottlenose porpoises o have o high metabolic vate, The metabolic vate
duta on the T\ trineales appear to correlate well with the observed levels
of thyroid hormone, The b sbligeidess values do not seom to eormelaks
at all.

In most mammals the plasme serum cholesterol varies somewhat
inversely with the PEL or T, (Ganong, 1967 : Henrev, 1967). Hyperthyroid
incividuals or those with high metabolic mies lwve o low eholestersl.
The cholestersl = high in hypothvrsidism, The cholesteral lovel of
o, obdiguedens 15 comparatively low (male 152 4 43 mg/ 100 ml and female
155+ 21 mg/100ml) 1. feuneatas is higher (male 223 =27 mg/ 100 m] and
fermale 2098 32 mg/ 100 ml). The @, soommeni (251 = GE ral 100 mly, s
€4, mroee have the highest cholesterol (335 = G1 mg/ 100 ml), These values
for the Riller whales are particularly interesting in view of the fact that both
whales are sub-ndult, have a diet (fish) low in eaturated fats, amd
appear to hove a relatively high metabolic rate, PBL and T,. The
cholesterol valne appears 1o be somewhat proportiom] to the BVErare
budy weight of the varions speeics, The cholesterol level of the L. abii-
quidens also indientes thot these animale have the highest metabolie
rates of the groop if we assume that plasmn cholesteral level has an
inverse relatiomship to metabolio eate,

Dhur F. sbliguddens sulsist on the same diet as do the T trracalus
ilthough their diets in the wild may vary somewhat. Thus, the iodine
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comsumption of the two gronps of animals zhould be similae. T4 i
difficult to imagine how an animal living in an enviconment of oesan
water which containg a relatively large amount of wodine eould develop o
||i|:|::1_|;':|.' li!l.’“f:il::il.'r'l-:‘:_'.-' af this elenrent. The low |||||:-:r||.-'| values for total
todlime and i.|'|-::-|':-;::|.r|i-:: wacling seem b dmliente cither an i,|'|'|'|:|;|j|,'|;|'|n;-|;'|,|, 1t
alsorption, w dictory deficiency or 2 more rapid wtilization and Ches
Fster furnover rate,

Bterling and Brenmer [1966) showed significant nereses im0 serom
froe thyroxine level in eathyroid “siek™ individuals (mesn 476 mggz/
100 ml as opposed vo 2276 mpg 100 ml in normal adolts) In man the
abaclute free thyroxine concentration is better eorrelated with thyroid
function than the PRI BEuthyreid individuals with low thyroxine.
bindding alpha-globulin (THEGY exhibit an abnormally high percentage of
froe thyroxine. 1t i possible that our pilot whales fall into the eategory of
euthyroid zick individuals as described by Sterling and Brennee (19645,
Pruring the course of these stadies, they both appear to be in good health
although one of them hes sinee developed a chronically poor appetite.

Chreonie stress is known to depress thyroid function (Williams, 1962).
Stress may alse be o factor in our L efliguideaiz. Thiz spectes docs not
adapt as readily fo captivity as does the boltlenose dolphin, One male
and one female that wo sampled were trstned o work free sl nntethersd
in the open ocean (Pig, 8 These animals were being trained for deep
diving experiments similar to those reported with the bottlenoss dolplin
{Ridgway of ol 1960}, A6 the fime of sampling they appearad Lo be in
execllent health, Hewever, the male died of a severe acoule panerentitis
and the female later swam away [roon her trainer when o lorge wild
male of the same species shiowed up ot the diving site about two miles off
FPoint Muegu. They apparently joined a large herd of L. obliguidess
that wis seen swimming through the area about one mile seawarid.

The: differenee in total blood wolume between L. obliprideres aml
T frawentus: may be of some importance in assessing thovroid hormone
lewelz, The L. obligaidens ave o tota] Blocd volome of about 11% of
by welpht whereas Lhe T dreaeados hove only 7% to 8% blocd volome
(Ridgway and Johmston, 1988), I the hormene in the blood can be viewed
as @ botal infravascular pool, then the tofal amount of fy, of an
L. I'Il'-'«r"-';l'ln'-"l'-!'-e‘:h'-'- wold be eloger to, bat nol egoal Lo that of T fraentus,

In ite evalution in a -;-|_||;||_F:.|._-!|-|_-.- :|.-:.||.|.'|Ii|' ]LF(::_ the boftlennse -cI-':-|||||i|'|
(. travieeadinz) las :|.||_'|E|.-:L4'-.i. ber dhe nereased metabiolic |'|,*:||11E|'|,=|'|:||,~|'|1:a af
auch an existence by wn inercnse in thyroid sise and plasma thyroxine
Lewel, T the white-striped dolphin (L. atfiguidens) the inerease in (iveoid
st iz still more pronounced, but plasma thyeoxine level s mosh lower
and if seems to us that the thyesid must be providing for metabolic
reguirement= in some additional way, A more comprehensive study of
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thyraid function in species sueh as L obliguidens aml 7 daolli that Lave
ik Vil I-'”'gl" I:|'|_'.']'|:rj|:|_ 1'.?-::-::!:'_'-'- '.1'I"i§_[|'|1 B eI (!I.ll,:||'|ll" inclicated.
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F. G Wood reviewed the manusceipt,
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