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ABSTRACT 

A cap li l' e j ll ve nile gray whale . Esc hri chtius ro bust us, lI ' lIS s llIdi ed lI 'ilh 11111'(/

sou nd II sillg A -lI lOde lec h niq ll e. M eaSll re lll e lllS of blllbber and f m Ihie kn ess hy 

lIleans of selec led lisS ll e i lll eljaees were lIlade. SIIII/re illlplallla lio n de plhs were 

(/ /.1'0 lIl easll red . U ll rasoun d w ou ld b e (/ reliable IIl elh od fo r lIl eas llrin g blllbhe r 

and fm Ihick n esses 10 gi ve illSighl 10 (/ lIlarin e 1I/{{1I1 1I /(//" S nutritio ll(/I SWtll .l. 

PROBLEM 

A capti ve yea rlin g gray wh a le was 
considered fo r ultra ound study I) to 
measure blu bber a nd fa t thi ckn ess to 
refl ect on nutriti o na l status, a nd 1) 
to measure depth o f po lyeth ylene 
suture im planta ti o n be ing u ed fo r an 
att achment of a radi o transmitt e r de
vice o n th e ani ma l's d o rsal surface . 

PROPOSAL 

Us ing a n ul t rasound beam with 
A-mode techn ique. it was pro posed to 
measure skin . blu bbe r . fa t . and muscle 
depth . Ti ss ues of va ry i ng density wi II 
reflect ultrasoun d echoes fro m the ir 
res pective int e rfaces. A po rpoi se. Tllr

siops 1I·lIneat llS. model was p roposed 
fo r cor re lati o n . 

BACKGROUND 

U ltrasound is a re la ti ve ly new sci
ence whi ch is mee ti ng w ith inte nse 
interest a nd enthusia m fo r med ica l 
di ag no tic and resea rch purposes . It 
ha proven e ffec ti ve in detectin g brain 
midline hi ft with the echoencephal o
gram . Exa mina ti ons of the hea rt to 
predi ct ca rdi ac output . mitra l va lve 
acti vit y. and prese nce or ab ence o f 
peri ca rdi a l effusion a re made . 8 -scan 
exa minati o n of th e a bdo men to localize 
and ch a racte ri ze va ri ous masses a nd 
organs in th e perit oneal cav ity a nd 
ret roperit o nea l space is accepted prac-

ti ce. O bstetri cs has found va luable 
use fo r ultrasoun d in evalua ti ng 
ges ta ti o na l age . pl acenta l locati on . 
and pe lvic masse . 

In th e field o f veterina ry medi c ine 
thi s technique has m ade it poss ible 
to select b reed ing stock by dete rmina
ti o n of the fat and mu c1e int e rfaces. 
a ll owi ng iden t ifica tio n of th ose ani 
mals w ith the bes t comme rc ia l poten
ti a l. T h is la tt e r applica ti on suggested 
m easu rem erit fo r ma rine a ni mals to 
evalu ate nut riti on . 

MATE RIALS AND METHODS 

U tili zin g commerci a ll y avai lable 
pulsed ultrasound equip ment designed 
fo r medi ca l applicat ion. mu ltip le 
measu rements of th e echo int erface 
of th e gray wh a le were obtained a t 
selected positi o n a lo ng th e dor a l
la teral as pect and ax ill a. Additio na l 
measurements we re o bta ined ove r th e 
polyeth ylene sutures to determ ine th e 
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uture de pth . II of thl maknal \\ a' 
di pl a)ed on a cathodl' ra) l, ... i1I\)-
cope \\ Ith a linear ,call' dl\ldl'd Inl,) 

milli me ter Increment' ,an In \Ilrl) 
corre la ti o n to pro \l de Intormatll)n a, 
to whi ch s tru cture~ \'ere pn)\ Idlng 
the echo i nl e rface ob\en l'd In t hl' 
li ve ma m mal. a porpo"e model \\ Ith 
nec rop , secti on \\a, obta ined L \lng 
a direct visua l p laceme nt of the tran,
ducer In sim ilar a reas to that of thl' 
g ra, whale. th e echo In t erface~ \\ erl' 
ph o tograph ed o n the o~c ill o,cope. 

Direc t linea r measurements and ana
to mi cal ident ification of the ,tructure, 
trave rsed we re performed. The~e echo 
patt ern corre la ted h ighl ) \\Ith the 
si mi lar pa tt erns obtained from the 
gray wha le and Indicated \\ hlch ,lruc
tures we re provid in g the~e cch\)e, . 
Thin secti o n radiograph were 01'1-
ta i ned of the porpo l e model. fu rt her 
de mo n trat ing the demit) dlflcrencl" 
of ti ssue betwee n the skin line, . blub
ber . a reola r fat. mucle. and ta,clal 
surfaces. In a ll case the mea~ureillenh 
corres ponded e .... actl, to the \ "ual 
int e rpre tation of the fa~clal. fat hl)ne . 
and ki n interface 

DISCUSSION 

Elementary Ultrasound Physics 

A lth ough ult ra onic lechnolog\ In 
medicine i re latl \ el) ne\\. the earlil',l 
ex per i me nts tlate back to the I X()O ' 

whe n a tt empt~ to produce high trl'
quenC] oun ds \\ere performl'tl . In 
1883 Galto n tle\eloped an ultra'llund 
wh i tIe \\hi ch wa capable of protlue
ing \ ib ra ti o n as high a 25.0()() c~dl' 

per second. In modern termlnlllllg). 
the freq uenq of \i bratlon, 1\ a,,,gnct.! 
the term " Hertz" antl 2 - 000 ... ~ dc, 
per econd I ~ abbre\ ialetl a, 2" kil\)
hertz (25 kH z) In 1929 1)0kl,I\)\ tll'
scnbed an ultra\l.)nlc ml'lhl,d tl)r dl'
tecting fta\\~ In metal. r l)llll\\ Ing 
th is. III 19-17. thl' ne\\ nllldalll) \\ S 

utilized in Illl'tllc.al dlagnl) I \\hl'n 
earl) \\orker, uch , Kl'k dl In 

\\etlen. demon,traletl lhl' abllU\ I 

detect the Illltlli nl' ,'I I ntracdl'bral 
truclure, 
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Figure 1.-Piezoe lectric effect. 

Receive-SO % 

Figure 2.-Split function concept. Pulsed ultra
sound from transducer is transmitted 10% of the 
time and received 90% at 400 pulses/sec . 

Ultrasonics, the technolog) of high 
frequency sound waves, deals with the 
transmiSSion of sou nd or pre ure 
waves through a medium. Sound 
waves. unlike electromagnetic waves. 
cannot be transmitted through a vac
uum. The generation of sound waves 
from a transducer depends on a phe
nomenon known as piezoelectric ef
fect. This effect is produced when 
electrical energy is applied to a crystal 
which, when distorted by this electri-

, cal energy, wil l produce a mechanica l 
pressure wave. In reverse, the piezo
electric effect occurs when mechani
cal energy distorts the crystal, pro
ducing an e lectrical potent ia l whi ch 
can be measured. The techniqu e of 
record ing reflected ultrasound result s 

from thi ., rever\ lb le be ba\ lor. (~ee 

Figure, I and 2.) Soun d wave, trave l 
througb va n ou, ma tena l, w ith char
ac ter i., tic ve loc ltl e .... T he produ ct of 
the den.,it, of the matenal and the 
velocity of ,ound th rtlugh the given 
matenal I, calleu "characten,tlc acou,
tic impedance" (/.). When the two 
,ub,tance, aUJacent to each other 
tran,llllt ,ounu at a dlflerent vclncll, 
the ultra,onlc rellectlOn IR) at the 
boundar) I, ueterlllined b) the ratio 
of the tv-.o acou,tlc Impeuance, a, 
de,cnbeu In the formula 

R 

II the t\\t1 \ub,tance\ have the ,ame 
acou,tlc Impedance. the numerator 
become ... zero anu there" no rdlectilln. 
On the other hanu. If there" a large 
dd"ference bl.:l\\een the acou,tlL 1111-

peuance~. the result approache, unlt\. 
anu almo.,t all of the en erg) I'> reflect
ed In between the.,e t\\O e,treme, 
ome of the sounu energ) I, reflected 

while th at remaining pa,~e~ thrLlugh 
the interface. Inee m 1,t ,Oil t",ue, 
ha\e acou tic Impeuances that are 
quite ~Imilar. there are relatl\el) \\eah. 
reflection at the boundarie~. The alr
ti ue interface I~ the ,trange.,t biologi
cal reflector . The bone-tl\sue Inter
face. Ii kew i e. produces a \ er) strong 
reflection. As mo t reflection are rela
ti.el) weal,., sensiti\e equipment i~ re
quired to detect those bounuarie 
with the Ie strongl) reflected echoe~ 
and interfaces such as fat-muscle. 

What is the resolutio n of the sys
tem? The frequency of sound deter
mines its wave length . Th e resolution 
is Iih.ewise dependen t o n the wave
length in the axia l direction . Th e high
er the freq uency. th e sma ll er the 
wavelen gth ; thus, we have a be tte r 
resoluti o n ca pabi lit y as determ ined 
by th e fo rmul a v = 'Af where \' is th e 
velocit y of th e sound in th e mediu m. 
'A is th e wave lengt h , a nd f is th e fre
q uency. W e assume tha t the minimum 
distance between two object s fo r di s-
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A = + 
1,500 m/sec 
5,000,000 cyc / 

/ sec 

- 4 = 3 x10 

= 0 .3mm = A 

A x 1 .5 = Minimum Distance 

Betvveen Tvvo Objects 

for D iscr i mination . 

0.45 mm For 5 mhz 

Figur e 3 - Formu la tor reso lution 

Crlminatilln mu,t he eyual III at lea.,t 
112 \\a\elcngth\ I':>ce hgure 3.) 8) 
gOing to higher Ireyuenclc\. ho\\e\er. 
\\e III e penetration in tl"ue uue to 

.,llunu atlenuatlOn. therelore. a e 1m
prl1ml'>C mu\t he made anu the Ire
yuenc) .,clc teu \\hich gl\e adequate 
a'ial re~L)lution. \et adequate penetra
tion through the tl ,ue lhlch.ne ror 
the mammalian mouel., ,tudled the 
Ireyuenc) \arleu between I anu 2 
megahertz , \\ hlch \\ a auequate for 
penetration through the tructure 
~tuuleu . 

Findings 

Ithough the ~Ize ulfference be
tween the 2 foot captl\e gra) \\ hale 
and the apti \ e At lan tic bottleno ed 
do lphin (TlIfJ/OPl IrtlnClIfll1) necrop
\) model is ome\\hat different. the 
anatomical structure of the mammal 
are known to be imilar. 

DUring period of illn e or ma l-
nu tr ition. mari ne mammal of th ese 
species are noted to de \ e lo p a dep res
sio n in the dor a l cont our po te ri o r to 
the a ,i lla. It is th ou ght th a t thi de
p re io n is du e to ca taboli m o f blub
ber. a reolar fa t. and/o r muscl e mas 
los. 

Presumin g th at a reola r fat dimin
is hes in \ olume pri o r to mu scle loss. 

Fi gur e 4.- Radiograph of Turs iops cross sec 
ti on demonstrating ( 1) blubber , (2) areolar fat , 
(3) muscle group to fascial layer, and (4) second 
deep muscle group to dorsal spinous process . 
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one could measure the no rm al thi c k
ness in health y mammals and compa re 
with abno rmal anim a ls and a ny ava il
able necropsy speci mens . 

As a pilot program , ech ogra phic 
measurements were made in both th e 
gray whale , E. r obllstlls, and the 
porpoise, T. trill/ CalliS. Necrop y cor
relation in Tllr.l' i op .l' showed th at th e 
measurements were easy to perfo rm 
and were hi ghl y accurate . (Fi gures 
4-8.) 

Applications 

Ideall y, to make thi s meth od most 
useful. measurements should be made 
and necropsy co rrela ti o n measure
ments o bt a ined whenever these ma m 
mals are found deceased . Due to th e 
expense a nd sho rt age of the species , 
fl ying a sma ll team to th e a nimal sit e 
with th e eas il y port a bl e ba tt e ry o r 
generato r o pera ted scanning equip 
ment sho uld be th e most effecti ve 
means of coll ectin g thi s inva luable 
data. 

Further ob ervati o ns o n the nut ri 
tional status durin g development co m
parin g capti ve a nd free a nima ls, as 
well as di sease effects. shoul d pro ve 
to be a new a pproach to th e stud y o f 
marine ma mmals. Such research data , 
if accumulated , may be of great bene
fit in th e protecti o n and t rea tmen t of 
valuable, tra ined ma rine ma mmals 
and th eir free swimmin g cou nterpart 

CONCLUSION 

A-mode echograph y is an effecti ve 
means o f measurement of ti ssue layers 
and should be an effecti ve too l in the 
study of mari ne ma mm al nutriti o n 
and health status. 

Figure 5.-Radiograph of Turs;ops cross section 
demonstrating (A) skin-blubber interface, (B) 
blubber-fat interface, (C) fat-muscle interface, 
(D) muscle-fascial layer interface, and (E) re
flective bone (dorsal spinous process) . 
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Fi gure 6.-A-scan of Tursiops 
cross section . lellered spikes 
conf orm to radiographs and 
tissue boundaries as measured 
in nec roscopy section : (A
B) b lubber thickneu = 2 
c m, (C -O) fat thickness = 
1 c m, and ( O-E) musc le 
th ic kness = 8.2 cm. 

Figure 7.-A-scan of gray 
whale dorsal -lateral surface 
posterio r to axilla demonstrat
ing b lubber thickness of 4 .1 
cm (A-B) and fat thickness of 
4.6 c m B-C). C represents 
fat -muscle interface . 

Figure 8.-A-scan of gray 
whale for pol yethylene suture 
localizat ion . (A) Skin. (B) 
Blubber -fat interface at 3.5 
cm. (C) Polyethylene suture 
at 5 .5 cm . (D) Fat-muscle 
interface at 7 cm . 
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Surgical Attachment of a Telemetry Device 
to the Dorsal Ridge of a Yearling 
California Gray Whale, Eschrichtius robustus 

JOHN C. SWEENEY and JOEL L. MATTSSON 

ABSTRACT 

SlIrgicalatra( hlllen i (Iran InSl ntll1en l pa( kage lII oll nling d el'i ce (I n fO Ih e donal 

rillge or a yearling felllale Cal(rorn i a gray II' hale, E chrichtius ro bu tus, Ii'll\ 

accolllplished Ihrollgh Ihe 1I1ili~wion (~r f ewr large polypropylen e ~llfllre.\ . Ul e 

(Ir polypropylene and polyes l er fl lhric lII esh e.1 fO indllce li .l .lll e g ro llih arollnd Ih e 

Sllfllres was 1101 .WC( e.\S./itl. Pos I-operalil 'e Ihempy li 'a .1 benefi(ial in il/.\lIring 

([(!eqllale healing (If Ihe sUlure .ljl e.l . Th e o riginal po lypropy len e sUfllre.1 Ii ere 

replaced Ihe da.' hefore release hy polYl'i ny l chlo ride cow ed Slainle.I .1 \feel. 

INTRODUCTION 

In March 1971. an in fa nt fe male 
gray whale was captured with in 
Scammon's Lagoon , Baj a Cali fo rni a, 
and subsequently transpo rted by boat 
to Sea World, Inc. in San Di ego. Calif. 
The animal was captured for resea rch 
purposes, and fo r th e yea r fo ll owing 
her capture. various st udi es were un 
dertaken. 

As the a nimal approached 1 year of 
age. the fi na ncia l burden to Sea World 
in ho lding faciliti es. personnel. and 
food made it necessary to design a 
pla n fo r her re lease. At that time. 
W . E . Evans. of the N ava l Unde rsea 
Center. San Diego. proposed (wi th the 
support of the Nati o nal Oceanic and 

Atmo pheric Administration) th a t th e 
whale be released carry in g a telemetry 
device for tracking a nd recording . 

Evans (197 1) has reported th e use 
of radiotelemetry device attached to 
the dorsal fin of dolphin, usi ng a bolt 
placed through the fin. Martin. Evans. 
and Bower ( 1971) have utili zed a 
harness for the fixation of a device 
onto a pilot whale. A gra y whale has 
no dorsal fin for bolt fixations , and 
the growt h rate of this a nimal left th e 
ha rness method undesirable. There
fore, a surgical fixation was considered 
the method of choice. 

John C. Sweeney and Joel L. 
Mattsson are associ ated with the 
Naval U ndersea Center, San 
Diego, CA 9 11 32. 
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MATERIALS AND METHODS 

utures com po ed of 3 mm diame
ter polypropylene were swaged onto 
a stai nl e s stee l need le made from 3 
mm diameter rod haped into a 10 cm 
diameter half circle . Polypropy lene 
was chose n because of its inert nature 
in mammalian ti ues (U her et al.. 
196~) a nd because of it availability 
In the dimensions required. Two ty pe 
of prosthetic mesh were u ed in con
juncti o n with the sutures. poly pro
Pi le ne (M arlex ' I) mesh and po lye ter 
fibe r (Mer ilene " ~). 

Five wee ks before the scheduled re
lea e, an attempt wa made to place 
poly prop, lene me h pads (~ cm X ~ 

cm) ubdermally a t the entrance and 
ex it si tes of the four proposed suture 
at posi ti o ns o n a lo ngi tudi nal plane 
10 cm to either s ide of the dor al 
rid ge a nd 10 cm a part. The intention 
was to induce collagen fiber infi ltra
ti o n within the fabric to add trength 
to the skin and to prevent infiltration 
of water once the uture were in place. 
The kin was closed with simp le inter
rupted nylon sutures. 

Four weeks before re lease the four 
polypropylene sutures, each hav ing 
had a sheet of polyeste r fabric a t
tached to it usi ng Eastman 9- 10 ad
hesive. 3 were placed a t th e p ro posed 
sites. Dept h of penet ra ti o n of the su
tures wa la te r confi rmed by ultra on
ography to be fro m 4 to 6 cm (Curran 
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