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ABSTRACT: The muscles of the Amazon ian manatee are described and compared w i th 

those of other manatees and the dugong. Maps of muscle a t tachments and data on weights 

of muscles are inc luded. The manatee species d i f fe r in the forms of the m m . rectus 

capit is lateral is and biceps b rach i i . The mechanisms of protrusion of upper- l ip bristles 

and opening of the nostri ls are descr ibed. The jaw apparatus is uniquely special ized, w i t h a 

very large temporal is muscle const i tu t ing more than hal f the adductor muscle mass, and develop­

ment of a jo in t between the pterygoid process and the mandible which probably braces the 

mandible dur ing transverse chewing . The center of mandibular ro tat ion in transverse chewing 

probably lies posteromedial to the pterygoid process on the act ive side : the contra la tera l 

temporal is is dominant in transverse chewing . Trichechus inunguis is more specialized fo r 

surface-feeding and for swimming than T. ma not us. 

RESUMO : Os músculos do peixe-boi da Amazôn ia sâo descritos e comparados àqueles 

dos outros peixes-bois e do dugong . Mapas das ligações dos músculos aos ossos, e dados sobre 

pesos dos músculos, sâo inc luídos. Notam-se diferenças entre as espécies de peixes-bois com 

respeito aos músculos rectus capi t is lateral is e biceps b rach i i . Descrevem-se o mecanismo de 

protrusão das cerdas do lábio superior, e o mecanismo de abertura das nar inas. O aparelho mast i -

catór io é unicamente especial izado, com um temporal is mu i to grande, const i tu indo mais que 

metade do peso dos músculos adutores, e com uma art iculação entre o processo pter igoídeo e 

a mand íbu la . Esta provavelmente apoia a mandíbula na mast igação t ransversal . O centro de 

rotação da mandíbu la na mast igação transversal parece f icar posteromedial ao processo pter igoí ­

deo no lado a t i vo ; o temporal is do outro lado fornece a maior ia da força para esta ro tação. 

O Trichechus inunguis é mais especializado do que o T . manatus para se a l imentar perto da 

superfície da água, e para nadar . 
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The myology of the Amazonian manatee, 

Trichechus inunguis(Natterer) (Mammalia: Sirenia) 

Daryl P. DOMNING * 

RESUMO 

Os múscu los esque lé t i cos do peixe-boi da 

Amazôn ia (Trichechus inunguis) são desc r i t os , 

i l us t rados e comparados com prév ias descr i ­

ções dos s i s temas muscu la res dos pe ixes-bois 

e do d u g o n g . M a p a s das l igações dos múscu­

los aos ossos , e dados sobre os pesos dos 

múscu los da que ixada, da nadadeira e t c . são 

i nc lu ídos . Notam-se d i fe renças ent re as es­

péc ies de pe ixes-bois com respe i to aos mús­

cu los rec tus cap i t i s la tera l is e b iceps beachii, 

e t a m b é m en t re os peixes-bois e o dugong 

Cor r igem-se a lgumas in te rpre tações er rôneas 

na descr ição ( D o m n i n g , 1977] da mio log ia do 

Dugong. Desc revem-se o mecan ismo de pro-

t rução das ce rdas do láb io super ior , e o me­

can i smo de aber tura das nar inas; es tas são 

fechadas invo lun ta r iamente por t ec ido e lás t i ­

c o . Aná l i se com ve to res dos múscu los da 

queixada do Trichechus inunguis indica que os 

s i rên ios não podem ser co locados em nenhuma 

das ca tegor ias adapt ivas demarcadas por 

Turnbul l (1970) . Ao con t rá r io , e les cons t i t uem 

um grupo d i ve rgen tamen te espec ia l i zado, que 

se caracter iza, e m par te , por possui r um mús­

culo tempora l i s mu i to grande e van ta josamen­

te s i tuado, cons t i t u indo mais que metade do 

peso dos múscu los adu to res , e por uma a r t i ­

cu lação ent re o p rocesso p te r igo ídeo e a man­

d íbu la . Esta a r t i cu lação se rve , p rovave lmen te , 

para apoiar a mandíbu la na mast igação t rans­

v e r s a l . O cen t ro de ro tação da mandíbu la na 

mast igação t ransversa l parece f i ca r pos te ro-

media l ao processo p te r igo ídeo no lado a t i vo ; 

o tempora l i s do ou t ro lado fo rnece a ma ior ia 

da força necessár ia para esta ro tação . Part icu­

lar idades dos múscu los e ar t i cu lações do pes­

coço favorecem a h ipó tese que o T. inunguis 

è mais espec ia l izado do que o T. manatus para 

se a l imentar per to da super f í c ie da água , A 

nadadeira do T. inunguis é mais espec ia l izada 

para nadar do que a do T. manatus, mas não 

apresenta o grau de adaptação encont rado no 

Dugong, para m o v i m e n t o s parasagi ta is do 

o m b r o , 
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INTRODUCTION 

In an e a r l i e r w o r k ( D o m n i n g , 1977a] on t h e 

m u s c u l a r s y s t e m o f t h e d u g o n g , I r e v i e w e d in 

p a s s i n g t h e s o m e w h a t s c a n t y l i t e r a t u r e on 

m y o l o g y o f t h e m a n a t e e s . Th is is s t i l l an 

i n a d e q u a t e l y k n o w n t o p i c . A s can b e s e e n 

f r o m t h e s u m m a r y in Tab le 1 , s u c h d e s c r i p t i o n s 

as e x i s t are f o r t h e m o s t p a r t f r a g m e n t a r y . 

Based on m a t e r i a l of w i d e l y v a r y i n g q u a l i t y 

and d o n e by d i f f e r e n t a n a t o m i s t s u s u a l l y o n l y 

p e r i p h e r a l l y i n t e r e s t e d in m y o l o g y , t h e y a f f o r d 

no a d e q u a t e bas is f o r i n t e r s p e c i f i c c o m p a r i s o n s 

or f u n c t i o n a l a n a l y s i s . The p r e s e n t s t u d y o f 

Trichechus inunguis is an e f f o r t t o p a r t l y r eme­

dy t h i s lack o f i n f o r m a t i o n . 

TABLE 1. Previous descr ipt ions of the myology of Trichechus. 

Port ions Described Reference Remarks 

T. manatus Linnaeus, 1758 
Male pelvic musc le s 
Male and female pelvic musc l e s 
Entire body 
Brief a l lus ions t o eye m u s c l e s 
Intrinsic tongue m u s c l e s 
Brief al lusion to eye m u s c l e s 

T. senegalensis Link, 1795 
Male pelvic musc l e s 
Forelimb m u s c l e s 
Facial musc l e s 

T. inunguis (Natterer, 1883"1 

Several parts of body 
Female pelvic m u s c l e s 

Trichechus sp. 
Male pelvic m u s c l e s 
Back musc les 

Vrolik, 1852 
Krauss , 1872 
Murie, 1872. 1880 
Putter, 1902 
Gudernatsch, 1909 
Quiring and 

Harlan, 1953 

Petit , 1925 
Bahrdt , 1933 
Saban, 1975 

Stannius , 1845, 1849 
Freund, 1930 

K a u d e m , 1917 
Slijper, 1946 

Based on 1 i m m a t u r e s p e c i m e n 
Based on 3 males and 3 f emale s 
Based on 2 immature spec imens and 1 adult 
Based on 1 embryo 
Based on 1 spec imen 

Based on 1 adult female 

B a s e d on 1 i m m a t u r e spec imen 
B a s e d on 1 juveni le 
B a s e d on 1 immature spec imen 

B a s e d on 1 juveni le male 
Based on 1 adult female , said to b e o n e of the 
"Manatus lat irostris" descr ibed by Vosseler 
(1924-25); but the latter w e r e T. inunguis! 

B a s e d on 1 fetus 
Based on 1 adult ma le said to be T. inunguis, 
but as it had 18 thoracic vertebrae it w a s 
m o r e l ikely one of the other species . 

A C K N O W L E D G M E N T S 

Th is w o r k w a s d o n e a t t h e I n s t i t u t o Na­

c iona l de Pesqu isas da A m a z ô n i a (1NPA) , M a ­

naus, Braz i l , as pa r t of an o n g o i n g r e s e a r c h 

p rog ram on t h e b i o l o g y of t h e A m a z o n i a n 

mana tee . Th is p r o g r a m is s u p p o r t e d by t h e 

Conse lho Nac iona l de D e s e n v o l v i m e n t o C i e n ­

t í f i co e T e c n o l ó g i c o (CNPq) of B raz i l , and by 

g ran ts f r o m the V a n c o u v e r Pub l ic A q u a r i u m , 

B r i t i s h C o l u m b i a , Canada , and t h e Fauna 

P r e s e r v a t i o n S o c i e t y o f G r e a t B r i t a i n . I t h a n k 

Robin B e s t , D iana M a g o r , and A n t h o n y Ry lands 

f o r a s s i s t a n c e and c o l l e c t i o n of s p e c i m e n s , 

D r s . Roger Saban and W i l l i a m D . Tu rnbu l l f o r 

c r i t i c i s m o f t h e m a n u s c r i p t , and D r . W a r w i c k 

Ke r r , D i r e c t o r of INPA, and Dr . W o l f g a n g Junk, 

head o f t h e D i v i s ã o P e i x e / P e s c a o f INPA, f o r 

t h e i r u n f a i l i n g s u p p o r t and e n c o u r a g e m e n t . 



MATERIALS, METHODS, AND TERMINOLOGY 

The s p e c i m e n s u s e d in t h i s s t u d y are 

d e s c r i b e d in Tab le 2 . The m u s c l e d e s c r i p t i o n s 

and i l l u s t r a t i o n s are p r i n c i p a l l y based on INPA-

PB 14, t he e m b a l m e d ca r cass of a y o u n g f e m a l e 

ca l f , w h i c h w a s t h e m o s t t h o r o u g h l y d i s s e c t e d . 

O b s e r v a t i o n s on m o s t r eg ions of t he body w e r e 

made in t h e c o u r s e of f l e s h i n g o u t t h e ske le ­

t ons of INPA-PB 6, 8, and 9; d i s s e c t i o n s of 

INPA-PB 12. 108, 117, and 169 p r o v i d e d supp le ­

m e n t a r y i n f o r m a t i o n . S p e c i m e n s o t h e r t h a n 

INPA-PB 14 a re m e n t i o n e d in t h e t e x t o n l y 

w h e r e t h e y w e r e f o u n d t o d i f f e r f r o m i t ; u n l e s s 

o t h e r w i s e s t a t e d , a l l d e s c r i p t i v e s t a t e m e n t s 

re fe r t o INPA-PB 14 . 

As t h e f o r m s and r e l a t i o n s o f m o s t 

m u s c l e s a te s i m i l a r in a l l s i r e n i a n s and have 

been d e s c r i b e d a t s o m e l eng th in t h e w o r k s 

a l l u d e d to a b o v e , I g i ve h e r e s o m e w h a t ab­

b rev i a ted a c c o u n t s o f t h e m , e m p h a s i z i n g o r i ­

g i ns , i n s e r t i o n s , and i n t e r s p e c i f i c and in t ras -

p e c i f i c v a r i a t i o n s . L i t e r a t u r e c i t a t i o n s re fe r , 

w h e r e n o t o t h e r w i s e s t a t e d , o n l y t o de­

s c r i p t i o n s of Trichechus; f o r r e f e r e n c e s t o the 

m y o l o g y of Dugong, see D o m n i n g , 1977a. 

M u s c l e h o m o l o g i e s s u g g e s t e d a re based 

on g r o s s r e l a t i o n s . In t h e h e a d i n g s o f i nd i v i ­

dua l m u s c l e d e s c r i p t i o n s , m u s c l e n a m e s in 

q u o t a t i o n m a r k s a re n a m e s I have c o i n e d . The 

i l l u s t r a t i o n s are s e m i d i a g r a m m a t i c and , w i t h a 

f e w e x c e p t i o n s , s t r u c t u r e s o t h e r t h a n m u s j l e s , 

t e n d o n s , and b o n e s are o m i t t e d . The d i r e c t i o n s 

o f m u s c l e f i b e r s a re i n d i c a t e d by s o l i d l i nes , 

and t h o s e of t e n d i n o u s o r a p o n e u r o t i c f i b e r s 

by dashed l i n e s . M u s c l e o r i g i n s a re d e n o t e d 

by a p a t t e r n of c i r c l e s , i n s e r t i o n s by a p a t t e r n 

o f v e r t i c a l d a s h e s . The a b b r e v i a t i o n s b e g i n n i n g 

w i t h cap i t a l l e t t e r s r e fe r t o m u s c l e s and t h o s e 

b e g i n n i n g w i t h l o w e r - c a s e l e t t e r s r e f e r t o o t h e r 

s t r u c t u r e s ; a l l are e x p l a i n e d in t h e " L i s t of 

A b b r e v i a t i o n s " o r in t h e c a p t i o n s . 

TABLE 2 Material of Trichechus inunguis used in present study. 

Specimen number, 

Sen, and A g e 

Body Length Maximum 

{curved line) Girth 

(cm) {cm) 

Weight 

(kg) 
Local i ty Parti Wsiecttd 

INPA-PB 6 S (juv.) 100.2 61 .6 14 Central Amazon Bas in Entire body 

INPA-PB 8 5 (juv.) 97.2 .3 15 Central Amazon Bas in Ent ire body 

INPA-PB 9 3 (juv.) 92.5 53 ,8 10.5 Near Manacapuru, Rio 
So l imões , Amazonas 

Ent i re body 

INPA-PB 12 S (juv.) 103.5 61 .0 VI Paraná Autáz-Açú, lower 
Bio Madeira, Amazonas 

Facial m u s c l e s 

INPA-PB 14 5 <juv.) 107.1 70 2 IB Lago do Acará Grande, 
Paraná Autáz-Açú, lower 
Rio Madeira, Amazonas 

Entiro body 

INPA-PB 108 ê (adult) 205* ? ^ 1 6 0 

• 

Ilha Juçara, near Coari, Rio 
So l imões , Amazonas 

Male pelvic musc le s 

INPA-PB 117 $ (adult) 222» ~ 2 5 0 Lago Mamorí , s o u t h 
of Manaus, Amazonas 

Larynx and right 
fore l imb 

INPA-PB 169 
1 * 

(juv.) J ? ? Central Amazon Bas in Head 

* Straight-line lengths. 

6 — 



The s p e c i m e n s u s e d in t h i s s t u d y a l l had 
6 cerv ica l ,15 t h o r a c i c , and 25 or 26 p o s t t h o r a c i c 
ve r teb rae , and 15 pa i r s of r i b s , o f w h i c h 3 
a t tached t o t h t e s t e r n u m , e x c e p t in INPA-PB 
6 w h e r e on ly t w o w e r e a t t a c h e d . ( In INPA-PB 
8, t h e t h i r d c o s t a l c a r t i l a g e e n d e d a b o u t 
ha l fway t o t h e s t e r n u m and w a s c o n n e c t e d t o 
i t on l y by a l i g a m e n t . ) A s t h e r e is no w e l l -
de f ined l i g a m e n t c o n n e c t i n g t h e i s c h i u m w i t h , 
and the reby s e r v i n g t o i d e n t i f y , a sac ra l v e r t e ­
bra , I have a v o i d e d t r y i n g t o d i s t i n g u i s h 
b e t w e e n l umbar , s a c r a l , and cauda l v e r t e b r a e . 
There a re 8 pa i r s of c h e v r o n b o n e s , t h e an-
t e r o m o s t pa i r a r t i c u l a t i n g w i t h p o s t t h o r a c i c 
ve r t eb rae 3 and 4 , 

M u s c l e w e t w e i g h t t s (Tab les 3, 8) w e r e 
d e t e r m i n e d by c a r e f u l e x c i s i o n and w e i g h i n g 

in a c o o l , h u m i d e n v i r o n m e n t ; w e i g h t l oss due 
t o d e s i c c a t i o n is b e l i e v e d t o have been neg l i ­
g i b l e . A l l s p e c i m e n s had p r e v i o u s l y been 
f r o z e n . A s a l l j a w m u s c l e w e i g h t s w e r e t a k e n 
f r o m c a l v e s t o o y o u n g t o have b e e n w e a n e d 
and w h i c h had p r o b a b l y n o t b e g u n t o e a t a 
s i g n i f i c a n t q u a n t i t y of s o l i d f o o d , i t is u n c e r t a i n 
w h e t h e r t h e y s h o w e x a c t l y t h e c o n d i t i o n s 
f o u n d in a d u l t s , t h o u g h i t is i m p r o b a b l e t h a t 
t h e a d u l t m u s c l e p r o p o r t i o n s a re s i g n i f i c a n t l y 
d i f f e r e n t . 

A l l s p e c i m e n s d i s c u s s e d a re d e p o s i t e d and 
c a t a l o g e d in t h e c o l l e c t i o n of t h e I n s t i t u t o Na­

c i ona l de Pesqu isas da A m a z ô n i a , D e p a r t a m e n ­
t o Peixe-Boi ( INPA-PB) , M a n a u s , B r a z i l . 



MYOLOGICAL DESCRIPTIONS 

MUSCLES OF THE SUPERFICIAL NECK A N D 
FACE REGION 

M. SPHINCTER COLLI SUPERFICIALIS ( S p C : 

F igs . 2-4, 6 ) : 

(Murie, 1972: 164, f igs. 8, 9, 13, 30: "platysma 
myoides , P .c3"; Saban, 1975: 233, 234. 236-238, 
241-243, f igs . 1, 3, 4: "sphincter col l i super-
ficialis" + "sphincter col l i profundus pars 
intermedia ventral is" + "sphincter coll i pro­
fundus pars palpebral is" . ) 

O R I G I N ; A n t e r i o r l y , f r o m m i d v e n t r a l l i ne 

( c o n t i n u o u s w i t h f e l l o w ) ; f r o m leve l of 

s h o u l d e r t o abou t leve l of a x i l l a , f i b e r s beg in 

p r o g r e s s i v e l y m o r e l a t e r a l l y . 

I N S E R T I O N : F o r m s v e r y t h i n and i ncon ­

sp i cuous s h e e t o f f i b e r s c o v e r i n g l o w e r ha l f 

o f face and f r o n t of s h o u l d e r , and a d h e r i n g t o 

u n d e r l y i n g p l a t y s m a . C o n t i n u e d d o r s a l l y by 

a p o n e u r o s i s w h i c h a t t a c h e s t o l o w e r e d g e of 

o r b i t and passes d o r s a d f o r w a r d and a f t o f 

e y e . 

R E M A R K S . - S a b a n d i s t i n g u i s h e d t h r e e 

p o r t i o n s of t h i s s u p e r f i c i a l s h e e t in 7". sene-

galensis, t h o u g h as t h e y a l l o v e r l i e t h e p la­

t y s m a , i t is n o t c l e a r t o m e w h y he c o n s i d e r e d 

t w o of t h e m pa r t s of t h e s p h i n c t e r c o l l i p ro ­

f u n d u s . 1 d id no t o b s e r v e an e x t e n s i o n ( M u r i e ' s 

" P . c 3 * " ) a l ong t h e f l i p p e r t o t h e base o f 

me taca rpa l I . 

M . P L A T Y S M A : 

T w o of t h e d i v i s i o n s of t h i s s h e e t w h i c h I 

r ecogn i zed in Dugong ( D o m n i n g , 1977a ) , t h e 

par tes t e m p o r a l i s and s c a p u l a r i s , are a b s e n t 

in T. inunguis, no r w e r e a u r i c u l a r m u s c l e s 

o b s e r v e d . A s in o t h e r m a n a t e e s , t h e p l a t y s m a 

pars j u g u l a r i s is h e r e c o n t i n u o u s w i t h t h e 

cu taneus t r u n c i . . 

" M . P L A T Y S M A PARS J U G U L A R I S " (PIJ : 

F igs , 1 , 2, 4 , 5, 1 1 ) : 

{Murie, 1872: 163, f igs . 8, 9, 10: "panniculus 
carnosus , P . c 1 " of text, in part; Saban, 1975: 
233-236, 241-244, f igs . 1-4: "platysma myoides", 
including "pars auricularis", "pars zygomatica", 
and "pars buccal is" or "zygomatico-labialis".) 

O R I G I N .• F r o m m u s c u l a r and c o n n e c t i v e 

t i s s u e on s i d e s of s n o u t and f r o m c i r c u m o r a l 

m u s c l e s ; and by a p o n e u r o s i s f r o m l o w e r edge 

o f o r b i t (Saban 's " pars z y g o m a t i c a " ) and 

c o v e r i n g s u r f a c e o f z y g o m a t i c a r c h . S o m e 

f i b e r s a r i se j u s t b e h i n d a u d i t o r y m e a t u s 

(Saban 's " p a r s a u r i c u l a r i s " ) , w h i l e bu lk of 

m u s c l e passes j u s t v e n t r a l t o m e a t u s . In one 

s p e c i m e n , h o w e v e r ( INPA-PB 1 2 ) , c o n d i t i o n s 

m o r e r e s e m b l e d t h o s e in Saban ' s T, senega-

lensis; a p o n e u r o s i s a r o s e f r o m e n t i r e p o s t e r i o r 

edge of o r b i t , and e n t i r e m u s c l e p a s s e d v e n t r a l 

to m e a t u s , w i t h o n l y a t i n y b u n d l e of f i b e r s 

p a s s i n g p o s t e r o v e n t r a d f r o m m e a t u s . 

I N S E R T I O N ; Passes a f t a c r o s s do rsa l p a r t 

of s c a p u l a t o b e c o m e c o n t i n u o u s w i t h c u t a n e u s 

t r u n c i (q.v.). 

R E M A R K S ; The l a b e l l i n g o f v a r i o u s pa r t s o f 

t h e c u t a n e u s m u s c l e s in M u r i e ' s f i g u r e s is 

i n c o n s i s t e n t , b u t t h e i r a r r a n g e m e n t s e e m s t o 

be s i m i l a r t o t h a t d e s c r i b e d h e r e . Saban 

rega rds t h e a n t e r o m o s t p o r t i o n o f t h i s m u s c l e 

as a " z y g o m a t i c o - l a b i a l i s " b e c a u s e i t l i es d e e p 

t o w h a t he c o n s i d e r s t h e " s p h i n c t e r co l l i p ro­

f u n d u s pars p a l p e b r a l i s " ( p . 2 3 6 ) ; I f i n d i t 

s i m p l e r t o avo id t h e d i f f i c u l t y by g r o u p i n g t h e 

l a t t e r f i b e r s w i t h t h e s p h i n c t e r c o l l i super -

f i c i a l i s , as n o t e d a b o v e . 

M . SPHINCTER COLLI P R O F U N D U S : 

— ? PARS A U R I S ( A u : F igs . 3, 5, 6, 1 1 , 2 6 ) : 

(Murie, 1872: 163-164, tigs. 8, 9: "panniculus 
carnosus , P .c 2 ", m part; Murie, 1880: pi. 8: 
fig. 5 . ) 



Figs' 1-3 — Dorsa l , la tera l , and vent ra l v iews of young female c a l f : 1, super f ic ia l musc les and aponeuroses on 
left side, second layer shown on r ight ; 2, w i t h super f ic ia l aponeuroses only removed ; 3, super f ic ia l musc les shown 
on left s ide, sph inc ter co l l i super f ic la l l s , cutaneus t runc i , and most of sacrococcygeus ventrat is lateral is removed 
from r ight side 



O R I G I N ; T e n d i n o u s , w i t h f e l l o w o f o p p o s i t e 
s i de , f r o m exac t m i d l i n e of m a n u b r i u m b e t w e e n 
o r i g i n s of p e c t o r a l e s ma jo r , f r o m j u s t a b a f t 
o r i g i n o f s t e r n o m a s t o i d e u s t o a b o u t l eve l o f 
a t t a c h m e n t s of c o s t a l c a r t i l a g e s . 

I N S E R T I O N ; By s t r o n g a p o n e u r o s i s , con ­
t a i n i ng d i s t i n c t t e n d o n s f r o m s e p a r a t e m u s c l e 
bund les , on to l ine a l ong s i de o f z y g o m a t i c a r c h 
beh ind e y e . A p o n e u r o s i s l i es on d e e p s i de of 
m u s c l e and is t h e r e d i v i d e d i n t o m o r e or l ess 
d i s t i n c t b a n d s . In INPA-PB 169, f i b e r s r eached 
no m o r e t h a n abou t 2 c m a n t e r o d o r s a d o f 
p o s t e r i o r edge of m a n d i b l e ; a p o n e u r o s i s o f 
i nse r t i on c o n s i s t e d o n l y of an i n d i s t i n c t s h e e t 
of sepa ra te ( t h o u g h s t r o n g ) t e n d i n o u s bands 
bu r ied in f a t . 

R E M A R K S : This ag ress w i t h t h e c o n d i t i o n s 
o b s e r v e d in Dugong ( D o m n i n g , 1977a) and T. 
manatus. H o w e v e r , Saban (1975) f a i l e d t o f i n d 
such a m u s c l e in T. senegalensis. I ts absence 
in t h a t s p e c i e s a l o n e o f t h e f o u r l i v i n g s i re -
n ians w o u l d be e x t r a o r d i n a r y ; m o r e l i k e l y i t 
w a s o v e r l o o k e d , as i t c a n be q u i t e i n c o n s p i c u ­
ous near i ts i n s e r t i o n in j u v e n i l e s p e c i m e n s , as 
no ted a b o v e , e s p e c i a l l y i f f a t d e p o s i t s in t h i s 
a rea are w e l l d e v e l o p e d . 

— PARS I N T E R M E D I A : 

M. FRONTALIS (Fr : F igs. 1 . 5 . 10 ) : 

O R I G I N ; F leshy f r o m d o r s a l s u r f a c e o f 
f r o n t a l , and by t h i n a p o n e u r o s i s f r o m la te ra l 
s ide of z y g o m a t i c p r o c e s s ( s u p e r f i c i a l b u t 
adhe ren t t o a p o n e u r o s i s o f pars a u r i s , a n d 
c o v e r e d by a p o n e u r o s i s of c e p h a l o h u m e r a l i s ) . 
Fo rms v e r y t h i n s h e e t c o v e r i n g f o r e h e a d and 
w h o l e t e m p o r a l f o s s a f r o m s i g m o i d r i d g e 
( w h e r e i t l ies d e e p t o c e p h a l o h u m e r a l i s ) t o 
o rb i t ; he re i t s f i b e r s can be i n d i s t i n c t l y s e e n 
pass ing a n t e r o d o r s a d . P o s t e r i o r l y It c o v e r s 
large v a s c u l a r r e te p a s s i n g d o r s a d a c r o s s 
t e m p o r a l i s . In INPA-PB 12 i t w a s l a rge l y apo­
neu ro t i c , w i t h f i b e r s m o s t l y c o n f i n e d t o a b a f t 
the a u d i t o r y m e a t u s . 

I N S E R T I O N ; F l eshy and t e n d i n o u s on to 

w h o l e do rsa l s u r f a c e o f na r ia l p a s s a g e s . 

R E M A R K S : M a y or m a y n o t be e q u i v a l e n t 

t o t h e ? f r on ta l i s I o b s e r v e d in Dugong 

( D o m n i n g , 1 9 7 7 a ) . The s u p e r c i l i a r i s n o t e d by 
Saban (1975; 237 , f i g s . 1, 2) in T. senegalensis, 
and n o t o t h e r w i s e r e c o r d e d in s i r e n i a n s , had 
a f i b e r d i r e c t i o n s i m i l a r t o t h a t o f t h e f r o n t a l i s 
and m a y be r e l a t e d t o i t . Saban (1975: 243) 
s u g g e s t e d t h a t t h e " p y r a m i d a l i s n a s i " of M u r i e 
(1872 : 148. f i g . 12) m i g h t have been a m o d i ­
f i e d f r o n t a l i s , b u t i t s e e m s t o have been t o o 
t h i c k and d e e p t o c o r r e s p o n d t o t h e m u s c l e 
d e s c r i b e d h e r e . 

M . O R B I C U L A R I S O C U L l ( O O c ; 
F igs . 1, 2, 4-9, 24) . 

(Murie, 1872: 195, fig. 8: "orbicularis palpe­
brarum"; Putter, 1902: 180; Saban, 1975: 237, 
242, 243, f igs . 1, 3, 4 . ) 

I c o u l d n o t d i s c e r n any d i s t i n c t d i s c o n ­
t i n u i t y of f i b e r s e i t h e r a n t e r i o r l y o r p o s t e r i o r l y , 
t h o u g h an a n t e r i o r d i s c o n t i n u i t y has been 
o b s e r v e d in t h i s m u s c l e in b o t h Dugong and 
T. senegalensis. 

M . LEVATOR N A S O L A B I A L S ( L e N : 
F igs . 1 , 2. 4 . 5, 10, 2 4 ) : 

(Murie, 1872: 149, figs. 8, 10, 12: "levator labii 
superioris alaequae nasi"; Saban, 1975: 237-239, 
241, 242. 244, figs. 1, 2: "naso-labiulis".) 

O R I G I N ; Tend inous f r o m a n t e r i o r e d g e o f 
o r b i t and f r o m r i d g e c r o s s i n g do rsa l s i de of 
s u p r a o r b i t a l p r o c e s s o f f r o n t a l . 

I N S E R T I O N : Passes a n t e r o v e n t r a l i n to la­

te ra l p a r t of f r o n t o f s n o u t . 

R E M A R K S , - M u r i e s t a t e d , no d o u b t incor ­
r e c t l y , t h a t t h e f i b e r s a r i se " f r o m t h e 
o u t e r s i d e of t h e nasa l c a r t i l a g e upon t h e 
s u p e r i o r m a x i l l a r y b o n e " and a re " p a r t i a l l y 
i n s e r t e d i n t o t h e i n t e r m a x i l l a r y b o n e s " in T. 
manatus, 

— PARS P A L P E B R A L I S : 

A pa lpeb ra l m u s c l e l i k e t h a t o f Dugong 
( D o m n i n g , 1977a) has n o t been o b s e r v e d in 
m a n a t e e s : t h e m o r e s u p e r f i c i a l m u s c l e o f T. 
senegalensis i d e n t i f i e d as a p a l p e b r a l i s by 
Saban (1975 : 234 , 236-238, 241-243, f i g s . 1 , 3. 
4) I p r e f e r t o r e g a r d as p a r t of t h e s p h i n c t e r 
co l l i s u p e r f i c i a l i s , as e x p l a i n e d a b o v e . 





— PARS ORIS ( S C P O : F i g s . 2. 4 ) : 

(Murie, 1872: 150, f igs. 8, 9, 10, 12: "panniculus 
carnosus , P .c 2 ", in part, + ? "depressor anguli 
oris"; Saban, 1975: 234, 237-239, 241-242, 244, 
f igs. M . ) 

D i s t i n c t s h e e t o f f i b e r s f o r m i n g m o s t 
s u p e r f i c i a l l aye r on v e n t r a l p a r t of uppe r l i p . 
F ibers pass p o s t e r o v e n t r a d f r o m f r o n t o f s n o u t 
ac ross l eva to r naso lab ia l i s t o a n g l e of m o u t h , 
t he m o r e p o s t e r o d o r s a l o n e s d e c u s s a t i n g w i t h 
and pa r t l y o v e r l a i n by f i b e r s o f l e v a t o r naso­
l ab i a l i s . Beh ind a n g l e o f m o u t h , s o m e f i b e r s 
t u r n a n t e r o v e n t r a d a c r o s s s u r f a c e o f m e n t a l i s 
t o i n s e r t on h i de j u s t b e l o w a n g l e o f m o u t h , 
w h i l e m o r e p o s t e r i o r o n e s c o n t i n u e v e n t r a d t o 
m e e t t h e i r f e l l o w s u n d e r m a n d i b l e and b e h i n d 
c h i n ; l a t t e r s l i n g l i k e par t is p o s t e r i o r l y m o r e 
or less c o n t i n u o u s w i t h s p h i n c t e r c o l l i super -
f i c i a l i s , w h o s e f i b e r s a re pa ra l l e l t o i t . Pos-
t e r o m o s t f i b e r s o f pars o r i s have m o r e pos ­
t e r o v e n t r a d d i r e c t i o n , b e c o m i n g nea r l y pa ra l l e l 
to sub jacen t f i b e r s of p l a t y s m a para j u g u l a r i s . 

R E M A R K S : M u r i e d o e s n o t d e s c r i b e t h i s in 
h i s t ex t , t h o u g h h is f i g u r e s s h o w a t l e a s t t h e 
p o s t e r o v e n t r a l pa r t c l e a r l y ; t h e a n t e r o v e n t r a l 
pa r t p r o b a b l y c o r r e s p o n d s t o h i s " d e p r e s s o r 
angu l i o r i s " (1872 : 150, f i g s . 8 -10 ) . T. sene­
galensis ag rees w e l l w i t h T. tnunguis. Th is 
m u s c l e is , h o w e v e r , i n s e p a r a b l e f r o m t h e o rb i ­
c u l a r i s o r i s In a l l s i r e n i a n s , and d o u b t l e s s 
c o r r e s p o n d s in l a rge p a r t t o t h e " o r b i c u l a r i s 
o r i s " I d e s c r i b e d in Dugong ( D o m n i n g , 1977a ) . 
In a d d i t i o n t o the a b o v e , t h e f o l l o w i n g sepa­
ra te l y n a m e d m u s c l e s are a l so d e r i v a t i v e s o f 
t he s p h i n c t e r co l l i p r o f u n d u s pars o r i s : 

M . O R B I C U L A R I S ORIS ( O O r : F igs . 
4, 5 ) : 

(Murie, 1872: 150, figs. 10, 11; Saban, 1975: 
239-242, figs. 3, 4, 6: "buccinator pars orbicularis 
o r i s " , ) 

F ibers c l o s e l y a d h e r e n t t o h i de o f edges 
of l i p s ; o t h e r w i s e i n s e p a r a b l e f r o m p o r t i o n of 
pars o r i s d e s c r i b e d a b o v e . 

M . B U C C I N A T O R I U S ( B u : F i g s . 5, 
6 V 1 1 , 12. 14, 1 5 ) : 

(Murie, 1872: 150, f igs. 10, 11; Saban, 1975: 
239-244, fig. 4: "buccinator, partes maxil lo-man-
dibularis et longitudinal is". ) 

A r i s e f r o m la te ra l b o r d e r s o f m a x i l l a and 
p r e m a x i l l a f r o m rea r o f t o o t h r o w t o f r o n t of 
r o s t r u m , w h e r e i t b l e n d s w i t h l a t e r a l i s n a s i ; 
and f r o m a l v e o l a r b o r d e r o f m a n d i b l e f r o m 
base of a s c e n d i n g r a m u s ( d o r s o m e d i a l t o co ro -
no id cana l ) t o f o r w a r d of t o o t h r o w , w h e r e i t 
b l e n d s w i t t h o r b i c u l a r i s o r i s . In i t s s u p e r f i c i a l 
l ayer , f i b e r s a re i s o l a t e d and m o r e o r l ess 
v e r t i c a l in a n t e r i o r p a r t o f m u s c l e ; f a r t h e r a f t 
t h e s u p e r f i c i a l f i b e r s a re p o s t e r o v e n t r a l ly 
a l i g n e d and m o r e c l o s e l y s p a c e d . D e e p f i b e r s 
are l o n g i t u d i n a l l y ( a n t e r o v e n t r a l l y ) a l i g n e d , 
and m o r e s e p a r a t e d by c o n n e c t i v e t i s s u e f r o m 
s u p e r f i c i a l l a y e r a n t e r i o r l y t h a n p o s t e r i o r l y . 

R E M A R K S ; The s u p e r f i c i a l l a y e r (pa rs 
bucca l is o r m a x i l l o - m a n d i b u l a r i s ) w a s no t 
nea r l y as d i s t i n c t o r s e p a r a b l e f r o m t h e d e e p 
(pa rs m o l a r i s o r l o n g i t u d i n a l i s ) as s h o w n by 
Saban f o r T, senegalensis. 

M . M A N D I B U L A R S ( M n : F igs . 4 , 5, 
15, 2 6 ) : 

(Murie, 1872: 150-151, fig. 11; Saban, 1975: 
239-242, 244, figs. 3, 4: "buccinator pars men-
ta i l s" . ) 

O R I G I N : T e n d i n o u s and f l e s h y f r o m m e d i a l 
edge of a n t e r o m e d i a l s i de of base o f a s c e n d i n g 
r a m u s o f m a n d i b l e , j u s t above c o r o n o i d c a n a l ; 
r e l a t e d t o b u c c i n a t o r i u s on m e d i a l s i d e . 

I N S E R T I O N ; Passes a n t e r o v e n t r a d as p r o m i ­
n e n t f u s i f o r m m u s c l e w i t h f i n e , c l o s e l y packed 
f i b e r s , t o i n s e r t by s t r o n g t e n d o n i n to h i de on 
s i d e of c h i n la te ra l t o m e n t a l i s . 

R E M A R K S ; Th is is u n q u e s t i o n a b l y I den t i ca l 
t o t h e " m a n d i b u l a r i s " n a m e d by M u r i e in 7". 
manatus, and e v i d e n t l y h o m o l o g o u s w i t h t h e 
" b u c c i n a t o r pars m e n t a l i s " o f T. senegalensis; 
h o w e v e r , t h e l a t t e r t a k e s o r i g i n n o t f r o m t h e 
m a n d i b l e b u t f r o m t h e p t e r y g o i d p r o c e s s in 
c o m m o n w i t h the " b u c c i n a t o r pa r s l o n g i t u d i ­
n a l i s " (Saban . in litt, 26 M a y 1 9 7 6 ) . W h i l e 
t h i s m a y n o t be a s i g n i f i c a n t d i f f e r e n c e In a 
m u s c l e w h i c h is an a p p a r e n t d e r i v a t i v e of t h e 
b u c c i n a t o r i u s in any c a s e , i t is w o r t h no t i ng 
t h a t in Dugong ( D o m n i n g , 1977a) t h e r e a re 
t w o s i m i l a r m u s c l e s p r e s e n t in t h i s r e g i o n ; a 
m a n d i b u l a r i s a r i s i n g f r o m t h e m a n d i b l e l i ke 
t h o s e o f T. manatus and T. inunguis, and a 



I F ig . 5 — Lateral v iew of head, neck and shoulder ; second layer of musc les . Spaces anter ior and pos te r io r to cephalohumeral is are occup ied by large 
vascular re t ia . Sphincter co l l i super f ic ia l ls r emoved . 



" r e t r a c t o r l a b i o r u m " a r i s i n g f r o m t h e m a x i l l a 
t o g e t h e r w i t h t h e b u c c i n a t o r i u s . M o s t l i k e l y 
t he l a t t e r is un ique t o Dugong and t h e " b u c c i ­
na to r pars m e n t a l i s " o f T. senegalensis is 
rea l ly h o m o l o g o u s w i t h t h e m a n d i b u l a r e s o f 
t he o t h e r t h r e e f o r m s d e s p i t e i t s d i f f e r e n t s i t e 
of o r i g i n . 

The s u p p o s e d " d e p r e s s o r angu l i o r i s " o f 
Dugong ( D o m n i n g , 1977a ) , r e p r e s e n t e d by 
f i be r s c o n t i n u o u s w i t h t h e t e n d o n of t h e m a n d i ­
b u l a r i s , w a s n o t d e t e c t e d in T. inunguls; t h e 
" d e p r e s s o r angu l i o r i s " o f M u r i e is p r o b a b l y 
r e p r e s e n t e d by p a r t o f t h e s p h i n c t e r c o l l i 
p ro fundus pars o r i s sensu stricto (q.v,). 

M . M A X I L L O N A S O L A B I A L I S ( M n l : 
F i gs . 2 , 4 , 5. 10-12. 2 4 ) : 

(Mur ie, 1872: 148-149, figs. 8, 10, 11, 12: "levator 
labii superioris proprius" + ? "dilatator naris"; 
Saban, 1975: 238, 242-244, figs. 1, 2, 4: "maxillo-
-labialis" + 7 "d i la ta tor nas i" . ) 

O R I G I N ; T e n d i n o u s f r o m a n t e r o v e n t r a l 
bo rder o f o r b i t . 

I N S E R T I O N ; Passes s l i g h t l y a n t e r o d o r s a d 
as broad s h e e t d e e p t o l e v a t o r n a s o l a b i a l i s , 
i nse r t i ng f l e s h i l y i n to uppe r p a r t of s n o u t and 
on to s i de of nar ia l p a s s a g e . 

R E M A R K S ; I f o u n d t h i s t o be a s i n g l e 
shee t ; Saban 's " d i l a t a t o r n a s i " in T. senega­
lensis s e e m s t o c o r r e s p o n d t o i t s do r sa l pa r t . 

M . LATERALIS N A S I ( L a N : F igs . 6, 
10, 1 1 . 2 4 ) : 

(Murie, 1872: 148, 149, f igs. 11, figs. 11, 12: 
"levator anguli oris" + "depressor labll supe­
rioris alaeque nasi" + "pyramidalis nasi" + 
"compressor nasi"; Saban, 1975: 237, 242-244, 
figs. 1, 2, 4: "naso-labialis superf ic ial is", ) 

O R I G I N : F leshy f r o m p r e m a x i l l a on s i de o f 
r o s t r u m and i n s i d e m e s o r o s t r a l f o s s a . In INPA-
PB 169, a w e l l - d e v e l o p e d s e t of t r a n s v e r s e 
f i be r s w a s o b s e r v e d a r i s i n g ( f l e s h i l y and t e n -
d i n o u s l y ) f r o m do rsa l e x t r e m i t y o f m a x i l l a 
la te ra l t o p r e m a x i l l a , and f r o m l i ne e x t e n d i n g 
p o s t e r o m e d i a d b e n e a t h l e v a t o r n a s o l a b i a l i s 
a long p o s t e r i o r l y a d j a c e n t s u p r a o r b i t a l p r o c e s s . 

I N S E R T I O N : F ibe rs pass v e r t i c a l l y o n t o 
h i d e , i n t o c o n n e c t i v e t i s s u e a r o u n d apex o f 
snou t , and o n t o v e n t r a l and l a te ra l s i d e s o f 
nar ia l p a s s a g e . T o g e t h e r w i t h s p h i n c t e r c o l l i 
p r o f u n d u s pa rs o r i s , l e v a t o r n a s o l a b i a l i s , and 
m a x i l l o n a s o l a b i a l i s i t c o n t r i b u t e s t o t h e l a rge l y 
u n d i f f e r e n t i a t e d m a s s o f m u s c l e and c o n n e c t i v e 
t i s s u e f o r m i n g f r o n t o f s n o u t w h i c h a l so 
i n c l u d e s t r a n s v e r s e f i b e r s c r o s s i n g f r o n t o f 
s n o u t v e n t r a l t o n a r e s . T r a n s v e r s e f i b e r s ob ­
s e r v e d in INPA-PB 169 p a s s e d a n t e r o m e d i a d 
o n t o s i de of na r i a l passage and ( p o s t e r i o r l y ) 
nasa l c a r t i l a g e , a n d w e r e c o n t i n u o u s w i t h 
l a t e r a l i s nas i f i b e r s a r i s i n g f r o m p r e m a x i l l a . 
M o r e a n t e r i o r l y , s m a l l f i b e r s w e r e s c a t t e r e d 
in c o n n e c t i v e t i s s u e o v e r na r i a l p a s s a g e s , b u t 
w i t h no c l e a r t r a n s v e r s e o r i e n t a t i o n . 

R E M A R K S . - The n o m e n c l a t u r e o f t h e m u s c l e s 
of t h i s r eg i on r e m a i n s u n s a t i s f a c t o r y . I c o u l d 
d i s t i n g u i s h o n l y a c o n t i n u o u s m a s s o f f i b e r s , 
w h i c h I t a k e t o i n c l u d e t h e a b o v e - l i s t e d pa r t s 
t e n t a t i v e l y i d e n t i f i e d by M u r i e ; t h e t r a n s v e r s e 
f i b e r s seen in INPA-PB 169, a t l eas t , c l e a r l y 
c o r r e s p o n d t o h i s " p y r a m i d a l i s n a s i " . 

M u r i e (1872 : 148, f i g s . 1 1 . 12) d e s c r i b e d 
a " z y g o m a t i c u s " a r i s i n g " f r o m t h e d e e p in ­
f r a o r b i t a l f o s s a " and " i n s e r t e d i n to t h e a n t e r i o r 
p o r t i o n of t h e n a r i s " w i t h t h e l a t e r a l i s n a s i . 
Th is s e e m s t o c o r r e s p o n d t o Saban 's (1975: 
239, 241-244, f i g . 4} " n a s o - l a b i a l i s p r o f u n d u s " 
in T. senegalensis. I have n o t o b s e r v e d i t in 
e i t h e r T. inunguis o r Dugong. 

M . M E N T A L I S ( M t : F i gs . 2, 4 , 5, 
14, 2 6 ) : 

(Murie, 1872: 150, f igs. 8, 9, 10, 11: "depressor 
labii inferioris"; Saban, 1975: 240-243, f igs. 3, 4.) 

O R I G I N : F l e s h y f r o m l a te ra l s i d e of man ­

d i b u l a r s y m p h y s i s , d o r s a l t o m e n t a l f o r a m i n a . 

I N S E R T I O N .- F i be rs pass p o s t e r o v e n t r a d 

on to s k i n a t l o w e r c o r n e r o f s y m p h y s i s . 

R E M A R K S . - M u r i e s e e m s t o i m p l y , i ncor ­
r e c t l y , t h a t t h e m u s c l e p u l l s d o w n on t h e l o w e r 
l ip r a t h e r t h a n up on t h e h ide o f t h e c h i n . I t s 
a t t a c h m e n t s are s h o w n c o r r e c t l y by S a b a n . 

M u r i e ' s ( 1872 : 149-150, f i g . 9) " l e v a t o r 
l ab i i i n f e r i o r i s " , c o m p o s e d o f l o n g i t u d i n a l l y -
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Fig, 6 — Lateral v i ew of head, neck, and shoulder reg ion ; deep d issec t ion w i t h pectoral g i rd le and l imb, right mandib le, and mos t of r ight zygomat ic arch 
removed . Right upper t oo th row s h o w n ; r ight s ide of tongue, hyo id , and larynx exposed . A t tachments of scalenus to r ibs 1-3 shown by dashed out l ines . 
T, area o f o r ig in of deep por t ion of tempora l i s ; sq , roo t of zygomat ic process of squamosal ( cu t ) . 



a l i gned f i b e r s s i t u a t e d m e d i a l l y benea th t h e 
l o w e r l i p , w a s n o t o b s e r v e d as a d i s t i n c t 
m u s c l e , b u t may have been r e p r e s e n t e d in 
INPA-PB 169 by s o m e s m a l l f i b e r s in c o n n e c t i v e 
t i ssue on e i t h e r s i de of t h e t i p of t h e m a n d i b l e 
an te r i o r t o t h e m e n t a l i s and m o r e or l ess v e r t i ­
ca l in o r i e n t a t i o n . 

M U S C L E S OF THE J A W S 

— M . MASSETER ( M : F i g s . 3, 5, 1 1 , 12, 
14, 26, 46 , 4 8 - 5 0 ) : 

(Murie, 1872: 151, figs. 10, 30: "masseter, Ma 1".) 

O R I G I N ; T e n d i n o u s f r o m la te ra l and m e d i a l 
s ides of s u b o r b i t a l p r o c e s s of j u g a l . 

I N S E R T I O N ; F leshy and t e n d i n o u s on r a t h e r 
n a r r o w area a l ong l a te ra l e d g e of m a n d i b u l a r 
a n g l e , 

R E M A R K S ; C o m p l e x l y p i n n a t e , b u t e v i d e n t l y 
w i t h o u t d i v i s i o n as in Dugong. 

— M . Z Y G O M A T I C O M A N D I B U L A R I S (Z : 
F i g s . 12, 14. 26, 46 , 48 -50 ) : 

(Murie, 1872: 151, fig. 11: "masseter, Ma'".) 

O R I G I N : F leshy f r o m v e n t r a l and m e d i a l 
s ides of juga l f r o m leve l of t e m p o r a l c o n d y l e 
( p o s t e r i o r end of j uga l ) t o j u s t m e d i a l t o pos­
t e r i o r edge o f m a s s e t e r o r i g i n . A l s o has 
in te rna l t e n d o n of o r i g i n , l y i n g in p a r a s a g i t t a l 
p l a n e . 

I N S E R T I O N ; F leshy on ova l a rea an-
t e r o v e n t r a l t o m a n d i b u l a r c o n d y l e on la te ra l 
s ide of a s c e n d i n g r a m u s . Latera l s i de of 
m u s c l e has t e n d i n o u s c o v e r i n g at i n s e r t i o n . 

R E M A R K S ; I t a p p e a r s t h a t m o s t o f w h a t I 
i d e n t i f i e d as t h e z y g o m a t i c o m a n d i b u l a r i s In 
Dugcng ( D o m n i n g , 1977a) in f a c t c o r r e s p o n d s 
t o w h a t I he re t e r m the s u p e r f i c i a l t e m p o r a l i s 
(see b e l o w ) . 

— M. TEMPORAL IS : (T: F i g s . 6. 10-12, 14, 
15, 24, 45 , 48 -50 ) : 

(Murie, 1872: 151. f igs , 8, 10 . ) 

Both deep and s u p e r f i c i a l pa r t s p r e s e n t , 
the l a t t e r s e p a r a t e d f r o m t h e z y g o m a t i c o m a n ­
d ibu la r i s by a v e i n and s o m e s m a l l a r t e r i e s . 

O R I G I N ; Deep pa r t : F leshy f r o m e n t i r e 

su r face of t e m p o r a l f o s s a , l i m i t e d by t e m p o r a l 

c r e s t , p o s t e r i o r end o f s u p r a o r b i t a l p r o c e s s , 
d i agona l l ine ( = c r i s t a i n t r a t e m p o r a l i s ) f r o m 
la t te r to a n t e r o d o r s a l p r o t u b e r a n c e of a l i s p h e -
n o i d , and do rsa l s i de o f r o o t of z y g o m a t i c 
p r o c e s s of s q u a m o s a l , and c o v e r i n g s i de o f 
s q u a m o s a l back t o w i t h i n 1 c m of s i g m o i d 
r i d g e . A n t e r i o r pa r t c o v e r e d by s h i n i n g 
f a s c i a , and c o n t a i n i n g t e n d i n o u s s h e e t s a r i s i n g 
f r o m c r i s t a i n t r a t e m p o r a l i s and f r o m pro­
t u b e r a n c e s ( = o r b i c u l a r a p o p h y s e s ) on s i de 
of t e m p o r a l c r e s t i m m e d i a t e l y a b a f t sup ra ­
o r b i t a l p r o c e s s . S u p e r f i c i a l p a r t : F l e s h y 
f r o m do rsa l s i de o f z y g o m a t i c r o o t and m e d i a l 
s i de o f z y g o m a t i c p r o c e s s of s q u a m o s a l as f a r 
f o r w a r d as i n w a r d b u l g e on l a t t e r s u r f a c e . In 
INPA-PB 14 t h e o r i g i n s of t h e s u p e r f i c i a l a n d 
d e e p pa r t s w e r e c o n t i n u o u s o v e r t h e c ran ia l 
s u r f a c e of t h e s q u a m o s a l . In INPA-PB 8, 9, and 
169, h o w e v e r , t h e y w e r e q u i t e s e p a r a t e , t h e 
m e d i a l edge o f t h e s u p e r f i c i a l pa r t l y i n g a l ong 
t h e m e d i a i b o u n d a r y of t h e z y g o m a t i c r oo t , and 
t h e la te ra l e d g e of t h e d e e p p a r t l y i n g a l o n g 
t h e p a r i e t a l - s q u a m o s a l s u t u r e , w i t h m o s t o f t h e 
s q u a m o s a l ' s s u r f a c e e x p o s e d in t h e V -shaped 
space b e t w e e n . Thus t h e d e e p p a r t a r o s e 
a l m o s t e n t i r e l y f r o m t h e f r o n t a l , p a r i e t a l , and 
a l i s p h e n o i d . 

I N S E R T I O N : F leshy and t e n d i n o u s on co ro -
no id p r o c e s s o f m a n d i b l e , d e e p p a r t on i t s 
m e d i a l and s u p e r f i c i a l p a r t on i t s l a te ra l s i d e . 
A n t e r i o r s i de of deep p a r t has t e n d i n o u s 
c o v e r i n g near i n s e r t i o n , pa ra l l e l t o i n t e r n a l 
s h e e t s a r i s i ng f r o m o r b i c u l a r a p o p h y s e s and 
c r i s t a i n t r a t e m p o r a l i s . 

R E M A R K : The s u p e r f i c i a l pa r t a p p a r e n t l y 
c o r r e s p o n d s t o m o s t o f w h a t I c a l l e d t h e 
z y g o m a t i c o m a n d i b u l a r i s in Dugong ( D o m n i n g , 
1 9 7 7 a ) . 

— M . PTERYGOIDEUS EXTERNUS ( P t E : 
F igs . 6, 1 1 , 15, 4 7 - 5 0 ) : 

(Murie, 1872: 180.) 

O R I G I N ; F l e s h y f r o m v e n t r a l p a r t o f a l i s ­
p h e n o i d p o r t i o n o f p t e r y g o i d p r o c e s s ; q u i t e 
r o b u s t ; p a r a l l e l - f i b e r e d . 

I N S E R T I O N : F l eshy on m e d i a l s i de o f 
a s c e n d i n g r a m u s o f m a n d i b l e , j u s t an te -
r o v e n t r a l t o c o n d y l e . I cou ld n o t be c e r t a i n o f 
any i n s e r t i o n o n t o t h e a r t i c u l a r c a p s u l e o r 
t h e a r t i c u l a r d i s k . 



— M . PTERYG01DEUS INTERNUS ( P t l : F i gs . 

6, 1 1 , 12, 15, 4 7 - 5 0 ) : 
(Murie, 1872: 180.) 

O R I G I N ; F leshy and t e n d i n o u s f r o m pos­

t e r i o r p a r t of v e n t r o l a t e r a l e d g e of p t e r y g o i d 

p r o c e s s ; c o m p l e x l y p i n n a t e . 

I N S E R T I O N . - F leshy and t e n d i n o u s on m e d i a l 
s ide of m a n d i b u l a r a n g l e , c o v e r i n g m o s t o f 
area p o s t e r o v e n t r a l t o m a n d i b u l a r f o r a m e n 
and den ta l c a p s u l e . 

— M . D I G A S T R I C U S (D i : F i g s . 6, 14, 
17-19. 2 6 ) : 

(Murie, 1872: 180 figs. 9, 10, 30; Murie, 1880: 
pi. 8: fig- 5 . ) 

O R I G I N : F l e s h y and t e n d i n o u s f r o m pos te ­
r o l a t e r a l s i de o f h y o i d a r c h a t s t y l o h y o i d -
e p i h y o i d j u n c t i o n ; no a t t a c h m e n t t o s k u l l . 

I N S E R T I O N ; F leshy on l o w e r p a r t o f pos-
t e r o l a t e r a d - f a c i n g p o s t e r i o r s u r f a c e o f m a n d i ­
b le a l m o s t d o w n t o a n g l e ; t h e n c e la te ra l edge 
of i n s e r t i o n c r o s s e s t h i s s u r f a c e d i a g o n a l l y 
a n t e r o m e d i a d t o e n d a t m e d i a l e d g e o f a n g l e 
ad jacen t t o p t e r y g o i d e u s i n t e r n u s . 

Figs. 7-9 — Extr insic musc les of eyebal l : 7, antero­
lateral v i ew of r ight o rb i t , part of jugal removed to 

expose nerves and b lood vessels passing toward 
infraorbi ta l f o ramen ; 8, lateral v iew of eyebal l , m m . 
rect i re t rac ted to expose deeper musc les ; 9. antero­
lateral v iew of orb i t , obl tquus vent ra l is cut and eyebal l 
pul led postero la tera l ! to show musc les on medial s i d e . 

R E M A R K S : Has o n l y one b e l l y [ t he an te r i ­

o r ) , as in o t h e r s i r e n i a n s . 

M U S C L E S OF THE M I D D L E EAR 

— M . TENSOR T Y M P A N I {TT; F igs . 12, 2 8 ) : 

O R I G I N ; T e n d i n o u s and f l e s h y f r o m pos te ­
ro la te ra l c o r n e r o f base of p t e r y g o i d p r o c e s s 
a t a i i s p h e n o i d - p t e r y g o i d s u t u r e . S o m e f i b e r s 
m a y a l so a r i s e f r o m p o s t e r o m e d i a l s i de o f 
bony b r i d g e c o n n e c t i n g t y m p a n i c and t e g m e n 
t y m p a n i . as s t a t e d by R o b i n e a u [1969 : 2 6 ) . 

I N S E R T I O N . - Passes p o s t e r o l a t e r a d t h r o u g h 
t y m p a n i c c a v i t y as a s t o u t c y l i n d r i c a l c o r d , 
c l o s e l y a d h e r e n t t o b r i d g e b e t w e e n t y m p a n i c 
and t e g m e n t y m p a n i . o n t o p r o c e s s u s m u s -
c u l a r i s of m a l l e u s . M u s c l e c o n s i s t s m o s t l y 
of t e n d i n o u s f i b e r s ; o n l y t h e s e a re v i s i b l e on 
i t s s u r f a c e . 

M . STAPEDIUS (S t : F i g s . 12, 2 8 ) : 

O R I G I N ; F r o m f o s s a m u s c u l a r i s m i n o r o f 
p e r i o t i c , p o s t e r o l a t e r a l t o f e n e s t r a o v a l e . Fo rms 
s h o r t , b road -based cone f i l l i n g f o s s a : s u r f a c e 
c o v e r e d by s h i n i n g f a s c i a . 

I N S E R T I O N ; By v e r y s h o r t t e n d o n on to 

p r o t u b e r a n c e on p o s t e r i o r s i de of n e c k o f 

s t a p e s . 

EXTRINSIC M U S C L E S OF THE EYEBALL 

M . O B L I Q U U S D O R S A L I S ( O D : F igs . 7, 9 ) : 

O R I G I N ; T e n d i n o u s f r o m b o n y r i d g e a long 
f r o n t o m a x i l l a r y s u t u r e ( w h i c h f o r m s m e d i a l 
w a l l o f o p t i c c a n a l ) , a t l eve l of p o s t e r i o r edge 
o f s u p r a o r b i t a l p r o c e s s of f r o n t a l . 

I N S E R T I O N ; By t e n d o n on to a n t e r o d o r s a l 
s i d e of e y e b a l l . T e n d o n is s u s p e n d e d f r o m 
v e n t r a l s i de o f t i p o f s u p r a o r b i t a l p r o c e s s by 
a l i g a m e n t a r y b a n d . 

M . O B L I Q U U S VENTRAL IS ( O V : F i g s . 
8, 9, 1 1 ) ; 

O R I G I N ; F l e s h y f r o m a n t e r i o r s i de o f o r b i t 

near m a x i l l o j u g a l s u t u r e . 

I N S E R T I O N ; Passes v e n t r o l a t e r a d b e t w e e n 

r e c t u s v e n t r a l i s and e y e b a l l t o i n s e r t on l a t t e r 

d e e p t o r e c t u s l a t e r a l i s . 



M M . RECTI LATERALIS , M E D I A L I S . DOR-
SALIS . ET VENTRALIS (RLa, R M , RD, 

RV: F igs . 7 -9 ) : 

O R I G I N S : F rom s h e a t h of o p t i c n e r v e , a t 
about leve l o f p o s t e r i o r edge of s u p r a o r b i t a l 
p r o c e s s . 

I N S E R T I O N S ; B roaden and d i v e r g e t o t e n ­
d inous i n s e r t i o n s a t t he f o u r s i d e s of t h e 
e y e b a l l , d i s t a l ( c ran ia l ) t o i t s e q u a t o r . 

R E M A R K S : Pu t te r (1902 : 179-180. 185, 371) 
s ta ted t h a t t h e r e c t i in t h e m a n a t e e and t h e 
dugong al l a r i se b e h i n d t h e " o p t i c f o r a m e n " 
ra the r t han a r o u n d i t , c o n t r a r y to m y f i n d i n g s ; 
h o w e v e r , Pet i t and R o c h o n - D u v i g n e a u d (1929: 
135) p o i n t o u t t h a t t he p o s i t i o n of t h e o p t i c 
nerve may change in t h e c o u r s e of o n t o g e n y . 

M . RETRACTOR BULBI (RB: F igs . 8, 9 ) : 
(Murie, 1872: 188: "choanoid".) 

ORicrN: in f ou r pa r t s ( s m a l l e r t h a n t h e 
r e c t i ) , f r o m s h e a t h o f o p t i c n e r v e i ns ide 

" s h e a t h " f o r m e d by r e c t i . 

I N S E R T I O N : A r o u n d e q u a t o r of e y e b a l l , 
deep to r e c t i ; n o t a l t e r n a t i n g w i t h t h e m b u t 
ra the r a l m o s t d i r e c t l y b e n e a t h t h e m . 

R E M A R K S : M u r i e f o u n d " t h e r e m a i n i n g 
o rb i t a l m u s c l e s " , i.e., t h e r e c t i , " m u c h w e a k e r " 
t han the r e t r a c t o r b u l b i in T. manatus; Q u i r i n g 
and Har lan (1953: 1 9 4 ) , h o w e v e r , s t a t e d t h a t 
t h e r e t r a c t o r bu lb i w a s a b s e n t in t h a t s p e c i e s . 

M u r i e (1872 : 188) m e n t i o n s a l eva to r 
pa lpeb rae , " o b l i q u e l y d i r e c t e d i n w a r d s and 
d o w n w a r d s f r o m t h e t a r sa l m e m b r a n e " , w h i c h 
1 d id n o t o b s e r v e ; t h i s m a y , h o w e v e r , r e f e r t o 
the o b l i q u u s d o r s a l i s , as M u r i e d o e s no t 
o t h e r w i s e r e fe r t o t h e o b l i q u i . 

TONGUE A N D H Y O I D M U S C L E S 

M . STYLOGLOSSUS (S tyg , , a : F i g s . 6 , 
16-21. 2 6 ) : 

(Murie, 1872: 180, figs. 18, 37 . ) 

Has on ly t w o d i v i s i o n s , c o r r e s p o n d i n g t o 
the " f i r s t " and " t h i r d " of Dugong, t h e " s e c o n d " 
be ing a b s e n t o r f u s e d w i t h the f i r s t . 

— FIRST (S t yg , : F i g s . 6, 16 -21) : 

O R I G I N ; F l eshy and t e n d i n o u s f r o m ante­
r o l a t e r a l s i d e of p r o x i m a l e n d of h y o i d a r c h , 
m e d i a l t o d i g a s t r i c u s . T e n d o n v i s i b l e on 
m u s c l e ' s l a te ra l s u r f a c e . 

I N S E R T I O N . - F leshy and t e n d i n o u s i n t o pos­

t e r o l a t e r a l c o r n e r o f t o n g u e . 

— THIRD ( S t y g 3 : F i g s . 6, 18-21 , 2 6 ) : 

O R I G I N : Tend inous f r o m la te ra l s i de o f 
d i s t a l end o f e p i h y o i d . 

I N S E R T I O N : F leshy i n to w h o l e l e n g t h of 
v e n t r o l a t e r a l s i de of t o n g u e , l a te ra l to hyog los -
sus and g e n i o g l o s s u s . 

M . H Y O G L O S S U S ( H g : F igs . 6. 18, 20 , 

2 1 . 2 6 ) : 
(Murie, 1872: 180: dist inct hyoglossus "not 
observed" in T. manatus . ) 

O R I G I N ; W i t h i t s f e l l o w f r o m m e d i a n raphe 
a t t a c h e d to m e d i a n t e n d i n o u s p o r t i o n s of 
m y l o h y o i d e u s and g e n i o h y o i d e u s . 

I N S E R T I O N : Rad ia tes l a te rad and ante-
r o l a t e r a d t o f l e s h y i n s e r t i o n i n t o p o s t e r i o r pa r t 
of v e n t r o l a t e r a l s i de of t o n g u e , m e d i a l t o t h i r d 
d i v i s i o n of s t y l o g l o s s u s . A f e w f i b e r s s e e m e d 
to pass f r o m p o s t e r i o r e n d o f h y o g l o s s u s 
d o r s a d o n t o a t r a n s v e r s e l i ne a c r o s s v e n t r a l 
s i de of b a s i h y o i d , bu t no a t t a c h m e n t t o t hy ­
r o h y o i d w a s o b s e r v e d as in Dugong. 

M . G E N I O G L O S S U S ( G g : F i g s . 6. 15, 18. 

2 1 , 2 6 ) : 
(Murie, 1872: 180: ? "genio-hyo-glossus".) 

O R I G I N : F leshy and t e n d i n o u s f r o m m e n t a l 
f o s s a on p o s t e r o d o r s a l s i de of m a n d i b u l a r 
s y m p h y s i s . A d i s t i n c t , t h i c k t e n d o n runs a l ong 
a n t e r i o r p a r t of m u s c l e ' s v e n t r a l e d g e . 

I N S E R T I O N : F ibe rs pass p o s t e r o d o r s a d i n t o 
v e n t r a l s i de of t o n g u e , a d j a c e n t t o m i d l i n e and 
m e d i a l t o h y o g l o s s u s and t h i r d d i v i s i o n o f 
s t y l o g l o s s u s . The p o s t e r o m o s t f i b e r s f o r m a 
b road b u n d l e ( n o t s e p a r a b l e f r o m r e s t ) u n i t i n g 
p o s t e r i o r l y w i t h i t s f e l l o w in m i d l i n e , and 
i n s e r t i n g i n to p o s t e r o m o s t p a r t o f v e n t r a l s i d e 
of t o n g u e . Th is p o r t i o n e x t e n d s t o j u s t a b a f t 
i n s e r t i o n of f i r s t d i v i s i o n o f s t y l o g l o s s u s , b u t 
d o e s n o t r each hyo id as i t d o e s in Dugong. 





The a r r a n g e m e n t of m u s c l e f i b e r s w i t h i n 
the tongue ( M u r i e , 1872: 180 : " l i n g u a l i s " ; 
Gude rna tsch , 1909: 185-186) w a s no t i n v e s t i ­
gated in d e t a i l . 

M. STERNOHYOIDEUS ( S t h : F i g s . 3, 6, 

18, 2 6 ) : 

(Stannius, 1845: 7; Murie, 1872: 179, fig. 9: 
"sterno-hyoid" ) 

O R I G I N ; F leshy f r o m a n t e r i o r p a r t of do r sa l 
s ide of m a n u b r i u m , i n s e p a r a b l e f r o m s te rno-
thy ro ideus . 

I N S E R T I O N : Runs f o r w a r d , f u s e d w i t h 
s te rno thy ro ideus i n to n a r r o w s h e e t o f w h i c h 
s te rnohyo ideus f o r m s m e d i a l h a l f . A n t e r i o r 
to thy ro id ca r t i l age i t l i es m e d i a l and pa ra l l e l 
to , and s l i g h t l y o v e r l a p s , t h y r o h y o i d e u s , w i t h 
wh ich i t is p a r t l y f u s e d , f i n a l l y i n s e r t i n g w i t h 
it onto ven t ra l s i de o f m e d i a n raphe t o w h i c h 
my lohyo ideus , h y o g l o s s u s , and g e n i o h y o i d e u s 
also a t t a c h . Th is j u n c t i o n is c o v e r e d by t h e 
crescent ic " s u b m a x i l l a r y " s a l i v a r y g l and n o t e d 
by Mur ie (1872: 1 7 3 ) . The re w a s no d i r e c t 
muscular a t t a c h m e n t t o t h e b a s i h y o i d , t h o u g h 
Stannius says t h e m u s c l e e x t e n d s " t o t h e 
hyoid b o n e " . 

R E M A R K S ; Th is m u s c l e w a s c o m p l e t e l y 
lacking in INPA-PB 9 . M u r i e (1872 : f i g s . 9, 30) 
l i kewise s h o w s no s e p a r a t e band m e d i a l t o t h e 
s te rno thy ro i deus and t h y r o h y o i d e u s in T. ma-
natus. nor d o e s h is t e x t c l a r i f y w h e t h e r a 
por t ion of t h e " s t e r n o - h y o i d " e x t e n d s f o r w a r d 
of t he s t e r n o t h y r o i d e u s i n s e r t i o n . The s ter ­
nohyo ideus a lso appears t o be a b s e n t in 
Dugong ( D o m n i n g , 1 9 7 7 a ) . 

M u r i e (1872 : 179-180) r e p o r t e d " t h e an­
te r io r r e m n a n t " o f an o m o h y o i d e u s in T, ma-
natus, bu t I have no t o b s e r v e d t h i s in T. inun-
guis o r Dugong. 

? M . T H Y R O H Y O I D E U S ( T h h : F igs . 3, 6 . 
18-20, 22, 2 6 ) : 

(Murie, 1872: figs. 9, 30: "thyrohyoid".) 

O R I G I N . - F leshy f r o m s i de of t h y r o i d c a r t i ­

lage an te r i o r t o i n s e r t i o n o f s t e r n o t h y r o i d e u s . 

I N S E R T I O N ; Runs f o r w a r d as f l a t band 
la tera l t o and pa r t l y f u s e d w i t h s t e r n o h y o i d e u s , 
and i n s e r t s w i t h l a t t e r on m e d i a n r a p h e o f 
m y l o h y o i d e u s , h y o g l o s s u s , and g e n i o h y o i d e u s . 

F rom i ts m e d i a l edge an a p o n e u r o s i s e x t e n d s 
t o p o s t e r o m e d i a l e d g e s of b a s i h y o i d and 
t h y r o h y o i d . 

R E M A R K S : The f o r m and a t t a c h m e n t s o f 
t h i s m u s c l e a g r e e in g e n e r a l w i t h t h o s e de­
s c r i b e d fo r t h e " t h y r o h y o i d e u s " o f T. manatus 
and Dugong. H o w e v e r , I a l so o b s e r v e d t h e 
f o l l o w i n g m u s c l e , w h i c h may i n s t e a d be t h e 
h o m o l o g of t h e t h y r o h y o i d e u s of o t h e r 
m a m m a l s : 

" M , T H Y R O H Y O I D E U S M I N O R " ( T h h M : 
F i g s . 6, 16, 18. 19. 20. 2 2 ) : 

O R I G I N : F leshy f r o m la te ra l s i d e o f c ran ia l 
c o r n u of t h y r o i d c a r t i l a g e near i t s j o i n t w i t h 
t h y r o h y o i d , and j u s t f o r w a r d of o r i g i n o f 
t h y r o p h a r y n g e u s . 

I N S E R T I O N : F l eshy , in p i nna te f a s h i o n , on 
a n t e r i o r and p o s t e r i o r edges of t h y r o h y o i d ; 
be l l y c o v e r s a t t a c h m e n t o f l a t t e r t o t h y r o i d 
c a r t i l a g e . 

R E M A R K S ; Th is m u s c l e w a s o b s e r v e d in 
j u v e n i l e s p e c i m e n s ( INPA-PB 6, 9, 1 4 ) , b u t n o t 
i n an a d u l t ( INPA-PB 1 1 7 ) . I have f o u n d no 
r e c o r d of a c o r r e s p o n d i n g m u s c l e c o e x i s t i n g 
w i t h one s i m i l a r t o t h e above in any o t h e r 
m a m m a l . I t m a y be d e r i v e d f r o m t h e t h y r o ­
h y o i d e u s d e s c r i b e d a b o v e , o r f r o m t h e hyo-
p h a r y n g e u s , w h i c h l i es a n t e r i o r and pa ra l l e l 
t o i t . 

M . M Y L O H Y O I D E U S ( M y : F igs . 3, 6, 15. 
20 , 2 1 , 2 6 ) : 

(Murie, 1872: 180, fig. 30: "mylo-hyoid".) 

O R I G I N ; F l e s h y f r o m m e d i a l s i de of a l veo la r 
p o r t i o n of m a n d i b l e , f r o m a b o v e m a n d i b u l a r 
f o r a m e n t o m i d s e c t i o n of t o o t h r o w ( a n t e r i o r 
end of t o o t h IV in a n i m a l s w i t h c o m p l e t e 
j u v e n i l e d e n t i t i o n ) . 

I N S E R T I O N ; O n t o t e n d i n o u s raphe in m i d l i n e , 
t o g e t h e r w i t h and s u p e r f i c i a l t o h y o g l o s s u s and 
g e n i o h y o i d e u s . E v i d e n t l y no d i r e c t a t t a c h m e n t 
t o hyo id as in Dugong, t h u s a g r e e i n g w i t h T. 
manatus. 

M u r i e (1872 : 179) f o u n d " k e r a t i c m u s c l e s ' 
( k e r a t o h y o i d e i ) " f e e b l y r e p r e s e n t e d " in T. 
manatus; t h e s e I d i d n o t o b s e r v e . 



RCI+RCMi 

Figs . 13-15 — Skul l and mandib le o f juven i le Tr ichechus inunguis, showing bones and musc le a t tachments • 13 
pos te r io r v i ew of sku l l : U-15, lateral and media l v iews of mand ib le . 



M . G E N I O H Y O I D E U S ( G h : F i g s . 3. 6 , 
15, 2 6 ) : 

CMurie, 1872: 180.) 

O R I G I N : By t h i n t e n d i n o u s s h e e t f r o m 

c r e s c e n t i c l i ne ( c o n c a v e a f t ) a c r o s s v e n t r a l 

s i de of m e n t a l f o s s a on p o s t e r o d o r s a l s i de of 

m a n d i b u l a r s y m p h y s i s , v e n t r a l t o o r i g i n o f 

g e n i o g l o s s u s . 

I N S E R T I O N : C o n t i n u o u s w i t h f e l l o w in 

m i d l i n e ; i n s e r t s on m e d i a n raphe w i t h hyo­

g l o s s u s and m y l o h y o i d e u s . 

R E M A R K S ; Has no d i r e c t a t t a c h m e n t t o 

b a s i h y o i d , a g r e e i n g w i t h Dugong b u t n o t T. 

manatus. The m u s c l e f o r m s a p o u c h e n c l o s i n g 

a mass of f a t in w e l l - n o u r i s h e d a n i m a l s . 

M . S T Y L O H Y O I D E U S ( S t y h : F igs . 6 , 18, 1 9 ) : 
(Murie, 1872: 180. figs. 18, 30, 37 . ) 

O R I G I N ; F leshy f r o m p o s t e r o l a t e r a l s i de o f 

p r o x i m a l e n d o f h y o i d a r c h . D i s t a l l y , i t s t h i n 

be l l y is s e p a r a t e d f r o m h y o i d by l i ngua l a r t e r y . 

I N S E R T I O N : Tend inous on v e n t r o l a t e r a l 

su r f ace of k e r a t o h y o i d ; t e n d o n v i s i b l e i n i t i a l l y 

on la te ra l s ide of m u s c l e . 

R E M A R K S . - In Dugong, i n s e r t s on b a s i h y o i d . 

No j u g u i o h y o i d e u s w a s o b s e r v e d . 

M U S C L E S OF THE P H A R Y N X 

M. H Y O P H A R Y N G E U S ( H p : F igs . 16. 17, 

2 0 ) : 

O R I G I N : F l eshy f r o m m e d i a l s i de o f ep i -

hyo id , j u s t v e n t r a l t o e u s t a c h i a n t u b e . Th in 

and c l o s e l y a d h e r e n t t o e p i h y o i d . 

I N S E R T I O N : Passes p o s t e r o d o r s a d o n t o 

dorsa l s ide of p h a r y n x , w h e r e i t is o v e r l a i n by 

and i n s e p a r a b l e f r o m s t y l o p h a r y n g e u s . 

M. T H Y R O P H A R Y N G E U S (Thp : F i g s . 17, 

18, 20 -22 ) : 
(Stannius, 1845: 30: ?"thyreoideus transversus"; 
Murie, 1872: 180, fig. 18; "constrictor superior", 
in p a r t . ) 

O R I G I N : F leshy f r o m l ine a l o n g s i de o f 

t h y r o i d car tMage, d o r s a l t o a t t a c h m e n t s o f 

c r i c o t h y r o i d e u s , s t e r n o t h y r o i d e u s , and t h y r o ­

hyo ideus and i m m e d i a t e l y a n t e r i o r t o o r i g i n of 

c r i c o p h a r y n g e u s . 

I N S E R T I O N : O n t o m l d d o r s a l r aphe o f 

pha rynx w i t h i t s f e l l o w , o v e r l a p p i n g c r i c o p h a ­

r y n g e u s . 

M . C R I C O P H A R Y N G E U S ( C r p : F i g s . 6, 17, 

20, 22 , 2 3 ) : 
(Murie, 1872: 180, fig. 18: "const r ic tor super ior" , 
in part?) 

O R I G I N : F leshy f r o m l i ne a l ong p o s t e r o l a ­

t e r a l edge of c r i c o i d c a r t i l a g e . The p o s t e r o m e ­

d ia l b u n d l e s of f i b e r s a re r a t h e r l o o s e l y and 

i r r e g u l a r y s p a c e d ou t , s o t h a t t h e c r i c o a r y t e -

n o i d e u s d o r s a l i s is p a r t l y e x p o s e d p o s t e r o m e ­

d i a l ^ b e n e a t h the i n c o m p l e t e c r i c o p h a r y n g e u s 

s h e e t . 

I N S E R T I O N ; Passes a n t e r o d o r s a d a r o u n d 

f r o n t of e s o p h a g u s a n d , w i t h i t s f e l l o w , o n t o 

m i d d o r s a l r aphe of p h a r y n x , w h e r e i t i s 

c r o w d e d b e t w e e n e s o p h a g u s and t h y r o p h a -

r y n g e u s . 

M . S T Y L O P H A R Y N G E U S ( S t y p : F igs . 16-18. 

2 0 ) : 
(Murie, 1872: 180. figs. 18, 30 . ) 

O R I G I N : F leshy f r o m m e d i a l s i de of s t y ­

l o h y o i d . 

I N S E R T I O N . - F l e s h y o n t o d o r s o l a t e r a l s u r f a c e 

o f n a s o p h a r y n x , a l ong l i ne r u n n i n g d i a g o n a l l y 

p o s t e r o d o r s a d f r o m j u s t a b a f t e u s t a c h i a n t u b e 

t o m i d l i n e . 

R E M A R K S ; No l o n g i t u d i n a l d i v i s i o n ob ­

s e r v e d as in Dugong. 

M. P T E R Y G O P H A R Y N G E U S (Ptp : F i g s . 

12, 2 0 ) : 

O R I G I N : F leshy f r o m m e d i a l s i de o f pos-

t e r o v e n t r a l and m e d i a l ( = p t e r y g o i d ) e x t r e m i ­

t y o f p t e r y g o i d p r o c e s s , 

INSERTION : M i n g l e s w i t h f i b e r s o f hyo-

p h a r y n g e u s and s t y l o p h a r y n g e u s on d o r s o l a t e ­

ra l s i de of p h a r y n x . 

M U S C L E S O F THE SOFT PALATE 

M . TENSOR VELI PALAT IN I ( T e V : F i g s . 

6, 12, 2 8 ) : 
(Murie, 1872: 180: " tensor pa la t l " . ) 

O R I G I N : By w i d e f l a t t e n d o n f r o m an te ro -

m e d i a l e d g e of t y m p a n i c and b r i d g e c o n n e c t i n g 



Figs . 16-23 — Hyo id arch, larynx, pharynx, and s t ruc tu res at base o f t o n g u e : 16, dorsal v iew of r ight and part of le f t hyoid arch, laryngeal car t i lages, and 
deep musc les and muscle a t tachments ; l e f t w ing o f t hy ro id cart i lage removed ; 17. same v iew, showing musc les , base of tongue, and re lated s t ruc tu res ; le f t 
w i n g of t hy ro id car t i lage ret racted and super f ic ia l musc les removed on le f t s ide : 18, vent ra l v i ew of same s t ruc tu res : geniohyoideus. my lohyo ideus , and parts 
of o ther super f ic ia l musc les removed : 19, vent ra l v i ew of hyo id arch and laryngeal car t i lages, showing musc le a t tachments ; 20, r ight lateral v iew of larynx, 

I pharynx, and base of tongue; r igh t hyoid e lements and at tached musc les cut and pul led downward to expose side of pharynx; 2 1 , same, super f ic ia l musc les 
I removed and r igh t w ing of thy ro id cart i lage pul led downward to expose deep laryngeal musc les ; 22. r ight lateral v i ew of laryngeal car t i lages, showing musc le 

ro a t tachments ; 23, same, thy ro id car t i lage removed . 



l a t te r t o t e g m e n t y m p a n i , and t e n d i n o u s f r o m 
la tera l and m e d i a l edges of f o s s a on p o s t e r i o r 
s i de of p t e r y g o i d p r o c e s s . Be l l y q u i t e s m a l l 
and t h i n , i t s p o s t e r o m e d i a l s i d e c l o s e l y 
adheren t t o w a l l o f t y m p a n i c c a v i t y . 

I N S E R T I O N . - By t h i n t e n d o n w h i c h p a s s e s 

a n t e r o m e d i a d unde r t r o c h l e a r s u r f a c e o f 

p t e r ygo id p r o c e s s i n to s o f t p a l a t e . 

R E M A R K S : M u c h s m a l l e r and w e a k e r t h a n 
o b s e r v e d in Dugong, t h o u g h t h i s m a y be due 
to the y o u t h o f t h e T. inunguis e x a m i n e d . 

M . P A L A T O P H A R Y N G E U S ( P a p : F i g s . 
17, 2 1 ) : 

(Murie. 1872: 180.) 

V e r y t h i n l aye r o f f i b e r s c l o s e l y a d h e r e n t 
t o ( i n d e e d , v i r t u a l l y i n s e p a r a b l e f r o m ) w a l l o f 
n a s o p h a r y n x . F ibe rs pass a n t e r a d and ven t ro -
la te rad a c r o s s do rsa l s i d e of p h a r y n x , b e n e a t h 
c r i c o p h a r y n g e u s and t h y r o p h a r y n g e u s , t o edge 
of s o f t p a l a t e . S o m e f i b e r s a r i s e f r o m do rsa l 
edge o f m e d i a l s i de of t h y r o i d c a r t i l a g e a n d 
pass a n t e r o m e d i a d i n to p a l a t o p h a r y n g e u s . 

R E M A R K S : Th i s c o r r e s p o n d s t o w h a t 1 
i d e n t i f i e d as t h e a r y e p i g l o t t i c u s in Dugong 
( D o m n i n g , 1977a) . 

M u r i e (1872 ; 180) n o t e d a p a l a t o g l o s s u s 
and a l eva to r ve l i pa l a t i n i ( " l e v a t o r p a l a t i " ) , 
w h i c h I c o u l d no t d e t e c t . I f o u n d no f i b e r s 
( m . p a l a t i n u s o r m . uvu lae ) w i t h i n t h e s o f t 
pa la te ; M u r i e (1872 : 173) a l so f o u n d no 
" a p p r e c i a b l e uvu la r t h i c k e n i n g o f m u s c u l a r 
f i b r e s " . 

M U S C L E S OF THE LARYNX 

M . C R I C O T H Y R O I D E U S ( C r t : F i g s . 3 , 
17-23, 2 6 ) : 
(Murie, 1872: fig. 30: "crico-thyroid".) 

O R I G I N ; F leshy f r o m p o s t e r o v e n t r a l s i de 
of c r i c o i d c a r t i l a g e . M a y be a s y m m e t r i c a l ; i n 
INPA-PB 117, o r i g i n of l e f t m u s c l e e x t e n d e d 
w e l l to r i g h t of m i d l i n e on p o s t e r i o r e d g e o f 
c r i co i d c a r t i l a g e . 

I N S E R T I O N ; F leshy o n p o s t e r o l a t e r a l s i de 
o f t h y r o i d c a r t i l a g e , v e n t r a l t o o r i g i n o f t hy ­
r opha ryngeus and p o s t e r i o r t o i n s e r t i o n o f 
s te rn o th y r o i d e u s . 

M . C R I C O A R Y T E N O I D E U S D O R S A L I S ( C r O : 

F i g s . 6, 16, 17, 2 0 - 2 3 ) : 
(Murie, 1872: 180, f ig. 18: ?"constr ictor me-
dius" . ) 

O R I G I N ; F leshy f r o m do rsa l s i de o f c r i c o i d 
c a r t i l a g e , l a rge l y c o v e r e d by c r i c o p h a r y n g e u s . 

I N S E R T I O N : Passes f o r w a r d l a te ra l t o eso­

phagus t o f l e s h y i n s e r t i o n on p o s t e r i o r s i de o f 

m u s c u l a r p r o c e s s o f a r y t e n o i d c a r t i l a g e . 

M . C R I C O A R Y T E N O I D E U S LATERALIS ( C r L : 
F i g s . 2 1 . 2 3 ) : 

O R I G I N . F leshy f r o m l a te ra l and m e d i a l 

s i d e s of a n t e r o l a t e r a l e d g e of c r i c o i d c a r t i l a g e . 

I N S E R T I O N ; F l eshy on v e n t r a l s i d f o f 

m u s c u l a r p r o c e s s of a r y t e n o i d c a r t i l a g e . 

M . T H Y R O A R Y T E N O I D E U S (Tha : F i g s . 
2 1 . 2 3 ) : 

O R I G I N .- T e n d i n o u s f r o m p o s t e r o m e d i a l 
c o r n e r o f d o r s a l Unne r ) s i d e o f t r a n s v e r s e 
p a r t o f t h y r o i d c a r t i l a g e , a d j a c e n t t o m i d l i n e , 
t o g e t h e r w i t h v o c a l i s and v e n t r i c u l a r i s . 

I N S E R T I O N ; F l e s h y on a n t e r o v e n t r a l s i : le 
of m u s c u l a r p r o c e s s , and l a te ra l s i de o f v e n t r a l 
p r o c e s s , o f a r y t e n o i d c a r t i l a g e . 

? M . V O C A L I S ( V o : F i g s . 16, 2 1 . 2 3 ) : 

O R I G I N : F leshy f r o m t h y r o i d c a r t i l a g e t o ­
g e t h e r w i t h and i n s e p a r a b l e f r o m t h y r o a r y t e -
n o i d e u s and v e n t r i c u l a r i s , and a n t e r i o r and 
m e d i a l to t h e m , r e s p e c t i v e l y , 

I N S E R T I O N ; T e n d i n o u s and f l e s h y on la te ra l 
s i de of c o r n i c u l a t e p r o c e s s o f a r y t e n o i d c a r t i ­
l a g e . 

? M . VENTRICULARIS ( V e ; F igs . 16, 2 1 ) : 

O R I G I N ; F leshy f r o m t h y r o i d c a r t i l a g e , 
i n s e p a r a b l e f r o m t h y r o a r y t e n o i d e u s and v o c a l i s . 
Passes d o r s a d la te ra l t o v o c a l i s . 

I N S E R T I O N ; By f l a t t e n d o n i n t o roo f o f 

p h a r y n x do rsa l t o a r y t e n o i d c a r t i l a g e . 

R E M A R K S ; Though n o t p r e v i o u s l y d e s c r i b e d , 
t h e t w o f o r e g o i n g m u s c l e s a re p r e s u m a b l y 
p r e s e n t in o t h e r s i r e n i a n s as w e l l as T. 
i n u n g u i s . They a re c l e a r l y d e r i v a t i v e s of t h e 
o r i g i n a l t h y r o a r y t e n o i d m u s c l e m a s s . 



M . A R Y T E N O I D E U S T R A N S V E R S U S ( A r T : 
F i g s . 16, 17, 2 1 , 2 3 ) : 

O R I G I N : F l e s h y f r o m a n t e r o d o r s a l s i d e o f 

m u s c u l a r p r o c e s s o f a r y t e n o i d c a r t i l a g e . 

I N S E R T I O N ; O n t o s h o r t t e n d o n j o i n i n g i t 
w i t h i t s f e l l o w in m i d l i n e b e t w e e n a r y t e n o i d 
c a r t i l a g e s and e s o p h a g u s . 

R E M A R K S : N O m e d i a n c a r t i l a g e o b s e r v e d a t 
i n s e r t i o n as in one Dugong [ O w e n , 1838: 38) . 

C o n c e r n i n g the above m u s c l e s in T. mana-
tus, M u r i e (1872 : 179) s a y s o n l y t h a t " e a c h 
and a l l o f t h e l a r yngea l m u s c l e s a re r e l a t i v e l y 
w e l l d e v e l o p e d . The e x t r i n s i c l a r yngea l 
m u s c l e s m a i n t a i n a f a i r s i ze , w i t h a t t a c h m e n t s 
of t h e o r d i n a r y k i n d " . 

M . HYOEP1GLOTTICUS ( H e : F i g s . 16, 

19 -21) : 
(Stannius , 1845: 30; Murie, 1872: 179: "hyoepi-
glottidei" absent in T. manatus . ) 

O R I G I N : F leshy f r o m a n t e r o m e d i a l s u r f a c e 

of k e r a t o h y o i d . 

I N S E R T I O N : M u s c l e s f r o m each s i d e q u i c k l y 
j o i n and pass p o s t e r o d o r s a d as s i n g l e m e d i a n 
bund le i n to v e n t r a l s i de o f e p i g l o t t i s . In INPA-
PB 117, s o m e f i b e r s i n s e r t e d on a n t e r o v e n t r a l 
edge o f t h y r o i d c a r t i l a g e . 

R E M A R K S ; Though S t a n n l u s f o u n d t h i s 
m u s c l e t o be " v e r y w e a k " in 7". inunguis and 
M u r i e f a i l e d t o f i n d i t a t a l l in T. manatus, i t 
w a s w e l l d e v e l o p e d here and in Dugong, w h e r e 
it s e e m s t o have t h e s a m e s t r u c t u r e . 

A n a r y e p i g l o r t i c u s w a s n o t o b s e r v e d , m u c h 
l ess t h e " s u p e r i o r and i n f e r i o r a r y teno -ep i -
g i o t t i d e i " d i f f e r e n t i a t e d by M u r i e (1872 : 179) 
in T. manatus. W h a t I i d e n t i f i e d as an a r y e p i -
g l o t t i c u s in Dugong ( D o m n i n g , 1977a) w a s 
e v i d e n t l y t he p a f a t o p h a r y n g e u s (q. v.). The 
t h y r o e p i g l o t t i c u s n o t e d by M u r i e (1872 : 179: 
" t h y r o - e p i g l o t t i d e u s " ) w a s a l so n o t o b s e r v e d . 

D O R S A L M U S C L E S OF THE T R U N K 

M . SPLENIUS ( S p l : F i g s . 1 , 5, 6 , 10, 1 1 , 

13, 24, 2 5 ) : 

(Murie, 1872: 145, fig. 8 . ) 

O R I G I N .- By a p o n e u r o s i s f r o m d o r s a l 

m i d l i n e , f r o m nucha l l i ne back t o t i p o f neura l 

sp ine of f i f t h t h o r a c i c v e r t e b r a . 

I N S E R T I O N : T e n d i n o u s and f l e s h y on la te -
r o m o s t pa r t of p o s t e r i o r s i de of s i g m o i d r i d g e 
o f s q u a m o s a l . F ibe rs do n o t a t t a c h t o t h e 
b r o a d s u r f a c e ( - 2 c m w i d e ) f o r m e d b e h i n d 
s i g m o i d r i d g e by s q u a m o s a l and e x p o s e d 
p e r i o t i c ; t h i s Ts c o v e r e d by a s i n g l e l aye r of 
v a s c u l a r r e t e o v e r l a i n by s p l e n i u s , . In INPA-
PB 6, i n s e r t e d on w h o l e l e n g t h o f s i g m o i d r i d g e 
up t o do rsa l edge of s q u a m o s a l . 

R E M A R K S ; M u r i e ' s a c c o u n t o f T. manatus 
s e e m s t o i n d i c a t e t h a t t h e s p l e n i u s a r i s e s 
f r o m t h e s u r f a c e o f t h e s e m i s p i n a l i s c a p i t i s , 
w h i c h is u n l i k e l y , and he s t a t e s t h a t i t i n s e r t s 
" i n t o t h e e x o c c i p i t a l r i d g e " , w h i c h is s u r e l y an 
e r r o r . C o n d i t i o n s in Dugong a g r e e e x a c t l y w i t h 
t h o s e in T. inunguis. 

EPAXIAL SPINAL M U S C U L A T U R E 

A s in Dugong, t h e epax ia l m u s c l e s of t h e 
m a n a t e e a re f u s e d i n to a c o n t i n u o u s mass 
e x t e n d i n g f r o m t h e o c c i p u t t o t h e t i p o f t h e t a i l . 
Th is is c o m p o s e d of t he aLmost i nsepa rab le 
t r a n s v e r s o s p i n a l is and l o n g i s s i m u s s y s t e m s ; 
t h e i l i o c o s t a l i s r e m a i n s d i s t i n c t . 

Transversospinal is System 

In a d d i t i o n t o m u l t i f i d u s and s h o r t e r f asc i ­
c l e s , t h e l a rge l y u n d i f f e r e n t i a t e d t r a n s v e r s o ­
s p i n a l i s i n c l u d e s t h e f o l l o w i n g s e m i s p i n a l i s 
p o r t i o n s ; 

M . S E M I S P I N A L I S CAPITIS ( S e C ; F i g s . 
6. 10, 1 1 , 13, 24, 25 , 2 9 ) : 
(Murie, 1872: 145, fig. 8: "complcxus" . ) 

O R I G I N ; A r i s e s in f u s i o n w i t h epax ia l m a s s 
o u t of c l e f t b e t w e e n s e m i s p i n a l i s and lon­
g i s s i m u s d o r s i ; s e p a r a t e d f r o m l a t t e r by c l e f t 
r e a c h i n g back t o f o u r t h t h o r a c i c v e r t e b r a . 
T e n d i n o u s and f l e s h y s l i p s a r i se f r o m la te ra l 
e d g e s of z y g a p o p h y s e s o f c e r v i c a l s 3-6 and 
f r o m p r o t u b e r a n c e s on do rsa l s i d e s of t r ans ­
v e r s e p r o c e s s e s of t h o r a c i c s 1-7. 

I N S E R T I O N ; By s t r o n g t e n d i n o u s s h e e t on to 
nucha l l i ne f r o m m i d l i n e t o e d g e o f s u p r a o c c i -
p i t a l . Tendon l i es o n d e e p s i d e o f m u s c l e 
m e d i a l l y , b u t l a t e ra l l y b e c o m e s e x p o s e d on 
s u p e r f i c i a l s i d e as w e l l . A t e d g e o f s u p r a o c c i -
p i t a l , a f l e s h y f o l d o f s e m i s p i n a l i s c a p i t i s 



Figs . 24-25 — Dorsal v iews of head and neck r e g i o n : 24, le f t s ide, deep musc les of snout, tempora l is , and musc les of neck and shoulder w i t h cutaneus t runc i 
and t rapezius removed; r igh t s ide, pectoral g i rd le , l imb , and at tached musc les removed ; 25, le f t s ide, deep muscles o f neck and anter ior thorax, w i t h most of 
semisp ina l is capi t is removed ; r ight s ide , a t tachments of cerv ica l , epaxia l , and re lated musc les . Transversospinai ls f ibers shor te r than semispinal is no t shown . 



o v e r l a p s a n d is c o n t i n u o u s w i t h f l e s h y In ­
s e r t i o n o f r e c t u s c a p i t i s l a t e r a l i s on to pos-
t e r o d o r s a l c o r n e r of s q u a m o s a l and e x o c c i p i t a l 
b o r d e r . 

R E M A R K S ; D o r s o l a t e r a l s i d e of m u s c l e has 
l o n g i t u d i n a l c l e f t near m i d l i n e at l eve l o f 
t h o r a c i c s 2-3; t h i s m a y be a v e s t i g e of a d i ­
v i s i o n i n t o b i v e n t e r c e r v i c i s and c o m p l e x u s 
p o r t i o n s . 

M . SEMISP INAL IS (Se : F i g . 2 5 ) : 
(Murie, 1872: 144; Slijper, 1946: tabs . 3, 6 . ) 

O R I G I N ; T e n d i n o u s and f l e s h y f r o m pos ­
t e r o l a t e r a l c o r n e r of neura l s p i n e of ax i s , 
m e d i a l pa r t s of d o r s a l s i d e s of c e r v i c a l neura l 
a r c h e s 3-6, and p o s t e r o l a t e r a l p r o c e s s e s o f 
t i p s of neu ra l s p i n e s o f f i r s t t h o r a c i c and 
f o l l o w i n g v e r t e b r a e . In y o u n g a n i m a l s , f o r m s 
s t r o n g , d i s t i n c t b u n d l e s in neck r e g i o n . 

I N S E R T I O N ; T e n d i n o u s on m e t a p o p h y s e s 
of f i r s t t h o r a c i c and f o l l o w i n g v e r t e b r a e , 
m e d i a l t o s e m i s p i n a l i s c a p i t i s 

In t r u n k r e g i o n , t r a n s v e r s o s p i n a l i s f i b e r s 
a r i se f r o m deep s i de of s p i n o u s t e n d i n o u s 
s h e e t of l o n g i s s i m u s d o r s i and pass pos te -
r o l a t e r a d t o i n s e r t on d o r s a l s i d e o f me tapo -
phys ia l s h e e t . A t l eve l of e i g h t h p o s t t h o r a c i c 
v e r t e b r a , o r i g i n s f r o m s p i n o u s s h e e t end and 
l a t t e r b e c o m e s f r e e f r o m u n d e r l y i n g m u s c l e . 
I n s e r t i o n on m e t a p o p h y s i a l s h e e t c o n t i n u e s t o 
abou t p o s t t h o r a c i c 1 9 , F l e s h y o r i g i n s f r o m 
m e d i a l pa r t s of d o r s a l s i d e s o f v e r t e b r a l cen t ra 
c o n t i n u e i n to p o s t e r i o r cauda l s , and i n s e r t i o n s 
on to do rsa l s i d e s of c e n t r a c o n t i n u e t o e n d of 
t a i l . A m. s p i n a l i s Is a b s e n t , as s t a t e d by 
S l i j p e r [ 1946 : t a b s . 3, 6 ) ; t h e " c o m b i n e d o r 
c o n t i n u o u s s p i n a l i s d o r s i and l e v a t o r caudae 
i n t e r n u s " d e s c r i b e d by M u r i e [ 1872 : 144, f i g . 
39) m e r e l y r e f e r s t o t h e t r a n s v e r s o s p i n a l i s 
c o m p l e x as a w h o l e ( s e e S l i j pe r , 1946: 7 7 ) . 

L o n g i s s i m u s S y s t e m 

A l o n g i s s i m u s c a p i t i s is a b s e n t , i n c o n t r a s t 
to T. manatus ( M u r i e , 1872: 144-145: " t r a c h e l o -
mas+o id " ) and Dugong. S l i j p e r (1946: 75) d o e s 
no t m e n t i o n i t s o c c u r r e n c e in t h e Trichechus 
w h i c h he s t u d i e d . 

M . L O N G I S S I M U S DORSI ( L n D : F igs . 1 , 2, 
6, 24 , 25, 29 , 3 7 ) : 
(Murie, 1872: 144, figs. 8, 39: "transversalis 
colli" + long iss imus dorsi", including "levator 
caudae ex temus"; Slijper, 1946: 47, 74, 76, 112, 
t a b . 3 . ) 

O R I G I N ; T e n d i n o u s and f l e s h y f r o m pos­
t e r i o r s i de of t r a n s v e r s e p r o c e s s of a t l as and 
d o r s o l a t e r a l s i d e s of t r a n s v e r s e p r o c e s s e s of 
c e r v i c a l s 3-6; f l e s h y f r o m p o s t e r o d o r s a l s ides 
of r i bs 1-15 m e d i a l t o i l i o c o s t a l i s d o r s i ; t e n ­
d i n o u s and f l e s h y f r o m p o s t e r o l a t e r a l c o r n e r s 
of t r a n s v e r s e p r o c e s s e s of t h o r a c i c s 1-15; and 
f l e s h y f r o m d o r s a l s i d e s o f t r a n s v e r s e pro­
c e s s e s o f t h o r a c i c 8 t h r o u g h p o s t t h o r a c i c 18 . 

I N S E R T I O N : By a p o n e u r o s i s ( e x p o s e d dor-
sa l l y f r o m t h o r a c i c 7 a f t ) o n t o t i p s o f neura l 
s p i n e s f r o m t h o r a c i c 8 t o end of t a i l . In pos­
t e r i o r p a r t o f t a i l , t e n d i n o u s f i b e r s a re ga the red 
i n to m o r e o r less d i s t i n c t c o r d s o r b u n d l e s . 
La te ra l l y , f i b e r s i n s e r t on b o t h s i d e s o f t h i s 
s p i n o u s a p o n e u r o s i s , w h i c h beg ins i ns ide t h e 
m u s c l e a t a b o u t l eve l o f t h o r a c i c 5 and w h o s e 
la te ra l e d g e l ies a b o u t h a l f w a y ac ross the 
m u s c l e ' s w i d t h . W h e r e t h i s s p i n o u s shee t 
b e c o m e s d o r s a l l y e x p o s e d and a t abou t leve l 
of t h o r a c i c 6, i t g i v e s o f f f r o m i ts d e e p s i de a 
m e t a p o p h y s i a l a p o n e u r o s i s w h i c h i n s e r t s on 
m e t a p o p h y s e s o f t h o r a c i c 7 t h r o u g h pos t t ho ­
rac i c 7 and ( f a r t h e r a f t w h e r e m e t a p o p h y s e s 
a re n o t d e v e l o p e d ) on d o r s o l a t e r a l s ides of 
c e n t r a back t o a b o u t p o s t t h o r a c i c 1 9 . 

R E M A R K S : N o t f u s e d w i t h i l i o c o s t a l i s d o r s i , 
t h o u g h t h e i r e d g e s are c l o s e l y a d h e r e n t back 
t o a b o u t t h e t h i r d r i b . S l i j p e r (1946: t a b . 3) 
f o u n d b o t h t h e s p i n o u s and t h e m e t a p o p h y s i a l 
s h e e t s i n s e r t i n g on a l l v e r t e b r a e f r o m t h o r a c i c 
6 t o t h e end of t h e t a i l . 

I l i o c o s t a l i s S y s t e m 

M . IL IOCOSTALIS DORSI (1ID: F i g s . 1, 2, 
6, 24, 25 . 2 9 ) : 
(Murie, 1872: 144, fig. 8: "cervicalis ascendens" 
4- "sacro-lumbalis"; Slijper, 1946: 46, 47, 73-74, 
t a b . 3 . ) 

O R I G I N ; By t h i n , w i d e t e n d o n s f r o m la tera l 
s i d e s of r i bs 4-15, j u s t d i s t a l t o t h e i r ang les 
and b e n e a t h m i d d l e of m u s c u l a r s t r i p f o r m e d 
by i l i o c o s t a l i s . F ibe rs s e e m t o a r i se f r o m b o t h 



med ia l and [ e s p e c i a l l y ) l a te ra l s i d e s of t h e s e 
t e n d o n s . Pos te r i o r t o l as t r i b , i l i o c o s t a l i s 
a r i ses f l e s h i l y and t e n d i n o u s l y f r o m aponeu ­
ros is on v e n t r o l a t e r a l e d g e o f l o n g i s s i m u s 
dors i as f a r back as l eve l o f p o s t t h o r a c i c 5; 
i t s f i b e r s s w e e p a n t e r o v e n t r a d a c r o s s s u r f a c e 
of i n t e r t r a n s v e r s a r i u s [ t o w h i c h t h e y a d h e r e ) , 
t hen a n t e r o d o r s a d on to s i d e o f r i b 1 5 . In 
INPA-PB 6, a rose p o s t e r i o r l y as t h i n b u n d l e 
runn ing a l ong do rsa l e d g e o f i n t e r t r a n s v e r s a ­
r ius as f a r back as leve l o f cauda l p e d u n c l e , 
w h e r e i t f u s e d w i t h i n t e r t r a n s v e r s a r i u s . 

I N S E R T I O N ; T e n d o n s pass a n t e r o v e n t r a d t o 
inser t on p o s t e r i o r s i d e s of r i bs a t l o w e r e d g e 
of i l i o c o s t a l i s , abou t f o u r r i b s f o r w a r d o f t h e i r 
o r i g i n s , and on do rsa l s i d e o f t r a n s v e r s e 
p rocess of c e r v i c a l 6 w i t h l o n g i s s i m u s d o r s i . 
In INPA-PB 6. e x t e n d e d f o r w a r d t o a b o u t 
ce rv i ca l 3 . F ibers i n s e r t p i n n a t e l y on la te ra l 
s ides of t h e s e t e n d o n s . O n la te ra l s u r f a c e of 
m u s c l e , t e n d o n s of i n s e r t i o n v i s i b l e f o r abou t 
1 c m aba f t i n s e r t i o n s . 

R E M A R K S : M u r i e f o u n d an e x t e n s i o n o f 
t h i s m u s c l e f o r w a r d t o t h e a x i s . The p o s t e r i o r 
pa r t o f t h e i l i o c o s t a l i s o v e r l a p p i n g t h e in ter ­
t r a n s v e r s a r i u s ag rees w i t h h i s o b s e r v a t i o n on 
T. manatus, in c o n t r a s t t o Dugong. Th i s pos­
t e r i o r p o r t i o n is a p p a r e n t l y t h e " i l i o - c o s t a l i s 
l u m b o r u m " of S l i j p e r [ 1 9 4 6 : 47 , 73-74) . 
A c c o r d i n g l y I have u s e d t h e t e r m " i l i o c o s t a l i s 
d o r s i " f o r t h e e n t i r e m u s c l e in p r e f e r e n c e t o 
" i l i o c o s t a l i s t h o r a c i s " w h i c h I u s e d in t h e case 
of Dugong, w h e r e t h i s p o r t i o n is a b s e n t 
( D o m n i n n . 1 9 7 7 ? ) . S l i j p e r s t a t e s t h a t in Tri-
chechus t h e " i l i o - c o s t a l i s l u m b o r u m " is c o m ­
p l e t e l y f r e e f r o m t h e l o n g i s s i m u s , w h i c h is 
e s s e n t i a l l y t r u e , t h e v e r y l i m i t e d a t t a c h m e n t 
I f ound a t t h e f o r m e r ' s p o s t e r o m o s t end ha rd l y 
be ing a s i g n i f i c a n t e x c e p t i o n . T h e r e i s , o f 
c o u r s e , no a t t a c h m e n t t o t h e p e l v i s . 

DEEPER M U S C L E S OF THE NECK 

M . RECTUS CAPITIS D O R S A L I S 7INTER-
M E D I U S [ R C I : F i gs . 10, 13, 2 5 ) : 

(Murie, 1872: 145: "rectus capi t i s post icus ma­
j o r " . ) m 

O R I G I N ; F leshy f r o m apex o f a x i s a d j a c e n t 

to m i d l i n e . 

I N S E R T I O N ; F l e s h y on s u p r a o c c i p i t a l In 

f u s i o n w i t h r e c t u s c a p i t i s d o r s a l i s m i n o r . 

R E M A R K S ; Q u i t e r o b u s t . The m u c h s m a l l e r 
m u s c l e w h i c h I i d e n t i f i e d as a r e c t u s c a p i t i s 
d o r s a l i s ?ma jo r in Dugong ( D o m n i n g , 1977a) is 
a b s e n t in T. inunguis o r f u s e d w i t h t h i s m u s c l e . 
A s t h e m u s c l e in t h e m a n a t e e r e s e m b l e s in 
s ize and r e l a t i o n s h i p s t h a t w h i c h I c a l l e d t h e 
r e c t u s ? i n t e r m e d i u s in Dugong, I use t h a t n a m e 
i n s t e a d of " r e c t u s ? m a j o r " . 

M . RECTUS CAPITIS D O R S A L I S M I N O R 
[ R C M i : F i g s . 10, 13, 2 5 ) : 

(Murie, 1872: 145: "rectus capit is pos t i cus mi­
nor" . ) 

O R I G I N : F leshy f r o m d o r s a l s i d e o f a t l as 
a d j a c e n t t o m i d l i n e . 

I N S E R T I O N : Fused w i t h r e c t u s c a p i t i s 
d o r s a l i s i n t e r m e d i u s i n t o f l e s h y m a s s m o r e 
t h a n 1 c m t h i c k , w h i c h has f l e s h y i n s e r t i o n on 
d o r s o l a t e r a l p a r t of p o s t e r i o r s u r f a c e o f su ­
p r a o c c i p i t a l m e d i a l t o s e m i s p i n a l i s c a p i t i s , and 
i n s e r t s by s h o r t t e n d i n o u s s h e e t on p o s t e r i o r 
e d g e o f do r sa l ha l f o f e x o c c i p i t a l f l a n g e m e d i a l 
t o f u s e d s e m i s p i n a l i s c a p i t i s and r e c t u s c a p i t i s 
l a t e r a l i s , 

M . RECTUS CAPITIS LATERALIS (RL : F igs . 
6, 10-13, 24, 25. 28 , 2 9 ) : 
(Murie, 1872: 145, f ig. 29: "rectus lateralis"; 
Murie, 1880: 34, pi. 8: f ig. 5 . ) 

O R I G I N ; F l eshy and t e n d i n o u s f r o m an te -

r o d o r s a l s i de o f t r a n s v e r s e p r o c e s s o f a t l a s . 

I N S E R T I O N ; F leshy on e x o c c i p i t a l f l a n g e , 
c o n t i n u o u s d o r s a l l y w i t h s e m i s p i n a l i s c a p i t i s 
and v e n t r a l l y w i t h o b l i q u u s c a p i t i s c r a n i a l i s ; 
a l so i n s e r t s on p o s t e r o d o r s a l c o r n e r of 
s q u a m o s a l and a l o n g m a s t o i d n o t c h v ia apo­
n e u r o s i s c o v e r i n g m a s t o i d f o r a m e n . E x o c c i p i t a l 
f l a n g e is t h u s a l m o s t e n t i r e l y o c c u p i e d by 
f i b e r s a r i s i n g f r o m t r a n s v e r s e p r o c e s s o f a t l a s . 
No f i b e r s s e e m t o r each s t y l o h y o i d , in c o n t r a s t 
t o T. manatus. 

R E M A R K S ; S t r i k i n g l y d i f f e r e n t f r o m T. ma­
natus and Dugong is t h e e x p a n s i o n h e r e o f t h e 
r e c t u s c a p i t i s l a t e r a l i s i n t o a f a n l i k e s h e e t 
c o v e r i n g t h e e n t i r e d o r s o l a t e r a l b o r d e r o f t h e 
e x o c c i p i t a l and c o n t i n u o u s a t i t s i n s e r t i o n 
w i t h t h e s e m i s p i n a l i s c a p i t i s . 



M . RECTUS CAPITIS VENTRAL1S ( R C V : 
F i g s . 12, 2 8 ) : 
(Murie, 1872: 147, fig. 29: "rectus (capi t i s ) 
anticus minor"; Murie, 1880: 34, pi. 8: fig. 5.) 

O R I G I N ; Ra ther t h i n band w i t h f l e s h y and 
t e n d i n o u s o r i g i n f r o m v e n t r o l a t e r a l s i d e o f 
a t las , v e n t r o m e d i a l t o t r a n s v e r s e p r o c e s s . 

I N S E R T I O N ; F l e s h y on p o s t e r o l a t e r a l p a r t 
of o c c i p i t o s p h e n o i d a l e m i n e n c e , deep t o and 
p o s t e r o l a t e r a l t o i n s e r t i o n o f l o n g u s c a p i t i s . 

M . O B L I Q U U S CAPITIS C A U D A L I S ( O C a : 
F i g . 2 5 ) : 
(Murie, 1872: 145: "obliquus infer ior". ) 

O R I G I N ; F leshy f r o m neu ra l a r c h of ax i s , a t 

s ide of p o s t e r o l a t e r a l c o r n e r of a p e x . 

I N S E R T I O N ; F l e s h y on p o s t e r o d o r s a l s i de 

of t r a n s v e r s e p r o c e s s o f a t l a s . 

M . O B L I Q U U S CAPITIS CRAN1ALIS ( O C r : 
F i g s . 6, 12, 13, 2 8 ) : 
(Murie, 1872: 145: "obliquus superior"; Murie, 
1880: 34, pi. 8: fig. 5 . ) 

O R I G I N : F l e s h y f r o m a n t e r o v e n t r a l s i de o f 

a t l as , v e n t r o m e d i a l , t o r e c t u s c a p i t i s l a t e r a l i s . 

I N S E R T I O N ; F leshy on v e n t r o l a t e r a l c o r n e r 
of e x o c c i p i t a l , v e n t r o m e d i a l t o and nea r l y in ­
s e p a r a b l e f r o m r e c t u s c a p i t i s l a t e r a l i s , a n d 
c l o s e l y r e l a t e d t o m e d i a l e n d o f o r i g i n o f 
b r a c h i o c e p h a l i c u s and t o p r o x i m a l end of h y o i d 
a r c h . 

M . S T E R N O M A S T O I D E U S ( S t m : F i g s . 6 . 
1 1 , 12. 26, 2 9 ) : 
(Murie, 1872: 152-153, f igs . 9. 29, 30; Murie, 
1880: pi. 8: fig. 5 . ) 

O R I G I N ; F l e s h y f r o m v e n t r a l s i d e of m a n u ­
b r i u m , a d j a c e n t t o m i d l i n e and a n t e r i o r t o and 
c o n t i n u o u s w i t h o r i g i n of p e c t o r a l i s m a j o r . 

I N S E R T I O N ; By s t r o n g t e n d o n i n to p i t on 
v e n t r a l end of s i g m o i d r i d g e of s q u a m o s a l . A 
s u b s t a n t i a l s h e e t of f a s c i a b i n d s d i s t a l end o f 
m u s c u l a r p o r t i o n of s t e r n o m a s t o i d e u s t o r e g i o n 
of c a r o t i d and j u g u l a r v e s s e l s b e h i n d p a r o t i d 
g l and , bu t t h i s is n o t a " d i v i s i o n " of t h e m u s c l e 
as d e s c r i b e d by M u r i e . 

R E M A R K S : Does n o t p e n e t r a t e p a r o t i d g l a n d 
as i t d o e s in T. manatus. S t a n n i u s (1845: 34) 

in a s s e r t i n g c o n n e c t i o n o f t h i s m u s c l e w i t h t h e 
d e l t o i d e u s , m i s t o o k t h e c e p h a l o h u m e r a l i s f o r 
t h e s t e r n o m a s t o i d e u s . 

M . RTERNOTHYROIDEUS ( S t t : F i g s . 3, 6, 
17-20, 22, 2 6 ) : 
(Murie, 1872: 179, fig. 9 . ) 

O R I G I N : F l e s h y f r o m f i r s t c o s t a l c a r t i l a g e 
and a d j a c e n t d e e p s i de o f m a n u b r i u m , t o g e t h e r 
w i t h and l a te ra l t o b u t I n s e p a r a b l e f r o m 
s t e r n o h y o i d e u s . 

I N S E R T I O N ; F leshy on l a te ra l s i de o f t h y r o i d 
c a r t i l a g e , f o r w a r d o f c r i c o t h y r o i d e u s i n s e r t i o n 
and a b a f t o r i g i n o f t h y r o h y o i d e u s . 

R E M A R K S : Has no t e n d i n o u s d i v i s i o n s . 

M . S C A L E N U S (Sc : F igs . 6, 26 , 28, 2 9 ) : 
(Stannius , 1849: 36; Murie, 1872: 152, fig. 29; 
Murie, 1880: 35, p i . 8: f ig . 5 . ) 

O R I G I N : Large s u p e r f i c i a l p a r t a r i s e s 
f l e s h i l y f r o m a n t e r i o r r i bs in f o l l o w i n g f a s h i o n : 
f r o m a n t e r i o r e d g e of r ib 1 e x c e p t f o r i t s d i s t a l 
e n d ; f r o m s i d e o f d i s t a l ha l f o f r i b 2 near l y t o 
i t s d i s t a l e n d , and c o n t i n u o u s d o r s a l l y w i t h 
s e r r a t u s m a g n u s ; f r o m a s m a l l e r area f a r t h e r 
f r o m d i s t a l end o f r i b 3 ; and a r i s i n g f r o m and 
c o n t i n u o u s w i t h f i b e r s o f o b l i q u u s a b d o m i n i s 
e x t e r n u s v e n t r a l t o d i s t a l end of r i b 4 . La t te r 
p o r t i o n p a s s e s o v e r e n d of r ib 3 d i s t a l t o f i b e r s 
a r i s i n g t h e r e f r o m , and s e p a r a t e d f r o m t h e m by 
a c l e f t t h r o u g h w h i c h e m e r g e s e v e r a l s m a l l 
b l o o d v e s s e l s . (Th is s l i p c o u l d a l so be con­
s i d e r e d an e x t e n s i o n o f t he o b l i q u u s a b d o m i n i s 
e x t e r n u s t o r ib 2 . ) A n t e r i o r t o r ib 2, s c a l e n u s 
s e p a r a t e d f r o m s e r r a t u s m a g n u s by s i m i l a r 
c i e f t t h r o u g h w h i c h e m e r g e s a l a r g e r v a s c u l a r 
r e t e . S m a l l d e e p p a r t of s c a l e n u s , sepa rab le 
f r o m s u p e r f i c i a l Dart and i t s e l f in t w o par t l y 
s e p a r a b l e ( p r o x i m a l and d i s t a l ) p a r t s , has 
f l e s h y o r i g i n f r o m p r o x i m a l ha l f o f a n t e r i o r 
e d g e of r ib 1 . 

I N S E R T I O N ; Bu lk o f s c a l e n u s has t e n d i n o u s 
and f l e s h y i n s e r t i o n on p o s t e r i o r s i de o f 
t r a n s v e r s e p r o c e s s o f a t l a s . S t r o n g t e n d o n 
v i s i b l e on v e n t r a l e d g e o f a n t e r i o r end o f 
m u s c l e d i v i d e s i n to d i s t i n c t t e n d o n s l ead ing t o 
v e n t r o l a t e r a l c o r n e r s o f t r a n s v e r s e p r o c e s s e s 
o f c e r v i c a l s 2-3 ( n o n e o b s e r v e d on c e r v i c a l 4 ) . 
The re m a y a l so be m o r e do rsa l t e n d i n o u s 



Figs. 26-27 — " V e n t r a l v i ews o f head, neck, and c h e s t : 26, le f t s ide, sph inc ter co l l i super f ic la l i s , cu taneus t r unc i , 
and most of sph incter co l l i p ro fundus pars auris removed (out l ine o f la t ter dashed) ; r ight s ide, deeper d i ssec t i on , 
exposing genioglossus. jaw musc les , s te rnum, a t tachments of pectora l is minor , and deeper thorac ic and abdominal 
musc les ; 27. musc les of r ight costa l car t i l ages . 



i n s e r t i o n s , in u n i o n w i t h s e r r a t u s m a g n u s , on 
c e r v i c a l s 3-5 and p o s s i b l y 6 . Deep pa r t s o f 
s c a l e n u s have t e n d i n o u s and f l e s h y i n s e r t i o n s 
on v e n t r o l a t e r a l c o r n e r o f t r a n s v e r s e p r o c e s s 
of c e r v i c a l 4 (5 a l so in INPA-PB 8, and 6 in 
INPA-PB 6) . 

R E M A R K S , - S t a n n i u s s t a t e s t h a t t h e super ­
f i c i a l s c a l e n u s [ " s c a l e n u s p o s t i c u s " ) a t t a c h e s 
on ly t o t h e f i r s t t w o r i bs in Trichechus, and 
t h a t a d e e p p o r t i o n ( " s c a l e n u s a n t i c u s " ) 
appears t o be l a c k i n g a l t o g e t h e r . M u r i e , 
h o w e v e r , f o u n d b o t h , w i t h r i b a t t a c h m e n t s 
s i m i l a r t o t h o s e d e s c r i b e d a b o v e , t h o u g h t h e 
c e r v i c a l a t t a c h m e n t s d i f f e r e d in d e t a i l ; i n h i s 
f i r s t s p e c i m e n an i n s e r t i o n on t h e a t l as w a s 
even l a c k i n g . C l e a r l y t h e s e a t t a c h m e n t s a re 
h i gh l y v a r i a b l e , due t o t h e r e d u c t i o n o f t h e 
n e c k . The m u s c u l a r s l i p s t o t h e v e r t e b r a e d o 
n o t f o r m s e p a r a t e b u n d l e s here as i l l u s t r a t e d 
by M u r i e . 

M . L O N G U S CAPITIS ( L o C a : F igs . 12, 28 , 
2 9 ) : 
(Murie, 1872: 147-148, fig. 29: "rectus (capit is) 
ant icus major"; Murie, 1880: 34, p i . 8: fig. 5 ) 

O R I G I N : By t e n d i n o u s s h e e t f r o m s u r f a c e 
o f l a te ra l p a r t o f l o n g u s c o l l i , f r o m la te ra l p a r t 
o f v e n t r a l s i d e o f c e n t r u m of f i r s t t h o r a c i c 
v e r t e b r a , and f r o m v e n t r a l s i d e o f t i p o f ca-
p i t u l u m of f i r s t r i b . O n l e f t s i de o f INPA-PB 
14, l a te ra l e d g e o f m u s c l e a l so had t e n d i n o u s 
o r i g i n f r o m v e n t r a l s i de o f t r a n s v e r s e p r o c e s s 
of c e r v i c a l 5 . M u s c l e has f o r m o f f l a t band a t 
o r i g i n , b e c o m i n g m o r e c y l i n d r i c a l t o w a r d 
i n s e r t i o n , 

I N S E R T I O N ; F l e s h y and t e n d i n o u s on 
o c c i p i t o s p h e n o i d a l e m i n e n c e o f s k u l l , A f e w 
f i b e r s a l so p a s s on to s u r f a c e of l ongus c o l l i 
at abou t l eve l o f c e r v i c a l s 3 and 4 . 

R E M A R K S : The v e r t e b r a l a t t a c h m e n t s h e r e 
ag ree w i t h t h o s e in M u r i e ' s s e c o n d (1880) 
d i s s e c t i o n o f T. manatus r a t h e r t h a n h is f i r s t 
( 1 8 7 2 ) , in w h i c h t h e m u s c l e e x t e n d e d as f a r 
back as t h e s e c o n d r ib and t h e t h i r d t h o r a c i c 
v e r t e b r a . 

M . L O N G U S COLLI ( L o C o i - 3 : F i g . 2 8 ) ; 
(Murie, 1872: 147, f ig . 29; Murie, 1880: 34, pi . 
8: fig. 5 . ) 

p 

Thin s h e e t c o v e r i n g v e n t r a l s i d e s o f 
ce rv i ca l v e r t e b r a e ; i m p e r f e c t d i v i s i o n i n to 
t h r e e pa r t s as f o l l o w s , p r o c e e d i n g m e d i a d : 

— FIRST ( L o C o , ) : 

M o s t d i s t i n c t ( a n t e r i o r l y ) and m o s t l a te ra l 

p a r t . 

O R I G I N ; F l e s h y and t e n d i n o u s f r o m la te ra l 

pa r t s of v e n t r a l s i d e s o f c e r v i c a l c e n t r a 2-6. 

I N S E R T I O N ; F leshy o n t o v e n t r o l a t e r a l s i de 

o f a t l a s . 

— S E C O N D ( L o C o 2 ) : 

V i s i b l e o n l y on d e e p s i de o f m u s c l e , and 
s e p a r a b l e on ly on i t s m e d i a l b o r d e r ; r uns 
a n t e r o m e d i a d m o r e d i a g o n a l l y t h a n o t h e r pa r t s . 

O R I G I N ; F leshy and t e n d i n o u s f r o m l a te ra l 
pa r t s o f v e n t r a l s i d e s o f c e r v i c a l c e n t r a 3, 4 , 
and p o s s i b l y 5, m e d i a l t o o r i g i n s o f f i r s t d i ­
v i s i o n . 

I N S E R T I O N ; F l e s h y on a t l as m e d i a l t o f i r s t 
d i v i s i o n , and d e e p t o and f u s e d w i t h t h i r d d i ­
v i s i o n . 

— THIRD ( L o C o 3 ) : 

La rges t , c o v e r i n g s e c o n d d i v i s i o n ano 

h a v i n g i t s t e n d o n s o f o r i g i n and i n s e r t i o n w i t h 

t h e i r p i n n a t e f i b e r s v i s i b l e on i t s s u r f a c e , 

e s p e c i a l l y m e d i a l l y . 

O R I G I N ; B road l y t e n d i n o u s f r o m v e n t r a l 
s i d e s of c e n t r a of c e r v i c a l 6 and t h o r a c i c s 1-2, 
a d j a c e n t t o m i d l i n e . S o m e s u p e r f i c i a l f i b e r s 
a l so a r i s e f r o m d e e p s i d e of l ongus c a p i t i s . 

I N S E R T I O N ; T e n d i n o u s and f l e s h y on ven t ra l 

s i d e s of c e r v i c a l s 1-5, a d j a c e n t t o m i d l i n e . 

R E M A R K S : S i m i l a r i n o v e r a l l p a t t e r n b u t 
d i f f e r e n t i n m i n o r d e t a i l s f r o m b o t h T. manatus 

d e s c r i b e d by M u r i e . A s w i t h t h e s c a l e n u s and 
longus c a p i t i s , t h e r e is c l e a r l y c o n s i d e r a b l e 
i n d i v i d u a l v a r i a t i o n in t h i s m u s c l e ' s v e r t e b r a l 
a t t a c h m e n t s . 

M U S C L E S OF THE T H O R A X 

M M . LEVATORES C O S T A R U M ( L e C : F ig . 2 5 ) : 
(Murie, 1872: 144.) 

O R I G I N : F l e s h y f r o m p o s t e r i o r s i d e s o f 
t r a n s v e r s e p r o c e s s e s of t h o r a c i c s 1-14. Th in 
and d i s t i n g u i s h a b l e f r o m i n t e r c o s t a l e s e x t e r n i 
o n l y by t h e i r v e r t e b r a l a t t a c h m e n t s , 

I N S E R T I O N ; F l e s h y on a n t e r i o r s i d e s o f 

r i bs 2-15, p r o x i m a l t o and c o n t i n u o u s w i t h 

i n s e r t i o n s o f i n t e r c o s t a l e s e x t e r n i . 





M M . INTERCOSTALES EXTERN I ( I n tE : F igs . 
1 , 2, 6 , 24-27, 2 9 ) : 

CMurle. 1872: 151, fig. 9.) 

O R I G I N > F l e s h y f r o m p o s t e r i o r s i d e s o f 
r i bs 1-14. 

I N S E R T I O N : F ibe rs pass p o s t e r o v e n t r a d t o 
f l e s h y i n s e r t i o n s on a n t e r i o r s i d e s o f r i b s 2-15. 
In INPA-PB 8 t h e i n t e r c o s t a l e s e x t e r n i w e r e 
a b s e n t f r o m d i s t a l p a r t s of l a s t s i x i n t e r c o s t a l 
s p a c e s ; i n INPA-PB 14, f r o m l as t f o u r s p a c e s . 

M M . INTERCOSTALES INTERNI ( I n t l : F i gs . 
26 , 2 9 ) : 

(Murie, 1872: 151, f ig . 44; Murie, 1880: pi . 8: 
fig. 2 . ) 

O R I G I N : Th in s h e e t s d e e p t o i n t e r c o s t a l 
re t ia and n e r v e s , w i t h f l e s h y o r i g i n s f r o m an­
t e r i o r s i d e s of r i bs 2 -14 . In a f t e r p a r t of t h o r a x , 
i n t e r c o s t a l e s i n t e r n i have f e w e r and f e w e r 
f i b e r s p r o x i m a l l y and a re w e l l d e v e l o p e d o n l y 
near d i s ta l e n d s o f r i b s . A f an -shaped bund le 
c o n v e r g i n g on t i p of r i b 13 ( p r o x i m a l t o b u n d l e 
of o b l i q u u s a b d o m i n i s i n t e r n u s j o i n i n g r i b s 13 
and 14) a r i s e s b r o a d l y f r o m a n t e r i o r s i d e o f 
r ib 14 up t o , and a c t u a l l y o v e r l a p p i n g e x t e r n a l l y , 
t h e i n t e r c o s t a l is e x t e r n u s . A s i m i l a r b u n d l e 
b e t w e e n r i bs 12 and 13 d o e s n o t q u i t e r each 
i n t e r c o s t a l i a e x t e r n u s . M o r e a n t e r i o r l y , t h e s e 

b u n d l e s ? t ends o f r i bs a re c o n t i n u o u s w i t h 
do rsa l pa r t s o f i n t e r c o s t a l e s i n t e r n i r a the r t h a n 
s e p a r a t e d f r o m t h e m by v a c a n t s p a c e s , as 
b e t w e e n r i bs 12-13 and 13-14 . 

I N S E R T I O N : F ibe rs p a s s a n ; e r o v e n t r a d t o 
i n s e r t by t h i n a p o n e u r o s e s on p o s t e r i o r edges 
o f r i bs 1-13, f r o m j u s t d i s t a l t o t u b e r c u l a d o w n 
t o near t i p s o f r i b s . S t e e p e r in i n c l i n a t i o n t h a n 
i n t e r c o s t a l e s e x t e r n i . 

M M . INTERCART1LAGINEI EXTERNI ( Inc ; 

F igs . 6. 27 , 2 9 ) : 

O R I G I N : F leshy f r o m p o s t e r i o r side?: of 
cos ta l c a r t i l a g e s 1-3, 

I N S E R T I O N : F l e s h y on t i p s o f r i b s 2-4 and 
a n t e r i o r s i d e s o f l a te ra l pa r t s of c o s t a l c a r t i ­
l ages 2 -3 . 

R E M A R K S ; A p p a r e n t l y s e p a r a t e f r o m in ter ­
c o s t a l e s i n t e r n i ; c o n t i n u o u s w i t h a n d insepa­
rab le f r o m i n t e r c o s t a l e s e x t e r n i , d e s p i t e t h e i r 
a n t e r o v e n t r a d d i r e c t i o n . A t d i s t a l e n d s o f r i b s , 
i n t e r c o s t a l e s e x t e r n i b e c o m e m o r e ho r i zon ta l 
and f i n a l l y i n c l i n e a n t e r o v e n t r a d as t h e y pass 
i n to i n t e r c a r t i l a g i n e i , I l l u s t r a t e d by M u r i e 
(1880 : p i . 8 : f i g . 2 ) . t h o u g h n o t d i s t i n g u i s h e d 
by h i m f r o m t h e i n t e r c o s t a l e s . 

Fig. 29 — Right lateral v i ew of neck, t runk , and base of t a i l ; pectora l g i rd le and l imb, mos t o f cu taneus t r unc l , and 
poster ior parts o f la t l ss imus dors ! and ob l iquus abdominis ex ternus r e m o v e d . 



M . S T E R N 0 C 0 S T A L 1 S ( S t c : F i g s . 6, 26 , 
27, 2 9 ) : 
(Murie, 1880: p i . 8: f ig . 2: "sterno-costal".) 

O R I G I N : Tend inous and f l e s h y f r o m e n t i r e 
an te r i o r e d g e of f i r s t c o s t a l c a r t i l a g e , j u s t t o 
j o i n t w i t h r i b . 

I N S E R T I O N ; T e n d i n o u s on la te ra l e d g e o f 
m a n u b r i u m , 

R E M A R K S : Fa i r l y f l e s h y s h e e t w i t h s u g ­
g e s t i o n of a l o n g i t u d i n a l d i v i s i o n . E s s e n t i a l l y 
an an te r i o r c o n t i n u a t i o n o f i n t e r c a r t i l a g i n e i , A 
s h i n i n g a p o n e u r o s i s a r i s e s f r o m w h o l e d i s t a l 
ha l f o f a n t e r i o r e d g e of f i r s t r ib (up t o and 
i n c l u d i n g d i s t i n c t b u l g e on a n t e r i o r edge of 
r ib ) and passes t o edge of m a n u b r i u m , c l o s i n g 
space b e t w e e n l a t t e r and r i b . It is c r o s s e d by 
a n o t h e r se t of a p o n e u r o t i c f i b e r s r u n n i n g 
a n t e r o p o s t e r i o r l y . In INPA-PB 14 t h e s e a p o n e u ­
roses w e r e d e e p t o and s e p a r a b l e f r o m t h e 
s t e m o c o s t a l i s , b u t i n INPA-PB 9 t h e y lay in 
abou t t h e s a m e p l a n e . The l a t t e r c o n ­
d i t i o n m o r e r e s e m b l e d t h a t s e e n in Dugong 
( D o m n r n g , 1977a) . 

D I A P H R A G M : 
(Murie, 1872: 154, figs. 30, 37, 44, 49, 50 . ) 

Near l y ho r i zon ta l i n p o s i t i o n . M u s c u l a r 
po r t i on a t t a c h e s t o m e d i a l s i d e s o f r i bs a b o u t 
one -e igh th o r less of w a y f r o m t h e i r d i s t a l ends . 
A t t a c h m e n t t o r i b 15 is o n l y i n d i r e c t , by a 
t e n d i n o u s e x t e n s i o n o f f i b e r s ; t h i n t e n d i n o u s 
s h e e t a lso c o n t i n u e s p o s t e r i o r edge o f d ia ­
p h r a g m a f t on to s u f a c e of s a c r o c o c c y g e i ven -
t r a l es l a te ra l i s and m e d i a l i s , w h i c h i t c r o s s e s 
on s h a r p l y o b l i q u e l i ne f r o m d i s t a l e n d o f r ib 
14 t o c e n t r u m of t h o r a c i c 15 . M u s c u l a r f i b e r s 
run s t r o n g l y a n t e r o m e d i a d p o s t e r i o r l y , m o r e 
near ly t r a n s v e r s e l y a n t e r i o r l y . D i a p h r a g m Is 
a p p r o x i m a t e l y ha l f t e n d i n o u s , t h e t e n d i n o u s -
m u s c u l a r b o u n d a r y l y i ng m o r e m e d i a l l y a t 
p o s t e r i o r e n d , w h e r e i t c r o s s e s do rsa l s i de o f 
k i d n e y near l a t t e r ' s c e n t e r ; f o r w a r d o f f o u r t h 
r i b , t h i s b o u n d a r y t u r n s a n t e r o l a t e r a d . Dia­
p h r a g m is c l ose l y a d h e r e n t t o p e r i c a r d i u m , b u t 
on ly the l a t t e r a t t a c h e s d i r e c t l y t o s t e r n u m 
and cos ta l c a r t i l a g e s . P u l m o n a r y l i g a m e n t 
a t t aches t o do rsa l s i de o f d i a p h r a g m c l o s e t o 
m i d l i n e to as fa r back as t h o r a c i c v e r t e b r a 12 . 
The d i a p h r a g m had t h e h i g h e s t m y o g l o b i n 
c o n t e n t of a l l m u s c l e s of T. inunguis e x a m i n e d 
by B less ing ( 1 9 7 2 ) . 

M U S C L E S OF THE A B D O M E N 

M . C U T A N E U S T R U N C I (CuT : F i g s . 1-4. 
6, 26, 29, 36 , 37, 4 1 ) : 
(Stannius , 1845: 34-35; Krauss , 1872: 263, 268: 
?"Muskel X", in part; Murie. 1872: 163-164. figs. 
8-10, 30, 46, 49, 50: "panniculus carnosus , P .c 1 ", 
in part, d e l u d i n g "P.c*", "P.c**", and " P . c * " " ; 
Petit, 1925: 251-253, f igs. 55, 56, 58: "pannicule 
charnu"; Saban, 1975: 233-234, 241-244. figs. 1, 
3: "panniculus carnosus" . ) 

O R I G I N : F i r s t , f r o m s i d e o f f a c e as c o n ­
t i n u a t i o n of p l a t y s m a pars j u g u l a r i s , c r o s s i n g 
do rsa l p a r t of s c a p u l a . Th is p o r t i o n is j o i n e d 
on i t s s u p e r f i c i a l v e n t r a l s i d e j u s t aba f t ax i l l a 
by s l i p ( M u r i e ' s " P . c * " ) a r i s i n g f r o m super ­
f i c i a l f a s c i a a t e l b o w . F u r t h e r a b a f t a x i l l a , 
l a te ra l p a r t of c u t a n e u s is j o i n e d m e d i a l l y by 
s h e e t ( M u r i e ' s " P . c * * " ) a r i s i n g f r o m s u r f a c e 
o f p e c t o r a l i s m a j o r , a d j a c e n t t o m i d l i n e and 
s l i g h t l y o v e r l a p p e d by s p h i n c t e r c o l l i p ro ­
f u n d u s pars a u r i s . 

I N S E R T I O N : Passes a f t f r o m a b o v e at­
t a c h m e n t s as s i n g l e b r o a d s h e e t of pa ra l l e l 
f i b e r s e x t e n d i n g f r o m v e n t r a l m i d l i n e ( w h e r e 
i t l i es a d j a c e n t t o i t s f e l l o w ) o u t t o ( i n i t i a l l y ) 
b e y o n d t i p s of r i b s ; a b a f t f l i p p e r , l a t e ra l e d g e 
of m u s c l e d e s c e n d s p o s t e r o v e n t r a d a c r o s s 
f l a n k . M u s c l e is c o n t i n u o u s d o r s a l l y w i t h 
s u p e r f i c i a l a p o n e u r o s i s o f t r u n k , b u t i t s f i b e r s 
do n o t pass i n to t a t t e r . D e e p s i de o f m u s c l e 
t i g h t l y a d h e r e n t t o o b l i q u u s a b d o m i n i s ex­
t e r n u s . Pass ing a r o u n d g e n i t a l o p e n i n g and 
a n u s , c u t a n e u s s h e e t d i v i d e s a t a b o u t l eve l of 
a n u s ; l a te ra l p o r t i o n t u r n s p o s t e r o l a t e r a d and 
e n d s in s u p e r f i c i a l a p o n e u r o s i s on s i de o f base 
of t a i l , w h i l e m e d i a l ha l f c o n t i n u e s p o s t e r o -
m e d i a d and t u r n s i n w a r d t o f l e s h y and t e n d i n ­
ous i n s e r t i o n w i t h i t s f e l l o w on v e n t r a l e n d s 
of c h e v r o n s 3-8. In f e m a l e , a f e w f i b e r s 
[ M u r i e ' s " l e v a t o r a n i " ; 1872: 162, f i g . 50) pass 
p o s t e r o m e d i a d i n t o c o n n e c t i v e t i s s u e b e h i n d 
v u l v a . 

R E M A R K S : M u r i e n o t e s an i n s e r t i o n o f t h e 

cauda l p o r t i o n o n l y o n t o t h e s i x t h c h e v r o n . 

M . O B L I Q U U S A B D O M I N I S EXTERNUS 
( O A E : F i g s . 2. 3. 6, 26 . 29 , 3 7 ) : 

(Murie, 1872: 155, figs. 8, 9, 30, 44, 50 . ) 

O R I G I N : F l e s h y f r o m p o s t e r o l a t e r a l s i d e s o f 

r i bs 3-14 v e r y n e a r t h e i r d i s t a l e n d s , a n d by 



f l e s h y s l i p ( c o n t i n u o u s w i t h s c a l e n u s , q.v.) 

f r o m r ib 2 , N o t c o n s p i c u o u s l y p i n n a t e . 

I N S E R T I O N : By a p o n e u r o s i s o n t o o u t e r 
s u r f a c e of r e c t u s a b d o m i n i s , p a s s i n g p o s t e r o -
m e d t a d , and f l e s h y o n t o s u r f a c e o f i n t e r t r a n -
s v e r s a r i u s back t o l eve l o f p o s t t h o r a c i c 5 . 

R E M A R K S : M u r i e f o u n d o r i g i n s " f r o m t h e 
t h i r d t o t h e las t r i b i n c l u s i v e " . 

M . O B L I Q U U S A B D O M I N I S 1NTERNUS 
( O A I : F i g s . 2, 26 , 2 9 ) : 

(Murie, 1872: 155, f ig . 9 . ) 

O R I G I N ; F l e s h y f r o m t i p s o f r i b s 4 -15 . A 
f e w f i b e r s a r i se f r o m s u r f a c e of i n t e r t r a n s v e r ­
s a r i u s a b a f t t i p of r i b 15 . F ibe rs f r o m each 
r i b f o r m f l a t b u n d l e m o r e or l ess d i s t i n c t f r o m 
a d j a c e n t o n e s . 

I N S E R T I O N : F ibe rs run f o r w a r d a t a c u t e 
ang le t o r e c t u s a b d o m i n i s and pass i n t o t h i n 
a p o n e u r o s i s f o r m i n g p a r t of i t s s h e a t h . Sepa­
ra te , r o b u s t b u n d l e s of f i b e r s j o i n t i p s of r i bs 
14 and 15. 13 and 14, and 12 and 13, a n d m o r e 
a n t e r i o r l y m e r g e w i t h i n t e r c o s t a l e s i n t e r n i : 
w h e t h e r t h e s e be n o t i n s t e a d c o n s i d e r e d p a r t 
of t h e l a t t e r is s o m e w h a t a r b i t r a r y . 

R E M A R K S : M u r i e f o u n d o r i g i n s " f r o m t h e 
t h i r d t o t h e las t r i b " . 

M . T R A N S V E R S U S A B D O M I N I S (T rA : F ig , 
2 9 ) : 
(Stannius , 1845: 34; Murie, 1872: 154, fig. 9: 
"transvers&lis"; Petit, 1925: 253-254, fig. 56: 
"transverse de l 'abdomen". ) 

O R I G I N : F leshy f r o m m e d i a l s i d e s o f r i b s 
3-15 near t h e i r d i s t a l e n d s ( d i s t a l t o d ia ­
p h r a g m ) . 

I N S E R T I O N : By a p o n e u r o s i s ( l y i n g a g a i n s t 
w a l l o f a b d o m i n a l c a v i t y ) t o v e n t r a l m 'HI ine 
v ia deep s h e a t h of r e c t u s a b d o m i n i s . Ex tends 
back t o l eve l o f r i b 15; r e m a i n i n g s p a c e 
be tween t r a n s v e r s u s a b d o m i n i s and sac rococ -
cygeus v e n t r a l i s s p a n n e d by t h i n t e n d i n o u s 
shee t . 

M . RECTUS A B D O M I N I S ( R A : F i g s . 3, 26 , 
27, 29, 36, 37, 40 , 4 1 , 4 4 ) : 

(Murie, 1872: 155-156, f igs . 9, 37, 46, 50; Petit , 
1925: 252-253, f igs . 55-57: "grands droi ts de 
1'abdomen"; Preund, 1930: 437, f igs . 6, 8 . ) 

O R I G I N ; T e n d i n o u s and f l e s h y f r o m p o s t e ­
ro la tera l e d g e of s t e r n u m and p o s t e r i o r e d g e 
of cos ta l c a r t i l a g e 3; a l so by t e n d i n o u s a n d 
f leshy s l i p f r o m t i p o f r i b 1 ( e x t e r n a l t o c o s t a l 

c a r t i l a g e s ) . In INPA-PB 9, a l so had f l e s h y 
o r i g i n s f r o m m i d d l e pa r t s of cos ta l c a r t i l a g e s 
1-2. 

I N S E R T I O N ; Runs a f t pa ra l l e l t o i t s f e l l o w , 
t h e p e n i s in t he m a l e l y i n g in s p a c e b e t w e e n 
and b e l o w t h e m . Tape rs a b r u p t l y t o f l e s h y 
i n s e r t i o n on l a te ra l s i d e o f i s c h i u m . S u p e r 
f i c i a l s i de of r e c t u s s h e a t h t i g h t l y a d h e r e n t t o 
c u t a n e u s t r u n c i . 

M U S C L E S OF THE TAIL 

The m m . s a c r o c o c c y g e i d o r s a l e s l a te ra l i s 
e t m e d i a l i s ( M u r i e ' s " l e v a t o r e s c a u d a e ex­
t e r n u s e t i n t e r n u s " , 1872: 144, f i g s . 8, 39) are 
c o n t i n u o u s w i t h and i n s e p a r a b l e f r o m t h e 
l o n g i s s t m u s and t r a n s v e r s o s p i n a l s y s t e m s , 
r e s p e c t i v e l y , a n d have a l r e a d y been d e s c r i b e d 
w i t h t h e e p a x i a l m u s c l e s . 

M . INTERTRANSVERSARIUS C O C C Y G E U S 
( In t r : F i gs . 1-3, 29 , 3 7 ) : 

(Stannius , 1845: 35-36: "transversarii"; Stannius , 
1849: 22; Murie, 1872: 146-147, f igs . 8, 39, 44, 
50: "lumbo-caudalis"; Slijper, 1946: 74: "inter-
transversarius caudae dorsal is" ) 

A t h i c k f u s i f o r m b u n d l e e x t e n d i n g p r o m i ­
n e n t l y a l ong s i d e of t a i l , o v e r l a p p e d ante-
r o d o r s a l l y by p o s t e r i o r e n d o f i l i o c o s t a l s d o r s i , 
w h i c h a d h e r e s c l o s e l y t o i t s s u r f a c e . A t ­
t a c h m e n t o f c u t a n e u s a p o n e u r o s i s is c o n t i n u ­
ous a l ong do rsa l edges o f i l i o c o s t a l is and 
i n t e r t r a n s v e r s a r i u s , b a c k t o a b o u t leve l of 
s i x t h p o s t t h o r a c i c v e r t e b r a . 

O R I G I N . ' A n t e r i o r l y , a r i s e s d e e p t o r ib 15, 
in pa r t i a l f u s i o n w i t h s a c r o c o c c y g e i v e n t r a l e s 
l a t e r a l i s a n d m e d i a l i s a t r ea r o f a b d o m i n a l 
c a v i t y . Has s t r o n g l a te ra l t e n d i n o u s at­
t a c h m e n t t o p o s t e r o m e d i a l s i d e of r i b 15 a t 
l eve l of a t t a c h m e n t of i l i o c o s t a l i s t o t h a t r i b ; 
a l so t e n d i n o u s and f l e s h y o r i g i n s f r o m t i p s of 
t r a n s v e r s e p r o c e s s e s of p o s t t h o r a c i c s 1-8. 
S t r o n g a p o n e u r o s i s s h e a t h s m e d i a l s i de o f 
m u s c l e ; f i b e r s a l so a r i se f r o m t h i s a p o n e u r o s i s 
b e t w e e n and v e n t r a l t o t r a n s v e r s e p r o c e s s e s 
o f v e r t e b r a e , w h i c h l ie a l o n g do rsa l e d g e o f 
m u s c l e . S o m e f i b e r s a l so a r i s e f r o m super­
f i c i a l a p o n e u r o s i s o f t r u n k , w h i c h c o v e r s 
m u s c l e l a t e r a l l y . 



I N S E R T I O N : F ibe rs pass p o s t e r o v e n t r a d 
on to b o t h s i d e s of i n t e rna l t e n d o n l y i n g in 
ven t ra l p a r t of m u s c l e . Th is t e n d i n o u s s h e e t 
e m e r g e s f r o m v e n t r a l edge o f m u s c l e o n t o i t s 
m e d i a l s i de a t a b o u t l eve l o f p o s t t h o r a c i c 6, 
m e r g e s w i t h a p o n e u r o s i s l y i n g on m u s c l e ' s 
m e d i a l s i de , and passes p o s t e r o d o r s a d o n t o 
ven t ra l s i d e s of t r a n s v e r s e p r o c e s s e s of 
p o s t t n o r a c i c s 8 t o 13 or 1 4 , F ibe rs d i m i n i s h 
in v o l u m e p o s t e r i o r l y , and t e n d o n f i n a l l y 
b e c o m e s e x p o s e d on v e n t r o l a t e r a l s i d e o f 
m u s c l e as w e l l , a t l e v e l o f p o s t t h o r a c i c 9; 
f i be r s p e t e r o u t e n t i r e l y j u s t f o r w a r d o f 
p o s t t h o r a c i c 1 1 . 

R E M A R K S : M u r i e r e p o r t e d t h i s m u s c l e as 
beg inn i ng at t h e " s a c r a l o r f i r s t t r u e cauda l 
v e r t e b r a " ( = p o s t t h o r a c i c 4?) and e x t e n d i n g 
" a l o n g t h e n e x t e i g h t p r o c e s s e s " , a b a f t w h i c h 
i t t e r m i n a t e d in a t e n d o n on t h e s u r f a c e o f t h e 
s a c r o c o c c y g e u s v e n t r a t i s l a t e r a l i s ; t h i s s e e m s 
l i ke l y t o be in p a r t e r r o n e o u s . I c a n n o t e x p l a i n 
t h e r e m a r k a b l e and r a t h e r c r y p t i c s t a t e m e n t 
o f S t a n n i u s (1845, 1849] t h a t b o t h a " t r a n s -
v e r s a r i u s i n f e r i o r " and a " t r a n s v e r s a r i u s su ­
p e r i o r " are p r e s e n t , t h e l a t t e r p a s s i n g 
f o r w a r d ac ross a l l t h e r i b s , o u t b o a r d of ( and so 
e v i d e n t l y d i s t i n c t f r o m ) t h e " s a c r o l u m b a l i s " 
( = i l i o c o s t a l i s ) , and a t t a c h i n g t o each o f t h e 
r ibs I 

M . S A C R O C O C C Y G E U S VENTRAL IS LATER­
AL IS [SVL : F igs . 2, 3. 29 , 36, 3 7 ) : 
(Murie. 1872: 145-146, f igs. 8, 9, 37, 39, 4 4 , 50: 
"sacro-coccygeus". > 

O R I G I N : F l e s h y f r o m v e n t r a l s i d e s o f 
t r a n s v e r s e p r o c e s s e s o f t h i r d t o a b o u t 
t w e n t i e t h p o s t t h o r a c i c s , F u s e d w i t h sac ro ­
c o c c y g e u s v e n t r a l i s m e d i a l is a n t e r i o r t o 
p o s t t h o r a c i c 6, and c o n t i n u o u s h e r e w i t h f i b e r s 
i n s e r t i n g on s u p e r f i c i a l s i de o f a p o n e u r o s i s o f 
la t te r m u s c l e (q.v.). 

I N S E R T I O N . - By a p o n e u r o s i s o n t o t i p s o f 
t h i r d and f o l l o w i n g c h e v r o n s and v e n t r a l s i d e s 
of caudal v e r t e b r a e nea r l y t o t i p o f t a i l ; f l e s h y 
par t of m u s c l e d i s t i n c t t o a b o u t p o s t t h o r a c i c 20 
o r 2 1 . I n s e r t i o n c o v e r e d a n t e r i o r l y by c u t a n e u s 
t r u n c i . 

M . S A C R O C O C C Y G E U S VENTRALIS ME-
DIAL1S ( S V M : F i g . 3 ) : 
(Murie, 1872: 146-147, f igs . 9, 37, 39, 44: "iruTra-
coccygeus" + "quadrat ic l u m b o n i m " . ) 

O R I G I N ; F leshy f r o m v e n t r a l s i d e s of c e n t r a 
and t r a n s v e r s e p r o c e s s e s of p o s t t h o r a c i c s 1-19. 
and f r o m s i d e s of a l l c h e v r o n s ; t e n d i n o u s f r o m 
m e d i a l s i d e of r ib 15 and p o s t e r i o r edges o f 
v e n t r a l s i d e s o f t h o r a c i c s 14 ( n e a r m i d l i n e ) 
and 15 ( m o r e l a t e r a l l y ) , p a s s i n g v e n t r a l l y t o 
i n t e r c o s t a l r e t i a . 

I N S E R T I O N : By s u p e r f i c i a l a p o n e u r o s i s 
(deep t o and s e p a r a b l e f r o m a p o n e u r o s i s o f 
s a c r o c o c c y g e u s v e n t r a l i s l a t e r a l i s , and w i t h 
m o r e l o n g i t u d i n a l l y - a l i g n e d f i b e r s ) o n t o t i p s o f 
t h i r d and f o l l o w i n g c h e v r o n s . D e v e l o p m e n t o f 
c o r d l i k e t e n d o n s is l ess e v i d e n t in t h e h y p a x i a l 
a p o n e u r o s e s t h a n in t h e e p a x i a l . F o r w a r d o f 
p o s t t h o r a c i c 7, m u s c l e f i b e r s a l s o i n s e r t o n 
s u p e r f i c i a l s i de of t h i s a p o n e u r o s i s , m e d i a l l y 
t o r e s t o f m u s c l e ' s f l e s h y p a r t v i s i b l e in v e n t r a l 
v i e w , and r e a c h i n g a l m o s t t o m i d l i n e ; t h e s e 
a re i n s e p a r a b l e f r o m f i b e r s o f s a c r o c o c c y g e u s 
v e n t r a l i s l a t e r a l i s . 

R E M A R K S : M u r i e ' s " q u a d r a t u s l u m b o r u m " 
(1872 : 146-147, f i g . 4 4 ) , e x t e n d i n g f r o m t h e 
las t t w o t h o r a c i c v e r t e b r a e and l as t r ib t o t h e 
f i r s t c h e v r o n b o n e , c o r r e s p o n d s t o t h e an te -
r o m o s t p a r t of t h e m u s c l e d e s c r i b e d h e r e . 
S t a n n i u s (1845; 3 5 ) , h o w e v e r , f o u n d t h e 
hypax ia l m u s c l e s in T. inunguis e x t e n d i n g 
f o r w a r d o n l y " t o t h e r e g i o n o f t h e l as t l u m b a r 
v e r t e b r a " . H i s r e m a i n i n g c o m m e n t s on t h e 
hypax ia l m u s c l e s a re n o t s u f f i c i e n t l y c l e a r t o 
be o f u s e . 

A s in T. manatus, a d e e p p o s t e r i o r h y p a x i a l 
m u s c l e ( " f l e x o r h a e m a l i s " ) s u c h as I de ­
s c r i b e d f o r Dugong ( D o m n i n g , 1977a) is 
a b s e n t . 

M U S C L E S OF THE SHOULDER 

M . TRAPEZIUS (T rp : F i g s . 1 , 2, 4 , 5, 3 2 ) : 
(Murie, 1872: 156. fig. 8 . ) 

O R I G I N : A n t e r i o r l y , by a p o n e u r o s i s f r o m 
do rsa l m i d l i n e b e g i n n i n g 1-2 c m a b a f t nucha l 
l i n e ; f i b e r s r each a l m o s t t o m i d l i n e . P o s t e r i o r l y , 
by a p o n e u r o s i s a r i s i n g f r o m t h o r a c i c apo­
n e u r o s i s a f e w c e n t i m e t e r s f r o m v e r t e b r a l 
b o r d e r o f s c a p u l a r c a r t i l a g e . P o s t e r o l a t e r o m o s t 
f i b e r s r o u g h l y pa ra l l e l w i t h s c a p u l a r s p i n e ; 
p o s t e r o l a t e r a l b o r d e r o f m u s c l e , w h i c h Is 
t e n d i n o u s , l i es a p p r o x i m a t e l y on an e x t e n s i o n 
of d i r e c t i o n o f s c a p u l a r s p i n e . 



I N S E R T I O N ; T e n d i n o u s on w h o l e s c a p u l a r 
s p i n e . P o s t e r i o r f i b e r s a l l c o n v e r g e on t u b e r 
s p i n a e ; d e e p s i de of m u s c l e here m a r k e d by 
rad ia t i ng s h i n i n g f a s c i a e . Fa in t t e n d i n o u s band 
a l so v i s i b l e on s u p e r f i c i a l s i d e , i n t e r s e c t i n g 
sp ine a t t u b e r s p i n a e a t a n g l e of abou t 3 0 ° . 
Pos te r i o r t o t u b e r s p i n a e , t r a p e z i u s n o t at ­
t a c h e d t o scapu la , s u r f a c e s of s c a p u l a r 
m u s c l e s , o r t e n d i n o u s band c r o s s i n g s u r f a c e o f 
i n f r a s p i n a t u s [ s e e d i s c u s s i o n o f l a t t e r u n d e r 
m. d e l t o i d e u s ) , 

M . R H O M B O I D E U S ( R h : F igs . 6, 24 , 30 , 
33, 3 5 ) : 
(Murie, 1872: 156, f igs. 8, 13 . ) 

O R I G I N : In INPA-PB 8, f o r m e d one c o n ­
t i n u o u s un i t , b u t in INPA-PB 14 a r o s e as t w o 
n a r r o w , d i s t i n c t f l a t b a n d s : A n t e r i o r band , 
by f l a t t e n d o n f r o m do rsa l m i d l i n e , s u p e r f i c i a l 
t o p o s t e r i o r p a r t o f s p l e n i u s ; f i b e r s began 
abou t 1 c m f r o m m i d l i n e . P o s t e r i o r band 
s l i g h t l y b roade r , a r i s i n g f r o m a p o n e u r o s i s o n 
s u r f a c e of s e m i s p i n a l i s c a p i t i s , p o s t e r o v e n t r a l 
t o a n t e r i o r b a n d . 

I N S E R T I O N : A n t e r i o r band had f l e s h y in ­
s e r t i o n on m i d d l e and p o s t e r i o r pa r t o f s c a p u l a r 
c a r t i l a g e and [ v e r y s l i g h t l y ) v e r t e b r a l b o r d e r 
of s c a p u l a , a n d , m o r e a n t e r i o r l y , by a f e w 
f i b e r s o n t o m e d i a l s u r f a c e o f s e r r a t u s m a g n u s . 
Pos te r i o r band i n s e r t e d on m e d i a l s i de o f 
s c a p u l a and c a r t i l a g e and v e r t e b r a l edge o f 
c a r t i l a g e near p o s t e r i o r v e r t e b r a l a n g l e . 

M . SERRATUS M A G N U S [ S e M : F igs . 6, 25, 
29, 30 , 32. 33 . 3 5 ) : 
(Murie, 1872: 153, f igs . 13, 29 . ) 

O R I G I N : A n t e r i o r l y , t e n d i n o u s [ i n s e p a r a b l e 
f r o m s c a l e n u s ) f r o m d o r s a l pa r t s of t r a n s v e r s e 
p r o c e s s e s of c e r v i c a l s 3-5 and p o s s i b l y 6 (ap-
r a r e n t l y f r o m c e r v i c a l s 2-5 In INPA-PB 8, and 
in INPA-PB 6 e x t e n d i n g t o a t l as t o g e t h e r w i t h 
s c a l e n u s ) ; f l e s h y and t e n d i n o u s f r o m p r o x i m a l 
ha l f o f p o s t e r i o r e d g e of r ib 1 [ s e p a r a t e d f r o m 
s c a l e n u s by c l e f t t h r o u g h w h i c h e m e r g e s a 
v a s c u l a r r e t e ) ; and f l e s h y f r o m m i d d l e of r ib 
2 . Pos te r i o r l y , t e n d i n o u s f r o m d i s t a l pa r t s of 
r i bs 3-6, and f l e s h y f r o m s u r f a c e s o f in te r -
cos ta l es e x t e r n i b e t w e e n r i b s ; f r o m r ib 2 back , 
aga in i n s e p a r a b l e f r o m d o r s a l edge of s c a l e n u s . 

These a n t e r i o r a n d p o s t e r i o r pa r t s a re n o t 
s e p a r a b l e a t e i t h e r o r i g i n or i n s e r t i o n . 

I N S E R T I O N : F leshy on to m e d i a l s i d e s o f 
scapu la and c a r t i l a g e , a n t e r i o r l y r each ing 
v e r t e b r a l b o r d e r b u t p o s t e r i o r l y l y i n g v e n t r a l 
t o r h o m b o i d e u s i n s e r t i o n ; a f e w f i b e r s i n s e r t 
on la te ra l s i d e o f p o s t e r i o r c o r n e r of c a r t i l a g e . 
F ibe rs of p o s t e r i o r ha l f o f m u s c l e c o n v e r g e on 
p o s t e r i o r c o r n e r o f s c a p u l a ; i n t e r s e c t i o n of 
v e n t r a l edge o f i n s e r t i o n w i t h p o s t e r i o r edge 
of scapu la m a r k e d by " t e r e s m a j o r p ro tube r ­
a n c e " on p o s t e r i o r e d g e . 

M . C E P H A L O H U M E R A L I S ( C h : F i g s . 1, 3, 

5, 24 . 26, 3 5 ) : 
(Mur ie , 1872: 156-157, f igs . 13, 29: "cephalo-
h u m e r a l " . ) 

O R I G I N ; T e n d i n o u s f r o m s u p e r f i c i a l apo­
n e u r o s e s c o v e r i n g s i de of s q u a m o s a l b e t w e e n 
z y g o m a t i c p r o c e s s and s i g m o i d r i d g e ; no d i r e c t 
a t t a c h m e n t t o b o n e . 

I N S E R T I O N ; D e s c e n d s as l ong n a r r o w band , 
i t s p o s t e r o m e d i a l s i d e in c o n t a c t w i t h f r o n t of 
s h o u l d e r , t o i n s e r t t e n d i n o u s l y on l a te ra l pa r t 
of a n t e r i o r s u r f a c e o f b r a c h i o c e p h a l i c u s a t 
l eve l o f head of h u m e r u s . These t w o m u s c l e s 
a re s e p a r a t e d a b o u t 2 c m a b o v e t h e i r j u n c t i o n 
by a la rge n e r v e p a s s i n g p e r p e n d i c u l a r t o t h e i r 
f i b e r s . 

R E M A R K S : In T. manatus, M u r i e f o u n d t h i s 
m u s c l e w i t h " a f l e s h y o r i g i n f r o m t h e e n t i r e 
l e n g t h of t he p r o m i n e n t r i d g e o f t h e o u t e r 
o c c i p i t a l " and " i n s e r t e d on t h e inner and an­
t e r i o r s i de of t he n e c k of t h e h u m e r u s by a 
v e r y s h o r t , b u t s t r o n g , t e n d o n " — ra the r a t 
v a r i a n c e w i t h t h e c o n d i t i o n s in T. inunguis; b u t 
see b e l o w . 

M . B R A C H I O C E P H A L I C U S (B rc : F igs . 6 , 
11-13. 24, 26 , 28, 33, 3 5 ) : 
(Mur ie , 1872: 157, f i g . 13: " levator clavicu-
lae ( ? ) " . ) 

O R I G I N ; F leshy f r o m p o s t e r o v e n t r a l s i de of 
s q u a m o s a l , a l o n g l i ne f r o m v e n t r a l end o f 
s i g m o i d r i d g e ( j u s t l a te ra l t o i n s e r t i o n o f 
s t e r n o m a s t o i d e u s ) t o p o s t e r o v e n t r a l e d g e of 
s q u a m o s a l and o n t o e x o c c i p i t a l j u s t b e h i n d 
s t y l o h y o i d a t t a c h m e n t ; s o m e f i b e r s m a y a r i se 
f r o m p r o x i m a l e n d o f s t y l o h y o i d . 



I N S E R T I O N ; D e s c e n d s f r o n t o f s h o u l d e r 
w i t h c e p h a l o h u m e r a l i s and i n s e r t s t e n d i n o u s l y 
on s u r f a c e s o f b r a c h i a l is and d e l t o i d e u s a t 
l a t t e r ' s i n s e r t i o n ; a l so has f l e s h y and t e n d i n o u s 
i n s e r t i o n on h u m e r u s m e d i o d i s t a l and a d j a c e n t 
to i n s e r t i o n of d e l t o i d e u s . 

R E M A R K S ; M u r i e f o u n d t h e c e p h a l o h u m e ­
ra l i s ra the r t h a n t h e b r a c h i o c e p h a l i c u s t o 
i nse r t d i r e c t l y on t h e h u m e r u s in T. manatus; 
t h e s a m e is t r u e of Dugong ( D o m n i n g , 1977a ) . 
Poss ib ly t h i s v a r i e s i n t r a s p e c i f i c a l l y ; i n any 
case i t s e e m s t o m a k e no f u n c t i o n a l d i f f e r e n c e 
w h i c h m u s c l e t h e d i s t a l s e g m e n t is c o n s i d e r e d 
to be long t o . It is t he t e n d i n o u s i n s e r t i o n o f 
one of t h e s e m u s c l e s o n t o t h e s u r f a c e o f t h e 
o the r t h a t M u r i e s u g g e s t e d t o be a v e s t i g e o f 
a c l a v i c l e . A l t h o u g h t h e n a m e s " c e p h a l o ­
h u m e r a l i s " and " b r a c h i o c e p h a l i c u s " a re o f t e n 
used s y n o n y m o u s l y , I e m p l o y t h e m bo th h e r e 
fo r c o n v e n i e n c e In r e f e r r i n g t o t h e t w o p r o x i m a l 
b r a n c h e s , 

M . L A T I S S I M U S DORSI ( L a D : F igs . 1 , 5, 
6, 24 . 26, 29, 30, 33, 3 5 ) : 
(Stannius, 1849: 14, 16; Murie, 1872: 153, figs. 8, 
9, 13; Bahrdt, 1933: 237, f ig . 22 . ) 

O R I G I N : D o r s a l p a r t a r i s e s by a p o n e u r o s i s 
f r o m f l a n k j u s t a b a f t s c a p u l a , d e e p t o and 
d o r s a l l y o v e r l a p p e d by p o s t e r i o n t r a p e z i u s . 
V e n t r a l pa r t a r i s e s f r o m f l a n k in f a i r l y d i s t i n c t 
f l a t b u n d l e s by t e n d o n s f r o m r i bs 4-6 near t h e i r 
d i s ta l e n d s . D o r s a l and v e n t r a l pa r t s s e p a r a t e d 
fo r m o s t of m u s c l e ' s l e n g t h by l o n g i t u d i n a l 
c l e f t t h r o u g h w h i c h e m e r g e n e r v e s and a 
vascu la r r e t e . 

I N S E R T I O N ; Passes f o r w a r d as b r o a d t r i ­
angular shee t , d o r s a l l y c o v e r i n g p o s t e r i o r ang le 
of scapu la and c r o s s i n g o r i g i n o f t e r e s m a j o r , 
and u n i t e s w i t h l a t t e r on l o w e r ha l f o f i t s 
la te ra l s u r f a c e , s e p a r a t e d f r o m i t on d e e p s i d e 
by s m a l l v a s c u l a r r e t e . V e n t r a l p a r t j o i n s do rsa l 
at abou t s a m e l e v e l , and b o t h i n s e r t t o g e t h e r 
w i t h t e r e s m a j o r (q.v.) by s t r o n g t e n d o n o n t o 
h u m e r u s . 

R E M A R K S ; S t a n n i u s f o u n d t h e l a t i s s i m u s 
a r i s ing f r o m r i bs 3-7 in T. inunguis; M u r i e , f r o m 
r i bs 4-8 in T. manatus. In c o n t r a s t t o a l l mana ­
t e e s , t he l a t i s s i m u s of Dugong a r i s e s f r o m t h e 
cu taneus t r u n c i and i n s e r t s w i t h t h e p e c t o r a l i s 
m i n o r ra the r t h a n t h e t e r e s m a j o r [ D o m n i n g , 
1 9 7 7 a ) . 

M . PECTORALIS M A J O R ( P M a : F igs . 3 , 5, 
6 , 26 , 33, 3 5 ) : 
(Murie, 1872: 157-158, f igs . 9, 13, 30; Bahrdt, 
1933 : 238, fig. 22 . ) 
O R I G I N ; F l e s h y f r o m v e n t r a l s i d e of 

m a n u b r i u m , la te ra l t o s p h i n c t e r co l l i p r o f u n d u s 
pars au r i s , f r o m o r i g i n o f s t e r n o m a s t o i d e u s t o 
p o s t e r i o r e n d o f x i p h o i d p r o c e s s , and f r o m 
s u r f a c e of r e c t u s a b d o m i n i s s h e a t h j u s t a b a f t 
s t e r n u m . 

I N S E R T I O N : By v e r y s t r o n g t e n d o n i n to 
r u g o s e p i t a b o u t 1/3 o f w a y f r o m d i s t a l e n d o f 
m e d i a l s i de o f h u m e r u s , d i s t a l and s l i g h t l y 
a n t e r i o r t o i n s e r t i o n o f t e r e s m a j o r and la t i s ­
s i m u s d o r s i , and a n t e r i o r t o c o r a c o b r a c h i a l i s 
i n s e r t i o n . P o s t e r i o r p a r t o f p e c t o r a l i s m a j o r 
s l i g h t l y s e p a r a b l e d i s t a l l y ; I t n a r r o w s and 
b e c o m e s t e n d i n o u s b e f o r e j o i n i n g r e s t o f 
t e n d o n of i n s e r t i o n . F rom d i s t a l e d g e of t h i s 
t e n d o n , a s h e e t of f a s c i a e x t e n d s o n t o a n ­
t e b r a c h i a l f a s c i a on m e d i a l s i de of a n t e r i o r 
e d g e of f o r e a r m , b u t has no a t t a c h m e n t t o 
rad ius as in T. manatus. 

R E M A R K S : A n a p o n e u r o t i c e x t e n s i o n t o t h e 
r a d i u s , s i m i l a r t o t h a t d e s c r i b e d f o r 7". manatus 
by M u r i e , has been o b s e r v e d in Dugong 
( D o m n i n g , 1977a) b u t n o t In T. senegatensis. 
T. inunguis a l so lacks t h e p a r t l y s e p a r a b l e deep 
d i v i s i o n o f t h e p e c t o r a l i s m a j o r f o u n d In 
Dugong. 

M . PECTORALIS M I N O R ( P M i : F igs . 3, 6. 
26, 27, 33 , 3 5 ) : 
(Murie, 1873: 157, f igs . 9, 13, 30 . ) 

O R I G I N : F leshy f r o m t e n d i n o u s c o v e r i n g o f 
v e n t r a l s u r f a c e of s t e r n o c o s t a l i s ; f r o m f i r s t 
c o s t a l c a r t i l a g e a t i t s j u n c t i o n w i t h s t e r n u m ; 
f r o m m e d i a l pa r t s o f c a r t i l a g e s 2 and 3; and 
f r o m s u r f a c e o f r e c t u s a b d o m i n i s a b a f t c a r t i ­
lage 3, a t abou t l eve l of a f t e r end o f o r i g i n o f 
p e c t o r a l i s m a j o r , 

I N S E R T I O N : F leshy and t e n d i n o u s o n t o 
h u m e r u s a t m e d i o d i s t a l c o r n e r o f s u p r a s p i n a t u s 
i n s e r t i o n , j u s t a n t e r o l a t e r a l t o b i c i p i t a l g r o o v e , 
w h i c h is c r o s s e d by p e c t o r a l i s m i n o r . T e n d o n 
of p i n n a t e i n s e r t i o n e x p o s e d on d e e p s i d e o f 
m u s c l e . 

R E M A R K S ; M u r i e s t a t e s t h a t i n T. manatus 
i t i n s e r t s " i n t o the head of t h e h u m e r u s " . In 
Dugong i t sha res a c o m m o n i n s e r t i o n w i t h t h e 



l a t i s s i m u s d o r s i and p a r t of t h e p e c t o r a l i s 
m a j o r ( D o m n i n g , 1 9 7 7 a ) . N o t e t h a t i n us ing 
t h e t e r m s " p e c t o r a l i s m a j o r " and " p e c t o r a l i s 
m i n o r " I a m m e r e l y f o l l o w i n g M u r i e ' s d e s i g ­
n a t i o n of t h e m u s c l e s a c c o r d i n g t o r e l a t i v e s ize 
and p o s i t i o n , and n o t t a k i n g a p o s i t i o n on t h e i r 
h o m o l o g i e s w i t h t h e p e c t o r a l m u s c l e s of o t h e r 
m a m m a l s . 

M U S C L E S OF THE FOREL1MB 

N o t e t h a t B a h r d t [ 1933 : f i g . 24) p r o v i d e s 
s c h e m a t i c c r o s s - s e c t i o n a l i l l u s t r a t i o n s of t h e 
f o r e l i m b of T. senegalensis. 

M . DELTOIDEUS ( D : F igs , i , 5, 24, 26 , 30 , 
32 , 3 3 ) : 
(Murie, 1872: 158, f ig . 8; Bahrdt, 1933: 237, 
f i g . 22.) 

O R I G I N ; F l e s h y f r o m s c a p u l a r s p i n e , f r o m 
t i p of a c r o m i o n t o t u b e r s p i n a e . 

I N S E R T I O N ; By s t r o n g t e n d o n on to d e l t o i d 
w i t h o r i g i n o f b r a c h i a l i s , and c o v e r e d by 
t e n d o n of i n s e r t i o n o f b r a c h i o c e p h a l i c u s . A 
l o n g i t u d i n a l t e n d i n o u s band is v i s i b l e on m i d d l e 
o f m u s c l e ' s d e e p s u r f a c e , e x t e n d i n g s e v e r a l 
c e n t i m e t e r s p r o x i m a d f r o m i n s e r t i o n . A n 
a p o n e u r o s i s e x t e n d s f r o m m u s c l e ' s d i s t a l edge 
o v e r l a te ra l s u r f a c e s o f b r a c h i a l i s and la te ra l 
head of t r i c e p s and t o w a r d s f o r e a r m . 

R E M A R K S : A f l a t t e n d i n o u s band c r o s s e s 
t h e s u r f a c e o f t h e i n f r a s p i n a t u s ( a t t a c h e d t o 
la t te r o n l y by l o o s e f a s c i a ) f r o m t h e r u g o s i t y 
at t h e a n t e r i o r end of t h e t e r e s m a j o r o r i g i n 
t o t h e edge of t h e d e l t o i d e u s near 
t h e t u b e r s p i n a e ; no f i b e r s t ake o r i g i n f r o m 
t h i s , h o w e v e r . (See a l so d i s c u s s i o n unde r 
O r i g i n of t e r e s m a j o r . ) Th is band is a l s o 
p r e s e n t in Dugong ( D o m n i n g , 1977a ) , b u t t h e r e 
i t s e r v e s f o r pa r t s of b o t h t h e o r i g i n o f t h e 
d e l t o i d e u s and t h e i n s e r t i o n o f t h e t r a p e z i u s . 
In t h e m a n a t e e , w i t h i t s e l o n g a t e d a c r o m i o n 
p r o c e s s , i t a p p e a r s as i f t h e s c a p u l a r at­
t a c h m e n t s of t h e s e t w o m u s c l e s have s l i d 
a n t e r o v e n t r a d a l o n g t h e s p i n e , l e a v i n g t h e 
t e n d i n o u s band v a c a n t h e h i n d . It has n o t been 
r e c o r d e d in T. manatus o r T. senegalensis. In 
T. manatus, M u r i e f o u n d the d e l t o i d e u s b i ­
f u r c a t i n g a t i t s i n s e r t i o n and e m b r a c i n g t h e 
b r a c h i a l i s (1872 : 160; n o t e m b r a c i n g t h e 
" b l e e p s " as he i n a d v e r t e n t l y s t a t e s on p . 1 5 8 ) , 

w i t h i t s p o s t e r i o r b r a n c h c o n t i n u i n g " t o w a r d s 
t h e e l b o w " ; t h e l a t t e r b r a n c h e v i d e n t l y c o r r e ­
s p o n d s t o t h e a p o n e u r o s i s d e s c r i b e d a b o v e . 
Bahrd t d i d n o t o b s e r v e t h e s e c o n d i t i o n s in 
T. senegalensis, no r d i d I in Dugong. 

M. S U P R A S P I N A T U S ( S u p : F igs . 24, 30, 32, 
33 , 3 5 ) : 
(Murie, 1872: 156, f ig . 13 . ) 

O R I G I N ; F l e s h y f r o m s u p r a s p i n o u s f o s s a of 
scapu la and a n t e r i o r s i de o f s p i n e 
e x c e p t i t s v e n t r a l m o s t pa r t , and n e a r l y t o t i p 
o f a c r o m i o n p r o c e s s . D o r s a l t o s p i n e , t h e r e is 
no c l e a r d i v i s i o n b e t w e e n s u p r a s p i n a t u s and 
i n f r a s p i n a t u s . S o m e s u p r a s p i n a t u s f i b e r s a r i se 
f r o m a n t e r i o r e d g e and a n t e r o m o s t pa r t of 
m e d i a l s i de o f s c a p u l a . 

I N S E R T I O N ; Passes d i s t a d as t h i c k convex -
f o r w a r d s h e e t e n c l o s i n g c o r a c o i d p r o c e s s on 
l a t t e r ' s l a t e r a l , a n t e r i o r , and m e d i a l s i d e s . Has 
b r o a d s h e e t l i k e i n t e rna l t e n d o n and seve ra l 
d e e p e r i n te rna l t e n d i n o u s b u n d l e s , w h i c h i n s e r t 
w i t h m u s c l e f i b e r s on to t u b e r o s i t y a n t e r i o r t o 
head of h u m e r u s . S u p r a s p i n a t u s and in ­
f r a s p i n a t u s s e p a r a b l e near i n s e r t i o n s , f o r m e r 
s l i g h t l y o v e r l a p p i n g a n t e r i o r e d g e of l a t t e r . 

M . INFRASPINATUS ( In f : F i g s . 1 . 5, 24, 
30, 3 2 ) : 
(Murie, 1872: 156, f ig . 8 . ) 

O R I G I N ; F leshy f r o m i n f r a s p i n o u s fossa of 
scapu la and do rsa l p a r t of p o s t e r i o r s i de o f 
s p i n e . A f e w s u p e r f i c i a l f i b e r s a r i se f r o m 
u n d e r s i d e of d e l t o i d e u s near i t s o r i g i n . S o m e 
o f t he m o s t a n t e r i o r b u n d l e s have sepa ra te 
f l e s h y o r i g i n f r o m p o s t e r i o r s i de of a c r o m i o n 
p r o c e s s benea th and c l o s e to d e l t o i d e u s . 

I N S E R T I O N : P inna te on t e n d o n e x p o s e d 
a long l o w e r d i s t a l p a r t o f m u s c l e , and on 
deepe r , m o r e do rsa l f l a t i n t e rna l t e n d o n 
pa ra l l e l t o t h e f i r s t . Bo th t e n d o n s v i s i b l e on 
d e e p s i de n e a r t h e i r i n s e r t i o n , w i t h a f e w 
m u s c l e f i b e r s , on to t u b e r o s i t y l a te ra l t o head 
of h u m e r u s . 

M. S U B S C A P U L A R S [ S u : F igs . 33. 3 5 ) : 
(Murie, 1872: 156, f igs . 9, 13.) 

O R I G I N ; F l e s h y f r o m m o s t o f m e d i a l s i de 
of s c a p u l a above n a r r o w e s t p a r t of n e c k , e x c e p t 



Figs. 30-32 — Lateral v i ews o f r igh t fo re l imb : 30, musc les of shoulder and f o re l imb ; t rapezius, mos t o f de l to ideus , 
and antebrachial fasc ia r emoved ; poster ior l ine of a t tachmen t o f ta t ter shown (a f ) : 3 1 , deta i l of ex tensor po l l lc ls 
and extensor carpi rad la l is ; 32, bones of pectoral g i rd le and l imb, showing musc le a t tachments and g rooves fo r 
tendons of extensor musc les (abbreviat ions in p a r e n t h e s e s j . 



Figs. 33-35 — Media) v iews of r igh t fo re l imb : 33, bones of pectoral g i rd le and l imb , showing musc le a t tachments . 
34, muscles of pa lm; 35, musc les of shoulder and fo re l imb , w i t h mos t o f brachial rete and nerves (bvSn) and ante­
brachial fascia (af) removed ; pos te r io r l ine of a t tachment of la t te r s h o w n . 



v e r t e b r a l b o r d e r and p o s t e r i o r ang le ( w h e r e 
s e r r a t u s m a g n u s i n s e r t s ) and a n t e r o m o s t edge 
( w h e r e pa r t of s u p r a s p i n a t u s a r i s e s ) , and f r o m 
p o s t e r i o r edge j u s t d i s t a l to t e r e s m a j o r o r i g i n . 

I N S E R T I O N ; F l e s h y and t e n d i n o u s on l e s s e r 

( m e d i a l ) t u b e r o s i t y o f h u m e r u s . 

M . TERES M A J O R (Ter : F i g s . 1 . 5, 24 , 30 , 
32 , 33, 3 5 ) : 
(Stannius , 1849: 14; Murie, 1872: 156, f igs . 8, 
13; Bahrdt, 1933: 237, fig. 22 . ) 
O R I G I N : F l e s h y f r o m la te ra l s i d e s o f pos-

t e r o d o r s a l c o r n e r o f s c a p u l a and p o s t e r i o r 
edge of s c a p u l a r c a r t i l a g e , b o u n d e d a n t e r i o r l y 
by o r i g i n o f i n f r a s p i n a t u s and a t t a c h m e n t o f 
t e n d i n o u s band c r o s s i n g l a t t e r ' s s u r f a c e ( s e e 
under d e l t o i d e u s ) . and p o s t e r i o r l y by " t e r e s 
m a j o r p r o t u b e r a n c e " and p o s t e r i o r e d g e o f 
s c a p u l a . In INPA-PB 8, a t t a c h m e n t of above -
m e n t i o n e d t e n d i n o u s band on b o t h l e f t and 
r i g h t s ides f o r m e d an e x t r e m e l y p r o m i n e n t , an -
t e r o l a t e r a l l y - p o i n t i n g k n o b l i k e p r o c e s s , t o t h e 
med ia l s i de of w h o s e bare s u m m i t t h e t e n d i ­
nous band t o t h e t u b e r s p i n a e w a s a t t a c h e d . 
Teres m a j o r t o o k f l e s h y o r i g i n f r o m p o s t e r o -
ven t ra l s i de o f t h i s p r o c e s s as w e l l as 
f r o m p o s t e r i o r c o r n e r o f s c a p u l a and 
scapu la r c a r t i l a g e . S u b s c a p u l a r i s a l so had 
f l e s h y a t t a c h m e n t t o d i s t a l m o s t p a r t o f 
p o s t e r o v e n t r a l s i de of p r o c e s s , and i n f r a s p i n a ­
t u s had f l e s h y a t t a c h m e n t t o a n t e r i o r s i de of 
p r o c e s s . O t h e r s h o u l d e r m u s c l e s w e r e n o r m a l . 
I have o b s e r v e d a s i m i l a r d e v e l o p m e n t in t h e 
s k e l e t o n of o n l y one o t h e r T. inunguis ( INPA-
PB 103 ) , an a p p r o x i m a t e l y 2 . 6 - m e t e r m a l e f r o m 
t h e Rio J u m a , A m a z o n a s , in w h i c h a w i d e f l a t 
p r o c e s s a r ches up f r o m t h e a n t e r o d i s t a l edge 
o f t he t e r e s o r i g i n and p o i n t s t o w a r d t h e t u b e r 
s p i n a e . 

I N S E R T I O N : Fuses w i t h l a t i s s i m u s d o r s i 
(q.v.) and i n s e r t s w i t h i t by v e r y s t r o n g t e n d o n 
i n to r ugose p i t on m i d d l e o f m e d i a l s i de o f 
h u m e r u s . P e c t o r a l i s m a j o r i n s e r t s i n to a m o r e 
d i s ta l and s m a l l e r p o r t i o n of t h i s p i t , s e p a r a t e d 
f r o m p r o x i m a l p o r t i o n by a l o w d iagona l r i d g e 
runn ing p o s t e r o d i s t a d a c r o s s t h e p i t . 

A s in o t h e r s i r e n i a n s , a t e r e s m i n o r is 
absen t . 

M . C O R A C O B R A C H I A L I S ( C o b : F i g s . 32, 
33, 3 5 ) ; 
(Murie, 187?.: 159-160, fig. 13: "biceps, B 1 "; 
Murie, 1880: 32; Bahrdt , 1933: 237, f igs . 22, 24: 
"biceps, innere Strang" . ) 

O R I G I N ; T e n d i n o u s and f l e s h y f r o m m e d i a l 
s i de of c o r a c o i d p r o c e s s of s c a p u l a , t h o u g h 
t e n d o n c o v e r s a n t e r i o r s i de of p r o c e s s as w e l l . 
F i be rs a r i se p i n n a t e l y f r o m s m a l l t e n d i n o u s 
a rea on d e e p s i d e of m u s c l e . 

I N S E R T I O N : A s i t c r o s s e s i n s e r t i o n o f 
s u b s c a p u l a r i s , m u s c l e w i d e n s , f o r m i n g s i n g l e 
b r o a d f u s i f o r m b e l l y i n s e r t i n g p i n n a t e l y on 
n a r r o w t e n d o n t o p o s t e r o m e d i a l s i de o f 
h u m e r u s , a t t a c h i n g a b o u t 2 / 3 o f w a y t o d i s ta l 
e n d o f b o n e and j u s t p o s t e r i o r t o d i s t a l pa r t 
of p e c t o r a l i s m a j o r i n s e r t i o n . 

M . BICEPS B R A C H I I ( B : F igs . 33 , 3 5 ) : 
(Murie, 1872: 159-160, fig. 13: -b i ceps . W"; 
Murie, 1880: 32, p i . 8: fig. 3; Bahrdt , 1933: 
237, f igs . 22, 24: "biceps, aussere Strang" . ) 

O R I G I N : By v e r y l o n g , s l e n d e r t e n d o n f r o m 
a n t e r i o r and a n t e r o m e d i a l r i m o f g l e n o i d 
c a v i t y ( d i s ta l t o o r i g i n o f c o r a c o b r a c h i a l i s ) . 
w h i c h passes t h r o u g h b i c i p i t a l g r o o v e of 
h u m e r u s . Has s i n g l e , v e r y s l e n d e r b e l l y . J u s t 
a t d i s t a l end of be l l y , t e n d o n of i n s e r t i o n is 
j o i n e d by a s e p a r a t e t e n d o n of o r i g i n , w h i c h 
a r i s e s f r o m h u m e r u s i m m e d i a t e l y p o s t e r o d i s -
ta l t o s u b s c a p u l a r i s i n s e r t i o n and c r o s s e s 
t e n d o n of i n s e r t i o n of t e r e s and l a t i s s i m u s , 
d e e p t o c o r a c o b r a c h i a l i s and p o s t e r i o r and 
pa ra l l e l t o b e l l y of b i c e p s . Th i s p o s t e r i o r 
t e n d o n has no m u s c u l a r f i b e r s . I ts p o i n t o f 
o r i g i n is m a r k e d by a d i s t i n c t r u g o s i t y in 
a d u l t s . 

I N S E R T I O N : By s i n g l e t e n d o n ( l y i n g a l o n g , 
and d i s t a l l y a d h e r e n t t o , p o s t e r o m e d i a l edge 
of b r a c h i a l i s ) o n t o m e d i a l e d g e o f p r o x i m a l 
end of r a d i u s . I n s e r t i o n c o v e r e d by a n t e r i o r 
e d g e of a n t e b r a c h i a l v a s c u l a r r e t e and a l a r g e 
n e r v e . 

R E M A R K S : Th is c u r i o u s s t r u c t u r e o f t h e 
b i ceps has n o t been o b s e r v e d in a n y o t h e r 
s i r e n i a n . T h e p o s t e r i o r a c c e s s o r y t e n d o n 
appears t o s e r v e as a " c h e c k l i g a m e n t " t o 
r e s t r i c t e x t e n s i o n of t h e e l b o w . I t s h o u l d be 
e m p h a s i z e d t h a t a s m a l l ( r e l a t i v e t o d u g o n g i d s ) 



b u t v e r y w e l l - d e v e l o p e d b i c i p i t a l g r o o v e Is 
c h a r a c t e r i s t i c of T. inunguis, in s h a r p c o n t r a s t 
t o T. senegalensis, w h e r e i t is b u t f a i n t l y 
m a r k e d , and T. manatus, w h e r e i t is t o t a l l y 
a b s e n t . The b i c e p s in t h e l a t t e r s p e c i e s is 
f used p r o x i m a l l y w i t h t h e c o r a c o b r a c h i a l i s . 
w h i c h led M u r i e t o c o n s i d e r t h e m a s i n g l e 
d o u b l e - b e l l i e d m u s c l e . The m a n n e r o f o r i g i n o f 
t h e b i c e p s in T. senegalensis is u n k n o w n . 

M . TRICEPS B R A C H I I : 
(Murie, 1872: 158, f ig . 13: "triceps"; Murie, 
1880: pi. 8: fig 3; Bahrdt, 1933: 236-237, figs. 22, 
24: "triceps".) 
Has t h r e e d i v i s i o n s , an a n c o n e u s , as i n 

o t h e r s i r e n i a n s , b e i n g a b s e n t . 

— L O N G H E A D (T rLo : F igs . 5, 30 . 32 . 

33 , 3 5 ) : 
(Murie, 1872: 158, f ig . 13: "scapular head; T'"; 
Bahrdt, 1933: 236: "third" h e a d . ) 

O R I G I N : F l e s h y f r o m t r i a n g u l a r a rea o n 

p o s t e r i o r s i d e of d i s t a l end o f s c a p u l a . 

I N S E R T I O N : Passes i n t o b r o a d t h i n t e n d o n 
( c o n t i n u o u s w i t h , and o v e r l a p p i n g m e d i a l pa r t 
o f , t e n d o n o f l a te ra l head ) in d i s t a l t h i r d of 
h u m e r u s , and i n s e r t s on p o s t e r o l a t e r a l s i d e 
and (by m u c h s t r o n g e r and t h i c k e r p a r t o f 
t e n d o n ) t i p o f o l e c r a n o n . A t d i s t a l end o f 
m u s c l e ' s f l e s h y pa r t , s o m e la te ra l f i b e r s 
a n a s t o m o s e w i t h l a te ra l head and i n s e r t v ia 
i t s t e n d o n . 

— LATERAL H E A D (TrLa : F igs . 5, 30 , 32 . 

33) : 
(Murie, 1872: 158, f ig. 13: "middle head; T»"; 
Bahrdt, 1933: 236: "second" h e a d . ) 

O R I G I N : F leshy and t e n d i n o u s f r o m d i s t a l 

s i de o f neck of h u m e r u s . 

I N S E R T I O N : E x t e n d s d i s t a d as f l a t s h e e t 
c o v e r i n g m e d i a l h e a d , and s e p a r a t e d f r o m i t 
by 3 la rge n e r v e s p a s s i n g d i a g o n a l l y l a te ro -
d i s t a d and by s o m e s m a l l b l ood v e s s e l s . Has 
t h i n t e n d o n a long l a te ra l e d g e . Passes In to 
b road t h i n t e n d o n in d i s t a l q u a r t e r o f h u m e r u s , 
and i n s e r t s on p o s t e r o l a t e r a l s i de of o l e c r a n o n ; 
a l so e x t e n d s s t i l l f u r t h e r d i s t a d as f a s c i a 
c o v e r i n g p r o x i m a l e n d of e x t e n s o r ca rp i u l n a r i s 
and r e s t o f a n t e b r a c h i u m . 

— M E D I A L H E A D ( T r M : F i g s . 32 , 33 . 3 5 ) : 
Murie, 1872: 158, fig. 13: "short head; T 3"; 
Bahrdt , 1933: 236: "first" h e a d . ) 

O R I G I N ; F leshy f r o m p o s t e r i o r s i de o f 
h u m e r u s , f r o m neck t o o l e c r a n o n f o s s a , m e d i a l 
to and s e p a r a t e d s l i g h t l y f r o m area of o r i g i n of 
b r a c h i a l i s ; b o u n d e d m e d i a l l y by i n s e r t i o n s of 
t e r e s , l a t i s s i m u s . and c o r a c o b r a c h i a l i s . M u s c l e 
t h i c k e r on m e d i a l e d g e , t h i n s l a t e r a d ; f i b e r s 
t r e n d m e d i o d i s t a d . 

I N S E R T I O N : F l e s h y and t e n d i n o u s on later­
a l , a n t e r i o r , and m e d i a l s i d e s of o l e c r a n o n ; a 
s e t o f s u p e r f i c i a l t e n d i n o u s bands j o i n a t apex 
o f o l e c r a n o n t o f o r m t e n d o n o f i n s e r t i o n w h i c h 
a d h e r e s t o deep s i de o f t e n d o n o f l a te ra l head . 

M . B R A C H I A L I S (Br : F i g s . 30, 32 , 33, 3 5 } : 
(Murie, 1872: 160, f igs . 8, 13: "brachialis an-
anticus"; Murie, 1880: 32, pi. 8: fig. 3; Bahrdt, 
1933: 237, f igs . 22, 24 . ) 

O R I G I N : F leshy f r o m la te ra l s i d e , and d i s t a l 
ha l f o f a n t e r i o r s i d e , of h u m e r u s , f r o m neck t o 
e c t e p i c o n d y l e ; b o u n d e d p o s t e r o m e d i a l ly by 
m e d i a l head o f t r i c e p s and a n t e r o m e d i a l l y by 
d e l t o i d e u s , b r a c h i o c e p h a l i c u s , and p e c t o r a l i s 
m a j o r a t t a c h m e n t s . 

I N S E R T I O N : F leshy on p r o x i m a l ha l f o f an­
t e r i o r s i de o f r a d i u s ; a l so p i n n a t e on super ­
f i c i a l s h i n i n g f a s c i a a t d i s t a l end of m u s c l e ' s 
m e d i a l s i d e , c o n t i n u o u s w i t h a n t e b r a c h i a l f a s c i a 
o v e r f l e x o r c a r p i r a d i a l i s . M u s c l e p a r t l y d i v i s i ­
b le on m e d i a l s i d e near i n s e r t i o n . 

R E M A R K S : In 7". senegalensis, B a h r d t f o u n d 
t h e b r a c h i a l i s a r i s i n g by a " f l a t and w i d e 
t e n d o n " f r o m the c a p s u l a r l i g a m e n t of t h e 
head of t h e h u m e r u s ; i t i n s e r t e d f l e s h i l y 
on t h e d i s t a l e n d of t h e r a d i u s , in c o n t r a s t t o 
T. manatus and T. inunguis. In Dugong t h e r e 
are s e p a r a t e p r o x i m a l and d i s t a l i n s e r t i o n s , 
t h e l a t t e r t e n d i n o u s ( D o m n i n g , 1 9 7 7 a ) . 

M . B R A C H I O R A D I A L I S ( B r r : F i gs . 30-32, 
3 5 ) : 
(Murie, 1872: 158, fig, 8: "supinator longus"; 
Bahrdt, 1933: 238; f igs . 22, 23, 24 . ) 

O R I G I N : F leshy and t e n d i n o u s f r o m ant-
e r o p r o x i m a ! s i de o f e c t e p i c o n d y l e of h u m e r u s , 
a t l a t e r o d i s t a l end o f o r i g i n o f b r a c h i a l i s . 
M e d i a l s i de o f m u s c l e c l o s e l y a d h e r e n t prox­
i m a l l y , b u t n o t f u s e d , t o b r a c h i a l i s . 



I N S E R T I O N ; By s i n g l e t e n d o n [ e x p o s e d on 
d i s ta l ha l f o f m u s c l e ' s a n t e r i o r s i de ) t h r o u g h 
a n t e r o m o s t g r o o v e on a n t e r o l a t e r a l s i de o f 
d i s ta l end o f r a d i u s , on to a n t e r i o r s i d e s o f 
ca rpa l s : s e e m s t o s t o p j u s t s h o r t o f m e t a ­
carpa l I . 

M . EXTENSOR CARPI R A D I A L I S (ECR : 
F i g s . 30 -32 ) : 
(Murie, 1872: 153-159, fig. 8: "extensores carpi 
radiales longior and brevior"; Bahrdt , 1933; 
238-239; figs. 22, 23, 24: "extensor radial is longus 
und brevis" . ) 

O R I G I N : F l e s h y and t e n d i n o u s f r o m 
e c t e p i c o n d y l e of h u m e r u s , d i s ta l t o o r i g i n o f 
b r a c h i o r a d i a l i s . Has s h i n i n g f a s c i a on d e e p 
s i de near o r i g i n . 

I N S E R T I O N ; O n t o t e n d o n ( e x p o s e d d o w n 
m i d d l e o f m u s c l e f o r a b o u t 3 / 4 o f i t s l eng th ) 
w h i c h passes t h r o u g h m i d d l e g r o o v e o f r a d i u s , 
unde r t e n d o n o f e x t e n s o r p o l l i c i s , and o n t o 
p o s t e r i o r ha l f o f p r o x i m a l e n d of m e t a c a r p a l II 
and p r o x i m a l end of m e t a c a r p a l I I I . 

R E M A R K S : Tendon of i n s e r t i o n l i es pa ra l l e l 
t o t h a t of b r a c h i o r a d i a l i s r a t h e r t h a n b e i n g 
o b l i q u e l y c r o s s e d by i t and e x t e n s o r p o l l i c i s , 
as s t a t e d by M u r i e (1872 : 1 5 9 ) . He p r o b a b l y 
m e a n t t h a t e x t e n s o r p o l l i c i s c r o s s e s b rach io ­
rad ia l i s and e x t e n s o r ca rp i r a d i a l i s . La t te r , 
t o g e t h e r w i t h e x t e n s o r d i g i t o r u m c o m m u n i s 
and e x t e n s o r d i g i t i q u i n t i , is c o m p l e t e l y c o v e r e d 
by an teb rach ia l f a s c i a . 

M. EXTENSOR D I G I T O R U M C O M M U N I S 

(EDC: F i g s . 3 0 - 3 2 ) : 
(Murie, 1872: 159. fig. 8: "extensor c o m m u n i s 
digitorum"; Bahrdt , 1933: 239, f igs. 22, 24.1 

O R I G I N ; T e n d i n o u s f r o m e c t e p i c o n d y l e o f 
h u m e r u s b e h i n d e x t e n s o r ca rp i r a d i a l i s , and 
f r o m j o i n t c a p s u l e ; f l e s h y and t e n d i n o u s f r o m 
p o s t e r o l a t e r a l s i de of r a d i u s d o w n t o j u s t 
beyond d i s ta l end of i n t e r o s s e o u s s p a c e . 

I N S E R T I O N ; C o m p l e x l y p i n n a t e o n t w o 
p r i nc ipa l ( a n t e r i o r and p o s t e r i o r ) t e n d o n s , 
w h i c h a re e x p o s e d d i s t a l l y on s u r f a c e o f 
m u s c l e . These pass t h r o u g h a n t e r i o r g r o o v e 
of u l na ; each d i v i d e s in t w o , t he a n t e r i o r pa i r 
i n s e r t i n g on d i g i t s II and 111, t h e p o s t e r i o r on 
IV and V . I n s e r t i o n s a re on p r o x i m a l ends of 
p h a l a n g e s . In INPA-PB 8 and 9 t h e r e w a g a l so 

a v e r y t h i n t e n d o n i n s e r t i n g on p r o x i m a l end o f 
pha lanx o f d i g i t I; on l e f t s i de of no . 8 ano ther 
t h i n t e n d o n f r o m a n t e r i o r e d g e o f e x t e n s o r 
d i g i t o r u m c o m m u n i s t e n d o n i n s e r t e d p a r t l y 
o n t o t e n d o n of e x t e n s o r p o l l i c i s , w i t h a d e e p e r 
b r a n c h on to the rad ia l c a r p a l . A ca rpa l b r a n c h 
w a s a l so w e l l d e v e l o p e d in INPA-PB 6 . 

R E M A R K S ; M u r i e m e n t i o n s an o r i g i n f r o m 
t h e u lna in T. manatus n o t o b s e r v e d in t h e o t h e r 
s p e c i e s . Bahrd t m e n t i o n s o n l y t h e e p i c o n d y l a r 
a t t a c h m e n t in T. senegalensis. 

M . EXTENSOR DIGITI Q U I N T I ( E D O : F igs . 

30 -32 ) : 
(Murie, 1872: 159, fig. 8: "extensor min imi 
digiti"; Bahrdt , 1933: 239, f igs . 22, 2 4 . ) 

O R I G I N ; F leshy and t e n d i n o u s f r o m d i s t a l 
s i d e of c a p s u l e o f e l b o w j o i n t , f r o m la te ra l 
s i d e o f j u n c t i o n o f rad ius and u l n a , a n d f r o m 
p o s t e r o l a t e r a l s i d e o f p r o x i m a l e n d o f r a d i u s , 
w h e r e i t is c l o s e l y a d h e r e n t on i t s p r o x i m a l 
deep s i d e t o e x t e n s o r d i g i t o r u m c o m m u n i s . 
No f i b e r s reach p r o x i m a d o f j o i n t c a p s u l e ; o n l y 
p o s s i b l e a t t a c h m e n t t o h u m e r u s is v ia super ­
f i c i a l a n t e b r a c h i a l f a s c i a . 

I N S E R T I O N ; By t e n d o n ( e x p o s e d l a t e ra l l y 
on m u s c l e ' s d i s t a l end ) t h r o u g h p o s t e r i o r 
g r o o v e of u l na , t u r n i n g s h a r p l y a f t t o i n s e r t on 
p r o x i m a l e n d o f m e t a c a r p a l V ; d o e s n o t r each 
p h a l a n g e s , 

R E M A R K S ; | N T. senegalensis, B a h r d t f o u n d 
the o r i g i n on the e c t e p i c o n d y l e of t h e h u m e r u s . 
In b o t h o t h e r m a n a t e e s p e c i e s , as w e l l as 
Dugong ( D o m n i n g , 1977a ) , t h e t e n d o n o f In­
s e r t i o n e x t e n d s t o t h e p r o x i m a l pha lanx of d i g i t 
V . A n t e b r a c h i a l f a s c i a is a t t a c h e d t o p o s t e r o l a ­
t e r a l s i de of u lna a l ong p o s t e r i o r edge o f ex­
t e n s o r d i g i t i q u i n t i and d e e p t o e x t e n s o r c a r p i 
u l n a r i s . 

M . EXTENSOR CARPI U L N A R I S ( E C U : 
F i g s . 3 0 - 3 2 ) : 
(Murie, 1872: 159, f ig . 8; Bahrdt. 1933: 239-240, 
f igs , 22, 24 . ) 

O R I G I N ; F r o m s u r f a c e of f l a t t e n d o n f r o m 
p o s t e r o d i s t a l c o r n e r of e c t e p i c o n d y l e o f h u ­
m e r u s ; t e n d o n a l so has w e a k e r p o s t e r i o r 
b r a n c h f r o m s i d e o f o l e c r a n o n b e n e a t h l a t e r a l 
and m e d i a l heads o f t r i c e p s . 



I N S E R T I O N : Passes d i s t a d as s t r o n g , v e r y 
p r o m i n e n t b a n d , o v e r l a p p i n g p o s t e r i o r s i de of 
e x t e n s o r d i g i t i q u i n t i p r o x i m a l l y and n o t co ­
v e r e d by a n t e b r a c h i a l f a s c i a . F ibe rs i n s e r t on 
d e e p s i de o f b r o a d t e n d o n w h i c h p a s s e s 
b e n e a t h t h a t o f e x t e n s o r d i g i t i q u i n t i and o n t o 
la te ra l s i d e s o f u l n a r ca rpa l [ c u n e i f o r m -
p i s i f o r m ) and a d j a c e n t p r o x i m a l end o f me ta ­
ca rpa l V . 

R E M A R K S ; fv lur ie and B a h r d t f a i l t o m e n t i o n 
an o r i g i n f r o m the o l e c r a n o n , t h o u g h t h e l a t t e r ' s 
f i g . 22 d o e s s h o w a b i f u r c a t e t e n d o n . M u r i e 
f o u n d t h e i n s e r t i o n s on t h e u n c i f o r m [ h a m a t e ) , 
m a g n u m [ c a p i t a t e ) , and m e t a c a r p a l V . In 
s t a t i n g t h a t " i t s f i b r e s . . . m i n g l e w i t h t h o s e 
of t h e ca rp i r a d i a l i s " , M u r i e p r o b a b l y m e a n t 
i n s t e a d " w i t h t h o s e of the f l e x o r ca rp i u l n a r i s . " 

M . EXTENSOR POLLICIS [BREVIS ET 
L O N G U S ) (EP: F i g s . 30 -33 ) : 

(Murie, 1872: 159, fig. 8: "extensores prirni and 
secundi internodii pollicis"; Bahrdt, 1933: 240, 

f ig . 23 . ) 

O R I G I N ; F leshy f r o m e n t i r e la te ra l a n d 
a n t e r o l a t e r a l s i d e s o f u lna e x c e p t i t s ba re 
p o s t e r o d i s t a l a rea , i n c l u d i n g la te ra l s i de of 
o l e c r a n o n d i s t a l to i n s e r t i o n of m e d i a l head o f 
t r i c e p s ; f r o m i n t e r o s s e o u s m e m b r a n e ; a n d 
even f r o m p r o x i m a l pa r t s o f p o s t e r i o r edge and 
m e d i a l s i de o f u l n a . In INPA-PB 8, s o m e f i b e r s 
a l so a r o s e f r o m p o s t e r o l a t e r a l s i d e o f p r o x i m a l 
end of r a d i u s . P rox ima l end of m u s c l e c r o s s e d 
by s h i n i n g t e n d i n o u s bands p a s s i n g pos te ro -
d i s t a d . 

I N S E R T I O N : P inna te o n t o s u p e r f i c i a l s h i n i n g 
fasc ia p a s s i n g i n to f l a t t e n d o n , w h i c h runs an-
t e r o d i s t a d t h r o u g h p o s t e r i o r g r o o v e of r a d i u s , 
b e n e a t h e x t e n s o r d i g i t o r u m c o m m u n i s t e n d o n s 
and a c r o s s t e n d o n s of e x t e n s o r ca rp i r a d i a l i s 
and b r a c h i o r a d i a l i s . Tendon p a r t l y d i v i d e d a t 
i n s e r t i o n , a n t e r i o r p a r t g o i n g t o a n t e r i o r and 
p o s t e r i o r p a r t t o l a te ra l s i d e o f p r o x i m a l end 
of m e t a c a r p a l I; an e x t e n s i o n of p o s t e r i o r p a r t 
passes as t h i n t e n d o n t o pha lanx of d i g i t I (no t 
o b s e r v e d in INPA-PB 9) . 

R E M A R K S : M u r i e , b u t n o t Bahrd t , f o u n d a 
par t i a l d i v i s i o n o f t h i s m u s c l e i n to t w o p a r t s ; 
n e i t h e r o b s e r v e d an e x t e n s i o n t o t h e pha lanx . 
The p a r t w h i c h M u r i e f o u n d a r i s i n g f r o m t h e 

i n t e r o s s e o u s space ( h i s " s e c u n d i i n te rnod i i 
p o l l i c i s " ; p r o b a b l y = e x t e n s o r p o l l i c i s b rev i s ) 
m o s t l i k e l y c o r r e s p o n d s t o t h e s e p a r a t e m u s c l e 
o f t h e d u g o n g w h i c h I c a l l e d t h e ?abduc to r 
p o l l i c i s l o n g u s ( D o m n i n g , 1S77a) , and w h i c h 
has n o t been o t h e r w i s e o b s e r v e d in Trichechus. 

I d i d n o t f i n d a p r o n a t o r t e r e s , nor any 
rad ia l i n s e r t i o n of t he f l e x o r c a r p i r ad ia l i s t h a t 
m i g h t r e p r e s e n t i t . H o w e v e r , B a h r d t (1933: 
240, f i g s . 22, 24) f o u n d i t w e l l d e v e l o p e d In 
T. senegalensis, and M u r i e (1872 : 160, f i g . 13: 
" p r o n a t o r rad i i t e r e s " ) o b s e r v e d i t in one T. 
manatus, t h o u g h in a s e c o n d (1880: 32, p i . 8 : 
f i g . 3) i t w a s f u s e d w i t h t h e f l e x o r ca rp i 
r a d i a l i s . w h i c h had a rad ia l i n s e r t i o n . I t w a s 
d i s t i n c t t h o u g h v e s t i g i a l in one Dugong 
( D o m n i n g , 1 9 7 7 a ) . 

M . FLEXOR CARPI R A D I A L I S (FCR: F igs . 
3 3 - 3 5 ) : 
(Murie, 1872: 160, fig. 13; Murie, 1880: 32, p i . 
8: f ig. 3; Bahrdt, 1933: 240. figs 22, 24 . ) 

O R I G I N ; T e n d i n o u s f r o m a n t e r o d i s t a l s ide 
o f e n t e p i c o n d y l e of h u m e r u s . P rox ima l end 
s h e a t h e d in s h i n i n g f a s c i a on b o t h s i d e s ; deep 
fasc ia has s m a l l a t t a c h m e n t to m e d i a l s ide of 
p r o x i m a l end of u l n a . 

I N S E R T I O N ; C o m p l e x l y p i n n a t e , e n d i n g in 
w i d e , s t r o n g t e n d o n on p r o x i m a l ends of me ta ­
ca rpa l s I and I I , and ( i n INPA-PB 9) d i s ta l 
c a r p a l . D i s t a l p a r t o f m u s c l e c o v e r e d in 
s h i n i n g f a s c i a . 

R E M A R K S : Has no rad ia l o r i g i n (as In 
Dugong) o r i n s e r t i o n (as in T. manatus). In 
Dugong i t a t t a c h e s t o t h e d i s ta l ca rpa l as w e l l 
as t o t h e m e t a c a r p a l s ( D o m n i n g , 1977a ) , w h i l e 
In T. senegalensis B a h r d t m e n t i o n s o n l y In ­
s e r t i o n s on b o t h p r o x i m a l and d i s t a l a n t e r i o r 
c a r p e l s . 

M . P A L M A R I S L O N G U S : 
(Murie, 1872: 160-161, figs 13, 14; probably not 
equivalent to "palmaris longus" of Murie. 1880: 
32-33, pi . 8: fig. 3, or Bahrdt , 1933: 240, figs 
22, 2 4 . ) 

O R I G I N : F r o m e n t e p i c o n d y l e of h u m e r u s 
t o g e t h e r w i t h f l e x o r ca rp i r a d i a l i s , by t h i n 
a p o n e u r o s i s c o v e r i n g p o s t e r i o r s u r f a c e of 
l a t t e r ' s p r o x i m a l e n d . M o r e d i s t a l l y v i s i b l e as 
t h i n f u s i f o r m b e l l y b e t w e e n f l e x o r ca rp i radi ­
a l i s and f l e x o r d i g i t o r u m . 



I N S E R T I O N ; By t h i n s u p e f r i c i a l t e n d o n o n t o 
su r face o f pa lma r m u s c l e s in f o r k b e t w e e n 
f l exo r d i g i t o r u m t e n d o n s t o d i g i t s II and I I I . 

R E M A R K S : O b s e r v e d o n l y on le f t s i d e o f 
INPA-PB 9 . M u r i e (1872) r e p o r t e d a d i s t i n c t 
" p a l m a r i s l o n g u s " l y i n g a b a f t and " e n w r a p p i n g " 

the f l e x o r ca rp i u l n a r i s . and i n s e r t i n g on me ta ­
carpa l V, In one T. manatus. In a s e c o n d 
s p e c i m e n (1880) he t h o u g h t t h e p a l m a r i s 
longus m i g h t be r e p r e s e n t e d by w h a t he 
a l t e r n a t i v e l y t e r m e d t h e " f l e x o r b r e v i s m i n i m i 
d i g i t i " : t h i s I r e g a r d as an ? a b d u c t o r d i g i t i 
q u i n t i . The name " p a l m a r i s l o n g u s " may be 
app l i cab le t o b o t h M u r i e ' s f i r s t case and t h e 
p r e s e n t one , as t h i s m u s c l e is h i g h l y v a r i a b l e , 
f o r e x a m p l e in h u m a n s . W h e n n o t d i s t i n c t in 
s i r e n i a n s , i t is p e r h a p s s i m p l e s t t o r e g a r d f t as 
absen t ra the r t h a n f u s e d w i t h t h e f l e x o r ca rp i 
u lna r i s , as p a s t a u t h o r s ( i n c l u d i n g D o m n i n g , 
1977a) have a s s u m e d . 

M . FLEXOR D I G I T O R U M (SUPERFICIALIS 
£T PROFUNDUS) ( F D : F igs . 33 -35 ) : 

(Murie, 1872: 160, fig, 13: "flexor subl imis" + 
"flexor profundus"; Murie, 1880: 32-33, pi . 8: 
f igs. 3, 4; Bahrdt, 1933: 240, f igs. 22, 24: "flexor 
sublimis + p r o f u n d u s " ) 

O R I G I N : Tend inous f r o m d i s t a l s i de o f 
e n t e p i c o n d y l e o f h u m e r u s : p r o x i m a l e n d 
shea thed in s h i n i n g f a s c i a on b o t h s i d e s . 
M u s c l e o v e r l a p p e d and e n c l o s e d p o s t e r i o r l y by 
f l e x o r carp i u l n a r i s . In t h e r i g h t f l i p p e r o n l y 
of INPA-PB 9, s o m e f i b e r s a r o s e f r o m ante­
b rach ia l f a s c i a b e t w e e n f l e x o r d i g i t o r u m and 
f l exo r ca rp i u l n a r i s , and a p a r t l y sepa rab le 
deep an te r i o r p a r t had f l e s h y o r i g i n f r o m an-
t e r o d i s t a l end o f u l n a . In INPA-PB 117, a s m a l l 
bund le o f f i b e r s a rose f r o m p o s t e r o m e d i a l s i de 
of d i s ta l end of rad ius and j o i n e d a n t e r i o r s i de 
o f musc le ' s - d i s t a l e n d . 

I N S E R T I O N : P inna te on s t r o n g i n t e rna l 
t e n d o n w h i c h d i v i d e s o v e r p r o x i m a l pa r t s o f 
m e t a c a r p a l s ; b ranches t o d i g i t s l l - IV i n s e r t on 
p rox ima l e n d s o f p h a l a n g e s . A s m a l l , t h i n , f l a t 
t endon d i v e r g e s at a s h a r p ang le f r o m pos­
t e r i o r edge of t e n d o n t o d i g i t IV, a b o u t 1/3 o f 
w a y d i s t ad a long m e t a c a r p a l IV, and i n s e r t s a t 
d i s ta l end of m e t a c a r p a l V o n t o t e n d i n o u s 
c o v e r i n g of p r o x i m a l pha langea l j o i n t . In INPA-

PB 9 t h i s s m a l l t e n d o n e n d e d on s u r f a c e o f 
p o s t e r i o r pa lma r m u s c l e s . O n r i g h t s i de o f 
INPA-PB 8, a d e e p a n t e r i o r p a r t o f m u s c l e s e n t 
t e n d o n t o d i g i t I I , w h i l e t h e s t r o n g e r t e n d o n s 
t o 111 a n d IV w e r e f r o m a s u p e r f i c i a l pa r t ; on 
l e f t s i d e t h e s e pa r t s w e r e n o t s e p a r a b l e and 
t h e t e n d o n t o II w a s v e r y t h i n , l i k e t h a t t o V . 
In INPA-PB 117 t h e m u s c l e w a s l i k e w i s e m o r e 
c l e a r l y s u b d i v i d e d than in INPA-PB 14; i t w a s 
nea r l y d i v i s i b l e on p o s t e r o m e d i a l s i d e a t a b o u t 
m i d d l e of f o r e a r m , t h e s m a l l e r p o s t e r i o r p a r t 
s e n d i n g a p o w e r f u l t e n d o n t o d i g i t IV and a 
v e r y t i n y one t o a n t e r i o r s i de of V . A n t e r i o r 
p a r t s e n t t w o s m a l l pa ra l l e l b r a n c h e s t o II and 
a s t r o n g pa i r of pa ra l l e l t e n d o n s ( o n e d i v i d e d 
t e n d o n ) t o I I I , and a l so s e n t a f e w f i b e r s o n t o 
t e n d o n to IV a t leve l of p r o x i m a l pa r ts of me ta ­
c a r p a l s . In INPA-PB 6 t h e t e n d o n t o V w a s 
a b s e n t . 

R E M A R K S : [n T. manatus M u r i e f o u n d 
t e n d o n s on ly t o d i g i t s l l - IV, b u t Bahrd t s h o w s 
a w e l l - d e v e l o p e d b r a n c h t o V in T. senegalensis. 
In a l l m a n a t e e s the d i v i s i o n i n t o s u p e r f i c i a l 
and d e e p p o r t i o n s s e e m s t o be s l i g h t and 
v a r i a b l e at bes t , in c o n t r a s t t o t h e w e l l - m a r k e d 
d i v i s i o n o b s e r v e d in Dugong ( D o m n i n g , 1977a ) . 

A f l e x o r p o l l i c i s l ongus w a s no t o b s e r v e d ; 
M u r i e [ 1872 : 160; 1880: 32-33) and B a h r d t 
(1933: f i g . 24) t o o k i t t o be f u s e d w i t h t h e 
f l e x o r d i g i t o r u m . It is a l so a b s e n t in Dugong 
( D o m n i n g . 1 9 7 7 a ) . 

M . FLEXOR CARPI U L N A R I S ( F C U ; F i g s , 
5, 30, 32 , 33, 3 5 ) : 
(Murie, 1872: 160-161, figs. 13, 14; Murie, 1880: 
32-33, pi. 8: f ig . 3; Bahrdt , 1933: 240, f igs . 22. 
24 . ) 

O R I G I N : T e n d i n o u s and f l e s h y f r o m pos­
t e r o m e d i a l p r o t u b e r a n c e o f e n t e p i c o n d y l e o f 
h u m e r u s . Has p r o m i n e n t t e n d o n e x p o s e d a long 
p r o x i m a l t h i r d of i t s a n t e r o m e d i a l e d g e , w h i c h 
p r o x i m a l l y o v e r l a p s f l e x o r d i g i t o r u m . 

I N S E R T I O N ; B roadens r a p i d l y i n t o t h i c k 
t r i a n g u l a r shee t , i n s e r t i n g by a p o n e u r o s i s a t 
i t s base a l ong w h o l e p o s t e r o l a t e r a l e d g e o f 
m e t a c a r p a l V, b u t c h i e f l y by t e n d o n a t d i s t a l 
end of m e t a c a r p a l . In INPA-PB 6, h o w e v e r , w a s 
c o n f i n e d t o p r o x i m a l p a r t o f m e t a c a r p a l , as 
s h o w n by M u r i e ( 1 8 7 2 ) . 



R E M A R K S : N O t r a c e of a d i v i s i o n o b s e r v e d 
t h a t m i g h t c o r r e s p o n d t o a p a l m a r i s l ongus as 
d e s c r i b e d by M u r i e (1872) ( s e e d i s c u s s i o n o f 
l a t t e r m u s c l e , a b o v e ) . 

? M . A B D U C T O R DIGITI OUINTI ( A b D : 

F i g s . 33 , 3 5 ) : 
(Murie, 1872: 161: "flexor brevis minimi digiti"; 
f igs . 13, 14: "abductor minimi digiti"; Murie, 
1880: 34, pi. 8: f ig . 3: "palmaris longus" a n d / o r 
"flexor brevis min imi digi t i" . ) 

O R I G I N : F l e s h y f r o m d i s t a l p a r t o f an ­
t e b r a c h i a l f a s c i a , c o n t i n u o u s p r o x i m a l l y w i t h 
f l e x o r ca rp i u l n a r i s , b u t m o r e d i s t a l l y f o r m i n g 
s e p a r a t e bund le r u n n i n g pa ra l l e l t o m e t a c a r p a l 
V a c r o s s m e d i a l s i de of i n s e r t i o n of f l e x o r ca rp i 
u l n a r i s . A t t h i s b u n d l e ' s p o s t e r o p r o x i m a l e d g e , 
w h e r e the t w o m u s c l e s beg in to s e p a r a t e , a 
t e n d i n o u s pa t ch is e x p o s e d on m e d i a l s u r f a c e 
of a b d u c t o r d i g i t i q u i n t i . 

I N S E R T I O N : F l e s h y and t e n d i n o u s a l o n g 
w h o l e p o s t e r i o r edge of m e t a c a r p a l V ( m e d i a l 
t o f l e x o r ca rp i u l n a r i s ) , and on p o s t e r o m e d i a l 
s i de o f i t s d i s t a l e n d . 

R E M A R K S : The l a b e l l i n g o f t h i s and t h e 
f o l l o w i n g m u s c l e in M u r i e ' s (1872) I l l u s t r a t i o n s 
c o n f l i c t s w i t h h i s t e x t and la te r w o r k ( 1 8 8 0 ) ; 
he re , as in t h e c a s e of Dugong ( D o m n i n g , 
1977a) , I have n a m e d t h e m in a c c o r d a n c e w i t h 
t h e r e l a t i v e p o s i t i o n s o f s i m i l a r m u s c l e s in 
the h u m a n hand , t h o u g h t h e h o m o l o g i e s a re 
of c o u r s e u n c e r t a i n . The i r f o r m s in T. manatus 

and T. Inunguis s h o w no s i g n i f i c a n t d i f f e r e n c e s . 

? M . r L E X O R DIGITI QUINTI BREVIS ( F D Q : 

F i g s . 3 3 - 3 5 ) : 
(Murie, 1872: 161: "abductor min imi digiti"; 
f igs . 13, 14: "flexor brevis minimi digiti"; 
Murie, 1880: 34, p i . 8: f igs . 3, 4: "abductor 
minimi digi t i" . ) 
O R I G I N : Tend inous f r o m f a s c i a c o v e r i n g 

u lna r c a r p a l . A n t e r i o r p a r t of t e n d o n o f o r i g i n 
Is a s h o r t f l a t band e x t e n d i n g a n t e r o p r o x i m a d 
benea th f l e x o r d i g i t o r u m . 

I N S E R T I O N ; By s h o r t , f l a t t e n d o n o n t o 
pa lma r s i de of p r o x i m a l end of p r o x i m a l 
pha lanx V, p o s t e r i o r t o l u m b r i c a l i s V . 

R E M A R K S ; See f o r e g o i n g m u s c l e . In one 
T. manatus, M u r i e (1880: 34 , p i . 8: f i g s . 3 , 4) 
o b s e r v e d a s e p a r a t e m u s c l e a r i s i n g f r o m t h e 
u lna or u l n a r ca rpa l and i n s e r t i n g on t h e rad ia l 

e d g e o f d i g i t V , w h i c h he t e n t a t i v e l y t e r m e d an 

" o p p o n e n s m i n i m i d i g i t i " . Th i s w a s a b s e n t in 

m y s p e c i m e n s , o r f u s e d w i t h t h e u n d i v i d e d 

f l e x o r d i g i t i q u i n t i b r e v i s . 

? M . FLEXOR POLLICIS BREVIS (FP: F igs . 

3 3 - 3 5 ) : 
(Murie, 1880: 34, p i . 8: f igs . 3, 4: "flexor brevis 
pol l ic is o r , . , adductor pol l ic i s" , ) 

O R I G I N ; T e n d i n o u s f r o m f a s c i a o v e r j u n c t i o n 
o f p r o x i m a l e n d s o f m e t a c a r p a l s I and I I ; f o r m s 
v e r y s m a l l b u n d l e a n t e r i o r and s i m i l a r t o 
i n t e r o s s e u s I I , 

I N S E R T I O N : T e n d i n o u s on p o s t e r o m e d i a l 

s i de o f pha lanx 1. 

R E M A R K S ; A b s e n t in M u r i e ' s f i r s t s p e c i m e n 

of T. manatus ( 1 8 7 2 ) , and in Dugong ( D o m n i n g , 

1 9 7 7 a ) . 

M M . L U M B R I C A L E S (Lu l l l -V : F igs . 33 -35 ) : 
(Murie, 1872: 161, f igs . 13, 14, 15: "superficial 
interossei"; Murie, 1880: 33, pi . 8: f igs. 3, 4: 
"superficial interossei" + " lumbr ica l i s" ) 

In t h r e e d i s t i n c t d i v i s i o n s , a t t a c h i n g t o 
d i g i t s l l l -V : 

— 111 (Lu I I I ) : 

O R I G I N ; T e n d i n o u s and f l e s h y f r o m w r i s t 
f a s c i a o v e r p r o x i m a l end of m e t a c a r p a l I I . 

I N S E R T I O N : T e n d i n o u s on a n t e r i o r s i de of 
p r o x i m a l end of p r o x i m a l pha lanx 111. In INPA-
PB 8, s o m e f i b e r s i n s e r t e d on d i s t a l p a r t o f 
m e t a c a r p a l I I . F o r m s n a r r o w l y e x p o s e d b u t 
t h i c k m u s c l e m a s s b e t w e e n m e t a c a r p a l s II 
and I I I . 

— IV (Lu I V ) : 
O R I G I N : F leshy and t e n d i n o u s f r o m fasc ia 

o v e r p r o x i m a l e n d of m e t a c a r p a l 111. 

I N S E R T I O N : F i l l s c r e v i c e b e t w e e n me ta ­
ca rpa l s III and IV; d i v i d e s d i s t a l l y , p a r t go ing 
t o p o s t e r i o r s i d e s of d i s t a l end of m e t a c a r p a l 
and p r o x i m a l end of p r o x i m a l p h a l a n x of d i g i t 
I I I , and p a r t t o a n t e r i o r s i d e s o f m e t a c a r p a l and 
pha lanx IV; i n s e r t i o n s t e n d i n o u s and f l e s h y on 
m e t a c a r p a l s and t e n d i n o u s on p h a l a n g e s . 

— V (Lu V ) : 
O R I G I N : F l e s h y and t e n d i n o u s f r o m fasc ia 

o v e r p r o x i m a l end o f m e t a c a r p a l IV; o v e r l a p p e d 
p o s t e r i o r l y by f l e x o r d i g i t i q u i n t i b r e v i s . 

I N S E R T I O N ; F leshy b e l l y ( l a r g e s t of t h e 
t h r e e l u m b r i c a l e s ) d i v i d e s d i s t a l l y b e t w e e n 



m e t a c a r p a l s IV and V, i t s pa r t s i n s e r t i n g 
f l e s h i l y and t e n d i n o u s l y on p o s t e r i o r and an­
t e r i o r s i d e s of d i s t a l e n d s o f m e t a c a r p a l s IV 
and V, r e s p e c t i v e l y , p o s s i b l y w i t h t e n d i n o u s 
e x t e n s i o n s t o p r o x i m a l e n d s of p r o x i m a l 
pha langes IV and V . In INPA-PB 117, s o m e 
f i be r s i n s e r t e d on t h i n t e n d o n of f l e x o r d i ­
g i t o r u m t o p r o x i m a l pha lanx V . 

R E M A R K S : See unde r i n t e r o s s e i , b e l o w . 

M M . INTEROSSEI ( I n to l l -V : F igs . 33 , 3 4 ) : 
(Murie, 1872: 161, fig. 15: "deep" or "dorsal 
interossei"; Murie, 1880: 33-34, p i . 8: f ig . 4 . ) 

I d i v i d e t h e s e i n to f o u r g r o u p s , a c c o r d i n g 
to t h e d i g i t s ( l l -V) on w h i c h t h e y i n s e r t . A l l 
have s o m e s h i n i n g f a s c i a on t h e i r s u r f a c e s , 
and l ie deep t o t h e l u m b r i c a l e s . 

— II ( I n to I I ) : 

O R I G I N : In t h r e e f a i r l y s e p a r a b l e b u n d l e s : 
a n t e r o m o s t f r o m p o s t e r i o r s i de of p r o x i m a l 
end of m e t a c a r p a l I ( f l e s h y ) ; o t h e r s t e n d i n o u s 
f r o m base and f l e s h y f r o m p a l m a r s i de of 
p rox ima l end of m e t a c a r p a l I I . 

I N S E R T I O N ; T e n d i n o u s on me taca rpo -pha -
langea! j o i n t I I . 

— I l l ( I n to I I I ) : 

O R I G I N : T e n d i n o u s f r o m base and f l e s h y 
f r o m p r o x i m a l ha l f o f p a l m a r s i de of m e t a c a r p a l 
111. Has a n t e r i o r and p o s t e r i o r d i v i s i o n s and is 
la rge b u t v e r y n a r r o w l y e x p o s e d b e t w e e n 
l u m b r i c a l e s i l l and IV . 

I N S E R T I O N ; T e n d i n o u s on me taca rpo -pha -

langeal j o i n t 111, 

— IV ( In to I V ) : 

O R I G I N ; Tend inous f r o m base and f l e s h y 
f r o m p r o x i m a l ha l f o r m o r e of pa lma r s i de of 
me taca rpa l IV . Has w e l l - s e p a r a t e d a n t e r i o r 
and p o s t e r i o r d i v i s i o n s , n a r r o w l y e x p o s e d 
b e t w e e n l u m b r i c a l e s IV and V . 

I N S E R T I O N . - T e n d i n o u s on me taca rpo -pha -
langeal j o i n t I V . 

— V ( I n t o V ) : 

O R I G I N ; T e n d i n o u s and f l e s h y f r o m a n t e r i o r 
s ide of base , and f l e s h y f r o m p r o x i m a l ha l f o f 
a n t e r o m e d i a l s i de , of m e t a c a r p a l V ; u n d i v i d e d . 

I N S E R T I O N ; T e n d i n o u s on a n t e r o m e d i a l s i de 
of m e t a c a r p o - p h a l a n g e a l j o i n t V . 

R E M A R K S ; The a r r a n g e m e n t of l u m b r i c a l e s 
d e s c r i b e d above is a l m o s t i d e n t i c a l t o t h a t of 
t h e " s u p e r f i c i a l i n t e r o s s e i " f o u n d in 7". manatus 
by M u r i e ( 1880 ) ,and I r e g a r d t h e s e as equ i va ­
l e n t d e s p i t e M u r i e ' s f i n d i n g , in t h e s a m e spec i ­
m e n , o f " a s i n g l e d i s t i n c t l u m b r i c a l m u s c l e " 
f r o m t h e w r i s t - f a s c i a t o t h e f o u r t h d i g i t ; t h i s I 
c o n s i d e r m e r e l y a c h a n c e s u b d i v i s i o n of t h e 
a d j a c e n t " s u p e r f i c i a l i n t e r o s s e i " . S u b s t a n ­
t i a l l y t h e s a m e p a t t e r n w a s a l s o e n c o u n t e r e d 
in Dugong ( D o m n i n g , 1977a ) , e x c e p t t h a t t h e r e 
t h e l u m b r i c a l e s d i d n o t a t t ach t o t h e u l n a r s i d e s 
of t he d i g i t s as t h e y s e e m t o p r e d o m i n a n t l y do 
in Trichechus. M u r i e ' s f i r s t T. manatus (1872) 
s h o w e d an even m o r e c o m p l e x a r r a n g e m e n t of 
" s u p e r f i c i a l i n t e r o s s e i " t h a n t h e s e c o n d 
( 1 8 8 0 ) . The " d e e p i n t e r o s s e i " o f M u r i e 
l i k e w i s e c o r r e s p o n d in gene ra l t o t h e " i n t e ­
r o s s e i " I have d e s c r i b e d in T. inunguis and 
Dugong; h o w e v e r , t h e d e t a i l e d a t t a c h m e n t s o f 
a l l t h e s e m u s c l e s d i f f e r s l i g h t l y in each 
s i r e n i a n , and t h e r e s e e m s t o be l i t t l e h o p e o f 
h o m o l o g i z i n g t h e i r i n d i v i d u a l pa r t s w i t h 
m u s c l e s in t h e h u m a n h a n d . Thus I have 
a d o p t e d t h e s i m p l e c o n v e n t i o n o f r e g a r d i n g t h e 
s u p e r f i c i a l p a l m a r m u s c l e s o f s i r e n i a n s as 
as l u m b r i c a l e s and t h e d e e p e r l aye r as in te ­
r o s s e i , r e c o g n i z i n g a c o n s i d e r a b l e d e g r e e o f 
i n d i v i d u a l v a r i a t i o n in b o t h . 

M U S C L E S OF THE PELVIC A N D GENITAL 
REGION (FEMALE) 

M . I S C H I O C O C C Y G E U S ( Isc ; F igs . 3. 36 , 
37, 40, 4 1 , 4 4 ) : 

(Krauss . 1872: 263, 268: ?"Muslíel X", in part; 
Murie, 1872: 161462, f igs . 9, 46, 50: "ischio-" 
a n d / o r "ilio-coccygeus"?; Freund, 1930: 438, figs. 
6, 7, 8: "ischiococcygeus"?) 

O R I G I N ; F leshy f r o m p o s t e r o v e n t r a l p a r t of 
l a t e ra l s i de of i s c h i u m , p o s t e r o v e n t r a l t o 
i n s e r t i o n of r e c t u s a b d o m i n i s . 

I N S E R T I O N : F ibe rs pass a f t and i m m e d i a t e l y 
b l end w i t h t h o s e o f o v e r l y i n g c u t a n e u s t r u n c i 
p a s s i n g p o s t e r o m e d i a d t o c h e v r o n b o n e s . 

R E M A R K S ; Th is c o r r e s p o n d s t o t h e i s c h i o -
c o c c y g e u s o f Dugong ( D o m n i n g , 1977a) . i t is 
unc l ea r f r o m M u r i e ' s d e s c r i p t i o n of t h e " i s c h l o -



Figs . 36-40 — Female pelv ic and genital m u s c l e s : 36, vent ra l v i ew of perineal reg ion , cutaneus t runc i removed on r ight s ide: 37. r ight lateral v i ew of perineal 
region and vent ro la tera l part o f base of ta i l , mos t of r igh t cutaneus t runc i and abdominal muscles removed , pos teromost part of r ight cutaneus t runc i and part 
of le f t v i s ib le ; 38, medial v iew of r ight isch ium and at tached musc les : 39, medial v iew of r ight i sch ium, showing musc le a t tachments ; 40. lateral v i ew of same. 



or . . . i l i o - c o c c y g e u s " in T. manatus. and 
Freund 's o f t h e " i s c h i o c o c c y g e u s " in T. 
inunguis, w h e t h e r t h e y w e r e o b s e r v i n g t h i s 
m u s c l e or t h e r e t r a c t o r i s c h i i (qv.). 

M u r i e ' s " l e v a t o r a n i " ( 1872 : 162. f i g . 50) 
is he re d e s c r i b e d as p a r t o f t h e c u t a n e u s 
t r u n c i ( q v ) . 

M . RETRACTOR ISCHI I ( R e l : F i gs . 3 . 36-39, 
41 -43 ) : 
(Stannius, 1845: 9; Stannius , 1849: 35: "retractor 
ischii" or "ischio-caudalis"; KTauss, 1872: 278: 
'"levator recti"; Murie , 1872: 161-162, f igs . 9, 
46, 50: "ischio-" a n d / o r "ilio-coccygeus"?; 
Freund, 1930: 438, f igs . 6, 7, 8: "ischiococcy­
geus"?) 

O R I G I N . - T e n d i n o u s and f l e s h y f r o m t i p s o f 

c h e v r o n s 3 and 4 . 

I N S E R T I O N ; C r o s s e s s a c r o c o c c y g e u s ven -
t ra l i s l a te ra l i s as t h i n b u t d i s t i n c t band and 
i n s e r t s f l e s h i l y on m e d i a l s i d e of i s c h i u m , at 
an te r i o r edge near do rsa l c o r n e r . 

R E M A R K S ; Th is c l e a r l y c o r r e s p o n d s t o t h e 
" t h i n and w e a k " m u s c l e w h i c h S t a n n i u s f o u n d 
a r i s ing f r o m t h e c h e v r o n s o f " t h e f i r s t t w o 
caudal v e r t e b r a e " in T. inunguis. ( M u r i e , i n c i ­
den ta l l y (1872 : 162) , m i s i n t e r p r e t e d t h e 
f o o t n o t e in w h i c h S t a n n i u s m a k e s t h i s 
s t a t e m e n t t o be a q u o t a t i o n f r o m Rapp ( 1 8 3 7 ) . 
A s he made t h e s a m e e r r o r i n r e g a r d t o the 
sca lenus (1872: 152 ) , M u r i e had e v i d e n t l y n o t 
seen Rapp 's w o r k a t f i r s t h a n d . ) Th is m u s c l e 
a lso c o r r e s p o n d s t o the r e t r a c t o r i s c h i i o f 
Dugong ( D o m n i n g , 1977a) , w h e r e it is b e t t e r 
d e v e l o p e d . A s no ted a b o v e , i t is u n c e r t a i n 
w h e t h e r t h e m u s c l e of T. manatus w h i c h M u r i e 
(1872) t o o k t o be i t s e q u i v a l e n t w a s n o t in 
f a c t t he i s c h i o c o c c y g e u s o f t h i s d e s c r i p t i o n , 
and t h e s a m e ho lds t r u e fo r t h e " i s c h i o ­
c o c c y g e u s " of T. inunguis d e s c r i b e d by F reund 
( 1 9 3 0 ) ; t h o u g h bo th s e e m m o r e l i k e l y t o have 
been t h e r e t r a c t o r i s c h i i , as t h e i s c h i o c o c c y ­
geus is n o t d i s t i n c t l y s e p a r a b l e f r o m t h e 
cu taneus t r u n c i . 

M . CONSTRICTOR V U L V A E ( C o V u : F igs . 

36, 3 7 ) : «• 
(Murie, 1872: 162, fig. 50: "sphincter vaginae"; 
Freund, 1930: 438: "constrictor vulvae"; figs. 6, 
7, 8: "sphincter vaginae". ) 

Forms f l e s h y b a n d , f l a t t e n e d in n e a r l y 
ho r i zon ta l p l a n e , a r o u n d s i d e o f v u l v a m e d i a l 
and ven t ra l to c o n s t r i c t o r v e s t i b u l i ; f e l l o w s do 
n o t m e e t in m i d l i n e e i t h e r f o r w a r d or a f t . 
A l m o s t t o u c h e s s p h i n c t e r an i p o s t e r i o r l y . 

M . CONSTRICTOR VESTIBULI ( C o V e : F igs . 

36 -40 ) : 
(Krauss , 1872: 277-279: "ischlo-cavernosus" + 
"muscle resembl ing levator penis"; Murie, 1872: 
162-163, f ig . 50: "erector cl itoridis" + "trans­
v e r s a perinaei"; Freund, 1930: 438, f igs . 6, 
7, 8 . ) 

O R I G I N : i n t w o d i s t i n c t and s e p a r a t e p a r t s : 
a n t e r o d o r s a l par t , a b road band w i t h f l e s h y 
o r i g i n f r o m a n t e r i o r e d g e o f i s c h i u m ; pos­
t e r o v e n t r a l pa r t , a s i m i l a r band w i t h f l e s h y 
o r i g i n f r o m v e n t r a l e d g e and m e d i a l s i de of 
i s c h i u m . 

I N S E R T I O N ; A n t e r o d o r s a l p a r t : w i t h f e l l o w 
o n t o m e d i a n raphe , a n t e r i o r l y o v e r l y i n g pos­
t e r o v e n t r a l pa r t and c o n s t r i c t o r v u l v a e . Pos­
t e r o v e n t r a l p a r t : i n to c o n n e c t i v e t i s s u e on an­
t e r i o r s i de of v u l v a , t o g e t h e r w i t h and d o r s a l 
t o c o n s t r i c t o r v u l v a e . O n m e d i a l s i d e o f 
p o s t e r o v e n t r a l pa r t , and e n c l o s e d w i t h i t in a 
t e n d i n o u s w r a p p e r , is t h e b u l b u s v e s t i b u l i 
( co rpus c a v e r n o s u m v e s t i b u l i o f F r e u n d , 1 9 3 0 ) . 
w h i c h w a s e r r o n e o u s l y c o n s i d e r e d a m u s c u ­
lar d i v i s i o n o f t he c o n s t r i c t o r v e s t i b u l i by 
M u r i e (1872) and D o m n i n g ( 1 9 7 7 a ) . 

R E M A R K S ; The a n t e r o d o r s a l pa r t is a l m o s t 
c e r t a i n l y M u r i e ' s " t r a n s v e r s u s p e r i n a e i " , e v e n 
t h o u g h h is i l l u s t r a t i o n s h o w s t h e l a t t e r a r i s i n g 
aba f t r a t h e r t h a n f o r w a r d o f t h e " e r e c t o r 
c l i t o r i d i s " . The a n t e r o d o r s a l pa r t a l so c o r r e ­
s p o n d s to t h a t w h i c h I m i s t o o k f o r t h e u r e t h r a -
l i s in Dugong ( D o m n i n g , 1977a) . 

M . URETHRALIS ( U : F i g . 3 7 ) : 
(Freund, 1930: 438439, f igs . 7, 8 . ) 

O R I G I N : Fa i r l y t h i c k band a r i s i n g f r o m 
ia teera l s i de of u t e r u s , t o w h i c h i t is t i g h t l y 
a d h e r e n t , and p a s s i n g a r o u n d a n t e r i o r s i d e of 
c e r v i x and u r e t h r a , do r sa l t o c o n s t r i c t o r v u l v a e 
and p o s t e r o d o r s a l t o c o n s t r i c t o r v e s t i b u l i . 

I N S E R T I O N ; M e e t s f e l l o w in m i d l i n e an­

t e r i o r t o u r e t h r a . 



F i f s . 41-44 — Male pelv ic and geni ta l m u s c l e s : 4 1 , vent ra l v i ew of per ineal reg ion, cutaneus t runc i re t racted on 
left s ide and removed on r ight : sheath of rectus abdominis removed ; 42, dorsal (med ia l ] v iew of le f t isch ium and 
poster ior part of do rsum of penis, showing at tached m u s c l e s ; 43, medial v i ew of right i sch ium, showing at­
tachments of musc les and crus penis (cp) ; 44, later ia l v i ew of s a m e . 



R E M A R K S : O v e r l o o k e d by M u r i e a n d 
myse l f ; t h e m u s c l e erf Dugong w h i c h 1 i den t i ­
f i e d as t h e u r e t h r a l i s [ D o m n i n g , 1977a) w a s 
the a n t e r o d o r s a l p a r t o f t h e c o n s t r i c t o r 
v e s t i b u l i . 

? M . I S C H I O C A V E R N O S U S ( I s c v : F i g s . 

38, 3 9 ) : 

O R I G I N : F leshy f r o m m e d i a l s i de of i s c h i u m 
as f a i r l y t h i c k m a s s o f f i b e r s a d h e r e n t t o 
i s c h i u m , and d i s t i n g u i s h a b l e v e n t r a l l y f r o m 
c o n s t r i c t o r v e s t i b u l i by i t s m o r e v e r t i c a l f i b e r 
d i r e c t i o n . 

I N S E R T I O N ; Runs v e n t r a d and s l i g h t l y 
pos te rad o n t o w a l l o f u t e r u s , d o r s a l t o con ­
s t r i c t o r v u l v a e and p o s t e r o v e n t r a l t o u r e t h r a l i s . 

R E M A R K S ; N o t p r e v i o u s l y o b s e r v e d In a 
f e m a l e s i r e n i a n ; F reund (1930: 438) c o n s i d e r e d 
i t a b s e n t in T. inunguis. 

M . SPHINCTER A N I ( S p A : F i g s . 3, 36 , 

37, 4 1 ) : 
(Stannius . 1849: 41; Murie, 1872: 162, f igs . 37, 
50; Freund, 1930: 439, f igs . 6, 7, 8 . ) 

Forms s i n g l e w i d e band e n c i r c l i n g r e c t u m ; 
p o s t e r o d o r s a l e d g e nea r l y t o u c h e s v e n t r a l e n d 
of c h e v r o n 3 . N o t s u b d i v i d e d i n to i n t e rna l and 
ex te rna l pa r t s as S t a n n i u s f o u n d , t h o u g h 
Freund a p p a r e n t l y f o u n d i t u n d i v i d e d in T. 
inunguis. M u r i e ' s a c c o u n t o f T. manatus is 
s o m e w h a t a m b i g u o u s , b u t he re a l so i t s e e m s 
t o have been s i n g l e , as in Dugong ( D o m n i n g , 
1977a ) . 

M U S C L E S OF THE PELVIC A N D GENITAL 
REGION ( M A L E ) 

The f o l l o w i n g d e s c r i p t i o n s a re b a s e d 
p r i nc ipa l l y on INPA-PB 9 . The i s c h i o c o c c y g e u s , 
r e t r ac to r i s c h i i , and s p h i n c t e r ani o f t h e m a l e 
do n o t d i f f e r f r o m t h o s e of t h e f e m a l e , de­
s c r i b e d a b o v e . 

M . I S C H I O C A V E R N O S U S ( I s c v : F i g s . 
41 -44 ) : 
(Stannius, 1845: 9; Stannius , 1849: 41; Vrolik, 
1852: 77; Krauss , 1872: 259, 260, 262; Murie, 1872: 
163, fig. 37; Kaudern, 1917: 209, fig. B; Petit , 
1925: 258-259, fig. 57: " i sch iocaverneux (erecto-
res pen i s )" . ) 

O R I G I N : F leshy f r o m m e d i a l and v e n t r o ­
la te ra l s i d e s of i s c h i u m . 

I N S E R T I O N : F leshy on c m s o f p e n i s , t i g h t l y 

e n v e l o p i n g i t s m e d i a l and v e n t r a l s i d e s . 

M , B U L B O C A V E R N O S U S ( B u i : F ig . 4 1 ) : 
(Krauss , 1872: 263; Murie, 1872: 163, fig. 37; 
Kaudern, 1917: 209, fig. B; Petit , 1925: 259: 
"bulbo-cavemeux { acce le ra to rs ur inae )" . ) 

O R I G I N . - F leshy f r o m s i d e of b u l b u s u r e t h r a e . 
f o r m i n g t h i c k l a y e r o f t r a n s v e r s e f i b e r s 
e n c l o s i n g i t on v e n t r a l s i d e . 

I N S E R T I O N ; W i t h i t s f e l l o w on raphe in 

m i d v e n t r a l l ine of b u l b u s u r e t h r a e . 

M . ISCHIOURETHRAL IS ( l u : F igs . 42 , 4 3 ) : 
(Krauss , 1872: 259, 262, 271: "wurmfbrmiger 
Muskel"; Kaudern, 1917: 210, f ig . B: "retractor 
penis a c c e s s o r i u s " ) 

O R I G I N : F leshy f r o m a n t e r i o r e d g e of 
i s c h i u m , f o r m i n g long t h i n band pa ra l l e l and 
do rsa l t o c r u s p e n i s . 

I N S E R T I O N : C o n t i n u o u s w i t h f e l l o w in 
m i d l i n e , p a s s i n g a r o u n d f r o n t of u r e t h r a . 
C o n n e c t e d t o d o r s u m o f p e n i s by t e n d i n o u s 
s h e e t . In INPA-PB 108 i t w a s p a r t l y d i v i d e d 
l o n g i t u d i n a l l y , t h e p o s t e r i o r d i v i s i o n be ing 
t e n d i n o u s on i t s m e d i a n p o s t e r i o r e d g e . 

R E M A R K S : Pe t i t ( 1925 : 257) f a i l e d t o f i n d 
t h i s in T. senegalensis, b u t d i d i d e n t i f y i t in 
Dugong, c a l l i n g i t a " l e v a t o r p e n i s a c c e s s o -
r i u s " . 

M . LEVATOR PENIS (LP: F i g . 4 2 ) : 
(Vrolik, 1852: 77, f ig . 23: "terugtrekker van den 
penis" = retractor penis; Krauss , 1872: 259-260, 
262, 267, 268, 270, 271; Murie, 1872: 163: "re-
tractores penis"; Kaudern, 1917: 209-210, f igs . 
B , C, D: "retractor penis"; Petit, 1925: 257. ) 

O R I G I N ; F leshy f r o m d o r s o l a t e r a l s i d e o f 
c rus p e n i s i m m e d i a t e l y a d j a c e n t t o i s c h i u m , 
b u t no t a t t a c h i n g t o l a t t e r . In j u v e n i l e ( INPA-
PB 9 ) , f o r m e d t h i n band s i m i l a r , and a n t e r i o r 
and pa ra l l e l t o , i s c h i o u r e t h r a l i s ; m u c h b r o a d e r 
and v e r y p o w e r f u l in adu l t ( INPA-PB 1 0 8 ) . 

I N S E R T I O N ; Jo ins f e l l o w o v e r j u n c t i o n o f 
c r u r a t o f o r m s i n g l e t e n d o n w h i c h p e n e t r a t e s 
d o r s u m of p e n i s and e x t e n d s a l ong d o r s u m i n t o 
pars l i b e r a p e n i s , i n s e r t i n g i n t o c o r p u s 



f i b r o s u m . In a d u l t [ INPA-PB 108 ) , i n s e r t i o n 
was pa r t l y p i nna te on a c o m p l e x m e d i a n g r o u p 
of t e n d i n o u s b a n d s , of w h i c h the p o s t e r i o r 
bands w e r e t r a n s v e r s e { j o i n i n g t h e t w o 
m u s c l e s ) and t h e a n t e r i o r passed a n t e r o m e d i a d 
t o f o r m the la rge s i n g l e m e d i a n t e n d o n o f 
i n s e r t i o n . 

R E M A R K S ; V r o l l k , K r a u s s , and Kaudern 
f ound t h i s m u s c l e t o be b r o a d , l i ke t h a t of t h e 
adu l t e x a m i n e d he re , t h o u g h t h e s p e c i m e n s of 
at leas t t h e f i r s t and las t a u t h o r s w e r e 
i m m a t u r e . Kaudern f o u n d t h e t e n d o n o f in ­
se r t i on d o u b l e and a s y m m e t r i c a l l y d e v e l o p e d . 

A r e t r a c t o r p e n i s e x t e n d i n g a l ong t h e 
ven t ra l s i de o f t h e pen is has n o t been r e p o r t e d 
in s i r e n i a n s . I o b s e r v e d a d i s t i n c t , s t o u t band , 
m o s t l y f i b r o u s b u t a p p a r e n t l y w i t h s o m e 
m u s c l e f i b e r s , e x t e n d i n g f r o m t h e a n t e r i o r 

s u r f a c e of t he s p h i n c t e r ant on to the ven t ra l 
s ide of t he b u l b o c a v e r n o s u s and c o n t i n u o u s 
w i t h the l a t t e r ' s m e d i a n r a p h e ; t h i s , h o w e v e r , 
p robab l y does n o t d e s e r v e t o be ca l l ed a 
m u s c l e b u t o n l y r e p r e s e n t s the " c e n t r a l t end i ­
nous p o i n t " of t h e p e r i n e u m . 

I d i d no t o b s e r v e the " m u s c l e s r e t r a c t e u r s 
d u f o u r r e a u " , a p p a r e n t d e r i v a t i v e s of t h e 
c u t a n e u s t r u n c i i n s e r t i n g on t h e a n t e r i o r w a l l 
o f t h e s h e a t h near t h e gen i t a l o p e n i n g , w h i c h 
w e r e r e p o r t e d by P e t i t (1925: 257. f i g . 58) . 

S t a n n i u s (1849: 41) m e n t i o n e d a pa i r ed 
m u s c l e " a r i s i n g f r o m the p r o c e s s u s s p i n o s u s 
of t he s e c o n d cauda l v e r t e b r a " and i n s e r t i n g 
"on t h e base of t h e p e n i s " . A s t h i s is ap­
p a r e n t l y n o t t h e r e t r a c t o r i s c h i i . w h i c h he 
m e n t i o n s s e p a r a t e l y on p. 35, I a m a t a l oss t o 
i d e n t i f y i t . 



INTERSPECIFIC DIFFERENCES 

The m u s c u l a r s y s t e m s of a l l t h r e e s p e c i e s 
of Trichechus appear t o be q u i t e s i m i l a r ; m o r e 
so , e v e n , t han m i g h t appear f r o m t h e scanty 
l i t e r a t u r e . A s m o s t d e s c r i p t i o n s have been 

based on s i n g l e s p e c i m e n s , i t is n o t s u r p r i s i n g 
tha t i nd i v i dua l v a r i a t i o n s have at t i m e s 
appeared t o be t r u e i n t e r s p e c i f i c d i f f e r e n c e s 
w h e n in r e a l i t y t h e ranges o f v a r i a t i o n in each 
spec ies are s i m i l a r or i d e n t i c a l . In o t h e r cases 
apparen t d i f f e r e n c e s have r e s u l t e d f r o m i m ­
p e r f e c t l y p r e s e r v e d m a t e r i a l , o v e r s i g h t s of t he 
a n a t o m i s t , or m e r e d i f f e r e n c e s of n o m e n ­
c l a t u r e . I have d i s c u s s e d t h e s e cases i nso fa r 
as p o s s i b l e in t h e R e m a r k s i n c l u d e d w i t h t h e 
f o r e g o i n g d e s c r i p t i o n s ; b e s i d e s t h e s e , I a m 
c o n f i d e n t t h a t m o s t of t h e r e m a i n i n g " i n t e r ­
s p e c i f i c " d i f f e r e n c e s w h i c h c o u l d be g l eaned 
f r o m t h e s e d e s c r i p t i o n s w o u l d l i k e w i s e p r o v e 
i l l u so ry on c l o s e r e x a m i n a t i o n . H e r e I w i l l 
c o m m e n t o n l y on the hand fu l of d i f f e r e n c e s 
w h i c h appear to m e t o c o n s t a n t l y s e p a r a t e t h e 
spec ies of m a n a t e e s . I ndeed , on t h e bas is of 
t h e i n c o m p l e t e da ta ava i l ab l e , I f e e l c o n f i d e n t 
in a f f i r m i n g s u c h d i f f e r e n c e s in the c a s e s of 
on ly t w o m u s c l e s , e a c h d i r e c t l y a s s o c i a t e d 
w i t h o s t e o l o g i c a l d i f f e r e n c e s w h i c h l i k e w i s e 
c o n s i s t e n t l y s e p a r a t e t h e s p e c i e s . 

M. rectus capitis lateralis: M u r i e (1872, 
1880) m a k e s no m e n t i o n o f any d i f f i c u l t y 
e n c o u n t e r e d in s e p a r a t i n g t h i s m u s c l e f r o m t h e 
s e m i s p i n a l i s c a p i t i s i n T. manatus, and t h e y 
are c e r t a i n l y v e r y d i s t i n c t in Dugong ( D o m n i n g , 
1977a) . In T. inunguis, t h e r e f o r e , I w a s v e r y 
s u r p r i s e d t o f i n d t h e m c o m p l e t e l y c o n t i n u o u s 
a t t he i r c ran ia l i n s e r t i o n s , t h e f a n l i k e r e c t u s 
rad ia t i ng b r o a d l y f r o m t h e t r a n s v e r s e p r o c e s s 
of t he a t las ra the r t h a n f o r m i n g a s u b c y l i n d r i -
ca l . pa ra l l e l - s i ded b u n d l e . C o r r e l a t e d w i t h t h i s 
is a d i f f e r e n c e in bone s t r u c t u r e a t t h e in­
s e r t i o n ; in t he f o r m e r t w o s p e c i e s t h e do rso la ­
t e ra l border^ of t h e e x o c c i p i t a l ( w h i c h t h e r e 
r e c e i v e s the i n s e r t i o n o f t h e s e m i s p i n a l i s 
c a p i t i s ) is s m o o t h l y r o u n d e d and f e a t u r e l e s s 
( the p r i m i t i v e c o n d i t i o n f o r s i r e n i a n s ) , w h e r e a s 

in T. inunguis i t is b r o a d e n e d in to an over ­
hang ing r u g o s e f l a n g e , t h e r u g o s i t y c o n t i n u i n g 
a r o u n d t h e la te ra l bo rde r o f t h e p o s t e r i o r 
s u r f a c e as fa r as t h e v e n t r a l e n d o f t h e 
e x o c c i p i t a l . V i r t u a l l y t h i s w h o l e r u g o s e a rea , 
i n c l u d i n g t h e f l a n g e , is o c c u p i e d by t h e r e c t u s 
ra the r t han t h e s e m i s p i n a l i s ; t h e l a t t e r ' s i n ­
s e r t i o n is e s s e n t i a l l y c o n f i n e d t o t h e sup ra -
o c c i p i t a l . I t is p l a i n t h a t in 7". inunguis t h e 
r e c t u s has been m o d i f i e d f r o m i t s p r i m i t i v e 
f u n c t i o n o f b e n d i n g the head l a t e r a l l y , and 
s t r e n g t h e n e d to s e r v e a l so as an e x t e n s o r o f 
t h e a t l a n t o o c c t p i t a l j o i n t in c o n j u n c t i o n w i t h 
t h e s e m i s p i n a l i s . The c o n d i t i o n of t h e s e 
m u s c l e s in T. senegalensis has n o t b e e n de­
s c r i b e d , t h o u g h t h e r e "s o f t e n a s l i g h t d e v e l o p ­
m e n t of an o v e r h a n g i n g e x o c c i p i t a l f l a n g e in 
t h i s s p e c i e s . 

M. biceps brachii: A s a l r e a d y n o t e d , t h i s 
is q u i t e d i s t i n c t f r o m t h e c o r a c o b r a c h i a l i s i n 
T. inunguis (as w e l l as Dugong), w h i l e in T. 
manatus t h e t w o are f u s e d p r o x i m a l l y and l ie 
c l o s e l y a d j a c e n t t h r o u g h o u t t h e i r l e n g t h s . Th is 
a c c o r d s w i t h the l a t t e r s p e c i e s ' t o t a l l ack of a 
b i c i p i t a l g r o o v e on t h e h u m e r u s , w h i c h lack 
has s o m e t i m e s been m i s t a k e n l y t h o u g h t t o 
c h a r a c t e r i z e a l l m a n a t e e s in c o n t r a s t t o 
d u g o n g i d s . T. inunguis, h o w e v e r , has a w e l l -
d e v e l o p e d b i c i p i t a l g r o o v e , t h o u g h a v e r y s m a l l 
one by d u g o n g i d s t a n d a r d s . M o s t u n f o r t u n a t e l y 
t h e p r o x i m a l pa r t s o f t h e b i c e p s and c o r a c o ­
b r a c h i a l i s w e r e n o t p r e s e r v e d in B a h r d t ' s 
(1933) s p e c i m e n of T. senegalensis, b u t h e r e 
aga in t h e A f r i c a n s p e c i e s s e e m s t o be 
s o m e w h a t i n t e r m e d i a t e b e t w e e n t h e o t h e r t w o , 
as it has a f a i n t l y d e v e l o p e d b i c i p i t a l g r o o v e . 
The b i c e p s of T. inunguis, h o w e v e r , is c h i e f l y 
r e m a r k a b l e f o r t h e a c c e s s o r y t e n d o n of o r i g i n , 
d e s c r i b e d a b o v e . I ts a t t a c h m e n t on t h e 
h u m e r u s is c l e a r l y m a r k e d in a d u l t s by a s m a l l 
r u g o s i t y a t t he d i s ta l end of t h e l e s s e r t u ­
b e r o s i t y . I have n o t o b s e r v e d t h i s r u g o s i t y in 
7. manatus, in w h i c h the a c c e s s o r y t e n d o n is 
e v i d e n t l y a b s e n t . A s t h i s t e n d o n ac t s t o l i m i t 



e x t e n s i o n of t h e e l b o w , i t is w o r t n n o t i n g t h a t 
t he d i s t a l l i m b s e g m e n t s are p r o p o r t i o n a t e l y 
m u c h l onge r in T. inunguis t h a n in t h e o t h e r 
spec ies (Bah rd t , 1933; Har t , 1 9 3 4 ) , and ac­
c o r d i n g l y e n c o u n t e r g r e a t e r w a t e r r e s i s t a n c e 
in f o r w a r d s t r o k e s o f t h e f l i p p e r , f o r i n s t a n c e 
w h i l e be ing f e a t h e r e d on r e c o v e r y s t r o k e s . 

Dugong d i f f e r s f r o m o n e o r m o r e of t h e 
spec ies of Trichechus i n m a n y m i n o r d e t a i l s 
of m u s c l e s t r u c t u r e and a t t a c h m e n t s w h i c h 
c a n n o t be r e c a p i t u l a t e d he re , b u t w h i c h are 
se t f o r t h in t h e p r e s e n t w o r k and in m y 
d e s c r i p t i o n of Dugong ( D o m n i n g , 1977a ) . H e r e 
I w i l l m e r e l y l i s t t h e o u t s t a n d i n g q u a l i t a t i v e 
f ea tu res w h i c h c h a r a c t e r i z e Dugong i n c o n t r a s t 
t o Trichechus: P resence o f a p l a t y s m a pars 
s c a p u l a r i s , m u s c u l i a u r i c u l a r e s , a s p h i n c t e r 
co l l i p r o f u n d u s pars p a l p e b r a l i s , a r e t r a c t o r 
l a b i o r u m , a s e p a r a t e r e c t u s c a p i t i s d o r s a l i s 
ma jo r , a f l e x o r h a e m a l i s , s e p a r a t e e x t e n s o r e s 
p o l l i c i s b r e v i s e t l o n g u s , and s e p a r a t e f l e x o r e s 

d i g i t o r u m s u p e r f i c i a i i s e t p r o f u n d u s ; a b s e n c e 
of a r e c t u s c a p i t i s v e n t r a l i s ; a b s e n c e o f 
p o r t i o n s of t h e c u t a n e u s t r u n c i c r o s s i n g t h e 
s c a p u l a and e x t e n d i n g o n t o t h e f o r e l i m b , and 
passage of c u t a n e u s f i b e r s p o ^ t e r o d o r s a d i n to 
the t h o r a c i c a p o n e u r o s i s ; a d i v i d e d s e r r a t u s 
m a g n u s ; a t t a c h m e n t o f t h e t r a p e z i u s and 
d e l t o i d e u s t o t h e t e n d i n o u s band c r o s s i n g t h e 
i n f r a s p i n a t u s ; o r i g i n of t h e l a t i s s i m u s do rs l 
f r o m t h e c u t a n e u s t r u n c i a n d i t s i n s e r t i o n 
t o g e t h e r w i t h t h e p e c t o r a l i s m i n o r r a t h e r t h a n 
t h e t e r e s m a j o r ; and m o r e a n t e r i o r o r i g i n of 
t h e s a c r o c o c c y g e u s v e n t r a l i s . The p r e s e n t 
s t u d y has a l so s h o w n t h a t s o m e s u p p o s e d 
d i f f e r e n c e s b e t w e e n t h e g e n e r a , w h i c h I had 
i n f e r r e d f r o m M u r i e ' s a c c o u n t , do n o t e x i s t ; 
f o r e x a m p l e , t h e i n t e r t r a n s v e r s a r i u s c o c c y g e u s 
and the cauda l e x t e n s i o n of t h e c u t a n e u s 
t r u n c i a re d e v e l o p e d t o s i m i l a r d e g r e e s in 
Trichechus and Dugong. Th is m a y y e t p r o v e 
t o be t h e c a s e w i t h s o m e o f t h e a b o v e - l i s t e d 
f e a t u r e s as w e l l . 



MYOLOGY OF D U G O N G : CORRIGENDA 

In t h e c o u r s e of t h i s s t u d y s e v e r a l m i s i n ­
t e r p r e t a t i o n s in m y d e s c r i p t i o n of Dugong 
D o m n i n g , 1977a) have b e c o m e e v i d e n t . These 
may be b r i e f l y l i s t e d h e r e . The l a t e r a l i s nas i 
s e e m s t o be c h i e f l y a d e p r e s s o r of t h e f l o o r o f 
t he nar ia l passage r a t h e r t h a n a m a n i p u l a t o r 
of t he s n o u t . M o s t o f t h e s u p p o s e d " z y g o m a -
t i c o m a n d i b u l a r i s " s h o u l d p r o b a b l y be con ­
s i d e r e d a s u p e r f i c i a l t e m p o r a l i s , and m o s t of 
t h e " o r b i c u l a r i s o r i s " s e e m s t o c o r r e s p o n d t o 
t h e s p h i n c t e r co l l i p r o f u n d u s pa rs o r i s of t h e 
p r e s e n t w o r k . The s u p p o s e d " a r y e p i g l o t t i c u s " 

w a s e v i d e n t l y t h e p a l a t o p h a r y n g e u s . The 
" ? a b d u c t o r p o l l i c i s l o n g u s " s e e m s t o c o r r e ­
s p o n d t o M u r i e ' s " e x t e n s o r s e c u n d i i n t e r n o d i i 
p o l l i c i s " . p r o b a b l y e q u i v a l e n t t o t h e e x t e n s o r 
p o l l i c i s b r e v i s . The p a l m a r i s l ongus is m o r e 
l i ke l y a b s e n t t h a n f u s e d w i t h t h e f l e x o r c a r p i 
u l n a r i s . The s u p p o s e d " u r e t h r a l i s " w a s in f a c t 
t h e a n t e r o d o r s a l p a r t of t h e c o n s t r i c t o r v e s t i -
b u l i , t h e t r u e u r e t h r a l i s h a v i n g b e e n over ­
l o o k e d ; t h e s u p p o s e d s h o r t m e d i a l s l i p of t h e 
c o n s t r i c t o r v e s t i b u l i w a s n o t a m u s c l e b u t 
r a t h e r t h e b u l b u s v e s t i b u l i . 



FUNCTIONAL ANATOMY 

Func t i ona l a n a l y s i s of t h e m a n a t e e ' s e n t i r e 
m y o l o g y is b e y o n d t h e s c o p e of t h i s paper , 
w h i c h is i n t e n d e d as a s o u r c e of m o r p h o l o g i c a l 
data fo r f u t u r e s t u d i e s . H o w e v e r , s o m e 
o b s e r v a t i o n s made in t h e c o u r s e o f t he d i s ­
s e c t i o n s ca l l f o r d i s c u s s i o n g o i n g b e y o n d p u r e 
d e s c r i p t i o n ; t h i s is p r e s e n t e d b e l o w . 

BRISTLES OF THE UPPER LIP 

A key e l e m e n t in t he m a n a t e e ' s f e e d i n g 
appara tus is t h e d i s t i n c t s e t o f l a rge , s t i f f , 
w h i t e b r i s t l e s f o u n d at t h e a n t e r o m e d i a l c o r n e r 
of each of t h e l obes of t h e uppe r l i p . These 
have b e e n w e l l i l l u s t r a t e d f o r 7". manatus by 
V r o l i k (1852 : f i g . 5 ) . M u r i e (1872 : f i g . 7 ) , and 
Gar rod (1877: p i . 28 : f i g s . 1, 2 ) , and f o r T. 
inunguis by S t a n n i u s (1845: f i g . 2 ) . A s n o t e d 
by Pere i ra (1944: 38, 4 0 ) , t h e s e b r i s t l e s can 
be w i t h d r a w n in to t h e s k i n or e x t e n d e d a t w i l l 
to s e r v e in g r a s p i n g and m a n i p u l a t i n g f o o d . 
The m e c h a n i s m o f t h i s a c t i o n has a p p a r e n t l y 
neve r been s t u d i e d and w o u l d p r o b a b l y repay 
a m i c r o s c o p i c e x a m i n a t i o n , t h o u g h i t s m a i n 
f ea tu res s e e m s u f f i c i e n t l y c l e a r in g r o s s 
d i s s e c t i o n . The r oo t s of t he e x t r u s i b i e b r i s t l e s 
are s u r r o u n d e d by m u s c l e f i b e r s s l i g h t l y da rke r 
t han t h o s e of t h e r e s t o f t h e s n o u t . S u c h f i b e r s 
as w e r e g r o s s l y v i s i b l e a p p e a r e d t o r u n l a te ro -
v e n t r a d ; h o w e v e r , e x t e r n a l p r e s s u r e a p p l i e d 
in any d i r e c t i o n t o t h i s r e g i o n in a dead s p e c i ­
men causes t h e b r i s t l e s t o e x t r u d e t o a 
s t a r t l i n g d e g r e e . O n r e l a x a t i o n o f t h e p r e s s u r e 
(or of t he m u s c l e f i b e r s , in a l i ve a n i m a l ) t h e 
b r i s t l e s a re e l a s t i c a l l y r e t r a c t e d i n to t h e i r 
s h e a t h s . 

OPENING OF THE NOSTRILS 

There has been s o m e c o n f u s i o n in t h e 
l i t e ra tu re o v e r the m e c h a n i s m of o p e n i n g and 
c l o s i n g t h e n o s t r i l s in s i r e n i a n s ; h o w e v e r , a 
c lea r and c o r r e c t d e s c r i p t i o n of t h e p r o c e s s 
has been g i ven by G e n s c h o w (1934: 433-435, 

f i g . 2 4 ) . The f l o o r o f t h e na r i a l passage is 
s t r o n g l y c o n v e x d o r s a d and l i g h t l y p i g m e n t e d 
f o r abou t 5 c m i n s i d e t h e n o s t r i l o f a j u v e n i l e 
a n i m a l ; i.e., a d i s t a n c e e q u i v a l e n t t o the f o re -
and-a f t l e n g t h o f t h e p o r t i o n o f t h e l a te ra l i s 
nas i a r i s i n g f r o m t h e s i de of t h e r o s t r u m . 
Th is m u s c l e ' s v e r t i c a l f i b e r s i n s e r t i n to 
t h e f l o o r of t h e p a s s a g e t h r o u g h o u t t h i s 
d i s t a n c e and a c t t o d e p r e s s i t , p e r h a p s a s s i s t e d 
by t h e m a x i l l o n a s o l a b i a l i s . U p o n r e l a x a t i o n o f 
t h e l a t e r a l i s n a s i , t h i s e n t i r e p o r t i o n of t h e f l o o r 
of t h e nar ia l p a s s a g e , and n o t j u s t t h e s m a l l 
pa r t v i s i b l e a t t h e n o s t r i l i t se l f , s p r i n g s back 
a g a i n s t t h e roo f e l a s t i c a l l y , c l o s i n g t h e p a s s a g e . 
A s in c e t a c e a n s and p i n n i p e d s , t h e r e are no 
m u s c l e s w h i c h s e r v e t o c l o s e t h e n o s t r i l s ; t h i s 
is done e n t i r e l y a u t o m a t i c a l l y by e l as t i c t i s s u e , 
and o n l y t h e o p e n i n g is v o l u n t a r y . The l a t t e r 
s e e m s t o be t h e c h i e f f u n c t i o n of t h e l a te ra l i s 
n a s i , c o n t r a r y t o m y e a r l i e r s u p p o s i t i o n 
( D o m n i n g , 1977a) t h a t i t h e l p e d to m a n i p u l a t e 
t h e s n o u t and u p p e r l i p . 

J A W M U S C L E S 

T u r n b u l l (1970) has p r o v i d e d b o t h a 
s i m p l e , s t a n d a r d i z e d f r a m e w o r k f o r bas ic 
ana l ys i s of m a m m a l i a n j a w m e c h a n i c s and a 
la rge a m o u n t of da ta on j a w m u s c u l a t u r e o f 
d i v e r s e m a m m a l s f o r c o m p a r a t i v e p u r p o s e s , 
w i t h w h i c h w e can b r i e f l y e x a m i n e s o m e 
f e a t u r e s of t h e m a n a t e e ' s j a w a p p a r a t u s . 

J a w m u s c l e w e i g h t s o f f o u r j u v e n i l e T. 
inunguis a re g i v e n in Tab le 3 . W i t h t h e s e , and 
w i t h t h e m u s c l e m a p s of F i g s . 10-15. w e c a n 
e s t i m a t e t h e s t a t i c u s e f u l p o w e r (E) o f any 
m u s c l e or s e t of m u s c l e s h e l p i n g t o c l o s e t h e 
j a w , f r o m T u r n b u l l ' s f o r m u l a 

E = M X F L X F x X r 

w h e r e M is t h e w e i g h t of t h e m u s c l e g r o u p 
e x p r e s s e d as a p e r c e n t a g e o f t h e t o t a l jaw-
c l o s i n g m u s c u l a t u r e : F L is a c o r r e c t i o n f a c t o r 



f o r t he m u s c l e ' s ang le of pu l l on i t s e f f o r t 
lever a r m , p r o j e c t e d i n to t h e ( p a r a s a g i t t a l ) 
p lane of j a w c l o s u r e ; F x is a c o r r e c t i o n f a c t o r 
f o r t he d i v e r g e n c e f r o m t h e v e r t i c a l , in a 

TABLE 3. Weights and percentages of mast icatory 
musc les in juveni le Tr ichechus inunguis; left and 
right s ides combined . 

Muscle 

INPA-PB B: 
Masseter 
Zygomaticomandibularis 
Temporal is 

(Superficial t emporal i s ) 
(Deep temporal i s ) 

Pterygoideus internus 
Pterygoideus extenus 
Digastricus 

INPA-PB 8: 
Masseter 
Zygomaticomandibularis 
Temporal i s 
Pterygoideus internus 
Pterygoideus externus 
Digastricus 

INPA-PB 9: 
Masseter 
Zygomaticomandibularis 
Temporalis 

(Superficial temporal i s ) 
(Deep temporal i s ) 

Pterygoideus internus 
Pterygoideus externus 
Digastricus 

INPA-PB 169: 
Masseter 
Zygomaticomandibularis 
Temporal is 

(Superficial temporal is ) 
(Deep temporal i s ) 

Pterygoideus internus 
Pterygoideus externus 
Digastricus » 

Weight % (omitting 
(B) digaitricuj) 

9.3 16,6 17.7 
4 . 1 7 .3 7.8 

27.0 48.1 51.4 
( 9 . 0 ) (16.0) (17.1) 

(18.0) (32 1) (34 .3) 
7.7 13.7 14.7 
4 .4 7.8 8 .4 
3 ,6 6.4 

99.9 100.0 

16.3 
6.6 

13.2 
5 .2 
9.8 

12.4 16.9 19.2 
4 .0 5.S 6.2 

34 .6 47.2 53.6 
(11 .7) (16.0) (18 .1 ) 
(22.9) (31.2) (35.5) 

8.9 12.1 13.8 
4.6 6 .3 7.1 
8.8 12.0 

100.0 99.9 

14.7 17.3 18.5 
6 .5 7 7 8 .2 

40 .4 47 .6 50 9 
(14 .6) (17.2) (18.4) 
(25.8) (30 .4 ) (32.5) 

12.6 14.8 15.8 
5 .3 6.2 6.7 
5 .4 6.4 

100.0 100 1 Tota ls 84.9 

Totals 56.1 

Totals 73.3 

v e r t i c a l t r a n s v e r s e p l a n e , of t he m u s c l e ' s d i ­
r e c t i o n of p u l l ; and r is t h e ra t i o of t h e m u s c l e ' s 
e f f o r t l eve r a r m t o t h e r e s i s t a n c e l e v e r a r m 
of t h e s y s t e m . The r a t i o n a l e , d e r i v a t i o n , use , 
and l i m i t a t i o n s of t h i s f o r m u l a a re e x p l a i n e d in 
m o r e de ta i l by T u r n b u l l (1970 : 2 8 1 - 2 9 6 ) . 

l o ana lyze t h e m a n a t e e ' s j a w - c l o s i n g 
m u s c u l a t u r e , w e f i r s t d i v i d e t h e w e i g h t s of t he 
a d d u c t o r m u s c l e s in Tab le 3 i n t o t h r e e g r o u p s : 
t he w e i g h t s of t h e t e m p o r a l i s ( M t ) . of t h e 
m a s s e t e r p l us z y g o m a t i c o m a n d i b u l a r i s ( M m ) , 
and of t he p t e r y g o i d e u s i n t e r n u s ( M p t i ) . A s 
t h e p t e r y g o i d e u s e x t e r n u s of t h e m a n a t e e is 
n o t an adduc to r , i t is e x c l u d e d he re , a l t h o u g h 
T u r n b u l l i n c l u d e d i t in h i s a n a l y s e s of o t h e r 
m a m m a l s . (On l y t h e m u s c l e - w e i g h t da ta on 
INPA-PB 6, 9, and 169 a re c o m p l e t e e n o u g h t o 
use h e r e . ) . 

N e x t , m a p s of t h e a t t a c h m e n t s of each o f 
t h e s e m u s c l e g r o u p s are c o n s t r u c t e d in l a te ra l 
v i e w ( F i g s . 45 -47 ) . F u n c t i o n a l c e n t e r s o f 
r e s i s t a n c e t o j a w - c l o s i n g in t h e r o s t r a l and 
m o l a r r e g i o n s ( c o r r e s p o n d i n g t o T u r n b u l l ' s 
i n c i so r - can ine and p r e m o l a r - m o l a r r e g i o n s , 
r e s p e c t i v e l y ) a re v i s u a l l y e s t i m a t e d and l i nes 
a re d r a w n c o n n e c t i n g t h e s e p o i n t s w i t h t h e 
t e m p o r a l c o n d y l e ; t h e s e are t h e r e s i s t a n c e 
leve r a r m s f o r o r t ha l m o t i o n a r o u n d t h e 
c o n d y l e . The f u n c t i o n a l m i d p o i n t s o f t h e o r i g i n 
and i n s e r t i o n f i e l d s f o r each m u s c l e g r o u p are 
e s t i m a t e d and p l o t t e d , t a k i n g i n t o a c c o u n t t h e 
f o r m , s t r u c t u r e , and a v e r a g e f i b e r d i r e c t i o n o f 
t h e m u s c l e s . A l ine f r o m t h e f u n c t i o n a l 
m i d p o i n t o f each i n s e r t i o n f i e l d t o t h e c o n d y l e 
is t h e m u s c l e ' s e f f o r t l e v e r a r m . T h e a n g l e 
b e t w e e n t h i s and a l i ne j o i n i n g t h e o r i g i n and 
i n s e r t i o n m i d p o i n t s is m e a s u r e d w i t h a 
p r o t r a c t o r , and t h e r e s u l t i n g v a l u e is c o m p a r e d 
w i t h T u r n b u l l ' s d i a g r a m (1970: f i g . 41) t o 
d e t e r m i n e t h e v a l u e of t h e c o r r e c t i o n f a c t o r 
F L f o r t h a t m u s c l e g r o u p . T h e e f f o r t and re­
s i s t a n c e l e v e r a r m s a re m e a s u r e d d i r e c t l y 
f r o m t h e d i a g r a m s t o c a l c u l a t e r. The ave rage 
d i r e c t i o n s of m u s c l e pu l l are l i k e w i s e pro­
j e c t e d i n t o a t r a n s v e r s e v e r t i c a l p l a n e ( F i g . 
4 8 ) , and t h e i r d i v e r g e n c e s f r o m t h e v e r t i c a l 
m e a s u r e d and c o m p a r e d w i t h T u r n b u l l ' s 
d i a g r a m t o o b t a i n t h e v a l u e s of F x . The 
v a l u e s of t h e s e f a c t o r s f o r t h e a d d u c t o r 
m u s c l e s a re g i v e n in t h e top p a r t o f Tab le 4 . 



Figs. 45-47 — Lateral v iews of skul l and mandib le of 
juven i le Tr ichechus Inunguis, for analysis of jaw-c los ing 
forces (see t e x t ) . Resistance lever arms (R) shown 
fo r ros t ra l and molar reg ions ; res is tance vectors (soltd-
-headed a r rows ] are p ropor t ioned to es t ima ted usefu l 
power of each musc le g roup . Dots indicate es t imated 
funct iona l m idpo in ts of o r ig in and inser t ion f ie lds o f 
tempora l is (F ig , 45), masseter + zygomat icomandlbu la-
r is [F ig . 46), and p terygo ldeus in ternus (F ig , 47 ) . Lines 
f rom Inser t ion midpo in ts to jaw jo in t are e f fo r t lever 
arms (E) . Polygons show reso lu t ion of fo rces at jaw 
jo in t ; e f f o r t vec to rs {open.headed ar rows) are pro­
por t ional to we igh t of musc le g roup ; fea thered ar rows 
mark unreso lved t ranslat lonal force vec to rs . Do t ted 
l ines show out l ines of musc les . Dashed l ines show 
out l ines of concealed corono id and p terygo id p rocesses . 
Cross-hatched area In F ig . 45 is p terygoid-mandibu lar 
ar t icu lar sur face ; ex tens ion of tempora l is e f fo r t vec to r 
through molar res is tance f ie ld marked by X . Out l ine and 
at tachments of p terygo ldeus ex ternus shown In F ig . 47, 
but vector analysis of th is musc les not s h o w n . Unre­
solved vector of p te rygo ldeus in ternus Is propor t iona l 
to Mp t l oniy, s ince Eptl O . O . 

In Tab le 5 are g i v e n t h e v a l u e s o f M f o r 
each m u s c l e g r o u p in each s p e c i m e n , as per­
c e n t a g e s of t he t o t a l w e i g h t of t he t h r e e g r o u p s 
t o g e t h e r . These v a l u e s a re u s e d w i t h 
t h o s e f r o m Tab le 4 t o c a l c u l a t e t h e u s e f u l 
p o w e r (E) a c c o r d i n g t o t h e a b o v e f o r m u l a ; 
each E is t h e n c o n v e r t e d aga in t o a p e r c e n t a g e 
of t h e s u m o f a l l E s . These f i g u r e s e x p r e s s 
t h e p r o p o r t i o n of t h e t o t a l j a w - c l o s i n g f o r c e 
c o n t r i b u t e d by each m u s c l e g r o u p , w h i c h m a y 
be g r e a t e r o r less t h a n t h a t g r o u p ' s sha re o f 
t h e t o t a l a d d u c t o r m u s c l e w e i g h t . The d i f fe r ­
e n c e , s h o w n in t h e n e x t t w o c o l u m n s o f Tab le 
5, r e s u l t s f r o m t h e r e l a t i v e a d v a n t a g e o u s n e s s 
o f t h e g r o u p ' s ang le o f pu l l on i t s l eve r a r m 
and t h e m e c h a n i c a l a d v a n t a g e of t h e l e v e r a r m 
i t s e l f . The r e s u l t s of s i m i l a r c a l c u l a t i o n s are 
s h o w n f o r b o t h t h e m o l a r and t h e ros t ra l re­
s i s t a n c e f i e l d s . 

It m u s t be e m p h a s i z e d t h a t t h e e s t i m a t e 
o f use fu l p o w e r t h u s o b t a i n e d a p p l i e s on ly t o 
o r t h a l m o t i o n o f t h e j a w . Espec ia l l y in an 
a n i m a l l i ke t h e m a n a t e e , t h i s is n o t t h e on ly o r 
even t h e m o s t i m p o r t a n t a s p e c t o f j a w m o t i o n ; 
so t h e v a l u e s of E in Tab le 5 ha rd ly beg in t o 
r e f l e c t t h e t r u e f u n c t i o n s o f t h e m u s c l e s . Th is 
is m o s t o b v i o u s f r o m t h e zero v a l u e s o b t a i n e d 
f o r Ep t i , i n d i c a t i n g t h a t t h e p t e r y g o l d e u s 
i n t e r n u s , one o f t h e m a j o r j a w m u s c l e s , p lays 
n o s i g n i f i c a n t r o l e a t a l l in r o t a t i n g t h e j a w 
p a r a s a g i t t a l ^ a b o u t t h e c o n d y l e . C h e w i n g in 
t h e m a n a t e e , as in m o s t o t h e r " u n g u l a t e s " , 
appears t o have a la rge t r a n s v e r s e c o m p o n e n t ; 
a c c o r d i n g l y I have a d a p t e d T u r n b u l l ' s m e t h o d 
t o ana lyze t h e m u s c l e a c t i o n s in t h e occ lusa l 
p l a n e . 

In F i g . 4 9 A t h e a v e r a g e d i r e c t i o n s o f 
m u s c l e pu l l a re p r o j e c t e d i n to t h e ho r i zon ta l 
p l a n e , as w a s d o n e f o r t h e s a g i t t a l p lane In 
F i g s . 45-47 . H e r e , h o w e v e r , w e a re c o n c e r n e d 
w i t h the m u s c l e s p r o d u c i n g t r a n s v e r s e m o t i o n , 
s o the w e i g h t s o f t h e p t e r y g o i d e u s e x t e r n u s 
( M p t e ) f r o m Tab le 3 a re i n c l u d e d . The per­
c e n t a g e v a l u e s o f M are a c c o r d i n g l y re­
c a l c u l a t e d and s h o w n in Tab le 6 . A g a i n u s i n g 
t h e c o n d y l e as t h e a s s u m e d c e n t e r of r o t a t i o n 
of t h e m a n d i b l e , e f f o r t and r e s i s t a n c e l e v e r 
a r m s are p l o t t e d and v a l u e s of r and F L measu ­
r e d as b e f o r e (Tab le 4, t h i r d pa r t ; o n l y t h e 
m o l a r r e g i o n is c o n s i d e r e d ) . To o b t a i n F x , t he 



TABLE 4. Constants for use in calculat ion of jaw-c los ing useful p o w e r in juvenile Trichechus inunguis . 

Muscle Angle of pull F Angle of pull F r r 
Group on lever arm L on lever arm X ( m o l a r ) (rostral 

(parasagi t ta l ) transverse) • region) region) 

ORTHAL MOTION: 
FULCRUM AT TEMPORAL CONDYLE 

T 44» 0.71 49» 
M + Z 40» 0.71 38" 
PtI 5" 0.00 36" 

FULCRUM AT PTERYGOID-MANDIBULAR JOINT 
T 71" 1.00 17» 
M + Z 5" 0.00 40" 
PtI 20" 0.27 29° 
PtE 13» 0.27 38" 

0.71 
0.71 
0.71 

0.27 
0.71 
0.50 
0.71 

0.54 
0.79 
0 92 

0.91 
0.47 
0.66 
0.63 

0 28 
0.40 
0,47 

TRANSVERSE MOTION: 
FULCRUM AT TEMPORAL CONDYLE 

T 84° 1.00 
M + Z 89" 1.00 
PtI 5" 0.00 
P t E 50» 0.71 

41" 
55» 
49» 
59" 

0.71 
0.87 
0.71 
0.87 

1.46 
0.16 
0,27 
0.15 

FULCRUM AT POINT B. 
PTERYGOID PROCESS 

T 67° 
M + Z 62° 
PtI 30° 
PtE 29= 

POSTEROMEDIAL TO 

0.87 
0.87 
0.50 
0.50 

41° 
55" 

0.71 
0.87 
0.71 
0.87 

1.08 
0.61 
0.48 
0.64 

d i r e c t i o n s o f pu l l a re p r o j e c t e d i n to t h e v e r t i ­
cal t r a n s v e r s e p lane ( F i g . 4 8 A ) ; b u t t h e i r 
ang les w i t h a ho r i zon ta l l i ne a re m e a s u r e d , 
ra the r t han w i t h a v e r t i c a l l i ne as w a s d o n e 
b e f o r e . The r e s u l t i n g va lues of E are g i v e n 
on t h e l e f t s i de o f Tab le 6 . O n c e aga in w e 
ob ta in a ze ro va lue f o r E p t i ; m o r e o v e r , t h e 
d i r e c t i o n s of Em and Epte on t h e a c t i v e s i de 
are such t h a t t h e y w o u l d c o u n t e r a c t Et a n d 
t e n d t o m o v e t h e m a n d i b l e l a te rad ra the r t h a n 
m e d i a d as is n o r m a l l y t h e case in t r a n s v e r s e 
c h e w i n g . So w e are s t i l l f a r f r o m a r e a l i s t i c 
a p p r o x i m a t i o n of t h e m a n a t e e ' s j a w m e c h a n i c s . 

One o f t h e c h a r a c t e r i s t i c f e a t u r e s o f 
s i r en ian j a w s t r u c t u r e , and a h i g h l y u n u s u a l 
one a m o n g m a m m a l s , is t h e e x t r e m e l y m a s s i v e 
p t e r y g o i d p r o c e s s . The a n t e r o l a t e r a l and 
v e n t r o l a t e r a l ( pa l a t i ne ) s u r f a c e o f t h i s p i l la r ­
l i ke p r o c e s s is a c t u a l l y an a r t i c u l a r s u r f a c e of 
s o r t s , l y i ng pa ra l l e l t o a c o r r e s p o n d i n g s u r f a c e 

on the p o s t e r o m e d i a l and d o r s o m e d i a l s i de o f 
t h e c o r o n o i d a r c h of t h e m a n d i b l e , w i t h a 
c u s h i o n of f a s c i a b e t w e e n ( F i g s . 45 , 48 , 5 0 ) . 
If a s k u l l and m a n d i b l e a re p r o p e r l y m a n i p u ­
l a t e d , i t is a t o n c e a p p a r e n t t h a t t h e m a n d i b l e 
can be r e t r a c t e d a g a i n s t t h e p t e r y g o i d pro­
c e s s e s and t h e n r o t a t e d a b o u t a m e d i a n p o i n t 
l y i ng s o m e w h a t aba f t t h e p r o c e s s e s , i n a 
m a n n e r s t r o n g l y r e s e m b l i n g n o r m a l t r a n s v e r s e 
j a w m o v e m e n t , in f ac t , ac tua l c h e w i n g is a l m o s t 
c e r t a i n l y a s y m m e t r i c a l ; t h e m a n d i b l e is p roba­
b l y in c l o s e c o n t a c t w i t h t h e p t e r y g o i d p r o c e s s 
o n l y on t h e a c t i v e s i de , so t h a t t h e c e n t e r o f 
r o t a t i o n is o f f s e t t o w a r d t h a t s i d e . F r o m c a r e f u l 
m a n i p u l a t i o n it a p p e a r s t h a t p o i n t B in F i g s , 
48 and 49 may be c l o s e t o t h e t r u e c e n t e r o f 
r o t a t i o n . 

If t h e c a l c u l a t i o n s a re r e d o n e u s i n g t h i s 
p o i n t r a t h e r t han t h e c o n d y l e as t h e f u l c r u m 
(Tab les 4, b o t t o m ; 6, r i g h t ) , a m u c h m o r e 



TABLE 5. Jaw-clos ing useful power (eff ic iency) data for juveni le Trichechus inunguis , calculated for orthal 
m o t i o n with fulcrum at temporal condyle . 

MOLAR RESISTANCE REGION R O S T R A L R E S I S T A N C E R E G I O N 

Mutc l * M a n E % fetal Change In t . % total Change In 

(M) a t % adductor % from Propor­ adductor % from Propor­
power (camp. d tract m u i ­ tionate power (camp. direct mui - tionate 

w muiclt clt propor­ change w/ imitelc cle propor­ change 
m a » ) tion % man) tion % 

INPA-PB 6: 
Mt = 5 6 . 1 E t = 15.3 58.0 + 1.9 3 % gain 7 .9 58 .5 + 2 .4 4% gain 
M m = 2 7 . 9 E m = 11.1 42 .0 + 14.1 51% gain 5 .6 4 1 . 5 + 13.6 49% gain 
Mpti = 1 6 . 0 Ept i = 0 .0 0 .0 —16.0 100% loss 0 .0 0 .0 —16.0 100% loss 

Tota ls 100.0 26 .4 100.0 13.5 100.0 

INPA-PB 9: 
Mt = 5 7 . 8 E t = 15.7 59.0 + 1.2 2% gain 8 .2 59 .9 + 2 .1 4% gain 
M m = 2 7 . 4 E m = 10.9 41.0 + 13.6 50% gain 5 .5 40 .1 + 12.7 46% gain 
Mpti = 1 4 . 9 Ept i = 0.0 0 .0 —14 9 100% loss 0.0 0 .0 —14.9 100% loss 

Totals 100.1 26.6 100.0 13.7 100.0 

INPA-PB 169: 
Mt = 5 4 . 4 E t = 14.8 56.5 + 2.1 4% gain 7.7 57 .0 + 2 .6 5% gain 
M m = 2 8 . 6 E m = 11.4 43 .5 + 14.9 52% gain 5.8 43 .0 + 1 4 . 4 50% gain 
Mpti = 1 7 . 0 Ept i = 0.0 0 .0 —17.0 100% loss 0 .0 0 .0 —17.0 100% loss 

Tota ls 100.0 26.2 100.0 13.5 100.0 

b e l i e v a b l e s e t of f i g u r e s r e s u l t s . T h o u g h d o m i ­
na ted by t h e n i a s s e t e r g r o u p , t h e p t e r y g o i d e i 
do p lay d e t e c t a b l e r o l e s , and a l l pu l l t h e 
m a n d i b l e m e d i a d w i t h the i p s i l a t e r a l s i d e 
a c t i v e , as e x p e c t e d . O v e r s h a d o w i n g a l l o f 
t h e s e , h o w e v e r , is t h e e n o r m o u s c o n t r i b u t i o n 
of t h e c o n t r a l a t e r a l t e m p o r a l i s , w h i c h a p p e a r s 
t o be the m o s t i m p o r t a n t f a c t o r in t r a n s v e r s e 
c h e w i n g , i n a c c o r d w i t h the f a c t t h a t t h e 
t e m p o r a l e s a l o n e c o n s t i t u t e m o r e t h a n ha l f t h e 
a d d u c t o r m u s c l e w e i g h t , a m o s t u n e x p e c t e d 
c o n d i t i o n f o r an " u n g u l a t e " w i t h t r a n s v e r s e 
c h e w i n g . It m u s t o f c o u r s e be r e m e m b e r e d 
t h a t no o n e d i a g r a m can s h o w a l l t he i m p o r t a n t 
f u n c t i o n s o f any o f t h e s e m u s c l e s ; t h e 
m a s s e t e r , f o r i n s t a n c e , has m a j o r r o l es in b o t h 
o r tha l and t r a n s v e r s e m o v e m e n t s , and t h e 
c o n t r a l a t e r a l p t e r y g o i d e u s e x t e r n u s and ips i l a ­
te ra l t e m p o r a l i s a re p r o b a b l y i m p o r t a n t i n t h e 
recove ry s t r o k e . 

The s i g n i f i c a n c e o f t h e h y p o t h e s i z e d po­
s i t i on of t h e f u l c r u m c a n be f u r t h e r d e m o n ­

s t r a t e d by v e c t o r a n a l y s i s of t h e f o r c e s a c t i n g 
a t t h e f u l c r u m . In F i g . 49 , t h e t e m p o r a l i s , 
m a s s e t e r , and p t e r y g o i d e u s e f f o r t v e c t o r s , 
s c a l e d t o t h e w e i g h t s of t h e r e s p e c t i v e m u s c l e 
g r o u p s ( b u t n o t c o r r e c t e d f o r t h e m u s c l e 
a l i g n m e n t f a c t o r s ) , are s u m m e d s e q u e n t i a l l y , 
w i t h t h e h y p o t h e t i c a l f u l c r u m (A or B) s e r v i n g 
as o r i g i n of t h e t e m p o r a l i s v e c t o r in each case . 
Bo th v e c t o r s u m s leave l a r g e u n r e s o l v e d f o r c e s 
( m a r k e d by f e a t h e r e d a r r o w s ) t e n d i n g t o 
t r a n s l a t e t h e f u l c r u m p o s t e r o m e d i a d . W i t h the 
f u l c r u m at A t h e r e is no m e a n s o f r e s i s t i n g 
t h i s f o r c e ; b u t w i t h t h e f u l c r u m a t B, an 
e x t e n s i o n ( m a r k e d by X) of t h e c o r r e s p o n d i n g 
f o r c e v e c t o r t h r o u g h p o i n t B a l m o s t p r e c i s e l y 
i n t e r s e c t s t h e p t e r y g o i d - m a n d i b u l a r a r t i c u l a t i o n 
p e r p e n d i c u l a r t o i t s s u r f a c e . Th is s h o w s t h a t 
t h i s j o i n t is p r o p e r l y l o c a t e d t o r e s i s t t r ans ­
l a t i o n of t h e c e n t e r o f r o t a t i o n , and inde­
p e n d e n t l y c o n f i r m s t h e a s s u m p t i o n t h a t t h e 
p t e r y g o i d p r o c e s s and m a n d i b l e a re c l o s e l y 
a p p r e s s e d on t h e a c t i v e s i d e in t r a n s v e r s e 
c h e w i n g . 



W i t h r e s p e c t t o o r t h a l m o t i o n , i f w e r e s o l v e 
t h e p a r a s a g i t t a l f o r c e s at t h e j a w j o i n t as is 
done in F i g s . 45 and 46, w e f i n d la rge un re ­
s o l v e d p o s t e r o d o r s a d f o r c e s o f t h e t e m p o r a l i s 
w h i c h a re o n l y p a r t l y c o u n t e r a c t e d by t h e 
m a s s e t e r - z y g o m a t i c o m a n d i b u l a r i s . In m a m m a l s 
such as c a r n i v o r e s , a f o r c e o f t h i s s o r t w o u l d 
be r e s i s t e d by a s t o u t p o s t g l e n o i d p r o c e s s . In 
s i r e n i e n s , h o w e v e r , t h e p o s t g l e n o i d p r o c e s s is 
ve ry s m a l l and l o c a t e d b e h i n d a d i s t i n c t 
m a n d i b u l a r f o s s a , m u c h as in h u m a n s , and it 
s e e m s n o t t o c o m e i n t o c o n t a c t w i t h t h e 
m a n d i b l e or p lay any a p p a r e n t r o l e in c h e w i n g . 
Thus, s i n c e t h e u n r e s o l v e d f o r c e o f t h e t e m p o ­
ra l i s c a n n o t be r e s i s t e d a t t h e t e m p o r a l j o i n t , 
i t m u s t be r e s i s t e d e i t h e r a t t h e p t e r y g o i d -
m a n d i b u l a r j o i n t o r a t t h e o n l y o t h e r p o i n t o f 
c o n t a c t b e t w e e n t h e s k u l l and m a n d i b l e , i.e., 
t h e f o o d b e t w e e n t h e t e e t h . 

Unde r t h e f o r m e r a s s u m p t i o n , t h e c o n ­
t r a c t i o n of t h e t e m p o r a l i s w o u l d f i r s t r e t r a c t 

t h e m a n d i b l e , s l i d i n g t h e c o n d y l e back i n to t h e 
m a n d i b u l a r f o s s a and b r i n g i n g t h e c o r o n o i d 
a rch a g a i n s t t h e p t e r y g o i d p r o c e s s , as n o t e d 
e a r l i e r in r e g a r d t o m a n i p u l a t i o n o f t h e b o n e s . 
S u b s e q u e n t c o n t r a c t i o n w o u l d r o t a t e t h e j a w 
u p w a r d a round t h e p t e r y g o i d - m a n d i b u l a r j o i n t 
as f u l c r u m , as s h o w n in F i g . 5 0 . If w e r e s o l v e 
the f o r c e s a c t i n g at t h i s j o i n t , u s i n g v a l u e s o f 
E c a l c u l a t e d w i t h t h i s p o i n t c o n s i d e r e d as 
f u l c r u m (Table 4, s e c o n d pa r t : Tab le 7 1 , w e 
f i n d t h e u n r e s o l v e d f o r c e a l i g n e d p o s t e r o ­
d o r s a d , nea r l y pa ra l l e l t o t h e l o n g a x i s of t h e 
p t e r y g o i d p r o c e s s and a g a i n s t t h e p t e r y g o i d -
m a n d i b u l a r j o i n t s u r f a c e — c l e a r l y a f a v o r a b l e 
a r r a n g e m e n t f o r r e s i s t i n g t h e f o r c e . Th i s f o r c e 
a l s o has a l a t e r a d c o m p o n e n t ( n o t i l l u s t r a t e d ) 
t e n d i n g t o s e p a r a t e t h e p t e r y g o i d p r o c e s s and 
m a n d i b l e , b u t t h a n k s t o the s o l i d l y f u s e d 
m a n d i b u l a r s y m p h y s i s t h i s c o m p o n e n t is e i t h e r 
c a n c e l l e d by t h e e q u i v a l e n t f o r c e on t h e 
o p p o s i t e s i de [ i f t h e j e w m u s c l e s on b o t h 

TABLE 6. Mast icatory useful p o w e r (eff iciency) data for juveni le Trichechus inunguis, calculated for molar 
res is tance region and transverse mot ion . 

FULCRUM AT TEMPORAL CONDYLE FULCRUM AT POINT B 

Mute fa M a t t 1 % total Change In E % total Change In 
Propor-

(Mi e i PL adductor % from Propor­ adductor % from Propor-
power (camp. direct m m - tionate power (camp. direct mui - tionata 

w/muiele cla propor­ change w / r o u « l e cle propor­ change 
n u n ) tion % ma i t ] tion % 

INPA-PB 6: 
Mt = 5 1 . 4 E t = 5 3 . 3 92 .4 + 4 1 0 80% gain 34.3 67.4 + 16.0 31% gain 
Mm = 2 5 . 5 E m = 3 .6 6 .2 —19 3 76% loss 11.8 23 2 — 3.1 12% los s 
Mpti = 1 4 . 7 Ept i = 0 .0 0 .0 —14. 7 100% loss 2 .5 4 .9 — 9.8 67% loss 
M p t e = 8.4 Epte=s 0 ,8 1.4 — 7 0 83% loss 2 .3 4 .5 — 3 . 9 46% loss 

Tota ls 100.0 57,7 100.0 50.9 100.0 

INPA-PB 9: 
Mt = 5 3 . 6 E t = 5 5 . 6 93.0 + 3 9 4 74% gain 35 ?. 69 .0 + 15.4 29% gain 
M m = 2 5 . 4 E m = 3 .5 5.9 —19 5 77% l o s s 11.7 22 .5 — 2 . 9 11% loss 
Mpti = 1 3 . 8 Ept i = 0 . 0 0.0 —13 8 100% loss 2 .4 4 .6 — 9.2 67% loss 
M p t e = 1.1 E p t e = 0.7 1.2 — 5 9 83% l o s s 2 .0 3 , 9 — 3 . 2 45% loss 

Totals 99.9 59.8 100.1 51.9 100.0 

INPA-PB 169: 
Mt =5ft.9 E t = 5 2 . 8 92.5 + 4 1 6 82% gain 34 .0 66.8 + 15.9 31% gain 
M m = 2 6 . 7 E m = 3 ,7 6 .5 —20 2 76% loss 12.3 24.2 — 2.5 9% l o s s 
Mpti = 1 5 . 8 Ept i = 0 .0 0 .0 —15. 8 100% loss 2.7 5 .3 —10.5 66% loss 
Mpte=* 6.7 E p t e = 0 .6 1.1 — 5 6 84% loss 1.9 3 .7 — 3.0 45% l o s s 

Totals 100.1 57.1 100.1 50 .9 100.0 



s i d e s c o n t r a c t t o g e t h e r ) o r r e s i s t e d by t h e 
c o n t r a l a t e r a l p t e r y g o i d p r o c e s s [ i f t h e m u s c l e s 
on on ly one s i de c o n t r a c t ) . U s i n g t h e p t e r y ­
g o i d - m a n d i b u l a r j o i n t as f u l c r u m m i g h t s e e m 
t o have t h e a d d i t i o n a l a d v a n t a g e o f l o w e r i n g 
t h e f u n c t i o n a l j a w j o i n t a l m o s t t o t h e l eve l o f 
t h e t o o t h r o w , g i v i n g t h e t e m p o r a l i s a g r e a t 
m e c h a n i c a l a d v a n t a g e as in c a r n i v o r e s ; t h i s , 
h o w e v e r , is m o r e t h a n c a n c e l l e d o u t by t h e 
r e d u c e d m e c h a n i c a l a d v a n t a g e in t h e t r a n s ­
v e r s e p lane [FX, Tab le 4 ) , so t h a t t h e abso­
l u te u s e f u l p o w e r o f t h e t e m p o r a l i s is r e d u c e d 
d e s p i t e i t s ga in r e l a t i v e t o t h e o t h e r a d d u c t o r s . 
M o r e o v e r , t h e p t e r y g o i d e u s i n t e r n u s o p p o s e s 
r a t h e r t han a s s i s t s t h e t e m p o r a l i s , and t h e 
la rge u n r e s o l v e d f o r c e of t h e t e m p o r a l i s is 
w a s t e d in c o m p r e s s i o n o f t h e p t e r y g o i d 
p r o c e s s . 

These p r o b l e m s a re a v o i d e d i f t he po in t 
of s k u l l - m a n d i b l e c o n t a c t is c o n s i d e r e d t o be 
t h e f o o d i t se l f , as d e s c r i b e d by G inge r i ch 
( 1 9 7 1 ) . In t h i s m o d e l , t h e c o n t r a c t i o n of t he 
t e m p o r a l i s r e t r a c t s t h e m a n d i b l e as above , bu t 
t h i s f o r c e is r e s i s t e d by t h e f o o d r a t h e r than 
t h e p t e r y g o i d p r o c e s s ; t h u s v i r t u a l l y t h e en t i re 
f o r c e o f t h e t e m p o r a l i s is used d i r e c t l y in 
m a s t i c a t i o n w i t h o u t a n y l e v e r s y s t e m s be ing 
i n v o l v e d . Th is is i n d i c a t e d in F i g . 45 by t h e 
e x t e n s i o n ( m a r k e d by X ) of t h e t e m p o r a l i s 
e f f o r t v e c t o r t h r o u g h the m o l a r r e s i s t a n c e 
f i e l d ; c o m p a r e f i g . 3 of G i n g e r i c h ( 1 9 7 1 ) . The 
m a n d i b l e ac t s m e r e l y as a l ink b e t w e e n t h e 
t e m p o r a l i s ( a c t i n g a t t h e c o r o n o i d p r o c e s s ) 
and t h e t e e t h . Th is is m a d e p o s s i b l e by the 
s l i d i n g j a w j o i n t , w h i c h has a v e r y s i m i l a r 
s t r u c t u r e in s i r e n i a n s and in man ( t h e e x a m p l e 

Fig . 48 — Poster ior v iew of a r t i cu la ted skul l and mandib le , for analysis of or tha l and t ransverse jaw m o v e m e n t s . On 
each s ide, a r rows connect func t iona l midpo in ts of a t tachment f ie lds of t empora l i s , masseter + zygomat icomandibu lar is , 
p terygoideus in ternus. and p terygo ideus ex ternus and show average d i rec t ions of p u l l . On side A, e f fo r t lever arms 
are d rawn to the tempora l condy le (A) as f u l c r u m ; on s ide B. to a po int (B) ven t romed ia l to p te rygo id process, here 
cons idered the center of ro ta t ion in t ransverse c h e w i n g . Ef for t lever arms are shown fo r bo th ips i la tera l and contra­
lateral tempora les . Bert ical and hor izontal l ines are used to measure musc les ' angles of pu l l and es t ima te F x (see tex t ) . 

Cross-hatched area is p terygoid-mandibu lar ar t icu lar su r face . Dashed l ines show ou t l ines of concealed ascendl ing rami 
of mand ib le . 



Fig. 49. — Ventra l v iew of ar t icu la ted skul l and mandib le, i l lus t ra t ing t w o hypotheses of t ransverse j a w m o v e m e n t . 
On each side, a r rows connect funct ional midpo in ts of a t tachmen t f ie lds of tempora l i s , masseter + zygomat icomandi -
bular is, p terygoideus in ternus, and p terygo ideus externus and show average d i rec t ions of pu l l . On side A. resistance 
(R] and ef for t lever a rms are d rawn to the tempora l condy le (A) as the hypothet ica l f u l c r u m ; on s ide B. to a point (B) 
posteromedial ' " to p terygo id p rocess . In lower part of f i gu re , e f fo r t vec tors , propor t ioned to musc le w e i g h t s , for each 
of the two hypothet ical lever sys tems are summed, w i t h or ig ins at the fu l c ra ; unresolved t rans la t ions ! fo rce vec to rs are 
marked by feathered ar rows, and an ex tens ion through point B of the vector on s ide B is marked by X . Force vector 
resolut ions fo r indiv idual muscle groups not s h o w n . 



TABLE 7. Jaw-closing useful power (eff iciency) data for juveni le Trichechus inunguis , calculated tor molar 
resistance region and orthal mot ion wi th fulcrum at pterygoid-mandibular jo int , Pterygoideus internus 
Included for compar i son though it does not act as an aaductor; s ee Fig. SO. 

Muscle Mass 
( M ) as % E 

% total adductor 
power ( c o m p . w / 

musc l e m a s s ) 

Change in % 
f r o m direct m u s c l e 

proport ion % 

Proportionate 
change 

INPA-PB 6; 
Mt = 5 1 . 4 
Mm = 2 5 . 5 
Mpti = 1 4 . 7 
M p t e = 8.4 

Totals 100.0 

INPA-PB 9: 
Mt = 5 3 . 6 
M m = 2 5 . 4 
Mpti = 1 3 . 8 
M p t e = 7.1 

Totals 99.9 

INPA-PB 169: 
Mt = 5 0 . 9 
M m = 2 6 . 7 
Mpti = 1 5 . 8 
M p t e = 6.7 

Totals 100.1 

Et = 1 4 . 8 
E m = 0.0 
Epti = 1.3 
E p t e = 1.0 

17.1 

E t = 1 3 . 2 
E m = 0.0 
Epti = 1.2 
E p t e = 0.9 

15,3 

E t = 1 2 . 5 
E m = 0.0 
Ept i = 1.4 
E o t e = 0 ,8 

14.7 

86.5 
0.0 
7.6 
5 . a 

99.9 

86 3 
0 .0 
7.8 
5.9 

100,0 

85 0 
0.0 
9.5 
5.4 

99 9 

+ 3 5 . 1 
—25 5 
- 7 .1 
— 2,8 

+ 3 2 . 7 
—25 4 
— 6.0 
— 1.2 

+ 34.1 
—26.7 
— 6.3 
— 1.3 

68% gain 
100% loss 

48% loss 
31% loss 

61% gain 
100% loss 

43% loss 
17% loss 

67% gain 
100% loss 

40°,o loss 
19% loss 

used by G i n g e r i c h ) . I t is a l so in a c c o r d w i t h 
t h e f a c t t h a t t h e i n i t i a l l y - f o r m e d w e a r f a c e t s 
on t h e t e e t h , e s p e c i a l l y as s e e n in j u v e n i l e 
a n i m a l s , l i e in p o s t e r o d o r s a d - s l o p i n g p l a n e s , 
i n d i c a t i n g a la rge a m o u n t o f j a w m o v e m e n t in 
th i s d i r e c t i o n . 

Th is appears t o be t h e m o s t l i k e l y mecha ­
n i s m of o r t h a l m o t i o n , i n w h i c h t h e t e m p o r a l i s 
p r o v i d e s the m a i n a d d u c t i v e f o r c e and t h e 
p t e r y g o i d e u s e x t e r n u s ac t s t o s l i de t h e j a w 
j o i n t d o w n w a r d and f o r w a r d on t h e r e t u r n 
s t r o k e . The p t e r y g o i d e u s i n t e r n u s and mas-
se te r - zygomat i comand ibuSar i s s e e m t o p lay no 
ro le , u n l e s s t h e l a t t e r s e r v e t o r o t a t e the 
m a n d i b l e abou t t h e c o n d y l e at t h e b e g i n n i n g 
of a b i t e . The a n t e r a d l e n g t h e n i n g of t h e 
c o r o n o i d p r o c e s s s e e n in Trichechus in 
c o n t r a s t t o o t h e r s i r e n i a n s is a d v a n t a g e o u s t o 
the t e m p o r a l i s u n d e r any of t he above m o d e l s , 
and is e v i d e n t l y an a d j u s t m e n t t o t h e unusua l 
l eng th of t he t o o t h r o w in th i s g e n u s . 

It is in t r a n s v e r s e c h e w i n g t h a t t h e mas­
s e t e r and p t e r y g o i d e u s i n t e r n u s p robab l y p lay 
t h e i r p r i n c i p a l r o l e s , t h o u g h in s u b o r d i n a t i o n 
t o t h e c o n t r a l a t e r a l t e m p o r a l i s , as d e s c r i b e d 
a b o v e . The p t e r y g o i d e u s i n t e r n u s is p robab l y 
m u c h m o r e e f f i c i e n t t han Tab le 6 w o u l d 
s u g g e s t , as i t can t o s o m e deg ree ac t d i r e c t l y 
( a n t e r o m e d i a d ) a g a i n s t t he f o o d , in a manner 
ana logous to t h e t e m p o r a l i s in o r t h a l m o t i o n . 
The c o n t r a l a t e r a l t e m p o r a l i s adds t o t h i s a 
la rger p o s t e r o m e d i a d c o m p o n e n t . I t is q u e s t i o n ­
ab le w h e t h e r t h e p o s t e r o m e d i a d r e s u l t a n t can 
be c o m p l e t e l y a b s o r b e d by the f o o d ; i f no t , i t 
w o u l d be r e s i s t e d a t t h e p t e r y g o i d - m a n d i b u l a r 
j o i n t as d e m o n s t r a t e d a b o v e , and t h i s s e e m s 
t o be t h e b e s t e x p l a n a t i o n of t h e m a s s i v e 
p t e r y g o i d p r o c e s s . 

These h y p o t h e s e s o f s i r e n i a n j a w me­
c h a n i c s need t o be t e s t e d f u r t h e r by e x a m i ­
na t i on of t he o r i e n t a t i o n of w e a r s u r f a c e s on 
t h e t e e t h , in o r d e r to i n d e p e n d e n t l y l oca te t h e 



cen te r of m a n d i b u l a r r o t a t i o n ( c f . Kay and 
H i i e m a e , 1 9 7 4 ) . For d e t e r m i n i n g i t s l o c a t i o n 
in t h e ho r i zon ta l p l a n e , a t l eas t , Dugong m i g h t 
be an Ideal a n i m a l , as I ts t e e t h have f l a t 
occ lusa l s u r f a c e s m a r k e d by s t r i a t i o n s w h i c h 
shou ld be c o n c e n t r i c t o t h e c e n t e r o f r o t a t i o n . 
The en t i r e p i c t u r e a l so n e e d s t o b e r e e v a l u a t e d 
in mo re de ta i l t han s p a c e h e r e p e r m i t s , and 
in less a r t i f i c i a l l y s i m p l i f i e d f a s h i o n ; in 
par t i cu la r , t h e r o l e o f t h e z y g o m a t i c o m a n d i -
bu la r is , w h i c h is u n d o u b t e d l y d i s t i n c t f r o m 
tha t o f t h e m a s s e t e r , n e e d s t o be c l a r i f i e d . 
The p resen t r e s u l t s s h o u l d be r e g a r d e d as no 
more than a f i r s t a p p r o x i m a t i o n . 

How , t h e n , do t h e j a w m e c h a n i c s of t h e 
manatee c o m p a r e w i t h t h o s e o f t h e o t h e r 
m a m m a l s d e s c r i b e d by T u r n b u l l ( 1 9 7 0 ) ? I had 

e a r l i e r ( D o m n i n g , 1977a) s u p p o s e d t h a t 
Dugong and o t h e r s i r e n i a n s w o u l d f i t i n to t h e 
" u n g u l a t e - g r i n d i n g " c a t e g o r y ( S p e c i a l i z e d 
G r o u p II) o f T u r n b u l l . Th i s is n o w s e e n , a t 
l eas t f o r Trichechus, t o be v e r y f a r f r o m t h e 
t r u t h . In t e r m s o f a d d u c t o r m u s c l e m a s s ( M ) , 
t h e m a n a t e e is m o s t c o m p a r a b l e t o t h e f o r m s 
of T u r n b u l l ' s G e n e r a l i z e d G r o u p , e s p e c i a l l y t h e 
p r i m a t e s ( i n c l u d i n g Homo), In t e r m s of u s e f u l 
p o w e r ( E ) , h o w e v e r , i t m o r e r e s e m b l e s t h e 
c a r n i v o r e s (Spec ia l i zed G r o u p I ) , and i n d e e d 
is m o r e e x t r e m e in t h i s d i r e c t i o n t h a n any 
c a r n i v o r e b e c a u s e of t h e n e g l i g i b l e c o n t r i ­
b u t i o n of t h e p t e r y g o i d e i t o o r t ha l j a w - c l o s i n g 
abou t t he c o n d y l e . C l e a r l y t h e S i ren ia m u s t 
be p l a c e d in a s e p a r a t e , s p e c i a l i z e d g r o u p o f 
t h e i r o w n , w h i c h can be c h a r a c t e r i z e d as 

Fig. 50 — Lateral v i ew of skul l and mandib le , i l lus t ra t ing e f fo r t and resistance lever arms of jaw musc les and resu l tant 
forces for molar resistance region in or tha l movement w h e n fu lc rum Is cons idered to lie at p terygo id-mandibu lar ar t icu­
lation (cross-hatched a rea ] . Summed vectors (open-headed ar rows) shown are unreso lved forces produced at f u l c rum 
by each musc le group, de termined as in F igs . 45-47; fea thered ar row marks resu l tant vector of to ta l unreso lved fo rce 
at f u l c r u m . 



f o l l o w s ; t h e t e m p o r a l i s Is v e r y l a rge ( c o n s t i ­
t u t i n g m o r e t h a n ha l f o f t h e a d d u c t o r m u s c l e 
m a s s ) , and ga ins s i g n i f i c a n t l y in u s e f u l p o w e r 
over the o t h e r m u s c l e s ; t h e m a s s e t e r and 
z y g o m a t i c o m a n d i b u l a r i s are w e l l - d e v e l o p e d , 
and I m p o r t a n t b o t h in o r t ha l c h e w i n g w h e n 
t h e c o n d y l a r j o i n t ac t s as f u l c r u m , a n d 
in t r a n s v e r s e c h e w i n g ; t h e p t e r y g o i d e u s in-
t e r n u s is p r o b a b l y i m p o r t a n t m a i n l y in t r ans ­
v e r s e c h e w i n g ; t h e p t e r y g o i d e u s e x t e r n u s 
s e r v e s no t as an a d d u c t o r b u t m o r e p r o b a b l y 
in an a u x i l i a r y r o l e , s u c h as in r e c o v e r y s t r o k e s ; 
a p t e r y g o i d - m a n d i b u l a r a r t i c u l a t i o n is d e v e l o p e d 
r n d p r o b a b l y of m a j o r i m p o r t a n c e in t r a n s v e r s e 
c h e w i n g , w h e r e i t s e r v e s t o abso rb o t h e r w i s e 
u n r e s o l v e d r e s u l t a n t f o r c e s . 

NECK M U S C L E S 

( N o t e : W e t w e i g h t s of s o m e neck , l i m b , 
and o t h e r m u s c l e s w h i c h w e r e t a k e n in t h e 
c o u r s e o f t h i s s t u d y a re p r e s e n t e d in Tab le 8; 
h o w e v e r , v e c t o r a n a l y s i s o f t h e s e m u s c l e 
s y s t e m s w i l l no t be a t t e m p t e d a t t h i s t i m e ) . 

TABLE 8. Weights of s o m e musc le s of juvenile 
TTlchechus inunguis ( g r a m s ) Left and right s ides 
combined; asterisk (*) m a r k s we ights w h i c h per­
tain to only one s ide; e = es t imated. 

Muscle INPA-PB 6 

Platysma pars Jugular is + 
cutaneus trunci 523.2 

Sphincter colli profundus 
pars auris 115.5 

M a n d i b u l a r s 2.9 
Men talis 4 .7 
Sternohyoideus 2.9e 
Thyrohyoideus 0.7e 
Geniohyoideus 2.8 
Splenius 19.2 
Semi spin alls capit is 50.3 
Semispinal is 139.8 
Longiss imus dor si 353.0 
Il iocostalis dorsi 50.0 
Rectus capit is dorsal is 

intermedins 10.3e 
Rectus capit is dorsal is minor 
Rectus "capitis lateralis 

6 .5e Rectus capit is dorsal is minor 
Rectus "capitis lateralis 7 .0 
Rectus capit is ventralis 1.0 
Sternathyroideus 3 .3e 

Muscle INPA-PB 6 INPA-PB 9 

Scalenus (superficial) 7 .2 
Scalenus (deep) 1.1 
Longus capit is 6.8 
Longus coll i 2 .3 
Intercostales externi and 

interni 175.0 
Intercarti laginei 2 .4 
Sternocosta l i s 2 .5 
Diaphragm 89.7 
Obliqui abdominis externus 

and internus 73 .4 
Trans versus abdominis 82 .6 
Rectus abdominis 79.2 
Intertransversarius coccygeus 40.6 
Sacrococcygeus ventralis 

lateralis 75 .8e 
Sacrococcygeus ventral is 

media l i s 239.5e 
Trapezius 36.6 
R h o m b oideus 6 . 9 ' 
Serratus magnus 20.7* 
Lat iss imus dors i 22 .6 
Pectoral is major 35.2 25.0* 
Pectoralis m i n o r 12.6 
Deito ideus 16.1 13.6* 
Supraspinatus 28.3 44.0 
Infraspinatus 23.0 26.4 
Subscapularis 52.0 60.8 
Teres major 19.9 16.2* 
Coracobrachial is 6 .2 6.8 
Biceps brachii 0.7 1.9 
Triceps brachii, long head 9.0 11.8 
Triceps brachii, lateral head 4 .1 4.6 
Triceps brachii , media l head 3 . 5 5.0 
Brachla l i s 9.6 12.3 
Brachioradial is 2 .4 1.9 
Extensor carpi radial is 1.9 1.7 
Extensor d lg i torum c o m m u n i s 2.8 3 .5 
Extensor digitl quinti 1.7 1.4 
Extensor carpi ulnaris 1.5 1.9 
Extensor pol l ic is 1.8 2 . 3 
Flexor carpi radialis 2 .3 1.8 
Palmaris l ongus 0 . 1 * 
Plexor dig i torum 8.2 8 .3 
Flexor carpi u lnaris 5.7 3 .7* 
Abductor digit! quinti 1.8 0 .3* 
Flexor digiti quinti brevls 0 .7 0 .2* 
Flexor pol l ic is brevis 0 .2 0 .1* 
Lumbrical is III 0.7 0 .3* 
Lumbrtcal is IV 1.3 0 .4* 
Lumbrical is V 1.8 1,0* 
Interosseus II 1.2 0 .5* 
Interosseus I I I 1.1 0.6* 
Interosseus IV 1.1 0.8* 
Interosseus V 0.4 0 .4* 



The A m a z o n i a n m a n a t e e is c h a r a c t e r i z e d 
by s e v e r a l s t r i k i n g f e a t u r e s of t h e o c c i p i t a l 
reg ion of t he s k u l l . The re is a w e l l - d e v e l o p e d 
s i g m o i d r i d g e on t h e s q u a m o s a l , as in o t h e r 
l i v ing and in p r i m i t i v e s i r e n i a n s . The su -
p r a o c c i p i t a l , h o w e v e r , is s w o l l e n t o a un ique 
deg ree , so t h a t i t s p o s t e r i o r s u r f a c e is r o u g h l y 
pe rpend i cu l a r t o t h e do rsa l s i de of t he c r a n i u m , 
in c o n t r a s t t o the 50°-60° p a r i e t a l - s u p r a o c c i p i t a l 
ang les seen in o t h e r m a n a t e e s . A d i s t i n c t , 
rugose and p o s t e r i o r l y o v e r h a n g i n g f l a n g e is 
d e v e l o p e d on t h e d o r s o l a t e r a l b o r d e r of t h e 
e x o c c i p i t a l , and s h a l l o w f o s s a e j u s t do r sa l to 
the o c c i p i t a l c o n d y l e s are o f t e n p r e s e n t on one 
or both s i d e s . The f o r m e r f e a t u r e is d e v e l o p e d , 
t h o u g h t o a m u c h l esse r d e g r e e , in s o m e T. 
senegalensis, and n o t a t a l l in T. manatus; 
w h i l e the la t te r f e a t u r e Is n o t seen in o the r 
mana tees a l t h o u g h it is b e t t e r d e v e l o p e d in 
Dugong t han in T. inunguis. The d e v e l o p m e n t 
of s u p r a c o n d y l a r f o s s a e , w h i c h r e c e i v e t h e 
do rsa l edges of t h e a t las c o t y l e s at m a x i m u m 
e x t e n s i o n of t h e a t l a n t o o c c i p i t a l j o i n t , is 
a c c o m p a n i e d by a v e r y s l i g h t b u t d i s t i n c t 
an te rodo rsa l and i n w a r d c u r v a t u r e of t h e do rsa l 
pa r t of t h e o c c i p i t a l c o n d y l e , w h e r e a s in 
s i r en ians l a c k i n g s u p r a c o n d y l a r f o s s a e , such 
as T. manatus, t he do rsa l pa r t of t h e c o n d y l a r 
a r t i cu la r s u r f a c e is near l y v e r t i c a l and i t s 
dorsa l edge s tands w e l l o u t f r o m t h e s u r f a c e 
of t h e o c c i p u t . (These d i f f e r e n c e s are ep i to ­
m ized in t h e f a c t t h a t an a d u l t s k u l l o f T. 
inunguis can a l w a y s be b a l a n c e d u p r i g h t on i t s 
o c c i p u t on a ho r i zon ta l s u r f a c e , in c o n t r a s t t o 
T. manatus and m o s t T. senegalensis.). 

The s i g m o i d Huge s e r v e s f o r t h e i n s e r t i o n 
of t he s p l e n i u s , w h i c h t u r n s t h e head l a te ra l l y . 
The s u p r a o c c i p i t a l bea rs t h e i n s e r t i o n s of t h e 
s e m i s p i n a l i s c a p i t i s and r e c t u s c a p i t i s d o r s a l i s 
m u s c l e s , l eva to r s of t h e h e a d ; i t s t h i c k e n e d 
c o n d i t i o n in T. inunguis ( seen in t h e a d u l t b u t 
no t t he y o u n g ) s u g g e s t s an u n u s u a l l y h i g h 
degree of a c t i v i t y of t h e s e m u s c l e s , p r o d u c i n g 
s t ress on the bone s u r f a c e and c a u s i n g 
d e p o s i t i o n of add i t i ona l b o n e . The e x o c c i p i t a l 
bo rder r e c e i v e s par t of t h e i n s e r t i o n of t h e 
s e m i s p i n a l i s c a p i t i s in Dugong ( D o m n i n g , 
1977a) and a p p a r e n t l y in T. manatus, b u t in 
T. inunguis I t r e c e i v e s the r e c t u s c a p i t i s la ter ­
a l is i n s t e a d , as no ted a b o v e . A s t h e l a t t e r 
m u s c l e a r i ses on ly f r o m the a t l as , t h e ex­

t e n s i o n of t he neck p r o d u c e d by t h e m u s c l e s 
i n s e r t i n g on the e x o c c i p i t a l b o r d e r has , in T. 
inunguis, b e c o m e r e s t r i c t e d t o t h e a t l a n t o o c c i ­
p i ta l j o i n t . The d e t a i l s o f t h i s j o i n t j u s t n o t e d , 
t o g e t h e r w i t h t h e d e v e l o p m e n t of a p r o m i n e n t 
f l a n g e a t t he r e c t u s l a te ra l i s i n s e r t i o n , f u r t h e r 
c o r r o b o r a t e the e m p h a s i s on a t l a n t o o c c i ­
p i ta l e x t e n s i o n w h i c h has e v o l v e d in 7 . 
inunguis. W e m a y f u r t h e r no te t h a t t h e l ong i -
s s i m u s c a p i t i s , w h i c h t u r n s t h e head l a t e ra l l y 
in Dugong and T. manatus, is c o m p l e t e l y a b s e n t 
in T. inunguis. 

E l s e w h e r e ( D o m n i n g , 1977b) I have pro­
p o s e d the h y p o t h e s i s t h a t d e g r e e of r os t ra l 
d e f l e c t i o n in s i r e n i a n s is i n v e r s e l y p r o p o r t i o n a l 
t o deg ree of s p e c i a l i z a t i o n fo r f e e d i n g on 
f l o a t i n g or o the r nea r - su r face v e g e t a t i o n . The 
l i v i ng s p e c i e s of Trichechus p r o v i d e an oppor ­
t u n i t y t o t e s t t h i s h y p o t h e s i s , as t h e y d i f f e r 
s i g n i f i c a n t l y {a t t he .001 l eve l ) in d e g r e e o f 
d e f l e c t i o n of t h e r o s t r u m f r o m t h e pa la ta l 
p lane , w i t h m e a n v a l u e s o f 3 8 . 2 ° in T. manatus 
( o b s e r v e d range • 24°-52° . N = 7 2 ] , 30.4° in 
7". inunguis (OR = 25° -36° t N = 3 5 ) . and 25.8° 
in T. senegalensis (OR = 15°-40°, N = 2 0 ) . 

Trichechus manatus is k n o w n t o f e e d b o t h 
in f r e s h w a t e r , w h e r e i t t a k e s p l a n t s l o c a t e d 
a n y w h e r e b e t w e e n t h e b o t t o m and t h e s u r f a c e 
( H a r t m a n , 1971) , and in s a l t w a t e r , w h e r e t h e 
ava i l ab le f o o d p l a n t s a re f o r t h e m o s t p a r t 
s e a g r a s s e s g r o w i n g on t h e b o t t o m ( H a r t m a n , 
1974) . In t he A m a z o n bas in , w h e r e s u b m e r g e d 
aqua t i c p l a n t s are r e l a t i v e l y sca rce ( S i o l i , 
1968) , 7". inunguis f e e d s p r e d o m i n a n t l y on t h e 
" f l o a t i n g m e a d o w s " and o t h e r na tan t and near-
s u r f a c e v e g e t a t i o n (Pe re i ra , 1944) . The f o o d 
hab i t s of T. senegalensis are p r a c t i c a l l y 
u n k n o w n , b u t s h o u l d be m o r e s i m i l a r t o t h o s e 
of T. inunguis t h a n T. manatus due t o i t s 
l a rge ly r i v e r i n e h a b i t a t . 

A t leas t f o r t h e f o r m e r t w o s p e c i e s , t h e n , 
t h e r e a p p e a r s to be a c o r r e l a t i o n b e t w e e n 
ros t ra l d e f l e c t i o n and l o c a t i o n of p r i n c i p a l f o o d 
p l a n t s , T. manatus b e i n g q u i t e g e n e r a l i z e d 
w h i l e T. inunguis is m o r e s p e c i a l i z e d f o r 
s u r f a c e - f e e d i n g . The c o n d i t i o n o f t h e neck 
j o i n t and m u s c l e s c l e a r l y s u p p o r t t h i s con ­
c l u s i o n , i n d i c a t i n g t h a t t h e A m a z o n i a n mana­
t e e s adap ta t i ons t o s u r f a c e - f e e d i n g i nc l ude 
hab i tua l sha rp b e n d i n g u p w a r d of t he head t o 
reach f l o a t i n g p l a n t s , A s T. inunguis n o r m a l l y 



a s s u m e s an o b i i q u e r a t h e r t han ho r i zon ta l 
a t t i t u d e of t he body ax is w h i l e f e e d i n g a t t h e 
s u r f a c e (pe rsona l o b s e r v a t i o n ) , t h e mecha-
r i s m I p r o p o s e d fo r e l e v a t i o n o f t h e head in 
Hydrodamatis, i n v o l v i n g r e d u c e d ra the r t h a n 
i n c r e a s e d e x t e n s i o n o f t he a t l a n t o o c c i p i t a l 
j o i n t and p e r m i t t i n g t h e body ax i s to r e m a i n 
ho r i zon ta l ( D o m n i n g . 1977b) . need no t be 
i n v o k e d h e r e . It r e m a i n s t o be seen w h e t h e r 
T. senegalensis, w i t h a ve r y s l i g h t r o s t r a l de­
f l e c t i o n bu t a m o r e manatus-Wke o c c i p u t , is 
m e r e l y i n t e r m e d i a t e b e t w e e n the o t h e r t w o 
m a n a t e e s p e c i e s or is d i v e r g e n t l y s p e c i a l i z e d . 

A la rge e x o c c i p i t a l f l a n g e is a l so f o u n d in 
the e x t i n c t Hydrodamatis and i t s Late M i o c e n e 
a n c e s t o r s , w h e r e I i n t e r p r e t e d i t , by ana logy 
w i t h Dugong. as an e x p a n d e d a t t a c h m e n t f o r 
t he s e m i s p i n a l i s c a p i t i s ( D o m n i n g . 1 9 7 7 b ) . I 
w e n t on to s u g g e s t t h a t t h i s w a s an a d a p t a t i o n 
f o r m o r e e f f e c t i v e l a te ra l b e n d i n g of t h e neck . 
In Hydrodamalis, h o w e v e r , u n l i k e T. inunguis, 
t he s i g m o i d r i d g e , and p r e s u m a b l y t h e sp le -
n ius , w e r e v e r y r e d u c e d , so t h a t c o m p e n s a t i n g 
m o d i f i c a t i o n of a n o t h e r m u s c l e , s u c h as t h e 
s e m i s p i n a l i s c a p i t i s , to take o v e r p a r t o f i t s 
f u n c t i o n m i g h t be r easonab l y e x p e c t e d If, 
h o w e v e r , t he e x o c c i p i t a l f l ange in h y d r o d a m a -
l ines w a s o c c u p i e d by the r e c t u s c a p i t i s later­
al is as in T. inunguis. t h i s w o u l d on ly s t r e n g t h e n 
my a r g u m e n t tha t Hydrodamalis, l i ke 7. 
inunguis, w a s s p e c i a l i z e d fo r s u r f a c e - f e e d i n g . 
The f a c t tha t i t l acked s u p r a c o n d y l a r f o s s a e 
and a s w o l l e n s u p r a o c c i p i t a l . and the fac t 
t h a t s u p r a c o n d y l a r f ossae are p r e s e n t in 
Dugong (a h i gh l y s p e c i a l i z e d b o t t o m - f e e d e r ) , 
on l y e m p h a s i z e tha t a d a p t a t i o n to " s u r f a c e -
f e e d i n g " ( f o r e x a m p l e ) has p r o c e e d e d in 
d i f f e r e n t w a y s in d i f f e r e n t l i neages C e r t a i n l y 
the " s u r f a c e - f e e d i n g " of Hydrodamalis. a l a rge 
an ima l in a h igh -ene rgy e n v i r o n m e n t , i m p o s e d 
d i f f e r e n t f u n c t i o n a l r e q u i r e m e n t s t h a n t h a t of 
T inunguis. a s m a l l an ima l f e e d i n g in q u i e t 
w a t e r s . Spec ia l i za t i on of s i r e n i a n s to such a 
n i ch is a c o m p l e x p h e n o m e n o n in w h i c h the 
ro les and r e l a t i v e i m p o r t a n c e of t he a n a t o m i c a l 
m o d i f i c a t i o n s are no t y e t f u l l y u n d e r s t o o d . 

FORELIMB M U S C L E S 

Like o the r a n a t o m i c a l and f u n c t i o n a l d i f f e t -
ences b e t w e e n t h e s p e c i e s of Trichechus. t h e 

d i f f e r e n c e s seen in the f o r e l i m b have n o t re­
c e i v e d adequa te a t t e n t i o n , a l t h o u g h one ma jo r 
s tudy (Bahrd t , 1933) has d o c u m e n t e d s o m e of 
t h e s k e l e t a l and o n t o g e n e t i c a s p e c t s . It has 
been recogn i zed (e.g.. by Ha t t , 1934) t h a t the 
f o r e l i m b s ( p a r t i c u l a r l y t he m e t a c a r p a l s and 
pha langes ) of T. inunguis are p r o p o r t i o n a t e l y 
longer t han in the o t h e r s p e c i e s , and of cou rse 
lack n a i l s . The p r e s e n c e o f a b i c i p i t a l g roove 
on the h u m e r u s o f T. inunguis w a s demon­
s t r a t e d long a g o by C u v i e r (1809: p i . 19: f i g . 
17; t he s p e c i m e n i l l u s t r a t e d , t h o u g h sa id t o be 
" f r o m C a y e n n e " , has been r e c o g n i z e d to be T. 
inunguis at l e a s t s i n c e S t a n n i u s , 1845: 25-26) 
Th is , h o w e v e r , w a s f o r g o t t e n by l a te r w r i t e r s 
e.g.. H o w e l l , 1930: 228; S i m p s o n , 1932: 490 ; 
D o m n i n g . 1977a: 3 1 ) , w h o a p p a r e n t l y a s s u m e d 
f r o m the c o n d i t i o n s in T. manatus t h a t a l l 
m a n a t e e s lack a b i c i p i t a l g r o o v e . Bahrd t 
(1933: 200, 202, 204) n o t e d t h a t i t is p r e s e n t 
t h o u g h ve ry w e a k l y d e v e l o p e d in T, senegalen­
sis, a n d , m o r e o v e r , even o b s e r v e d i t in a 13.6 
c m e m b r y o of T. manatus (1933: 198 ) , w h i c h 
s u g g e s t s t h a t i t s a b s e n c e in a d u l t s is a d e r i v e d 
c o n d i t i o n . The p o s s i b l e s i g n i f i c a n c e of t h e s e 
d i f f e r e n c e s , h o w e v e r , has neve r been e x p l o r e d . 

The c o n t r a s t in p r o p o r t i o n s of l imb s e g m e n t s 
b e t w e e n T. inunguis and t h e o t h e r s p e c i e s is 
s t a r t l i n g ; c o m p a r e the i l l u s t r a t i o n s of T • 
inunguis and T. senegalensis in f i g s . 9 and 11 
of Bahrd t ( 1 9 3 3 ) . Even in t h e s e i m m a t u r e 
s p e c i m e n s , t he d i g i t s of T. inunguis are 
s t r i k i n g l y e l o n g a t e d and m a k e t h e l i m b t r u l y 
f i n l i k e , b e a r i n g l i t t l e r e s e m b l a n c e t o t h e 
s t u b b y f i n g e r s of T. senegalensis ( l i k e w i s e T. 
manatus). The h u m e r u s and f o r e a r m , re­
s p e c t i v e l y , in t h i s T. inunguis m a k e up 3 1 % and 
2 2 % of t he t o ta l l i m b l e n g t h , c o m p a r e d t o 3 9 % 
and 2 7 % in the T. senegalensis (Bah rd t . 1933: 
269) , A s the la t te r a n i m a l w a s s m a l l e r and 
p r e s u m a b l y y o u n g e r t h a n the f o r m e r , and as 
the p r o x i m a l l i m b s e g m e n t s i n c r e a s e in r e l a t i v e 
l e n g t h d u r i n g g r o w t h ( B a h r d t . 1933 :206 ) , t h e 
d i f f e r e n c e m i g h t be even g r e a t e r at m a t u r i t y . 

If an ana logy can be m a d e w i t h t e r r e s t r i a l 
m a m m a l s , t he l ong d i s t a l e l e m e n t s of T, 
inunguis c e r t a i n l y g i ve i t s f l i p p e r a " c u r s o r i a l " 
appea rance c o m p a r e d t o the m o r e " g r a v i g r a d e " 
l i m b p r o p o r t i o n s o f t h e o t h e r s p e c i e s . But w e 
need not go so fa r a f i e l d ; H o w e l l (1930 : 232) 



has s h o w n t h a t in aqua t i c m a m m a l s in gene ra l 
t he p r o x i m a l l imb s e g m e n t s t e n d t o b e c o m e 
s h o r t e n e d w i t h i n c r e a s i n g a q u a t i c spec ia l i za ­
t i o n . If w e t h e n t ake as a w o r k i n g h y p o t h e s i s 
the p r o p o s i t i o n t h a t t h e f l i p p e r of T. inunguis 
is in s o m e s e n s e a m o r e r e f i n e d s w m m i n g 
o rgan than t h o s e of o t h e r m a n a t e e s , w e can 
t r y to i n t e r p r e t t he o t h e r o b s e r v e d d i f f e r e n c e s 
in t h i s l i g h t . 

In a d d i t i o n to t h e b i c i p i t a l g r o o v e , t h e 
p r o x i m a l h u m e r u s of 7". inunguis is d i s ­
t i n g u i s h e d by a g r e a t e r t u b e r o s i t y w h i c h ex­
t e n d s w e l l p r o x i m a d o f t h e head of t h e h u m e ­
rus . Th is p r o c e s s p r o v i d e s t h e s u p r a s p i n a t u s , 
t he p r i nc ipa l e x t e n s o r of t h e f o r e l i m b , w i t h a 
m u c h m o r e e f f e c t i v e leve r a r m than i t has , f o r 
e x a m p l e , in T. manatus, w h e r e the g rea te r t u ­
b e r o s i t y ha rd ly e x t e n d s p r o x i m a d of t h e h e a d . 
M o r e o v e r , t h e i n s e r t i o n of t h e i n f r a s p i n a t u s has 
b e c o m e e l o n g a t e d p r o x i m o m e d i a d t o a p o i n t 
a l m o s t or qu i t e leve l w i t h t h e p r o x i m a l s i de of 
t he head and a l m o s t r e a c h i n g the s u p r a s p i n a t u s 
i n s e r t i o n , t h e r e b y g i v i n g t h e i n f r a s p i n a t u s ad­
d i t i ona l advan tage in e x t e n d i n g t h e h u m e r u s 
as w e l l as r o t a t i n g i t l a t e r a l l y . A l l t h i s w o u l d 
lead us t o e x p e c t s t r o n g m o v e m e n t s o f ex­
t e n s i o n at t h e s h o u l d e r j o i n t of T. inunguis. 
Coup led w i t h t h e d rag p r o d u c e d by the . e¬ 
longa ted manus , t h i s w o u l d t e n d in t u r n t o 
f o r c e pass i ve e x t e n s i o n o f t h e e l b o w . It i s , 
h o w e v e r , p r e c i s e l y in T. inunguis t h a t w e f i n d 
the pecu l i a r a c c e s s o r y t e n d o n o f t he b i c e p s , 
w h o s e a p p a r e n t a c t i o n as a " c h e c k l i g a m e n t " 
t o r e s i s t e x t e n s i o n of t h e e l b o w has a l r e a d y 
been n o t e d . Such f o r c e f u l e x t e n s i o n a l 
m o v e m e n t s w o u l d m o s t l i ke l y be r e c o v e r y 
s t r o k e s , m a d e w i t h the f l i p p e r f e a t h e r e d , and 
a l t e rna t i ng w i t h b a c k w a r d p r o p u l s i v e s t r o k e s 
made w i t h the e l b o w a b d u c t e d , t h e h u m e r u s 
be ing s i m u l t a n e o u s l y a d d u c t e d , e l e v a t e d 
( f l e x e d ) , and m e d i a l l y r o t a t e d . The m u s c u l a r 
po r t i on of t h e b i c e p s , s t r e t c h e d over the 
b i c ip i t a l g roove d u r i n g t h i s p o w e r s t r o k e , m i g h t 
aid in q u i c k e n i n g t h e r e c o v e r y s t r o k e by i t s 
e l a s t i c i t y . 

In T. manatus, on t h e o t h e r h a n d , t h e s e 
f ea tu res are l a c k i n g , so w e m i g h t e x p e c t ex­
t e n s i o n o f r i t s s h o u l d e r t o be less f o r c e f u l , 
t h o u g h w h y the b i c i p i t a l g r o o v e s h o u l d be l o s t 
is unc lea r ; pe rhaps t h e b i ceps has b e c o m e 
spec ia l i zed as an a d d u c t o r . 

Thus t h e c o n d i t i o n s in T. inunguis r e s u l t in 
a m o r e o a r l i k e f l i p p e r w i t h i t s f u l c r u m a t t h e 
s h o u l d e r j o i n t and w i t h e x t r a s t i f f e n i n g t o 
c o u n t e r d rag on r e c o v e r y s t r o k e s ; and t h i s is 
c l e a r l y a s t e p in t h e d i r e c t i o n o f g r e a t e r 
a q u a t i c s p e c i a l i z a t i o n . W h y T. inunguis s h o u l d 
use t h e f l i p p e r s f o r s u c h f o r w a r d p r o p u l s i o n 
m o r e than the o t h e r s p e c i e s , h o w e v e r , is fa r 
f r o m c l e a r . O n e p o s s i b i l i t y is t h a t T. inunguis, 
i n a h a b i t a t w i t h f e w b o t t o m p l a n t s , s e l d o m 
has o c c a s i o n t o t r a v e l f o r any d i s t a n c e in c l o s e 
p r o x i m i t y t o t h e b o t t o m , or , c o n s e q u e n t l y , t o 
use t h e f l i p p e r s f o r t r a c t i o n on t h e b o t t o m ; 
a c c o r d i n g l y i t s f l i p p e r s have a d a p t e d t o a m o r e 
" p e l a g i c " l i f e . 7". manatus, on t h e o t h e r hand , 
may m o r e f r e q u e n t l y p rope l i t s e l f by p u s h i n g 
a g a i n s t t h e b o t t o m , as H a r t m a n (1971) has 
d e s c r i b e d . The d i f f e r e n c e m a y t h u s l ie n o t i n 
t h e d e g r e e of use of t h e f l i p p e r s f o r p r o p u l s i o n , 
bu t in t h e a b s e n c e or p r e s e n c e of a s o l i d 
s u b s t r a t e . Th is c o u l d e x p l a i n b o t h t h e s t u b b y , 
" g r a v i g r a d e " d i g i t s and t h e r e t e n t i o n o f na i l s 
in T. manatus and T. senegalensis, t h e l a t t e r 
s t r u c t u r e s s e r v i n g to p r o t e c t t h e edge of t h e 
f l i p p e r a g a i n s t a b r a s i o n ; i t m i g h t a l so ca l l f o r 
t h e e x t r a s t r e n g t h in a d d u c t i o n t h a t t h e s p e c i a l ­
ized b i c e p s of T. manatus m a y p r o v i d e . Th is 
h y p o t h e s i s , of c o u r s e , s u f f e r s f r o m t h e d e a r t h 
o f k n o w l e d g e of t h e e c o l o g y of T. senegalensis, 
as w e l l as t h e f a c t t h a t na i l s a re l a c k i n g in 
Dugong, w h i c h t r a v e l s e x t e n s i v e l y a l ong t h e 
b o t t o m in f e e d i n g . 

In Dugong, w e f i n d a s h o u l d e r s t r u c t u r e 
v e r y d i f f e r e n t f r o m t h a t o f t h e m a n a t e e s , a n d , 
as I s u g g e s t e d p r e v i o u s l y ( D o m n i n g , 1977a: 
3 1 ) , t h e d u g o n g has a p p a r e n t l y e v o l v e d a 
s t r o n g e m p h a s i s on p a r a s a g i t t a l m o v e m e n t s of 
t h e l i m b . The long i n s e r t i o n and s e p a r a t e 
cepha l i c p o r t i o n of t h e t r a p e z i u s and t h e 
pecu l i a r p l a t y s m a pars s c a p u l a r i s , t o g e t h e r 
w i t h t h e r h o m b o i d e u s and d i v i d e d s e r r a t u s 
m a g n u s , s e e m w e l l a d a p t e d t o r o t a t e t h e 
e l o n g a t e d and f a l c i f o r m s c a p u l a and s c a p u l a r 
c a r t i l a g e on t h e s i de o f t h e r ib c a g e . A p a r t 
f r o m t h e e x t r a l e v e r a g e o f t h e t r a p e z i u s ' 
a t t a c h m e n t t o t h e e l o n g a t e d a c r o m i o n p r o c e s s , 
Trichechus has no s u c h s p e c i a l i z a t i o n s f o r 
s c a p u l a r r o t a t i o n ; even i ts s c a p u l a r c a r t i l a g e 
is m u c h a b b r e v i a t e d , d e s p i t e t h e s i m i l a r i t y in 
s h a p e o f t h e s c a p u l a i t s e l f t o t h a t o f Dugong, 
The o l e c r a n o n of Dugong is m u c h b e t t e r de-



v e l o p e d t h a n t h a t o f Trichechus, g i v i n g t h e 
t r i c e p s m u c h g r e a t e r l e v e r a g e in e x t e n d i n g t h e 
e l b o w . The b i c e p s is l a rge and m u s c u l a r , 
c l e a r l y p l a y i n g an a c t i v e ra the r t h a n a p a s s i v e 
ro le in m o v e m e n t s of t h e l i m b . The m u c h m o r e 
d i s t a l i n s e r t i o n o f t h e p e c t o r a l i s m i n o r m a k e s 
i t an a d d u c t o r ra the r t h a n an a b d u c t o r and g i v e s 
i t a ro l e in f o r w a r d p r o p u l s i o n . The l a t i s s i m u s 
d o r s i , by i n s e r t i n g w i t h t h e p e c t o r a l e s r a t h e r 
t han t h e t e r e s m a j o r , m a y be ab le t o r o t a t e 
t h e h u m e r u s m e d i a l l y t h r o u g h a g r e a t e r a r c 
du r i ng a p r o p u l s i v e s t r o k e ; p e r h a p s m o r e 
i m p o r t a n t l y , i t s o r i g i n f r o m t h e c u t a n e u s t r u n c i 
r a the r t h a n t h e r i bs m a y e x t e n d i t s e f f e c t i v e 
f i b e r l eng th o v e r m u c h o f t he l e n g t h o f t h e 
t r u n k , g i v i n g i t a t r e m e n d o u s fo re -and-a f t 
e x c u r s i o n a t i t s i n s e r t i o n . The m a n a t e e , on t h e 
o the r hand , m a y be b e t t e r adap ted f o r a b d u c t i v e 
and a d d u c t i v e m o v e m e n t s ; i t s e l o n g a t e 
a c r o m i o n p o r c e s s may a id t h e d e l t o i d e u s in 
i t s ro le as an a b d u c t o r and p o s s i b l y an ex­
t e n s o r , and t h e b r o a d e n e d m a n u b r i u m s u g g e s t s 

an i n c r e a s e in the a d d u c t i v e p o w e r of t he 
p e c t o r a l i s m a j o r . 

Thus i t is c l e a r t h a t t he d u g o n g is b e t t e r 
e q u i p p e d than t h e m a n a t e e s f o r fo re -and-a f t 
s w e e p i n g m o v e m e n t s o f t h e w h o l e l i m b , 
i n c l u d i n g the s c a p u l a . Th is a c c o r d s w i t h i ts 
g r e a t e r deg ree o f ove ra l l s p e c i a l i z a t i o n f o r 
s w i m m i n g ( D o m n i n g , 1977a: 2 8 - 3 0 ) . Its l imb 
p r o p o r t i o n s , h o w e v e r , a re m o r e c o m p a r a b l e t o 
t h o s e of 7. senegalensis and T. manatus t han 
T. inunguis, t h e h u m e r u s and rad ius re­
s p e c t i v e l y f o r m i n g 3 6 % and 2 4 % of t he 
f o r e l i m b l eng th ( m e a s u r e d f r o m p h o t o g r a p h of 
a d u l t s p e c i m e n in Ka ise r , 1974: p i . 6 0 ) ; s o i t 
is a l so c l e a r t h a t n o t a l l t he f a c t o r s i n f l u e n c i n g 
t h e f o r m o f t h e s i r e n i a n f l i p p e r h a v e ye t been 
t a k e n i n to a c c o u n t . The need f o r s y s t e m a t i c 
o b s e r v a t i o n s on the b e h a v i o r and l o c o m o t i o n 
of l i ve s i r e n i a n s , in b o t h f i e l d and l abo ra to r y , 
r e m a i n s as g r e a t as eve r ; w i t h o u t s u c h da ta 
t h e q u e s t i o n s p o s e d by t h e a n a t o m i s t w i l l 
r e m a i n u n a n s w e r e d . 



RESUMO 

Os m ú s c u l o s e s q u e l é t i c o s do pe ixe -bo i da 

A m a z ô n i a (Trichechus inunguis) são d e s c r i t o s , 

i l us t rados e c o m p a r a d o s c o m p rév ias d e s c r i ­

ções dos s i s t e m a s m u s c u l a r e s dos pe i xes -bo i s 

e do d u g o n g . M a p a s das l i g a ç õ e s dos m ú s c u ­

los aos o s s o s , e dados s o b r e o s p e s o s dos 

m ú s c u l o s da q u e i x a d a , da nadade i ra e t c . são 

i n c l u í d o s . No tam-se d i f e r e n ç a s e n t r e as es­

péc ies de pe i xes -bo i s c o m r e s p e i t o aos mús­

cu los r e c t u s c a p i t i s l a te ra l i s e b i c e p s b r a c h i i , 

e t a m b é m e n t r e os pe i xes -bo i s e o d u g o n g . 

C o r r i g e m - s e a l g u m a s i n t e r p r e t a ç õ e s e r r ô n e a s 

na d e s c r i ç ã o ( D o m n i n g , 1977) da m i o l o g i a do 

Dugong. D e s c r e v e m - s e o m e c a n i s m o de pro-

t rução das ce rdas do l áb io s u p e r i o r , e o me­

c a n i s m o de a b e r t u r a das n a r i n a s ; e s t a s são 

f echadas i n v o l u n t a r i a m e n t e po r t e c i d o e l á s t i ­

c o . A n á l i s e c o m v e t o r e s dos m ú s c u l o s da 

que ixada d o Trichechus inunguis i nd i ca q u e os 

s i r ên ios não p o d e m se r c o l o c a d o s e m n e n h u m a 

das c a t e g o r i a s a d a p t i v a s d e m a r c a d a s por 

Turnbu l l ( 1 9 7 0 ) . A o c o n t r á r i o , e l es c o n s t i t u e m 

u m g r u p o d i v e r g e n t e m e n t e e s p e c i a l i z a d o , que 

se c a r a c t e r i z a , e m p a r t e , po r p o s s u i r u m m u s ­

cu lo t e m p o r a l i s m u i t o g rande e v a n t a j o s a m e n ­

t e s i t u a d o , c o n s t i t u i n d o m a i s que m e t a d e do 

p e s o dos m ú s c u l o s a d u t o r e s , e por u m a a r t i ­

cu l ação e n t r e o p r o c e s s o p t e r i g o í d e o e a man ­

d í b u l a . Esta a r t i c u l a ç ã o s e r v e , p r o v a v e l m e n t e , 

para apo ia r a m a n d í b u l a na m a s t i g a ç ã o t r ans ­

v e r s a l . O c e n t r o de ro tação da m a n d í b u l a na 

m a s t i g a ç ã o t r a n s v e r s a l pa rece f i c a r p o s t e r o ­

m e d i a l ao p r o c e s s o p t e r i g o í d e o n o lado a t i v o ; 

o t e m p o r a l i s do o u t r o lado f o r n e c e a m a i o r i a 

da f o r ç a necessá r i a para es ta r o t a ç ã o . Pa r t i cu ­

l a r i dades dos m ú s c u l o s e a r t i c u l a ç õ e s d o pes­

c o ç o f a v o r e c e m a h i p ó t e s e que o 7". inunguis 

é m a i s e s p e c i a l i z a d o d o que o T. manatus pa ra 

se a l i m e n t a r p e r t o da s u p e r f í c i e da á g u a . A 

nadade i ra d o T. inunguis é m a i s e s p e c i a l i z a d a 

para nadar do que a d o T. manatus, m a s n ã o 

a p r e s e n t a o g rau de adap tação e n c o n t r a d o no 

Dugong, para m o v i m e n t o s p a r a s a g i t a l s do 

o m b r o . 
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s m g s u b m a x i l l a r y s a l i v a r y g l and u t u t e r u s 
s o s u p r a o c c i p i t a l v v u l v a 
s p s t a p e s v o v o m e r 
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?'Abductor digiti quinti ( A b D ) 46 , 47, 67 

A b d u c t o r m i n i m i d i g i t i , 47 
? A b d u c t o r p o l l i c i s l o n g u s 45, 56 

A c c e l e r a t o r u r i n a e 52 
A d d u c t o r p o l l i c i s 47 
A n c o n e u s 43 
A r y e p i g l o t t i c u s 24 , 25, 56 
A r y t e n o - e p i g l o t t i d e u s 25 
Arytenoideus transversus ( A r T ) 25 

A u r i c u l a r e s 8, 55 
A u r i c u l a r i s — see P la t ysma pars a u r i c u l a r i s 
A u r i s — see S p h i n c t e r co l l i p r o f u n d u s 

?pars a u r i s 
Biceps brachii (B) 39, 42, 54, 67, 70 

B i ven te r c e r v i c i s 27 
Brachialis (B r ) 38 , 39 , 4 2 , 43, 67 
B rach ia l i s a n t i c u s , 43 
Brachiocephalicus ( B r c ) . . . . 29 , 37-38, 39 43 
Brachioradialis (B r r ) 43, 44 , 45 , 67 
Bucca l i s — see B u c c i n a t o r i u s pars b u c c a l i s ; 
P la tysma pars b u c c a l i s 
Bucc ina to r pa rs m e n t a l i s 12, 14 
Bucc ina to r pa rs o r b i c u l a r i s o r i s , 12 
Buccinatorius (Bu) 12, 14 
Bucc i na to r i us pa rs b u c c a l i s o r m a x i l l o -

m a n d i b u l a r i s 12 
Bucc ina to r i us pars m o l a r i s o r l o n g i t u d i n a l i s , 12 
Bulbocavernosus (Bu i ) 52, 53 
C e p h a l o - h u m e r a l 37 
Cephalohumeralis. (Ch ) 10, 29 , 37, 38 
C e r v i c a l i s a s c e n d e n s 27 

C h o a n o i d 18 
C o m p l e x u s 25, 27 
C o m p r e s s o r nas i 14 
C o n s t r i c t o r m e d i u s 24 
C o n s t r i c t o r s u p e r i o r 22 

Constrictor vestibuli ( C o V e ) 50. 52, 56 
Constrictor vulvae (CoVu ) 50, 52 
Coracobrachialis ( C o b ) , . . 38, 42, 4 3 , 54, 67 
Cricoarytenoideus dorsalis ( C r D ) 22, 24 
Cricoarytenoideus lateralis ( C r L ) , 24 
Cricopharyngeus ( C r p ) 22. 24 
Cricothyroideus ( C r t ) 22 , 24, 29 
Cutaneus trunci ( C u T ) , 8, 34, 35, 36 , 38 , 4 8 , 50, 

53 , 55, 67, 71 
Deltoideus ( D ) , 29 . 37, 38, 39. 43, 55. 67 , 71 

D e p r e s s o r angu l i o r i s 12, 14 
D e p r e s s o r lab i i i n f e r i o r i s 14 
D e p r e s s o r lab i i s u p e r i o r i s a laeque n a s i , . . 14 
Diaphragm 34, 67 
Digastricus (D i ) 17, 18, 58 

D i l a t a t o r na r i s 14 
D i l a t a t o r nas i 14 
E rec to r c l i t o r i d i s 50 
E rec to r p e n i s 52 
Extensor carpi radialis (ECR) 44, 45 , 67 
Extensor carpi ulnaris ( E C U ) , . . 43 44-45. 67 
Extensor digiti quinti (EDO) 44, 67 
Extensor digitorum communis ( E D C ) , 44, 45 , 67 
Ex tensor m i n i m i d i g i t i 44 
Extensor pollicis brev'ts et longus (EP) , 44 , 45, 

55. 56, 67 

E x t e n s o r e s p r i m i and s e c u n d i i n t e r n o d i i 
p o l l i c i s 45 . 56 
E x t e n s o r rad ia l i s l ongus e t b r e v i s , 44 
F l e x o r b r e v i s m i n i m i d i g i t i 46 . 47 
F lexo r b r e v i s p o l l i c i s 47 
Flexor carpi radialis (FCR) 4 3 , 45, 67 
Flexor carpi ulnaris ( F C U ) , 45 . 46, 47 , 56, 67 
?Flexor digiti quint! brevis ( F D Q ) , . . 47, 67 
Flexor digitorum (superficialis et pro­
fundus) (FD) 45, 4 6 , 4 7 , 67 

F lexo r d i g i t o r u m p r o f u n d u s 55 
F lexo r d i g i t o r u m s u p e r f i c i a l i s 55 

F lexo r h a e m a l i s , 36. 55 
TFIexor pollicis brevis (FP) 47, 67 

F lexo r p o l l i c i s l ongus 46 
F lexor p r o f u n d u s 46 

F lexo r s u b i i m i s 46 
Frontalis (Fr) 10 



Genioglossus (Gg ) 18, 22 
Gen io -hyo -g lossus 18 
Geniohyoideus (Gh) 18. 20 , 22, 67 

Hyoepigtotticus ( H e ) , 25 

H y o e p i g l o t t i d e u s 25 

Hyoglossus (Hg ) 15, 20 22 
Hyopharyngeus (Hp ) 20 , 22 

l l i o - c o c c y g e u s , 48 , 50 
Iltocostalis dorsl ( I I D ) , 27-28, 35 , 36 , 67 
l l i o - cos ta ! i s l u m b o r u m 28 

I l i o c o s t a l is t h o r a c i s 28 

I n f r a c o c c y g e u s 36 

Infraspinatus ( I n f ) , . . . 37 , 39, 42 , 55 , 67 , 70 

Intercartilaglnei extern! ( I n c ) , 33, 34 , 67 

Intercostates extern! ( In tE) 3 1 , 33, 37 , 67 

Intercostates intern! ( I n t l ) 33, 35 , 67 

I n t e r m e d i a — see S p h i n c t e r c o l l i p r o f u n d u s 

pars i n t e r m e d i a 
Interossei ( I n to l l -V) 47 , 48 , 67 
l n t e r t r a n s v e r s a r i u s caudae d o r s a l i s , 35 
tntertransversarius coccygeus ( I n t r ) , 28, 

35-36, 55, 67 

I sch io - cauda l i s 50 
tschiocavernosus ( I scv ) 50 , 52 
ischiococcygeus ( I sc ) 48, 50, 52 

ischiourethralis ( l u ) 52 

J u g u l a r i s — see P la t ysma pa rs j u g u l a r i s 

J u g u l o h y o i d e u s , 22 
K e r a t o h y o i d e u s 20 

Lateralis nasi (LaN) 12, 14, 56, 57 

Latissimus dorsi ( L a D ) , 38, 42 , 43 , 55 . 67 , 71 

Leva to r angu l i o r i s , 14 

Leva to r ani 34, 50 

Leva to r caudae e x t e r n u s 27 , 35 

Leva to r cadae i n t e r n u s 27 , 35 

Leva to r c l a v i c u l a e , 37 

Leva to r lab i i i n f e r i o r i s 14 

Leva to r lab i i s u p e r i o r i s a laeque nas i 10 

Leva to r l ab i i s u p e r i o r i s p r o p r i u s 14 

Levator nasolabialis ( LeN) 10, 12, 14 

Leva to r pa la t i 24 

Leva to r pa lpeb rae 18 

Levator penis (LP) 50. 52 - 53 

Lava to r p e n i s a c c e s s o r i u s 52 

Leva tor r e c t i . 50 

Leva to r ve l i pa l a t i n i 24 

Levatores costarum ( L e C ) 31 

L ingua l i s 20 

L o n g i s s i m u s c a p i t i s , 27, 68 

Longissimus dorsl (LnD) 25, 27, 28, 67 

L o n g i t u d i n a l i s — see B u c c i n a t o r i u s pars 

m o l a r i s 
Longus c a p i t i s ( LoCa) 29, 31, 67 
Longus colli ( L o C o ^ ) 31, 67 
L u m b o - c a u d a l i s 35 
Lumbricales (Lu l l l -V) 47-48, 67 
Mandibulars ( M n ) 12, 14, 67 
Masseter (M), 16, 58, 60 , 6 1 , 62, 65, 66, 67 

M a x i l l o l a b i a l i s 14 
M a x i l l o - m a n d i b u l a r i s — see Bucc ina to r i us 
pars b u c c a l i s 
Maxiilonasolabialis ( M n l ) 14, 57 
Mentalis ( M t ) 12, 14. 16, 67 
M o l a r i s — see B u c c i n a t o r i u s pars mo la r i s 
Multitidus 25 

Mylohyoldeus ( M y ) 18, 20 22 

Naso - l ab ia l i s 10 
Naso - l ab ia l i s s u p e r f i c i a l i s 14 
Naso- lab ia l i s p r o f u n d u s 14 
Obliquus abdominis externus (OAE) 29, 

34-35, 67 

Obliquus abdominis internus ( O A ! ) , 33, 35 , 67 

Obliquus capitis caudalis ( O C a ) 29 
Obliquus capitis cranialis ( O C r ) 28 , 29 
Obliquus dorsalis ( O D ) 17, 18 

O b l i q u u s i n f e r i o r 29 
O b l i q u u s s u p e r i o r , 29 
ObJiquus ventralis ( O V ) , 17 
O m o h y o i d e u s 20 
O p p o n e n s m i n i m i d i g i t i 47 

O r i s — see S p h i n c t e r c o l l i p r o f u n d u s 

pa rs o r i s 
Orbicularis oculi ( O O c ) 10 
Orbicularis oris ( O O r ) 12, 56 

O r b i c u l a r i s p a l p e b r a r u m 10 

Pa la t inus 24 
P a l a t o g l o s s u s 24 
Palatopharyngeus (Pap) 24, 25, 56 
Palmaris longus, 45-46, 47 , 56, 67 
Pa lpeb ra l i s — see S p h i n c t e r c o l l i p r o f u n d u s 
pars p a l p e b r a l i s 
Pann i cu i us c a r n o s u s 8, 12, 34 
Pectoralls major ( P M a ) , 10. 29. 34 , 38, 42 , 4 3 . 

67, 71 

Pectoralis minor ( P M i ) 38, 55, 67, 71 

P l a t y s m a pa rs a u r l c u l a r t s 8 
P la t ysma pars b u c c a l i s 8 
Platysma pars jugularis (P I J ) . . . 8, 12, 34 , 67 
P la t ysma pa rs s c a p u l a r i s 8,55, 70 
P l a t y s m a pars t e m p o r a l i s 8 
P la t ysma pa rs z y g o m a t i c a 8 



Pla tysma m y o i d e s 8 

Pronator rad i i t e r e s , 45 

Pronator t e r e s 45 
Pterygoideus externus (P tE ) , 16, 58, 59 , 60. 6 1 . 

62 . 65, 66 , 67 
Pterygoideus interims ( P t l ) , 17, 58. 59, 60 6 1 , 

62 . 63 , 65, 66, 67 

Pterygopharyngeus (Ptp) 22 

Pyramida l i s nas i 10, 14 
Quad ra tus l u m b o r u m 36 
Rectus abdominis ( R A ) 35, 38 , 48 , 67 
Rec tus c a p i t i s a n t i c u s m a j o r 31 

Rectus c a p i t i s a n t i c u s m i n o r , 29 
Rectus capitis dorsalis ?intermedius ( R C I ) , 

28, 67 , 68 
Rectus c a p i t i s d o r s a l i s ?ma jo r 28, 55 

Rectus capitis dorsalis minor ( R C M i ) , 
28, 67. 68 

Rectus capitis lateralis (RLJ , 27, 28. 29, 54 
67, 68 

Rec tus c a p i t i s p o s t i c u s m a j o r 28 
Rectus c a p i t i s p o s t i c u s m i n o r 28 
Rectus capitis ventralis ( R C V ) . . . 29. 55, 67 
Rectus dorsalis (RD) 18 

Rectus lateralis ( o f eye ) (RLa) 17, 18 

Rectus l a te ra l i s (o f neck ) 28 

fTecfus medialis ( R M ) 18 
Rectus ventralis (RV) 17, 18 

" R e t r a c t e u r s d u f o u r r e a u " 53 
Retractor bulbi (RB) 18 

Retractor ischii (Re l ) 50. 52. 53 
Re t rac to r l a b i o r u m 14, 55 

Re t rac to r pen is 52 , 53 
Re t rac to r pen is a c c e s s o r i u s 52 
Rhomboideus (Rh) 37, 67. 70 

S a c r o c o c c y g e i d o r s a l e s l a te ra l i s e t m e d i ­

a l is 35 
Sacro -coccygeus 36 

Sacrococcygeus ventralis lateralis ( S V L ) . 34. 
35 , 36*, 50 , 67 

Sacrococcygeus ventralis medialis ( S V M ) , 34 
35 . 36, 55, 67 

Sac ro - l umba l i s 27. 36 
Scalenus (Sc) 29, 31, 37, 50, 67 

Sca lenus a n t i c u s 31 
Sca lenus p o s t i c u s 31 
Scapu la r i s — see P la t ysma pars s c a p u l a r i s 
Semispinalis* (Se) 25, 27, 67 
Semispinalis capitis ( S e C ) . 25, 27, 28 . 37 , 54, 

67 , 68, 69 

Serratus magnus ( S e M ) , 29, 3 1 , 37 , 39. 55. 
67, 70 

Sphincter ani ( S p A ) 50 , 52 

Sphincter colli profundus ?pars auris[Au). 
8-10, 34 , 38, 67 

Sphincter colli profundus pars intermedia, 10 

S p h i n c t e r c o l l i p r o f u n d u s pa rs i n t e r m e d i a 

v e n t r a l i s , 8 
Sphincter colli profundus pars oris ( S C P O ) , 

12, 14. 56 

S p h i n c t e r c o l l i p r o f u n d u s pa rs p a l p e b r a l i s . 
8. 10, 55 

Sphincter colli superficialis ( S p C ) , 8, 10, 12 

S p h i n c t e r vag inae 50 

S p i n a l i s 27 
Sp ina l i s d o r s i 27 
Splenius (Sp l ) 25, 37 . 67. 68 69 
Stapedius (S t ) 17 
Sternocostalis (S tc ) 34, 38, 67 
Sternohyoideus (S th ) 20, 29 , 67 
Stemomastoideus ( S t m ) 10, 29, 37, 38 
Sternothyroideus ( S t t ) . . . 20 . 22. 24, 29, 67 
Styloglossus (S tyg , , j ) 18 
Stylohyoideus (S tyh ) 22 
Stylopharyngeus ( S t y p ) 22 

Subscapularis ( S u ) , 39, 4 2 , 6 7 
S u p e r c i l i a r i s 10 
S u p i n a t o r l o n g u s 43 
Supraspinatus (Sup) 38 , 39, 67 , 70 
Temporalis ( T ) . 10, 16, 56, 58. 60 . 6 1 , 62, 63 , 

65 . 67 

T e m p o r a l i s — see P la t ysma pa rs t e m p o r a l i s 

Tenso r pa la t i 22 
Tensor tympani (TT) 17 
Tensor veli palatini (TeV) 22, 24 
Teres major ( T e r ) . 38, 39, 42, 43 , 55 , 67. 71 
Teres m i n o r 42 
T h y r e o i d e u s t r a n s v e r s u s 22 
Thyroarytenoideus (Tha) 24 

T h y r o e p i g l o t t i c u s 25 
T h y r o e p i g l o t t i d e u s 25 
?Thyrohyoideus (Thh) 20, 22 , 29, 67 
Thyrohyoideus minor ( T h h M ) 20 
Thyropharyngeus (Thp) 20, 22, 24 
T r a c h e l o - m a s t o i d 27 

T r a n s v e r s a l i s 35 
T r a n s v e r s a l i s c o l l i 27 
T r a n s v e r s a r i u s . 35 , 36 
Transversospinalis 25 

Transversus abdominis ( T r A ) 35, 67 
T r a n s v e r s u s p e r i n a e i 50 



Trapezius (Trp) 36-37, 38, 39. 55. 67. 70 
Triceps brachii, lateral head (T rLa ) , 43, 44 

67, 70 
Triceps brachii, long head [ T r i o ) , 43, 67. 70 
Triceps brachii, media! head ( T r M ) , 43, 44, 45 

67. 70 
Urethral Is ( U ) 50 , 52, 56 
Uvu lae 24 

?Ventricularis {We) 24 

TVocalis (Vol 24 
" W u r m f o r m i g e r M u s k e l " 52 
Z y g o m a t i c s - see P l a t y s m a pars Zygomat ica 

Z y g c m a t i c o - l a b i a l i s 8 
Zygomaticomandibularis [ Z ) , 16, 56, 58, 60, 

6 1 , 62, 65, 66. 67 

Z y g o m a t i c u s 1 4 



APPENDIX 

The numeral at the bottom (or right hand side) of 
each panel denotes the figure number. The 
meanings of the abbreviations used on each panel 
are as indicated in the text of the monograph. 






































