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KRG L8 B T AR 5

LAY EEEY KREHK FRE EFAS R OB BEHR
LR K RIS BRI AWl IR B2 0 5230 3
MR OK = S S ISR T 330039)

M= H T f KR (Mastacembelus armatus) i L8 A R EhiE 5 RN R Z, UXHER
AR AR K RSN AR AT &, KRS . . HE L2 emFayaotiE &, #AR7T
AAHHENREF, AAFEMBEEFE FREF, KASHE GO EE, £, §f
Fargek; AvEEEE, WEMEE; CHEME LA AEERT LA, EHFENARAENL, WER
PATHFEAR G, MEERBESNAFENER AL, BEMGREAHEEE. BFETE. ILE
A EEM A, HUE N BRI, 2 NFENAYN; BE VT OA, 2HFITI . F@E. w1#H 34
o, BIEAWMALEREALLZR T FP<0.05), FIIHEFERFZAGEH, AATREME, W
ITBHNER A KL, BRGITIEAN; E, E—ANEd, BERH8 0.325£0.050, R EF
B, W, v At R E AR £ R B E(P<0.05); FHl [ 1EAnRT g E E 2 Nl T E &
KRR, B P EE Bk, KERE, a2k 8 WAEYEE 6 XXM, &
EMAZEREHERN; 2O 5 ERE)Y 2.19, FH# BRI, HRAHHEHD)N 033, &
HERE, RN ARG EERY, EHAMEEZEHBTE 2 LIRI%). FTE T 2 (W) &
B (N%) 2 F K 97.75% . 92.29%7F1 73.07%. FFR KW, KAMEAN e L, LHEHEFM
ARFEMERIANH G B EAEN WL, THARTHARHA TRBEATLAREELSE
KA KAH; HE; BAYE; A48%;, &k

FESES Q955 XEkFRIRE A XEHRS  2095-9869(2022)03-0056-08

KKk (Mastacembelus armatus){EFRIERRYE . T] fREE ARG BB R Bk E) R A T AR T A B
ik, FE AR ERIL L IR KR, Bk W& sk, JFe)a ST T RO 5k E 5K R T 0 IR AR
5 (Nelson, 2006; RIS, 2017), KRk Ay o 6 55 | X, FE— B FEBE B AR T Rk 7% o 50 o 0 A
BRI, & W LR AN AR R AR D R (B VP TR (] R85, 2015),

4,2018), A EMATTMEHNE, T KA BN T F258 77 Ml v Ak T A B B, © A Bt
o B ARG IR R BB . WA A2 B R P FURE OC T A3 I e FL 5% 58 0 90 01 A B Be vk
Mg, R ik B A 5 1) ™ R IR (R AE, 2020) 874 S| = - i o S R e I B A N L e S B e
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A SRR B FL T S50 S B PR S 57

FEAR BRI, A58 Ml fb 57 FE RSN = i AN, B
5 NATRE P Fh 2 22 R A0 RN S o4 T B B SR, R ol ik
MO MR RE T R T T B ARk, KORI SRR DG 78
FRE PRI E RS, 2019; FFIESE, 2017).
W) (Verma et al, 2015; BRJ7T4E, 2015, BERTE,
2018) . i ZHEMEMH IR, 2016; DrtHALAE, 2018)
FRDBTHIR(Wu et al, 2019; FRAIEHRAE, 2020)5 )7,
Ml bk, KOS ¥ & (Monopteru albus)i) &
Z I R (Tian ef al, 2021) . FT T8 Ak 4546 A2 Pk
A5 S T A R T £0 28 T A IR e A= SPIL ) 7 2
W ELSE, 2019), O RHEFAREEY . R
N T FRF R e SR R & i i wr, Har, E
PRI A DL St s R R 56K A 1 454 5 8 PR A O
FIBIFFE 2 TE o AHIFZE X 5% r b DX AR 55K 1) 9 Fb 3 T 2
SR I BRI IRIE R, LU Sy ORIk 5% s AR 4 RN T
FIHE LS S %

1 #wRERE
11 HmXRE

2018 4= 3 H—2020 4F 9 H, 4 3. 6. 9 Al
12 A 5 BP9 4 5 N T 45 = Bk VK 80 g B
IRUT K S5 b S A Al XRS5 30
], MOREEKANEK 278 B, KK 9.26~42.78 cm,
PRI =20.00 em , AR T0A | (EEHE 1E 5 A% R R
X H A HAEAR T BRI A S A 212 MR, 2 B REARIE
FFEtEsrtr, B EEm i K BORE [ /€ .

1.2 HRFE

121 HEFAMBRPEIE 2% K i fifk o1 2 T
A, MEAECETE 0.01 g). KK, WK, ORK
KGR E] 0.01 em), B35 LSS 1L 18 1Y TR 2485
M o BUzs B ORI T 418 E T, RAETEALIE %
ZH AUy ) v R R R TR, AT R
AIEY) R HIE . HE Jefa, R0 T I FE(NIKON
Eclipse Ci, HA), &ikd) kit 3 MEF AT,
FrRR IS LR A 2T A LT PR AR 5K IR R T
56—, )W FH Image-Pro Plus 6.0 #{40 i Bh 2 |
BT R . WUZ . SR8 S5 A0 48 A i BUE OFS i 2]
0.01 pm),

122 fWsy EHBSYSE ENAE
YR B, BRI B E BT 5% /R Bk
SRR IR, e SR = AT AT . RS
FE B /N TG, AR RMK I QB IR | AhoesE
FRAT HI 2% B EAT S 58 G 3L, 2005), & IRZ=)5 %5(2019)

P 7 A 2 B R B e SR R W
ALY BT T A3 e (%)« B 23 U (V%) L H B
F(F%)(Hysolp et al, 1980)FIAHX} B E M8 50H 7 e
(IRI%)(Pinkas et al, 1971)RITA RIS AL HY
HEM:, R Shannon-Wiener(H")Z R H8 BURE B}
DEAFEEU(D) S W B A 280 T8 B (B 5 15 4%, 2012),

77318 % % (intestinal coefficient)=f7 /1 K&

23 K (empty stomach rate, %)=25 K0/ B <
100

5 1% 75 %X (gastric fullness index, %)=H N EY)
[t (g)/ A4 (cm)* 100

F%=5 LR A 9 1Y) B Bi/S2 B 80 100

NY%=HEER A 014550 8 & Wy oR A ) A~ Ex
100

W%=HE A= W 1 S5 B 5T 1 (g)/ 18 2 ) B o
(g)x100

IRI = (N% + W %) x F%x10 000 (1)
IRI% = IRIi/ (ZIRI:’JX 100 (2)
H' :—ZPI’ log, Pi 3)

D= iPiz (4)

o, Pi Sy e —TERELE KGRk 7 W PEOREZE R e e o
W ELB , FETTR B ) Z AR S SR RHL 35 Bt R
i N%.

123 HHELE S5 00 B SR T S48+ o 22
(Means+£SD) %/, 4t i1-fdi ] SPSS 17.0 A1 Excel
2010 A4, R LR 2 )5 2% (one-way ANOVA) /- H1ik
AT B AT (P<0.05)

2 #R

21 HiEEN

211 HALEB S FHE KA 7S B KA B A
10 B, FHIEK KH(29.91£7.34) cm, FEKEH K
(60.51+32.52) g, KPEKIEILIER OME . &, 8
FUBA R, TEARPE “Z” BUHESI (& 1), 1 A s
Y TR AR R AR . R
QAR RS, O, BRE, OHK/WK
A 0.763+0.065, aid TR, R RER
Hve; FEUG AR BT, AT, 885 5 X,
55 5 X85 KL A IR B 5 T A — X Gh1a) S A
IR 5, R oAy 2 TRDAELARE 110 6 (B0 ) o Rl 4 03 o 4%
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O SE, &1 RES, WEEA KRBT %,
B V7R, NBEELREAE, S Ruti . B IR
HAT TR 3 ANEBr o BEI T EB ) B ARER AR M A, | 1] 5B
WUZHGIE, BB/ RS’ 2 AR R )
HATTE 2, I 0 46 sty 0 3ol 1) o 1050 22 A A i, 2 A
HREMP R E S5m0 BEEa 14
M, AR O TRk, Hhama /N FRiG RS,
JE R EIERTTT, Wil 250k 0.325+0.050,

B R LB S

Morphological observation of digestive
tract in M. armatus

Fig.1

E: Bifi; C: #tl]; G: B&; P: W4]; F: "ilg;
M: ¥%; H: 5%; PC: M4l TEZE; L. AT
E: Esophagus; C: Cardia; G: Gastric body; P: Pylorus;
F: Foregut; M: Midgut; H: Hindgut;
PC: Pyloric caeca; L: Liver

2.1.2 hALiE AR LM FIMA S ;. F1RRE =2 G
B2 . T 2 MULZ4I 0. B2 P EE R
(104.71+4.66) pm, FhfE )= I K 8 )7 ¥ L B2 4,
R A R BV . BT R AR
SRR RN . B A RS SRR L
WUZ B (B 2A),

il IEEE AN . B TR U2
SRR L R PR (107.46+11.19) pum,
PIREDN )R8 B & 3K, AP AERE 0 S, RRAERTE I R
=) i O A W A i P S e e R S
JEHBASS AR LRI, V3R (40.43+7.54) pm,
BT )ZAN S HUZHE , 18 hHEILZ R SUILRTRE
WAL R . B2 R E , SR
(23.70£6.17) um, =B 2546 12U (K] 2B).

B BRI T EE KRSy, HRER Ak
WUCHFREZE L BT 2 UZ L PNUZ R EE)Z .
R0 L2 10 DY s T LR PR 40, 1A SR B A
AR F R, FERE bR R JE AR A M, BE TR S RS
B BERCS, b R ) A IR TR B /N M, A
SRR TR ) ) O i o AN LI B 5 7738713
(K 2C); B IR A ZE 568 4 s BE IR ) B i e Rl ,
Ji 200 B B i 3 2, ZE RGN )Z R A R L

(11 2D); W] 200 M5 408 A v P A A, 1A T G 1 R
A, L IN(E 2E). IR TR A4 AE, oy
i BAMAE . HEEFNUZ 0 AB 0L, FRIUZ
JETHNUZ ; FPURGNUSBELEBETTHR . HRHS .
FIER IO R (R 1), S7Ed 1k 2 S i ok
{6, FFIE L R LIAL, (75 B 5 % A SR IR 4
H—A/ILo B B IRIZARN, 2O BARNES A HA

. WARERIREM B . RE TR U= A
WUZ TS IEAG IR . BRI JZ A0k, 1l e N S B
AR AN, o BZ AR b B R AT AL -
Bt AR, AR L T, 90 B S
Rk, ARPRANM 7 HOTE b B 2RI 5 AR a0 25 il i
Gl 7R NN Wk )7 I ol 7N =0 7 O 1) 7E S 5 S
W, BB AR IR B RO, LR R TR
(%1 2G); Mo E IR b A EEAERT M . P
Jea 3 AR KU/ 2H R 21 B R E N
BRI ZE AR H AL, A FE B . SIS L
A JEEJE 22 S 0 WAL /I 5 LR R BEAE I i v B2 S T I
FEARR S, PIIUZEE R, WiERER B0,
F ROy R BE A — B3R 2) HAT T BRI I o I
A AL SRR, BB, PIETEW Tk
B BB R 4 (18] 2F)

22 |MSH

221 BEBEARY SHME SEU ], HoRAR
FIRK =20 cm KM 213 B, Hid, STHEAR
56 B, SHHA157TRE, 8% 73.71%. 56 BLH
MEBFRET 6 A 9 A, FHEKK 2632+
6.18) cm. AT J(51.64+27.35) g, F-44 B 1550
(2.86£1.69)%, H"A4 2.19, D} 0.33,

222 RMUR AN VE ) A ) 3 RS K
AR S IR RIS 6 KO NN
A BRZRALTE H AVB YR (Macrobrachium nipponense)
75 0 F ER(Exopalaemon modestus); 7Kz B R AL$E K
1% (Corixidae) FIM 3k ¥ (Notonectidae) , ¥ 723 H
(Hemiptera) ; ¥ AR /KFE 3 (Limnoperna fortunei) FIE 75
Y2 (Pomacea canaliculata). EWA N, HABEER
W% . N% . F%Hl IRI% %, 239k 72.23% .

51.92%. 67.86%H1 81.99%., 75l FAEFH W% . N%.

F%F1 IRI% %3 % A 20.06% . 21.15% . 39.29% #iI
15.76%, #THEARURK T HAVRER, HEAESS 2 i M
TEEYIE W%. N%. F%H IRI%ZMHT, ol
FEHRIS RN URS , F A RS Y B A X A1
(# 3).
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Fig 2. Histological structure of digestive tract in M. armatus

L DR YD 20 EIERED); 30 BEIIMEDD; 40 BAARBIUL; 50 A
6: WU VHEERY); 7: BiARAYD; 8 PAMEYI; 9 JEMaRED)

MC: AN MU: B2 TB: K7 ; SKM: BESUIL; SMM: FHL GC: FRIRANNG; MF: Bk
MFD: FhlR8 45y 35 SSE: RJZ M F LR SE: HBUR; SU: B FZE; TP B CM: 3L; LM: 4UiL;
GG: H¢; GP: B/NM; SCE: HUZHRIR Bz MM: BBUUL; BC: BANMES; BB: SUR%; IV: AT
1: Cross-section of oropharyngeal cavity; 2: Cross-section of esophagus; 3: Cross-section of cardia;

4: Cross-section of gastric body; 5: Longitudinal-section pylorus; 6: Cross-section of pyloric caeca;
7: Cross-section of foregut; 8: Cross-section of midgut; 9: Cross-section of hindgut
MC: Mucous cell; MU: Mucosa; TB: Taste bud; SKM: Skeletal muscle; SMM: Smooth muscle; GC: Goblet cell;
MF: Mucosal fold; MFD: Mucosal fold branch; SSE: Stratified squamous epithelium; SE: Serosa; SU: Submucosa;
TP: Tunica propria; CM: Circular muscle; LM: Longitudinal muscle; GG: Gastric gland; GP: Gastric pit; SCE: Single columnar
epithelium; MM: Muscularis mucousa; BC: Blood capillary; BB: Brush border; IV: Intestinal villus

x1 KRHEZTHAEH LR (um)

Tab.l Comparison of various tissue structures of the stomach in M. armatus (um)

JE 253844 Morphological index TEITHR Cardia H RS Gastric body #4113 Pylorus
FEIERE 4% Spiral valve height 405.76+77.78" 599.72462.13° 345.12428.84°
FEFJZE  Submucosa thick 25.00+2.62° 367.95+43.23° 338.74+6.10°

HWLZE  Circular muscle thick 227.02+11.79* 368.50+15.51° 1301.34+28.44°
HYWLZE  Longitudinal muscle thick 33.70+7.43% 76.55+7.16° 212.21£16.79°
WHELZJE  Serosa thick 21.15+1.82° 84.33+7.50° 15.98+3.00°

TE: RPN bR HE 2 5 [ —4T rP AR 5B B8 22 53 3 (P<0.05), T IH
Note: Values presented as Mean+SD; The data with different superscripts in the same row are significantly different
(P<0.05), the same as below
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Tab.2 Comparison of various tissue structures of the intestine in M. armatus (um)

458 %0 Morphological index

A4 Foregut

i Midgut J7 % Hindgut

FEREFE 4% Spiral valve height 1 254.96+67.18° 391.26+43.19° 617.52+£59.28"
FRZE  Submucosa thick 56.93+7.28" 51.68+12.68" 62.04+16.00°
WHLZJE  Circular muscle thick 82.87+9.09* 171.86+18.36° 116.65+7.42°
HYNUZ)E  Longitudinal muscle thick 42.75+4.22° 100.36+11.04° 78.30+8.41°
WHEZJE  Serosa thick 37.16+6.06* 30.13+5.85% 28.71+5.79%
FERAE 4% 55 Spiral valve width 100.33+12.85° 75.88+22.61% 56.29+19.72°
4B Epithelial cell height 33.21+2.63° 19.49+3.78° 18.51+1.49°
F 3 KFEIHIEMHERK
Tab.3 Food composition of M. armatus
B A2k ﬁ’ﬁ%ﬁﬁth iﬂz;%ﬁé;‘tl: e ifﬁﬁﬁ?ﬁ?‘é%&ﬁﬁth
Food contents Quality Numerical Occurrence/(F%) Relative importance index
percentage/(W%)  percentage/(N%) percentage/(IR1%)
HAHYEF M. nipponense 72.23 51.92 67.86 81.99
FHMHLF  E. modestus 20.06 21.15 39.29 15.76
yki%  Notonectidae 0.77 5.77 7.14 0.45
XI¥#%  Corixidae 0.74 3.85 3.57 0.16
3L41 Belontiidae 4.86 1.92 3.57 0.24
RKFEH  Limnoperna fortunei 0.98 1.92 3.57 0.10
wAFME P canaliculata 0.12 1.92 3.57 0.07
Y9 Eggs 0.19 5.77 10.71 0.62
W#EE  Plant detritus 0.05 5.77 10.71 0.61
o XIfh, RS LAY, RIS
3 Wik WA AL TR RIS I R, B

31 XAMHEWERSERIME

MEYAL R, KAk sh Pk R %
NY%7r 510 99.95%F1 94.23%, TP YIREE F% N
10.71%, {H Wo%{LH 0.05%, EFETimks)N, S HH
25 (2015) X} ' % B i £ (Pelteobagrus  nitidus) i i 58
Ty, HEIAR P g TT R A R S C7E 5 1 sh P P TR
AR AN SRR, A KR E TR Bk
2, X SITIK KA B (K, 1999) 75 45
M. 58 WY%. N%. F%H1 IRI%EE, A5+
ORI Y RS RS | KA B R 2
TEFINE S P AT AE 2, KNSR AT L5 . B
I B B A Rl ORIk PR 7 e 1 PR K e 5
K, KA A 2 MK 5] A 25 30 LA B, Bk
ik Fe s T N

KOk TR S, BalKiE S 201C~29°C,
MK TRFARIS K 28 W v A kR (O RS,
2016), SRAFITRE HPREAS 78 M 8 P9 A7 B 0 IR ] AN
—, OIS B oR e, HCHEREARERE6 H .9 A,
A g2 A2 B 281 AL B AR 77 =X A s ) o k) 4

HTEBARTS, B E W Bk, B iR ES
BEEOR AL BUF . Xue (2005)fF 55450, fakiEy
Jo e 5 AR 22 0] B A S 1 H 5 A 2 (] B A S
LSO N S R S N B M= KON E =8 R A
Sk PR i 7 B AT R B s T S B
FATIR 11.39%, UL R RISHKAE B 78 R0, AT K&
PEHATRE AR, TEE WS, W] B A AR 4
OB KBk E Y 2SR R BN 2419,
JB TR HRMERAEE D S 0.33, S
PR PR G I AR, 2012), X HHEAEY
() IRI%AHAT 4

32 KRREHULELHRENEXR

THALIE & A2 B YIS AL 2 i, 250
HP KNG HEEHEUMC, KBk, S50
SR W KB R 0.763+£0.065, | FATA: A 40%%
/NG, AT LA 2 B9, B AE e . i s vp
BirA I, BCARE I, AR TS EY
FESAAE B IE . B A e e R RSO,
WEE S K I TRE S, A B Fhk a9 ; SiEgh
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JERE RV LR, HHhSAKEMRAM; 22
Ji R AN LA AR SR Y PR B R RE T, P EE 4R RN
PR 37 BE 15k 5 AR A0 AT 20 I R BN s vh L I
A A I G 2245, 2018; K%, 2020), Xt
FRAHGHEFEANEY, BA R & BV
05 4 1 (Cinar er al, 2006), X 5 KRS &9 A
22 N 02 WO ) 1 >0 M AR Y

BRI p) RS E, BT E]
T ARER Ry T R A R G5 4 L T IR
FEMR; B EREMIANUE R, A BT 0 i 4 4
I = B BE LR AL R, I, K T B 4o,
B — AR B RN SR, 2015), BIAEHY
FhI R A A i HLEVA 2 &1k, KRR T 5 8%
fb T AR, BRI IR, AR R P T A
CEUAE, 2018). HATTHEZINL% 15 H5 M i 38 1
N, AR AE 22 1 N R ) BE AT HE 2 TN LR A
W =5, 2019) FIPAESE(2009) % B P 7K 5 A
Bk T AL R GEAL LA TR T e MERAR IR I, Hra )
BB —A o AR LB, KASER 2 1 Hal)
HE, WRHEEYMEARE, 2 MHTTHERERD.
KHE A —, EAFEARANKRETTHRTESEA
JIT 2% S, AT ZOR 1A BN T A
J WA, TREE RIS 2 S b BRI R A7 22 5 . WA
ITERWIESSE S5 AAERL, 220 T80z iE D 6e
PEAL B TE NP Z5 48 (Khayyami ez al, 2015), HA A
Y. A Ve

i 2 A Bk 0 7 SR M) 2 B I, i R AR
EMBIEEFREESHZ —, Albrecht %(2001)ff
SR, RS HEWEESEIM R, — B
o, AN AR RN, e AN
HRBEK, REMAEN T F ZE(Davis et al,
2013), KA B 3, S5 fa s — A5
S48 2 B0CH 0.325+0.050, /N T #6268 (Channa
argus). Wk (Siniperca chuatsi). KI5 (Microperus
salmoides) 5 N B MHEAIROE B AL, 1996). KM
O BAC R = S AR B I ARG, wTR . R A
Jei W 49 1 0 v B AP AR 2 25 5 A v 2 A s
I TEREAL K A B R B RO, A B TR
TH AL W2 AT (3 3545, 1998)

E2 S T N1 QW e SN = - o
AR, BIE N EE TR GO R B S R A,
ARTFHEMNREN, SEENZER, &6 F N9,
HA BRI EY AN RS NHEASCE; il
g, A, BB, BRI
1) B i o ORI E P Pt IR i

BY) . RIEBLTHACER S | 4555 I TEA
T I AR A o HEAE N T IR AP A3 OB Bl 0 P R s LA
YR AR, ERIBUD 2R AR

2 £ X
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Research on Structure of Digestive Tract and
Feeding Habits in Mastacembelus armatus

MA Benhe, WANG Haihua®, XU Xiandong, LI Yanhua, WANG Mengjie, WU Bin, TAO Zhiying

(Jiangxi Fisheries Research Institute, Experimental Station of Lake Fishery Resources and Environment, Ministry of Agriculture and
Rural Affairs, Nanchang Key Laboratory of Special Aquactic Breeding and Healthy Aquaculture, Nanchang, Jiangxi 330039, China)

Abstract Mastacembelus armatus is primarily distributed in the Yangtze River and aquatic systems
in the south of China, and is affiliated with Mastacembelus, Mastacembelidae, and Symbranchiformes. It
has great economic value and breeding prospects owing to its high meat quality and balanced nutritional
content. However, with overfishing and human influences on its habitat, the population of M. armatus has
gradually decreased. We characterized the morphology and histology of the M. armatus digestive tract,
aiming to investigate the relationship between the morphological and histological features of the digestive
tract and its feeding behavior. Anatomy, paraffin sections, HE staining, and stomach content analysis
were used to study samples collected from the Dongjiang River and Taojiang River in Ganzhou, Jiangxi
Province. The results indicated that the digestive tract was composed of the oropharyngeal cavity,
esophagus, stomach, and intestine. The oropharyngeal cavity contained the tongue, pharyngeal bone, and
callous pad. The mucosal surface of the esophagus was covered with squamous epithelial cells, and the
inner wall was full of longitudinal folds and secondary branches. The muscle layer consisted of striated
and smooth muscles. The gastric wall and intestinal wall were composed of the mucosal layer, submucosa,
muscle layer, and serosal layer. The mucosal layer was a single layer of the columnar epithelium, and the
muscle layer was a smooth muscle that was divided into circular and longitudinal muscles. The
“V-shaped” stomach was divided into the cardia, gastric body, and pylorus. The thickness of the muscular
layer in each part was significantly different. There were no goblet cells in the mucosa, but many glands
were located in the cardia or body of the stomach. The gastric pylorus muscle layer was extremely
developed. There were two pyloric caeca between the stomach and intestine. The intestine had a curve and
included three parts: The foregut, midgut, and hindgut. The average intestinal coefficient of M. armatus
was 0.325+0.050. There were significant differences among the anterior, middle, and posterior intestinal
villi. Nine prey items were identified in the digestive tract of M. armatus, including shrimp, aquatic
insects, fish, snails, eggs, and plant detritus. The average percentage of the stomach fullness index was
2.86%. The prey diversity H’ was 2.19, and prey dominance D was 0.33. Shrimp were dominant in the
stomach contents, accounting for the relative importance index percentage of 97.75%, numerical
percentage of 92.29%, and quality percentage of 73.07%. In conclusion, the histological structure of the
digestive system of M. armatus is related to its function and feeding habits. This study provides a
theoretical basis for wild resource conservation and nutrition research on M. armatus.
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