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Digestive functions in Sirenians (Review)
Kana AKETA and Akito KAWAMURA

Abstract

Sirenians, the only aquatic herbivorous mammals, include 2 families; Dugongidae as dugong
(Dugong dugon) and Trichechidae as West Indian manatee (Trichechus manatus),
Amazonian manatee (T. inunguis) and West African manatee (T. senegalensis). The
previous works have concentrated on the digestive functions in sirenians that have been
supposed to be specific and different from marine carnivorous mammals and terrestrial
herbivores. This paper reviews previous works and gives a perspective for further
studies on digestive functions in sirenians by focusing on the following three topics: (1)
The anatomy of the digestive tract, (2) Species and their nutritive values of aquatic
plants on which the sirenians feed (3) Researches regarding to digestion.

(1) The sirenians are non-ruminant herbivores. Their stomach is simple sac-like and is
characterized by a unique “cardiac gland” which contains the digestive enzymes and
acid secreting cells. No one cannot explain the difference that the cardiac gland forms
like a ball in dugongs and a finger in manatees. The intestine reaches to 9 to 16 times as
long as the body length when sirenians becomes adult. The length of large intestine in
adult dugong becomes twice as long as small intestine, whereas that of large intestine in
adult manatees becomes to be same length as small intestine. There is a large cecum
with a single diverticulum in the dugongs and paired diverticula in manatees. Based on
anatomy and morphology of the digestive tract, sirenians belong to the hindgut
digesters such as Perissodactyla, Proboscidean, Hyracoidea, Rodentia and the green
sea turtle in Cryptodira.

(2) The dugong feeds exclusively on marine phanerogams of 18 species, belonging to 4
families: Cymodoceae, Hydrocharitaceae, Potamogetonaceae and Zosteraceae. Except
for the Amazonian manatee which only lives in fresh water, manatees feed on many
aquatic plants in marine to freshwater environments. It has been reported that the West
Indian manatees feed on over 60 species of aquatic plants. The seagrasses on which the
dugong preferably feeds have relatively lower crude protein, higher crude fiber and
lower calorific content than those of the major plants on which terrestrial herbivores
primarily feed. On the other hand, the aquatic plants on which the manatees feed have
similar crude protein, higher crude fiber and lower calorific content as the above
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terrestrial plants. Deducing from that the aquatic plants contain 85-95% water in comparison to
75-80% in terrestrial plants, the sirenians must feed abundantly on seagrass and aquatic plants to
maintain their body.

(3) Although fed diets are different depending on each study, the digestibility in the sirenians is
80-90% and is the highest among terrestrial non-ruminants and ruminants. The digestive capacity in
the sirenians seems to be remarkably superior among other herbivorous mammals. Based on researches
on volatile fatty acid concentration in the content of digestive tracts, the cecum and large intestine are
the principal areas to breakdown and digest the fiber in the diet. Moreover, food retention times in the
sirenians are much longer (120-216hrs.) than for other hindgut digesters such as horses (23-45hrs.),
elephants (17-26hrs. ) and white-tailed deer (20-40hrs.) and ruminants such as cattle (48-65hrs.).

The sirenians adapted their digestive tracts and digestive functions to their herbivorous feeding
character as having at least two digestive functions to achieve sufficient nutrient absorption. First,
food retention time has been lengthened due to the long intestine. Second, the sirenians may have a
rich microflora within their digestive tracts, especially in the cecum and large intestine, to elevate the
capacity of the fiber fraction and also energy absorption. But research on the microflora within their
digestive tract has not yet been carried out. Therefore, little is known about the digestive physiology
and functions in sirenians. We need to have more information about their digestive functions using the

living animals in captivity and dead specimens.
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Table 1. Classification of sirenians
Order Family Genus and Species English name
Sirenia Dugongidae  Dugong dugon Dugong
Hydrodamalis gigas Steller’s sea cow*
Trichechidae Trichechus manatus West Indian manatee

Trichechus inunguis

Amazonian manatee

Trichechus senegalensis West African manatee

*: Extinct in 1768 (Nishiwaki and Kamiya, 1984)"
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FWest Indian manatee
2] West African manatee

Atlantic Ocean
Amazonian manatee

-

o Pacific Ocean
" (& Dugong

Fig. 1 Geographical distributions of sirenians (modified from Best (1981)%).
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Fig. 2 Schematic of the digestive tract of West Indian manatee (modified from
Reynclds and Rommel (1996)%*).
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RS EAE LTV 545, BEPERIC SO ERZF -
TRELTVW3, VYDERTHIOLS BEEO—
DICTHEBRSRE L TV AEESR SN E™ Y, BEH
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8 (duodenal ampulla) & Z OFiHGD» 53K 5~
SDME (duodenal diverticulum) » 5K %% ™,
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BEEOHLLTROEER I LT, BLEE
HRAEEOEZRPROBELRE ATV IDE, B
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Nl YaTVOEROKE S PHMEES T 55
AN R u = o AT S
(1996)* ¥ 2 T &7 2 ) A= F T 1 OBBOMAHT
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VadvRevrF o BTIEEOLBESERL S Y,
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BfEREY) (B 2T 5%, R Xk - TE
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) 29 F 22T <€ Cymodocea serrulata, <=V /NT IV F
4 Halodule pinifolia, 7 3 ¥ 7" Halodule uninervis®® b F
T IRDY I ¥ a3 2 7 Enhalus acoroides, 7 I kb IVE
Halophila ovalis, ") 2.V % 29 R /%€ Thalassia hemprichii
BEISENEITFONTWVWS (Table2, Fig.3), VoI
VREEE R, S A L TEET ALY, Thb
BEOL I TEZ CEBEINE® ® ™29, Lip
L, 93vav7R)avFday 283 BEsHidc
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Table 2.

Primary foods of dugongs and manatees

Family

Species

D, dugong

T. manatus

T.

inunguis

T. senegalensis

Amaranthaceae
Araceae

Cabombaceae
Ceratophyllaceae
Combretaceae
Convolvulaceae

Cymodoceae

Cyperaceae
Haloragaceae
Hydrocharitaceae

Lentibulariaceae
Najadaceae
Poaceae

Polygonaceae
Pontederiaceae

Potamogetonaceae
Rhizophoraceae

Ruppiaceae
Salviniaceae

Typhaceae
Zosteraceae

Alternanthera philoxeroides
Montrichardia arborescens
Pistia stratiotes
Cabomba sp.
Ceratophyllum demersum
Laguncularia racemosa
Ipomoea aquatica
Operculina alata
Cymodocea angustata

C. nodosa

C. rotundata

C. serrulata

Halodule pinifolia

H. wuninervis

H. wrightii
Syringodium filiforme
S. isoetifolium
Eleocharis acicularis
Mpyriophyllum sp.
Elodea densa

Enhalus acoroides

E. koenigii

Halophila decipens

. engelmanii

. ovalis

o

ovata

spinulosa

. stipulacea
Hpydrilla verticilata
Thalassia hemprichii
T. testudinum
Vallisneria sp.
Ultricularia sp.

Najas guadalupensis
Echinochloa polystachya
Hymenachne amplexicaulis
Oryza perennis
Panicum hemitomon

P, mole

P, purpurascens
Paspalum fasciculatum
P, repens

P, vergatum

Vossia sp.

Polygonium senegalense
Eichhornia azurea

E. crassipes
Posidonia australis
Thalassodendron ciliatum
Rhizophora mangle
Ruppia maritima
Salvinia auriculata

mEmEmE

S. minor

S. sprucei

Typha augustifolia
Zostera capensis
Z. capricorni

+

++++ 4+ + + 4+ + +

+

4
.+.

4
+
+

4ok ok E ok

+ o+ +

+ 4+

+ 4+

*: Cabomba aquatica,* * : Myriophyllum spicatum,*

*

* : Vallisneria neotropicalis,

* Kk Ok

s Ultricularia foliosa

References are Best (1981)”, Murray et al. (1977)”, Heinsohn and Birch (1972)*®, Marsh et al. (1982)*,
Erftemeijer et al. (1993), Preen (1995), Wake (1975)®, Campbell and Irvine (1977)*, Reynolds (1977)%,
Hartman (1979)*, Johnstone and Hudson (1981), Nakaoka et al. (1998)%, Mukai et al. (2000)%.
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a) Cymad, data, b) Cy

ea 10l

A,

Typical forage aquatic plants of sirenians (modified from Godfrey
and Wooten (1981)*, Sargent et al. (1995)®® and Toma (1999)%”).

serrulata,

¢) Halodule pinifolia, d) Halodule uninervis, ) Halodule wrightii,
f) Enhalus acoroides, g) Syringodium filiforme,

h) Syringodium isoetifolium, i) Halophila decipens,
i) Halophila engelmanii, k) Hydrilla verticilata,
1) Thalassia hemprichii, m) Thalassia testudinum,

n) Eichhornia crassipes, o) Ruppia maritina,

BLBELTV B,
AL A

—h, < F 7+ BbZOERISIHEIG L B EE
B-oTW3, B —OMPOKkETHEZ T/ v =T
F 4 BPIKEOKERYI O A ERT 505, E» SFK
B, BokiEE cOREHRIcAERTATAYIRF T4 K
U7 7V A=F 5« 3EBERIKEMMIZEL TV S,
AT AMESROEHESNTOEORTAY
N2F T4 THD, KEPHEKBRTEIEELTVWSD

Iho 2EOBERBHEINL

SHEE, R b F I A IR Thalassia testudinum, ~=
7 < € R D Syringodium filiforme, Halodule wrightii T &
3™ (Fig. 3), BB TR Y/ o~ TOEDPERL &
ERELTVEY, WKETRINF AT IR0/ nE
Hydrilla verticilata ® ¥ A7 A A OFx 514 724
Eichhornia crassipes 15 E1% & TS KAEEY = BEE LTV 3™
(Fig. 3)o ATEOEIYIE L T 60 MLl LOREMosHlE &
NTBY?, PTHI7uELT Y/ Py SHROFF+
J 7 % & Myriophyllum spicatum, =V ER O < v €
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FF AN I E D Vallisneria
neotropicalis 75 &% FIRANICANS L SN T3 (Table 2),
TAYH=F T+ OFABTYD O BEHOBHEIRERS
NTVBER, TnsEYcME L BEEBRNICE
L) Thy, BHENCEREEZEET 2bI TR
WEEZLNTWVWA> ™, BB K &7 4 —F—T
HBEYV2TVERRRY, TAVARFF 4+ RIDELD
WKED Skeh, Kl s 58, Bicldki Loy
FTEART S LV BREICEALEEEEER > T
3, T7YVH2FT 4 BIFATENDEYE, FZEH
7 W ER D Ruppia maritima OEPL b F AT IO
Vallisneria D WEPRZE, 7V / by 73RO
Myriophyllum DIRRIE, fhE\Wote k5 IBHE T 3 AL
BHEYOREPCREREIC L > TR S (Table2, Fig 3),
BB E WO BREBRBICAERT AT/ Yo F T 408
HFATENSZHEYE LT, ¥ 4 RO Pistia stratiotes
DIFICEDPIRER, 4 RRD Panicum purpurascens D5 I
=R, N T o EERD Cabomba spp. &\ - T IR OHE
EHREY BT 505 (Table2, Fig, 3),

<+ 7 4 BRI 2 YRR OFEHR R bicow
TRHRBIFEAERVD?, BEREIE L VEHEH
ERTIEBHONTVWS, BIZE, TV v<FFg
HEBEDTE BHEYIRE 0L BIBOBENTTED
723, BHHKEONTVWEY, TV v+ T 1 OF
REBBRTHEZT</ v 12 A0 CBE 4L Bichid
TR &Y, KELIZH 10~15m LF$ 37, ®AJO
Bk LIEBIC & - THEPEEEBICERL, v+ 7413
ORI HF AR L, XBEHOSVRYZEEICE
e BT ENTE B, iz, & 3 LEREY O
BREMELL, BHERESENT Y, Wil &2
B BEREN, REHOKEMYOREMOE N D
Do TWEWE, TOX)BREOEIIELT, D
 EHBHBICEHEMLDLOBHS,THA S,
BHERORBREC L X V¥ —ERBIET 3HRIZ
BEAEBLNTOEL, THLOEBNBIEE LTE
EBXHEAIED S OMESITOR T B> = 50 % o nm
BHEEOBRAYICE £ 1 5 /KERY O RN R
BT LT BKERYIOSHTICMAT, 1Y Fxv7,
A&, TAUA, 7IVNVTIHAETFOMEICHRETS
ERHT D> WT b RBEHR T HBITOR TV B0 0
Ih o OB EICE: HiEY), i EEanmIED

Ceratophyllum demersum ,

fERL & ORBREWILETH D> ™ =, BAEO
SERHEY) O RER P H A EP OB T O R BN IR,
KBRS OEHHBEE V> HFRIZZEAEfTDO
TV,

VoI vEET AEER, MBEEEAMIEOMEN
M2 Ly vy BEFRMDIE L, MBS
BENVEL, »u ) —@EHBEY (Table3), —F, BT
IKEHE TR L TWA 7T ERO T < € Zostera marina
OEAEEFEY 2 7 v OBEABREBOZh LD L,
AECRBHEOEBIRIBLAELDLLT, My vy
BeBEBRE o) —lBE, 7P 1V FRYTDT
VFa—VKERETHRELLI VO—FE, 17V SHOD
Codium decorticatusa & Codium magnum DOHERST I HKR T T
BEL TV ABREE LTRSS, Hy v 2 HE
BEREIDR DI 12,

Va3V OBREHBEORBRS BEHEORMPEER
k> TRIS %, HERHRTRT, 7o) —{HIRER
TELCEWEEZRL, R EWRLECEE™, 7
< EQH Y v BB TR bE, I, EERE
ELBBERERL (BHH, KREF—F)o YVad
vi3EL OBERNE CRET 20T, SAKITET X
WFE A BT A RERIE-TVWAELSTH B, BHE
2KD A v ) —{E (IEnhalus sp. DB b m {, Cymodocea
sp. >Halodule sp. >>Syringodium sp. &% <™,

< F 7 4 3SEONEEY ZKERYE, B R AL
HOMEEHEY &3 Ly v 2 BOSERIIZIER
Echy, HBHOESHERNEL, o) —EXETE
V' (Table 3),

f - AEY) & KA RER O RRSY THE & I E S ORIk T
» 5. BHEOEBIHEY % D 85~B%BKATH 3
DX LT, BLEYMOKSERRE 75~80% T
B e KAEHBOLVWKAERY EZREL
TV EHBHHICE > T, EFEO D ICKERRERS %
FERICE Y AT IR KB OB =& S BT NIFRE 5100,
V. vOEEIELT, JOFYNSELT, Phok
W, BNPTOEEE ERLT) BELTh3E 0D
BRL e 0n SN TRLILOTE 5
BARGTAT [ERRC] BELTLE* 2215 2
SOERMNH B, TOEICH>WWT, Lanyon (1991)™
RETOHEFH OA X S SERNEEOHMER & OF
AR, vad v icBREBIRENS 5 TR H
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Table 3. Nutritional composition of some aquatic plants eaten mainly by dugongs

and manatees and terrestrial angiosperms

Species Dry matter  Protein*. Fat Cellulose Calories
% %DW . %DW %DW  kcal/gDW
Dugong
Zostera capricorni 17.3 5.0 - 42.0-50.0 2.9
Halodule uninervis 19.3 8.1 - - 2.1
Cymodocea serrulata 16. 8 7.5 — - 2.7
Halophila ovalis 14,3 6.2 - 24,0 2.1
Manatees
Elodea densa 9.8 20.5 3.3 29.2 3.4
Alternanthera philoxeroides 14.5 15.6 2.7 21.3 3.5
Najas guadalupensis 7.3 22.8 3.8 35.6 3.6
Hydrilla sp. 8.0 17.0 3.5 32.0 3.5
Eichhornia crassipes 5.9 17.0 3.5 28.0 3.8
Mpyriophyllum spicatum 12.8 9.8 1.8 18.8 2.5
Ceratophyllum demersum 5,2 21,7 6.0 27.9 3.7
Eleocharis acicularis 11,1 22,5 3.6 27.9 3.9
Salvinia auriculata v 5.5 12.2 — — 3.6
Pistia stratiotes 5.9 13.0 4,0 26,0 3.5
Echinochloa polystachya 17. 4 9.2 — — 3.9
Cabomba- sp. 7.0 13,1 5.4 26.8 3.8
Paspalum fasciculatum 25,6 5.8 — — 4,1
P, repens 16. 7 9.8 2.9 — 4.0
Hymenachne amplexicaulis - 13,9 21.3 - — 3.9
Oryza perennis 16. 1 8.1 - — 3.9
Terrestrial angiosperms k
Alfalfa 18.3 19.5 0.7 3.6 -
Timothy . 18.3 13.4 0.7 3.4 4.5
Orchard grass 17.6 15.5 0.9 4.4 -
Lactuca sp. 6.0 21.6 4.9 8.3 3.0
Dandelion greens . 14.4 18.7 4.9 4.9 3.1

~: no data,

References are Best (1981)?, Murray et al. (1977)”, Wake (1975), Johnstone and Hudson (1981)%,
Birch (1975)™, Allenet al. (1976)™, Lanyon (1991)™, Lanyon and Marsh (1995)™, Boyd (1967)®, Boyd
(1974)®, Boyd (1969)”, Easley and Shirley (1974)®, Easley and Shirley (1976)*, Howard-Williams and -
Junk (1977)®, Onodera et al. (1989)®.

BHEE E LTBIPONABOTTROGMBEBEDEh -7t TANTVWBEEZ T, Z. capricomi DML 3 EES
Zostera capricomi DRFTHSA—Z L5 ) THIBEOY 2 T ET42~50%TH 301 LT, OBEETIE 13~
DERTREKNEL, ABBEROY 2 T VvOERBYO 36% TdH B> ® =™ ™0 X 5T Aragones (1996)%° 1
HETE, AEHIRSBEEENEVETH - Y & BERILOLMHEEZZBRENTERNICHEL,

BEDPD, HBHRY 2 2 VBHBEEODIEWVBEAEA  Halophila BR S. isoetifolium i3 Z. capricomi, =72 %E,



A OB I > VWT Gash) 93

NavFav 7ok bEESEVEVIEREE
oo ERERE, WHEY 2Ty EERTE 2RBERKA
BRI T 3 o1 (Lo F < ), TRBEHOB | #
BREABEIRLTVAEHE L, Lk, £EERIc k-
TEHE B HHEECZ OWARSRL 5 2 &7, %
M DBEDS LB SRRSNB I E™ ™% % ),
FmEOBmOWLL, ABRE KB B, sok
BRI > TEEOREMBAZT 5 C LR EEER
+3E, BREBICBOTREFOEMEOS T [
BIRME ) OEBAERT SIS S B,

3. HILICRT BEEMATE

3. 1 iEfkE

BB OB T AR RIRER DI, o
EEMBFLAR IC T A RRIC B 3 2 BRI S A R 3D 8
Vo BtV T VvREBEPRETH L LS, HBEM
FEERAOEHERSHE LD,
(1972)'” % Spain and Heinsohn (1975)*, Marsh et al.
(1978)" Bic &k B ¥ o I v ORFEIEN B & OSEREH 12
WE» S, Mtk 2BEORIPKEBEELED
T, HLOBRIE, B3R GHLE) ORE L
fTLTC, WLBEROERMEBTHRRIERE ORIE & BREY D
AR OAIES DI P TON TWARTTH 5,
WEEONLRR, TR T ONLE
NEWE ST 2L, KEESE comMEREAE R
WCHLRERE TS AER TP TRESA T B
(Table 4), Murray et al. (1977)” FiEHHICEE SN
T U, RBRLIAZRDY 2 I ¥ OMLENEY %
St L, BEE T THR T oBEOEIEE TV
TH~T, TOW%, EEOHVBEIKEETHESLTL
ORI LY 2 I V2EE RO THEEERZTV,
HE FicB T 57 v EDOHELRZHE L™, TORER,
UadvOELEIEE, FEE SIT80%IEL, M
TEDEIREBEZRONBVWI LD bh - e, BE
OREEPEHBOWIMEEORVWERN T 501,
Lanyon (1991)™ % Aragones (1996)*” ic & » TEEBRHN
I ELRDOBESTLN T VB, Ya v OHLEES]
RS B oD ICEBRICEY B THEEEREZAE L <
DRINS2FUDIRED L, -

—%, <+ 7+ TREMEORENZIFTOOT B,

Kenchington

FHENCHBEBA LA RDT A )V H<+ 7 4 1HHER
W, HBETOERERTH 2 * 7B O Lactuca lactuca
&, BEBEERO—BROSIERTH B 574 741 DE(L
ENHES L™, £, 7o) SEATHEELET
AVA=FT 4 THOBABYEATTL, HILRIKD
57t Py TOBE,  HEEYEOEE ZIThhish -
fed, BABYDOEIRSHERAS < ORI ERT 27
AVA=FT 4 O—RRSEEY EE L CTH /T En
5, COBEREATOT A ) h<F 7 1+ OHERERB
LTWBEEZONT VWS, ZOME, 7AVA<F T4
DEILERIZHIBO~0%TH 2 T EDbh - 72,

TS VT F T 4D W Tk P purpurascens &
Cabomba sp ., P. stratiotes D3FEAFEM L 72 & & O E(LEK
PRESNLTVEY , AEOHLEOKEEY = I v
TAVATFT 4 OEEEEANTHS 2 IEY, JIEF
B, BV T 3 RS ERA W o D B EHIREE T
BB, HEZWMXOFERWERRCEMENH B L
LTV B, AIEICEREI I, TV v=FT4
OIEEHEY OB REBMIC IBHNRENMSLRE0 3
EH 5, AEOHIEICOBHULENSDHELELDL
n3¥, zOt, TOES—BHB TS VveF T 1
DL TH B LR T 2 I 3BRER T,

FEMHERSEEINTOEOT 7Y F 7 1 &,
HRCEFEEOBEVWT eV vy F T o K EEEEES
D, O MR LENIC80~0%TH Y, K&
BYCHBEYLD &<, BEEOBLENIEES
HHAROPFTHL B OBNTVLE I EHHERENS
(Table 5),

3. 2 {BRHIEIE (VEA)

Murray et al. (1977)% 3 Y = I3 v OHEILE16 7 B>
SHBEMERIL, % OESHRZE ST L THEIEESER
BT B LROEVETN, TOKE, BHEOH
{LRBBERBTEIITON TS ZEABPFLMITE -
oo FRFICTHILENTY DR MEIRIEE (VFA) BEE
DRFEZEIT-1c & A, Bl KBICBY S VFARER
B0/ NE TOMIC AR THI10~16/ZEh 5 72 (Table 6),

FIfEOHFEBT 2 VA< FF 4 20T HIThhTL
5", 1THOT A Y A7 4 OF, +2IE 55,
K Grn RUBBOAEI > ik 58 o hicliLE
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Table 5. Mean apparent digestibility known in aquatic and terrestrial herbivores

Apparent digestibility (%)
Species Diet consumed - Reference
Energy DM Cellulose CPp

Aquatic herbivores (sirenians, some chelonians)

Dugong Zostera marina 81.8 (1) 8.1 () — - Aketa et al, (2001)™
81,6 () 85.0 (%)

Halophila ovalis
. . 84, 0" — Murray et al, (1977)%
Halodule uninervis
West Indian manatee — . — 79.6 — Burn (1985, 1986)% "

Lomolino (1977)™

Lactuca lactuca 88.8 91.4 - 93.8
Lomolino and Ewel (1984)%
Eichhornia crassipes 80.0 82,6 - 78.1 Lamliao (1877)"°
Lomolino and Ewel (1984)%
Amazonian manatee Panicum purpurascens 33.7 44,1 45, 2% 45,4 Best (1981)?
Cabomba sp. 28,5 55, 4 77.8* — Best (1981)?
Pistia stratiotes 49,0 67.8 76.6" 60, 1 Best (1981)?
Green turtle — 75.0 - 82,0 — Bjorndal (1979)% *©
Terestrial hetbivores T
Cow Alfalfa - 7.6 440 70,0 gj;’i:kjt “ L“l'( 13(133;3:‘3 "
Pig Alfalfa — 73. 1 39.7 76. 3 Keys et al. (1969)”
Sheep Alfalfa - 57.0 50. 1 69.0 Keys et al. (1969)*”
Goat Timothy - 49,3 45,8 - * Udén and Van Soest (1982)™
Horse Alfalfa, Timothy 56,9 42.3. 347 74.0 f;::: ;’;dvlzsngz;tlifgg;;w
Rabbit Alfalfa 51,8 - 16. 2 73.7 Slade and Hintz (1969)%

‘Wombat

(51,6-62,8) (37.3-52.4)* Barboza and Hume (1992)'

Vambatus sp., Lasiorhinus sp,

Greater glider Eucalyptus sp. - - 34, 0° - Foley (1987)'®
Koala Eucalyptus — - 31,0 — Cork et al, (1983)""
Giant panda bamboo - (35.9-47.3) (43,8-48,3) (11,249.1)  Morita et al. (1998)'
Asian elephant Alfalfa - — 56, 0 — Foose (1982)%

Measured range are indicated in parentheses. DM: dry matter, CP: crude protein, -: no data, *: values are neutral

detergent fiber,

Table 6. Mean concentration of total volatile fatty acid (VFA) along the digestive tract of sitenians and green

turtles
Site (mM/1)
Animal - Reference
Stomach Duodenum Small intestine Cecum  Large intestine
Dugong 16 - 18 183 236 Murray et al. (1977)%
West Indian manatee ~ 18.6 12.3 133.1 220, 6 307.3 Burn and Odell (1987)"
Green turtle 7. 64 - 57.78 156, 13 206. 96 Bjorndal (1979)* *©

-: no data.
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WA RN LR, K OBIRERBER TiThh
B, =%, MBI, 2o — 20RES OHLRIX
BECEBERETREA TV, BEE2SUHEYDI,
— R iCHAE (RIEERKES 5 v 37 8, T8

LANREREME (HEE: ¥ vo— X, ~iklo—2,
) 7=) PO TV B, EEEYIE, HENYEZ
Bo+ iR tBEREHVTHEL L, MR
BB L+ RE T T 37, —HiHRIERRRE,
BEENIE & bIcEl, KBTHELLTWB &b
Mo,

BIEPKIE T OMMEE OHLEE 2 ET 57201,
TAVARF T 14 OFLENOVFAREZRIE L &
5, ZOEBEEE L+ BB T12~18mM/ £ 2R L
1ods, BB ERBETIZ220~300mM/ £ TdH - 72,
VFARMAMOEHIc LD ERS N 37D, BTO
HEERPERIC X 25 L0 b, BRI TOM
- T X BRBOT RN REN TV S T LARE
ANd, VaIdvTHRIBROVFABENRES 1, &
BOVFABER YT VIR UBEERGBNTH ST
AT IHALOBENMETH -7 (Table 6)* 22, Yo
TYETANVARFT 4, TAUIHADISECHES
NEEBEANBHTOVFARE L, EBEHWTHEH
BHoO < (28.4~57.3mM/ £) X0 &FEEBICED -
7219,

FAOIHNA, Yady, TAYVA<TF 74 O3FED
BROVFALERZVWINLEFBR >BE> 7o vt VR
TH -7z (Table 7)* ** 9, £ Ok LI
OVFAHRBEE > 7o vt VRSB TH 5™ "9,
BEEEE L ANMAE TOLENR S T LhE
BHRLTLEpRbL > TWREWY, BEADIED
VFARERBEYULTWBEI LD, WEBERL LD
WBZ o EEMOBRAHROBVICLESDTHA
59,

DEoc&ds, BHENER S KBGHRTHRIH
ftsh Tk, BRCERT 2MENSZ OHILICES
LTWBEEZENE, 2%, BRI hOERHERF
FIH L R I LE N E S E A LT, 20
SRESYZBEEE VBB RGTHEMNIZBIXL,
TRAVF-RELTHET 2 EZEZ LN TVWS, KBA
TOVFARNIE, TAVAZFT 1 ORBETKED
IO GEENER I N TVWS Z LTS TV

3%, ULa L, BBV THEERMEY o RE K
UM B B DR IREEST &\ - - LS RMEY T
BT 3HRRVERBLATVEVLYD, %O
s TVB,

3. 3 EEMOENETEY

BWHRER O BAEHOM LB ERHET 65—
DOFEE LT, BEYOENEEEEORENITHON
Fom S oy g — VKRR TR - X —
=L LTHWT, HATTOEHEN TS H 3 S.
isoetifolium () 2O F29F7<E, 9IVavw 7TE2HE
KED) OYadyONEFERMZAE LKL C 5,
#1146~ 1661 T db - 72, I LEOEME < — 4 —
KHWERROFET, BIKEEDOY 2 o CTHEL
ek T A, 7= EDENHERRIZ144~240] TH -
fft w0, —F, THERBROFET, A71 741 RE
HLAEZDT A Y A< 7 4 OFENEFERR R
M46BET™ 0, 7=V v eI T 4 TiF120~2168[ (5~
9H) THD®, VadVOEERERIERDONLEL -
7o B FCOEBRERVEAT COEERRT Z20E
HAMmEWND T ER, EEORENEERENEET
& SEEEE OFNEEERICEELEZ RV o L
S BERNIER B 08, Mg B B Y O AP IR T
FI0KMRIRTH Y, THEDY <8 (23~45KF
)= 12 £ 7 O 7 V' Elephas maximus &7 7 ) AV
Loxodonta africana (17~268&R]) ™", BEHOAX Yo v
77 Odocoileus virginianus (20~40BFfE)"® v v (48~
G5B LHART S, BHDTEWT LRZPHTH 5,
COFRE LT, BHEHORWHEILE, RcBEicsy
ZRIED ED EAHBET SN 5%,

& 5IZReynolds (1980)® BT A ) A<=+ F 1+ OKE
Wik 5£L @ B PEEYOBEOTEICREYD,
R LUTEEYBKBED - D LBBT B &ITE
ZOTREOHEREL TV, RiclHthrdbzoES
NILIp - 7/NEE T I EEY OBEE SRV RIS H
TH3®, 0 K] OFEERY 2 T OKBTRR
LxhTviang, BRI LS KHREORENSRS
N, TOBESBEYOBBOBICEELLTYSLEE
Z 5N TW3™, Spain and Heinsohn (1975)* 12 & »
TEHENLREHODO Y 2 T (EE22m) OEREY
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Table 7.
green turtles

Mean proportion of individual VFA along the digestive tract of sirenians and

Proportions (%)
Animal and site - Reference
Acetate Butyrate  Propionate .
Dugong
Stomach 82 12 6
Small intestine 84 10 6 Murray et al. (1977)%
Cecum 57 25 17
Large intestine 50 32 17
West Indian manatee
Stomach 95, 6 2.5 0.6
Duodenum 82.4 6.0 10.3
Burn and Odell (1987)"™
Small intestine 59.1 30.7 4.6
Cecum 53.2 29.9 14.6
Large intestine 57.0 27.0 13.6
Green turtle
Stomach 96. 86 0.00 3.14
Small intestine 92, 46 5, 52 1.99 Bjorndal (1979)* *
Cecum 92. 69 5,57 1.74
Large intestine 78, 41 14, 05 7.54

DOEHNBEERE 30, 17m/hTH > f2, LiBD@Y P =
vEwF T 4 OEBRBICKREEED SRRV DT, B
Bofowr 71+ OFE, COFEERGSDLHELNS
MhH L7,

INETOMRICL - T, BAFIIMOEEMHILIR
WHATHEEMICE WELRE I 5 5 T &b » T &
too ZOWELEELE UCHE, Ei2o8ELohT0
3, TDOIDBEBYRGICHENER LT, MESND
WHEEOMET 3 EIERT XV F—L2HYES
DRINT ZHEETH B+ o1, BEAHOHEL
ENBEEENICLDRIBRFTEZL5BHBETHY,
LBV E, G THILE, FcRKBREERSE 3
BrETH D™,

x&d

wBAEOBEREE, tholBEMILEICH TS
KENTOLRWEADBEZ L, LHLEHES, RohiE

BomTIThNTE PR S, HEICE > THEEED
BRI O hIcE o2 d B, MLLITS W
WHHEELSC EURBMOBVKERY 2B L, 2
LRI T 3 7o, BAEIRE OB RE
HTE, BEEZEL, P oENTOREREEE<
L, B ZEE<L Lic, ERiC, VFAREORIEL
BhoEZT, DR EbVaTdvETAYATFF 4
TRMEIC £ 2 IEEWN T oMM RIE 2 & D THA
DIFNF—RINHEEDDOTHAS, DR,
FEEREHEIC N TEOEIRER D S HEENM
EYOBMENTRTIE AR ORI 2RD T WS, B
FHRRRTAER T TZOREBREHFTEXLLER
5N 5,
BEFciron T 3B HOHELICEET 2R
per OB MM HANTOTHLTH 5, BHEOH
LRI BE T 2 A OB, HLBEORBIR ST
WC, DOHBHMEOHEATHWE Y 2PN, Sy J R
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L0 RS OBIBEBICESw TV A1), H#ERI
DA HITOESDBE WV, 58, FECHEEP, KicHE
T b B EEMEEE OB FEOTE LB, HdE
BT AR E & HICEEY, THILEAE &tic A BRI
DVTHEBEED TV T EBHKETH B,

oo

ARgEELHZIcHlcy, BIKKEERIERER B
KL AEPFRMELHERRELOHER S » 70T %
KEEE OB OREETES £ L, ZEREEYE
BREREOBFRERZICBZOBFZEHEE L,
Eckerd College Marine Science Department Professor
®Dr. Jorn E. ReynoldsI [ & Florida Fish and Wildlife
Conservation Commission, Florida Marine Research
Institute®Dr. Sentiel A. Rommel K IZ 3% KL ER O
RELHE, BHZ2EEE L, 48, 220RME
BERBEREZESE Lic, N DERITLD oBS
DEEHRLET,

L

BEFAEO T TH—OERFYITH S, VA
TRV vERFTFABOTA YV AT FT 4, T
TS URF T4, TINVARFF 4 D2RDORD, B
RO BB I th D PN B EEE L & TR -
TWBTEHhD, BHEED TV, AR TREBFHED
BRI > WT, (DBELE ORI, (DR
WY OREENEE Q)L BIE L o R B4R
RO 3 mAE L E LT, EEERECEE Y 2 B0
MBAWHL, SROPFFEFHIC>VTERET %,
WBFERERESYTH 2, BRIEETH D, [MHFA
BRI EPREN BRI OB 5 5, RIS
LR ZE QWS 2RI S B E NS 2Bk 2 KR
DOR-> T3, ¥Va Ty OBEMBREERRICEWD, <
FFA4ROFNBEOLIREELTCVS, VoI
E<F F A BTSSR SBRIESD - TRV, BRIET
BIBREED I~16 EIC/E %, ¥ a I v OKETIIKE
WNBOW 2 EOEXICBEADIIHLT, <+ 74 T
KBEENERBRILEESTH 2, V2 dvOBERBIE—T
BB, =F 71 OBEBREHE 2 >0AKICHE LT

W5, REHPEEORER, S, BAERITNE, EAH,
N4 5y 2H, BEEPAABOTAY ITADET
ZRIBEYICES %,
@YaTvid4f 18 BOEERIEYZEET 2, %
KETHET<V/ Y2 FF4E2ROT, TF 5 1 3HEEK
D OYIKIRE TR T 2 S EERRKERMYE RIS
b, THAYATFT 41360 ELILEDKEREY % EHT
LT EBHESNTVE, VadVvBIFATANSHE
BEEOHEABYNEFICEDIEY LT, Hy v
PEERENDIEL, HBHESERNE, o) -
B\, —7H, <7 1 B~ KEMY%EE Uk LE
ME~NBE, Wy v s BEFGRNRET, HBHS
HEPDIEL, An) =RV, BEBYTRAKSNT
5~80%Td % DITHT, KA T IF 85~95% hi7k
HNTHBOT, BFERBFOREMRFT 201, K
BOEY AR~ IR S0,
@) 2N ZENOWATEHEN IR 545, BHEHOM
LRI 80~90%TH D, BEEDOIEREEMIEE A H,
REHYWL0 SFOIEMBMONTV S, BAHOMBL
BRI tOEASY A TH RV ER TV S, HLE
Y O EZEMEIETRRIERE OB &, Bl & KB
BHEY) O OO & SRR O LS TThbn 3 £12
B ThddlEMBEZL NI, S5, BEHIcBT 3
R O AP EIERT (120~216 BRRE) 13, BEH
Mchsry v (23~45 ) V' (17~26 KD, #
Ju vk (20~40 KD &V i DORIBEIP Y v
(48~65 i) DL S BREEY LN TETHERY,
WA EE TR B L WO HB O
LS, +oRREERNICRIXT 3 cdicd
1< & HIELEEER 2 DO b s ¥, 1 0 IREEE
EHBEVKRENE L DWW - DERS T, HREY
OFEABEERMEE Lkl &TH B, 2 0 BE#D
SEE xR VF—RINEENEED B2, LEN,
BFCEBPRGCBERMAEYEET 2Ll
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EiThN TV, ¥ 502, MO M BB LR
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