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I N T R O D U C T I O N 

Reports in this series are intended for internal use by Desert Biome 
collaborators. They are not to be quoted or referred to in formal 
publications. These reports have been produced by the Desert Biome 
Modelling Group, with the assistance of participants in the Desert Biome and 
other researchers. 

The main function of the models, at this stage of their development, 
is to provide guidance in the research efforts of the Biome. Therefore, it 
will be noted that most of the information which they contain is fragmentary 
evidence, best available estimates, arbitrary assumptions or non-Biome 
supported research. The collection and incorporation of more accurate 
data will come after these models have been prepared in this form. Validation 
of the models will also come later. 

Any use of the models must recognize the limitations imposed by their 
development at this early stage of research. 

(1) Biological interpretations must be performed with extreme 
caution. Output, for example, should be viewed in relation 
to system behavior (stability, general time relationships, 
relative magnitude of the variables, general responses to 
parameter modifications, etc.). These properties should be 
related to the processes incorporated in the model structure. 

- No particular significance should be attached to the 
specific numbers given as output. 

(2) Data included in these models must not be used without 
explicit approval of the investigators who have supplied 
them to us. Please contact the Desert Biome Central Office 
for details. 

(3) The material contained in the models does not constitute 
publication. It is subject to revision. The modeling 
group requests that this material not be cited without 
their expressed permission. 

As particular models are revised we will be re-issuing them in 
new versions. The versions will be numbered according to the general 
scheme: 

Version l. Models which have been developed by the 
modeling group in isolation from subject 
area specialists who have provided the question 
which has been modeled. 

Version 2. Models revised to incorporate subject-areas 
specialist's criticisms. 

Version 3.· Models revised to incorporate finds of biome­
sponsored research. 
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I* *I 

I* 
I* 

U·"1EL: A M'.l')EL Fl SI'~ULATE GRAZ!'sG BY Cf'~PETI.\JG Hf:RiJIVOURf:S 

C!\"1::L: PR.CC ::'PTTO'.S !MAIN); 
D'.:L I'HPGL E\JTRY (FLOAT DEC,{*) FLOAT DfC,!*l FLOP DEC) 

PETUR"JS (Flf1AT Of.Cl; 
I* *I 
/*********************************************************************' 
I* *I 
I* [t,M~L HAS BEEN BUILT TO INVf:STIGATE QUESTIO~ ALZlOZ: *I 
I* "WHtT CCMPCS!TI0~ UF DOMESTIC UNGULATES (CATTLE), *I 
/* \!AT!VE U\JGULATES (PRCNGHCRri), AND EXOTIC UNGULATES *I 
I* !CM~ELS) hILL '1t\XIMIZE Sf:CCND"'-RY PROIJUCTION IN A *I 
I* GIVU :JESEPT t.c<FA?" *I 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I* 
I" 
I* 
I,, 
I* 
I* 
/~' 

THE DESCRIPTIVE NAMES ICAMEL, CATTLF, AND PRUNGHORNl 
ARE ARBITRA~Y AND WER~ USED Tl SIMPLIFY READING THE 
MnDEL. A~Y COMBINAT!JN CF THFEE UNGULATE SPECIES 
DFSIREABLt FOP A GIVEN AREA CAN BE USED BY MODIFYING 
Tile' APPROPRIATE PARAMETERS. 

TH£ MJOFL AT THIS STAGE COES ~OT INCLUDE UNGULATE 
RfPPODUCT!Ot\J OP. WEATHER Sl~ULATION. 

THC M0 DEL USES FIVE PLANT GROUPS - ANNUAL GRASSES, 
PERLNNIAL GRASSES, FORBES, ANO TWO SHRUBS. TH~SE APE 
ALSO ARBITRARY AND VALU~S CAN BF GIVfN FOR THf UESIRED 
SPfrIES OF ANY AREA. 

/*********************************************************************/ 
I* *I 

P4Gf 2 



3 

CAMEL: A ~nDEL TO SIMULATE GRAZING BY CO~PETING HERBIVOURES 

I* *I 
/*********************************************************************! 
I* *I 
I* DECLARE ANO INITIALIZE PARAMETERS *I 
I* *I 
!*********************************************************************' 
I* *I 
D':'CURE 

ABOVE_GROUNO_BIOMASS{5) !NIT 1150,200,50,500,300), 
AVAILABILITY(51, 
BODY_WT_AXIS_CAMEL(4) INIT (4C,200,500,800), 
BODY_WT_AXIS_C/\TTLE(4l !NIT (40,200,400,5001, 
BODY_11'iT_AXIS_PRONCiHORNC4l INIT 110,25,50,75), 
CALORIE_INTAKE_CF_CA~ELSl6) !~IT (0,1E2,1E3,1E4,5E4,1E51, 
CAL □RIE_INTAKE_OF_CATTLE(6) !~IT 10,1E2,1E3,1E4,5E4,1E5l, 
C.ALORIE_INTAKE_OF_PRONGHCRNl6) !NIT (0,8El,1E2,3E3,flE3,5E41, 
CALORIFIC_EQUIVALENT{5) !NIT (6000,5000,5000,3500,3000), 
CA~fl_AGE_AXISl6l !NIT !0,3,4,5,8,141, 
CAMEL_AGE_EFFECT(6) INIT 11,1,.5,.2,.1,0I, 
CA"lEL_DENSITY(l?l IMIT ((121.ll, 
CAMEL_DlcT_AXISl31 l'-HT 10,.3,1), 
CA~~L_DIET_QUALITY_EFFECT(31 !NIT (.5,.75,.951, 
CAMEL_PREFERfNCE(5) INIT 11,1,2,2,21, 
CA"1El_RfSP_EFFE.CT(4) INIT (10,150,350,450), 
CARPYING_CAPACITY(l2) INIT ((12)300r)), 
CATTLf_AGc'_AX1S(61 INIT (0,3,4,5,8,14), 
CATTL[_AGF_EFFECTl6) INIT 11,1,.5,.2,.1,0l, 
CATTLE_DENSITYl12) !NIT (1121.ll, 
CATTLE_DIET_AXIS(3) INIT (0,.3,ll, 
CATTLE_D!ET_QUALITY_EFFECT(3) !NIT (.5,.75,. 0 51, 
CATTLE_PREFER!:NCE(5l INIT (8,E,6,2,ll, 
CATTLE_RESP_EFFFCTl41 INIT llC,150,250,3001, 
0EYAND_WITH_BUDY_WEIGHT_CAMELl41 !NIT ll,3E4,8E4,1E51, 
DEMANO_WITH_BODY_WEIGHT_CATTLE(4J !NIT (1,3E4,8E4,1F51, 
DEMAND_WITH_BDDY_WT_PRONGHORNl4l !NIT (1,8E3,3E4,5E41, 
El'EPGcNCE_THRESHOL0(5) FIXED EI\I INIT (3,3,4,4,51, 
GROwTH_PATE(5) INIT (1,.9,.7,.5,.41, 
LIVC_GREEN_FRACTION(5,ll) FLDtT DEC, 
1-ION_GREEN_AVAILABILITYl51 FLOJ:T OFC IN.IT (.95,.95,.95,.5,.51, 
PPONG!-lORN_AGE_AXIS(b) INIT (0,2,3,5,8,14-l, • 
PRONGHOPN_AGE_EFFECTl61 INIT ll,1,.5,.2,.1,0), 
PRCNGHORN_OENSITY(l2l INIT ((121.11, 
P?.01:GHOPN_DIET_AXIS(3) INIT tc,..3,11, 
PRJNGHOPN_UIET_QUALITY_EFFECTl3) !NIT (.5,.75,.05), 
PkrNGHORN_0 REFERENCE(51 !NIT (3,3,3,10,1), 
PPCNGHORN_RESP_EFFECT(4) INIT (5,75,125,1751, 
QUIESCFNCE_THRESHOL0(5) FIXED BIN !NIT 16,9,8,10,9), 
WT_GAIN_DER_CALORIE_CAMELS(61 !NIT 

10,15r,250,350,500,600I, 
WT_GA!N_PER_CAL □RIE_CATTLEl6l INIT 

(0,125,200,250,300,350), 
WT_GAIN_PER_CALORIE_DRONGHORN(6) !NIT 

10,75,120,150,175,200), 
(PLANT,YfAR) F!XfD BIN; 

3 



4 
5 
6 
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14 
15 

I* CAM~L: A ~ □ DEL TO Sl'1ULATE GRAZING BY COMPETING HERBIVOURES *I 

*I 
!*********************************************************************! 
I* *I 
I* lNITIALIZATION SECTION *I 
I* *I 
/*********************************************************************/ 
I* *I 

,;_RUNS = 10; I* YEARS ~' I 
CA'1EL_A.GE = 1; I* YEARS *I 
CA TTLE_AGf = 1 ; I* YEARS *I 
PRONGHORN_AGE = l ; I* YEARS *I· 
(AMEL_WEIGHT = 50; I* KILOGRAMS "If./ 
CA TTLE:_WE IGHT = 40; I* KILOGRAMS *I 
PRGNGHOPN_WEIGHT = 5; I* KILOGRAMS *I 
TOTAL_CAM~L-~T_GAIN = 0; I* KILOGRAMS *I 
TOTAL_CATTLE_WT~GAIN = o; I* KILOGRAMS *I 
TOTAL_PRONGHORN_WT_GAIN = O; I* KIL □GRAMS *I 

I* *I 
!*********************************************************************! 
I* *I 
I* DATA READ IN */ 
I* *I 
/*********************************************************************/ 
I* *I 

GET LIST ILIVE_GREEN_FRACTION); 
GET DATA; 
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16 

17 

18 
19 

20 

21 
22 

23 

24 
25 

26 

27 
28 

29 

30 
31 

32 

33 
34 

?5 

CAMEL: A MJDEL TC SIMULATE GRAZING 8\ CUMPETING HERBIVOURES 

*I 
'*********************************************************************! 
I* *I 
I* OUTPUT GRAPHS *I 

*I 
'*********************************************************************' 
I* *I 

CALL 

Cil.LL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

CALL 

C/\LL 

CALL 

CALL 

CALL 

PUT_CURVE 
('FIG 1 - CAMEL WEIGHT UN CALORIE DEMAND', 
BODY_WT_AXIS_CAMEL, OEMAND_WITH_eGDY_WEIGHT_CAMELI; 
PUT_CURVE 
{'FIG 2 - CAMEL CALORIE INTAKE ON WT GAIN', 
CALJRIE_INTAKE_JF_CAMELS, WT_GAIN_PER_CALORIE_CAMELSI; 
PUT PAGE; 
PUT_CURVE 
I 'FIG 3 - CAMEL AGE ON WT GAI~•, 
CAMEL_AGE_AXIS, CAMEL_AGE_EFFECTJ; 
PUT_CURVE 
I 'FIG 4 - CAMEL DIET QUALITY ON WT GAIN', 
Cf\l'EL_DIET_AXIS, CAMEL_DIET_QUALITY_EFFECTl; 
PUT PAGE; 
PUT_CURVE 
I 'FIG 5 - C~TTLE WEIGHT ON CALORIE DEMAND', 
BODY_WT_AXIS_CA~TLE, DEMAND_WITH_BJDY_WE!GHT_CATTLE); 
PUT _CURVE 
( 'FIG 6 - CATTLE CALORIE INTA~E ON WT GAIN', 
CALORIE_INTAKE_OF_CATTLE, WT_GAIN_PEP_CALORIE_CATTLE); 
PUT PAGE; 
PUT_CURVE 
{ 'FIG 7 - CATTLE AGE ON WT GAIN', 
CATTLE_AGE_AXIS, CATTLE_AGE_EFFECTI; 
PUT _CURVE 
I 'FIG 8 - CATTLE DIET QUALITY ON WT GAIN', 
CATTLE_DIET_AXIS, CATTLE_DIET_QUALITY_EFFECT); 
PUT PAGE; 
PUT_CUR.VE 
I 'FIG 9 - PRONGHORN WEIGHT ON CALORIE DEMAND', 
BODY_WT_AXIS_PPJNGHORN, DEMANC_W!TH_BODY_WT_PRONGHORN); 
PUT _CURVE ,, 
('FIG 10 - PRONGHORN CALORIE INTAKE ON1WT GAIN', 
CALCRIE_INTAKE_OF_PRONGHORN, ht_GA!N_PER_CALORIE_PRONGHORN); 
PUT PAGE; 
PUT CURVE 

·1 1 FIG 11 - PRONGHORN AGE □ N wr' GAIN', 
PRCNGH □R~_AGE_AXIS, PRONG~ORN_AGE_EFFECTJ; 
PUT_CURVE 
l'FIG 12 - PRONGHORN DIET QUALITY ON WT GAIN', 
PRCNGHORN_DIET_AXIS, PRONGHCRN_OIET_QUALITY_EFFECT); 
PUT PAGE; 
PUT_CURVE 
( 'FIG 13 - CAMEL WT ON RESP!RtTION', 
80DY_WT_AXIS_CAMEL, CAMFL_RESP_EFFECT); 
PUT_GUfl.VE 
I 'FIG 14 - CATTLE WT ON RESPIFATION', 
3JDY_WT_AXlS_CATTLE, CATTLE_RtSP_EFFECTl; 
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36 
37 

38 

CtMEL: A MODEL TO SIMULATE GRAZING BY C □ ~PETI~G HERgIVOURES 

PUT PA.GE; 
CALL PUT_CURVE 

I •FIG 15 - PRO~GHORN WT ON RESPIRATION', 
ROOY_WT_AXIS_PR □NGHORN, PRONGHCRN_RESP_EFFECT); 
PUT PAGE; 

*I PAGE 6 
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40 
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46 
47 
48 

49 

I* CAM~L: A ~ODEL TO SIMULATE GRAZING BY COMPETING HERHIVnURES *I 

I* *I 
/*********************************************************************! 
I* *I 
/* YEAR CYCLE *I 
I* *I 
!*********************************************************************! 
I* *I 

YEAQS: CO YEAR = 1 TO #_RUNS; 
*I 

!*********************************************************************! 
I* *I· 
I* REINITIALIZE ANNUAL WT GAIN, WEIGHTS, AND STOCKING AGE. *I 
I* *I 
/*********************************************************************/ 
I* *I 

CAMEL_AGE = l; I* YEARS */ 
CATTLE_AGE = l; I* YEARS */ 
PRCNGHORN_AGE = l; I* YEARS *I 
CA~EL_WEIGHT = 50; I* KILOGRAMS*/ 
CATTLE_WEIGHT = 40; I* KILOGRAMS *I 
PRONGHORN_WEIGHT = 5; I* KILOGRAMS *I 
TOTAL_CAMEL_WT_GAIN = O; I* KILOGRAMS */ 
TOTAL_CATTLE_WT_GAIN = O; I* KILOGRAMS*/ 
TOTAL_PRONGHORN_WT_GAIN = O; I* KILOGRAMS *I 

I* *I 
!*********************************************************************! 
I* *I 
I* MONTH CYCLE *I 
I* *I 
!*********************************************************************! 
I* *I 

MONTHS: DO MONTH= 1 TO 12; 
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51 
52 

53 
54 

55 
56 

I* CAMEL: A MODEL TO SI~ULATE GRAZING BY COMPETING HERHIVOURES *I 

*I 
!**************************************~"**********~*******************! 
I* *I 
I* COMPUTE PLANT GROWTH BY SPECIES *I 
I* *I 
!*********************************************************************/ 
I* *I 

FORAGE= SUMIABOVE_GROUND_BIOMASSI; 
DO PLANT = 1 TC 5; 
IF MONTH>= EMERGENCE_THRESHOLDIPLANTI 

& MONTH<= QUIESCENCE_THRESHCLDIPLANTI 
THEN DO; 

END; 

ABJVE_GROUNU_8ICMASSIPLANTI 
ABOVE_GROUND_HIDMAS~IPLANTI * 
EXP(GROWTH_RATEIPLA~TI * 
(CARRYING_CAPACITYl~ONTH) - FORAGE) 
/ CARRYING_CAPACITYIMONTH)); 
E I\Jfl; 

0 AGE 
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59 

60 

61 

c:2 

63 

64 

I* CAMFL: A "lODEL TO SIMULATE GRAZING av. C:lMPETI"JG HERl:lIVOUkES 

*I 
!*********************************************************************! 
I* *I 
I* cn~PUTE CAMEL FOOD DEMAND - WEATHER IS NOT CONSIDERED *I 
I* *I 
!*********************************************************************! 
I* *I 

CAMEL_GRAZE: 
IF CAMEL DENS!TYIMO~TH) = 0 THEN GO TO PRONGHORN_GRAZE; 

SEE FIG 1 FOR THE F □ LLO~ING FUNCTIONAL RELATIONSHIP 

CAMEL_CAL □RIE_CEMANO = INTPGL ICAMEL_WE!GHT, 
BODY_WT_AXIS_CAMEL, DEMANL_WITH_BODY_WEIGHT_CAMFLI; 

*I 
*I 
*I 

*I 
!*********************************************************************! 
I* *I 
/* CALL STATEMENT TO ~EEO CAMEL CENSITY, CALORIE DEMAND, *I 
I* AND PLANT PREFERENCE TO THE GFAZING SUBROUTINE. *I 
I* *I 
I* *I 
I* □ !FT QUALITY AND TOTAL CALORIE INTAKE ARE RETURNED. *I 
I* *I 
!*********************************************************************! 
I* *I 

I* 

CALL GRAZE ICAMEL_DENSITY, CAMEL_CtLORIE_DEMAND, 
CAMEL_PRFFE~ENCE, CAMEL_CALCRIE_INTAKEl; 

*I 
!*********************************************************************! 
I* *I 
I* DIET QUALITY VARIES BETWEEN.~ AND 1, DEPENDING ON *I 
/* THE LIVE GREEN FRACTION IN THE DIET. *I 
I* *I 
!*********************************************************************/ 
I* *I 

CA~EL_DIET_QUALITY = I DI ET _QUALITY I 2 l + • 5; 
I* *I 
I* SEE FIG 2 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP *I 
I* 

!CAMEL CALORIE ~NTAKE, 
*I 

X = INTPOL 
CALORJtt_INTAKE_OF_CAMFLS, 
WT GAIN_PER_CALORIE_CAMELS); 

I* *I 
I* SEE FIG 3 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP *I 
I* *I 

y = INTPOL !CAMEL_AGE, CAMEL_AGE_AXIS, 
CAMEL_AGE_EFFECT); 

I* *I 
I* StE FIG 4 FOR THE FOLLOWING FU~JCTI ONAL RELATIONSHIP *I 
I* *I 

z = !NTPOL !CAMEL_DIET_QUALITY, CAMEL_ DIET _AXIS, 
CAMEL_DIET_QUALITY_FFFECTJ; 

0 A.GE 9 
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66 

67 
68 
69 
70 
71 
72 

74 
75 
76 

I* CAMEL: A ~ □ DEL TO SIMULATE GRAZING BX COMPETING HERRIVOURES *I 

'*********************************************************************! 
I* *I 
I* POTENTIAL WEIGHT GAIN IS INFLUENCED BY CALORIE INTAKE, *I 
I* DIET QUALITY, AND AGE. *I 
'* ~, 
'*********************************************************************/ 
I* *I 

POT_CAMEL_WT_GAIN = X * Y * Z; 

SEE FIG 13 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP 

CA~cL_PFSP_DEMAND = lNTPOL ICAMEL_WEIGHT, 
R □DY_WT_AXIS_CAMEL, CAMEL_RESP_EFFECTl; 

*I 
*I 
*I 

*I 
'************************.********************************************' 
I* *I 
I* 
I• 
I* 

WEATHfR JS NOT CONSIDERED W~E~ COMPUTING RESPIRATION 
DEMAND. 

*I 
*I 
*I 

!*********************************************************************/ 
I* *I 

CbMEL_RESPJqATION = CAMEL_RESP_DEMAND * CAMEL_OENSITYIMONTHI; 
CAMEL_WT_GAI~ ~ POT_CAMEL_WT_GAIN - CAMEL_RESPIRATION; 
CAMEL_WEIGHT = CAMEL_WEIGHT + CAMEL_WT_GAIN; 
TOTAL_CAMEL_WT_GAIN = TOTAL_C~MEL_WT_GAIN + C~MEL WT GAIN; 
CAMEL_AGE = CAMFL_AGE + .08333; 
IF CAMEL_WEIGHT < 40 THEN DO; 

I* IN THIS UNLIKELY SITUATIO~ THf RANGE MANAGER WOULD FIND *I 
I* GREENER PASTURES FOR HIS CAMELS. *I 

CAMEL_DENSITY(*I = O; 
PUT SKIP LIST l'CAMELS GO HUNGRY IN MCNTH ', MONTH I: 

END; 
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78 

79 

80 

81 

82 

83 

84 

I* CAMFL: A ~OOEL TD SIMULATE GRAZING BY CUMPETING HFRBIVCURES *I 

*I 
/*********************************************************************! 
I* *I 
/* COMPUTE PRONGHORN FOOD DEl~AND - WEATHER IS NOT CONS IDER ED *I 
I* *I 
!*********************************************************************! 
I* *I 

PR ClNGHOR l\J_GR t, l f: 
ll= PkCNGHORN_DEI\/SITY!MONTHI = 0 THEM GC TCJ C,\TTLE_GRAZE; 

Sf" FIG 9 FOR THE FULLOWING l=LNCTIONAL REL.ATIONSH!P 

PRO~GHORN_CALORIE_DEMAN □ = INTPOL (PRONGHORN_WEIGHT, 
BODY_WT_AXIS_PRONGHORN, 
DEMAND_WITH_BCDY_~T_PRONGHORNI; 

I* *I 
!*********************************************************************/ 
I* *I 
/* CALL STATEMENT TO FEED PRONGHLRN DENSITY, CALORIE DEMAND, *I 
/* AND PLANT PREFERENCE TO THE GRAZING SUBROUTINF. *I 
I* *I 
I* *I 
I* DIFT QUALITY AND TOTAL CALORIE INTAKE ARE RETURNED. *I 
I* . *I 
!*****~'***************************************************************! 
I* *I 

I* 

CALL GRAZE IPROI\/GHORN_DENS!TY, PRONGHOPN_CALORIE_DEMAI\/D, 
PRCNGHORN_PREFERENCE, PRONGHORN_CALORIE_lNTAKE); 

*I 
!*********************************************************************! 
I* *I 
I* DIET QUALITY VARIES B~TWEEN .5 AND 1, DEPENDING ON *I 
/* THE LIVf GREEN FRACTION I"J THE DIET. *I 
I* *I 
!*********************************************************************! 
I* *I 

I* 
I* 
I* 

PRONGHORN_DIET_QUALITY = !DIET_QUALITY / 21 + .5; 

SEE FIG 10 FOP THE FOLLOWING FUNCTIUNAL RELATIONSHIP 

X = INTPOL 
1· 

(PF~NGHORN CALOPIE INTAKF, 
CALORIF_INTAKE_OF_PROI\/GHORN, 
WT_GAIN_PER_CALORIE_PRONGHORNI; 

SEE FIG 11 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP 

Y = INTPOL (PPONGHORN_AGE, 
PFONGHORN_AGE_AXIS, 
PRONGHORN_AGE_EFFECT); 

SEE FIG 12 !=OP THE FOLLOWING FUNCTIONAL RELATIONSHIP 

Z = INTPOL !PFC'·lGH:JR~I_DIET_OIJAL!TY, 
PFONGH1RN_DIET_AXIS, 
PF ONGHO RN_ D l ET _QU AL l TY-" FF:: CT l ; 

*I 
*I 
*I 

*I 
*I 
*I 
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86 

87 
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Sl 
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94 
95 
96 

I* CAMEL: A ~ □ DEL TO SIMULATE GRAZING B~ COMPETING HERBIVOURES *I 

/*********************************************************************! 
I* *I 
I* POTENTIAL WEIGHT GAIN IS INFLUENCED BY CALORIE INTAKE, *I 
I* □ r=r QU~LITY, AND AGE. *I 
I* ~I 
!*********************************************************************! 
I* *I 

I* 
I* 
I* 

PCT_DRONGHCRN_hT_GAIN = X * Y * Z; 

SfE FIG 15 FJR THE FOLLOWING FUNCTIONAL RELATIONSHIP 

PR~NGHOkN_RESP_DEMAND = INTDOL IPRONGHORN_WE!GHT, 
~0DY_WT_AXIS_DRJNGHCRN, PPONGHORN_RESP_F~FECTl; 

*I 
*I 
*I 

I* 
!*********************************************************************! 
I* *I 
I* 
I* 
I* 

WEATHER IS NOT CONSIDERED WbE~ COMPUTING RESPIRATION 
DEMAND. 

*I 
*I 
*I 

!*********************************************************************! 
I* *I 

PRCNGHORN_RESPIRATION = PRONG~ORN_RESP_CEMAND * 
DRONGHORN_DENSITY!~ONTH); 

I* 

PRCNGHORN_WT_GAIN = POT_PRONGHORN_WT_GAIN -
PRONGHORN_RESPIRATIUN; 

PPCNGHORN_WE!GHT = PRONGHORN_~EIGHT + PRONGHORN_WT_GAIN; 
TOTAL_PRONGHORN_WT_GAIN = TOTtL PRONGHORN_WT_GAIN + 

PRONGHORN_hT_GAIN; 
PRONGHORN_AGF = PRONGHORN_AGE + .08333; 
IF PRONGHCRN_WE!GHT < 4 THEN DO; 
PRONGHORN HAVE STARVcD TC DEATH *I 

PRONGHORN_OENSITY(*I = O; 
PUT SKIP LIST !'PRONGHORN GO HUNGRY IN MONTH ', MONTH); 

END; 
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07 

og 

c,9 

100 

101 

102 

103 

104 

CAMEL: ~ MODEL TO SIMULATE GRAZING BY COMPETING HERRIV □URES *I 

I* *I 
!*********************************************************************! 
I* *I 
I* cc~PUTE CATTLE FOOD DEMAND - ~EATHER IS NOT CON~IDERED *' 
I* *I 
/*********************************************************************! 
I* *I 

I* 
I• 
I* 

CATTLE_GRAZE: 
IF CATTLE_DENSITYIM□NTHl = 0 THEN GC TO END_CATTLE_GPAZE; 

SEE FIG 5 FCR THE FOLLOWING FUNCTIONAL RELATIONSHIP 

CATTLE_CALORIF_DEMAND = INTPOl !CATTLE_WEIGHT, 
30DY_WT_AXIS_CATTLE, DE~A~D_WITH_RODY_WEIGHf_CATTLFJ; 

I* *I 
!*********************************************************************! 
I* *I 
I* CALL STATEMENT TO FEED CATTLE DENSITY, CALORIE DEMAND, */ 
/* AN~ PLANT PREFERENCE TO THE GRAZING SUBROUTINE, *I 
I* *I 
I* *I 
I* DIET QUALITY AND TOTAL CALORIE INTAKE ARE RETURNED. *I 
I* *I 
I************************·********************************************* I 
I* *I 

I* 

CALL ~P~ZE ILATTLE_CENS[TY, CATTLE_CALDRIE_DEMAND, 
CATTLE_PR~FERENCE, CATTLE_CALlRIE_INTAKE); 

*I 
!*********************************************************************! 
I* *I 
/* DIET QUALITY VARIES BETWEEN.~ AND 1, DEPENDING ON *I 
/* THE LIVE GREEt, FRACTION IN THF. DIET. *I 
I* *I 
!*********************************************************************! 
I* *I 

I* 
I* 
I* 

I* 
I* 
I* 

I* 
I* 
I* 

CATTLE_DIET_QUALITY = (DIET_QUALITY / 21 + .5; 

SFf FIG 6 FUR THE FOLLOWING FUNCTIONAL RELATIONSHIP 

X = INTPJL ICATTLE_CALOR!t_INTAKE, 
CALORI~_INTAKE_OF_CATTLE, 
WT_GAIN_PER_CAL □ RIE_CATTL~); 

'SEE FIG 7 FDR THE FOLLO~!NG FUNCTIONAL RELATIONSHIP 

Y = INTPOL ICATTLE_AGE, CATTLE_AGE_AXIS, 
CATTLF_AGE_EFFECT); 

SEE FIG 8 FOR THE FULL □ WING FUNCTIONAL RELATIONSHIP 

Z = JNTPDL !CATTL _DIET_OUALITY, 
CATTL _DIET_AXIS, 
CATTL DIET_OUAL!TY_~FFECTI; 

*I 
*I 
*I 

*I 
*I 
*I 

PA.GE 13 



105 

106 

107 

108 
109 
110 

111 
112 

114 
115 
116 
117 

CAMF[: A M(lf)Fl Tl' SIMULHF GP,HING GY_ C'JMPETING HEF,BIVOURES *I 

!*********************************************************************! 
I* *I 
I* P~TENTIAL WEIGHT GAIN IS INFLLENCED BY CAL □FIF INTAKE, *I 
/* DIET QUALITY, AND AGF, *I 
f* * I 
!*********************************************************************! 
I* *I 

I* 
I* 
I* 

I* 

POT_CATTLE wT_GAIN = X * Y * Z; 

SEE FIG 14 FOR THE FOLLOWING FUNCTIJNAL RELATIONSHIP 

CATTLE_RESP_DEl-'AND = HJTPJL (CATTLE_,IEIGHT, 
BODY_WT_AXIS_CATTLE, CATTLE_RESP_EFFECTJ; 

*f 
!*********************************************************************! 
I* *I 
/* WEATHER IS NOT CONSIDEREC WhE~ COMPUTING RESPIRATION */ 
I* DEMAND. *I 
I* 
!*********************************************************************! 
I* *I 

I* 
I* 

CATTLE_RESPIRATI □ N = CATTLE_RESP_DEMAND * 
CATTLE_DENSJTY(MONTH); 

CATTLE_WT_GAIN = POT_CATTLE_Wl_GAIN - CATTLE_RFSPIRATION; 
CATTLE_WEIGHT = CATTLE_WEIGHT + CATTLE_WT_GAIN; 
T(iTH_CATTLF_lt/T_GtdN = TOTAL_U.TTLE WT_Gt!N + 

CATTLE'_WT_GAIN; 
CATTLE_AGF = CATTLE_AGE + .08333; 
IF CATTLE_WEIGHT < 32 THEN DO; 
IN THIS UNLIKELY SITUATION THE RA~GE MANAGER WOULD FIND *I 
GRFENER PASTURES FOR HIS CATTLE. *I 

CATTLE_DENSITYl*I = O; 
PUT SKIP LIST !'CATTLE GO HUNGRY IN MONTH ', MONTH}; 

END; 
cNO_CATTLE_GRAZE: 
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118 
119 

I* CAMFL: A MODEL TC SIMULATE GRAZING 3Y cc~PETING HE~BIV7URES *I 

I* *I 
/*********************************************************************! 
I* *I 

E~ □ MONTHS; 
*I 

1*******************4*************************************************1 
I* ' *I 
I* OUTPUT *I 
I* *I 
'*********************************************************************! 
I* *I· 

PUT DATA; 
EMD YEARS; 
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120 

121 
122 
123 
124 
125 
126 
127 

128 
12° 
130 
131 

132 

133 

134 
135 
136 

137 
133 

I* CAMfL: A '1ClDEL TC SIM,JLATI: GRAZING BY C □ MPET!NG HERBIVCURtS 

*I 
'**~***~**************************************************************! 
I* * I 
I* SUBRClUTINf TCl REMOVE UNGULATE GRAZE AS A fUNCTION OF *I 
I* PR=~ERENCE AND AVAILA3ILITY *I 
I* *I 
I* *I 
I* ov=RGRAZING IS NOT CONSIDERED, AS STOCKING RATES *I 
I* ARE ASSUMED TO BE □ PTIMU~. *I 
I* *I 
/*********************************************************************!. 
I* * I 

G~lZE: ppnc IDlNSITY, CALORIE_DEMAND, PREFERtNCE, 
TCH_GR/,ZE_R::MOVAL J; 
DCL PREFEREf\JCF(*), DE:\JSITYl*l; 
SI G'IA = 0; 
TCT_GRAZE_REMOVAL = O; 
DI~T_QUtLITY = O; 
T □ TAL_DE~ANO = DENSITYIMONTHI * CAL□RIE_DEMAND: 
OD PLANT = 1 TO 5; 
AVAILABILITYIPLANTI = ASDVt_G~CUND_BIOMASS(PLANT) * 

(L!VE_GREEN_CRACTION(PLANT,~ONTH) + 
I 11 - LIVE_GREEN_FRACTICN(PLANT,MONTH)) * 
NON_GRE~N_AVAIL~BILITY(PLANTl)l; 

SIGMA= SIGMA~ PREF2~ENCE(PLtNT) * AVA!LABILITY(PLANT); 
FNO: 
Dl PLANT = 1 TC 5; 
GPAZC_REM □ V,L = TOTAL_OEMAND * (PREFERENCE(PLANT) * 
AVAILABILITY(PLANTl / SIGMA); 
TOT_GRAZ[_REMDVAL = TOT_GRAZE_REMOVAL + GPAZE_REMOVAL; 

*I 
/*********************************************************************' 
I* *I 
f* DIET QUALITY IS A FUNCTION CF THE LIVE GREEN FRACTirN. *I 
I* 
!*********************************************************************! 
I* *I 

GREEN_AVAIL = ABOVE_GROUND_BICMASSIPLANTI * 
LIVE_GREEN_FRACTI □NIPLANT,~UNTH); 

GREFN_QUALITY = (PRcFERENCl:(PLANT) * G'q-EEN_AV/'.Ill / S!Gr,,<f,: 
DIET QUALITY= DIET QUALITY• eREEN QUALITY; 
ABnVE_GROUND_BIOMASSIPLANT) = ABOVE_GROUND_BIOMDSS(PLANTJ 
(GRAZE_RE~OVAL / CALORICIC_EQLIVALENTIPLANT)J; 

· rnr; 
fW> GRAF; 
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139 
140 
141 
142 
143 
145 
147 
148 
150 
151 
152 
153 
154 
155 

I* CAMEL: ~ 10Dfl TO SIMULATE GRAZING HY CJMPETI~G HER~IVCUkES *I 

*I 
/*********************************************************************/ 
I* *I 
/* A RJUTINE TO PERFORM LINEAR I~TERPOLATION ON FUNCTIONS *I 
I* SUPPLIED TO THE MOD~L IN GRAPbICAL !COORDINATE) FOPM. *I 
I* *I 
/*********************************************************************/ 
I* *I 
INTPOL: PROC!X,XVt.l,YVALl RETUR'JS {FLCAT OECl; 
DCL I FIX~O RI~ INTERNAL, X FLOAT DEC; 
DCL XVAL(*I, YVALl*l; 

NnI~=DIMIXVAL,1); 
!I= X <= XVAL(l) THEt< R':TUR\l (YVALll)); 
IF X >= XV/!L!NOIM) THEN RETURN (YVAL!NOIM)); 
DJ I = 1 TO NDIM; 

IF XVAL(I) > X THFN on; 

E'~C'; 
Et\J !l; 

P-1 = (YI/AL(J)-YVAL!l-ll)/(XVAUI)-XVAL!I-ll); 
C = YV1L!II-LM*XVAUI); 
Ri:'TUR/\1 (AM*X+Cl; 

E'JD liHPOL.; 
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156 
157 
15 8 
159 
160 
162 
163 
164 
16 5 
166 
16 7 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
181 
18 3 
184 
1P6 
18 8 
189 
l c;o 

191 
1qz 
193 
194 
195 
196 
197 
1°8 
199 
200 
20 l 
202 
203 

204 
205 

206 

CAMfL: A MODEL TO SIMULATE GRAZING BY COMPETING HERBIV □URES *I 

I* *I 
!********************************************************************! 
I* *I 
I* PUT_CURVE PROCEDURE *I 
I* * I 
!********************************************************************' 
I* *I 

PUT_C~RVE: PR°C!H,XVAL,YVAL); 
DCL XVAL(*l, YVAL(*l, H CHAR{*) , SRAPH(Z0,40) CHAR!ll; 
DCL {ISTOPE, JSTOREJ (201: I* THIS MAY BE TO~ SMALL IN SOME CASES *I 
~DIM=11'1{XVaL,1); 
IF NDIM > 20 THEN DO; 

PllT SKIP LIST IH, ' TOC Sr-'ALL'); 

c:ND; 
X'-1 IN=XVAL ( l l; 
Xr-<AX=XVAL(NDIM); 
Y'1AX=YVAL{ 11; 
YM l'l=YVAL { 1 l; 
0(1 II=2 TU Nf"lIM; 
Y'1IN=MIN(YMIN,YVALIII )); 
YMAX=MAXIYMAX,YVAL{Il)); 
END; 
XDIV=!XMAX-X'1IN)*0.025; 
YJIV=(YMAX-YMJN)*0.05; 
GR.ADH(*,*l=' •; 
NPTS=l; 
"0 K = 1 TO NDIM; 
J=CEIL l(XVAL(Kl-XMINI/XOIV-0.5); 
IF J > 40 THEN J=40: 
IF J < 1 THEN J=l; 
I=Ci:IL l(YMt,X-YVH(K))/YOIV-0.5); 
IF I > 20 THEN I=ZO; 
IF I < l THEN I=l; 
ISTURE(Kl=I: 
JS T•lFE (Kl =J; 
GRAPH( I ,JI='*'; 

DD~= 2 TO N~IM; 
DJ J = JSTOREIN-11+1 TO JSTORE(Nl-1; 
G~AJ=( IST □ RE!Nl-ISTDREIN-lll/(JST □RE(N)-pSTORE(N-lll; 
C = IST:JRE(Nl-(GRAD*JSTORE(N)); 

GRAPHII,Jl='+'; 
E"l'); 
EN'1; 
PUT SKIP(2); 
f):J t~ = 1 T,J 20; 
IF M: l THE~J 
PUT SKIP EDIT (YMAX,1 +',GPAPH(l,*)l 
IC'JLl20),>:(11,41,COL{34l,A,CrJL{35),40 A); 
ELSE- IF M = 20 THEN 
PUT S><IP '::flIT (YMHl,'+',GR4PiH20,*)l 
l COL l Z O l , i: ( 1 1 , 4 ) , C 1, L ! 34 ) , A , C CJ L ( 3 5 ) , 4 0 A l ; 
ELSE PUT SKIP EDIT (' !',GRAPHIM,*11 
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I* 

')Cl NO. 

3 

3 

3 

3 

3 

3 

3 

1 

3 

3 

CAMEL: A ~QOEL TQ SIMULATE GRAZING BY COMPETING ~ERBIVOURES *I 

IDnHIF!ER 

ABOVF_GROU~C_B!OMASS 

tVAILABILITY 

80DY_WT_AX!S_CAMEL 

BODY_WT_~XIS_CATTLE 

C 

CALOR[E_INTAKE_OF_CAMELS 

CALORIE_INTAKE_OF_CATTLE 

CALOP!E_INfAKE_~F_PRONGH □RN 

CAL □PIFIC_ccuIVALE~T 

CAMEL 

CAMEL AG" 

CAMEL_AG[_1X!S 

ATTRIBUTE AND CROSS-REFERENCE TABLE 

ATTRIBUTES ANO REFERENCES 

l~}AUTOMATIC,ALIGNED,INITI/L,D[C!MAL,FLOATISINGLEl 
50,54,54,127,133,136,136 

,I\UTO"'lATIC ,tLISNED,DECP~Al,F-LQAT(S!NGLEl 
150,151,152 

(5lAUTCMATIC,ALIGNED,DECIMAL,F-LCATISINGLEl 
127,128,131 

14lAUTCM/TIC,ALIGNED,INIT!AL,DECI"'lAL,FLOATISINGLEI 
16,34,59,66 

(4)AUT □ MtTIC,ALIGNFO, INIT!AL,OECIMAL,FLCAT(S!NGLF) 
22,35,99,106 

14)AUTOMATIC,ALIGNED,INITIAL,DECIMAL,FLOAT(SINGLE) 
28,37,79,86 

~UTOMATIC,ALIGNE~,DECIMAL,FLCATISINGLE) 
151,152,195,196 

PARAMETE~,ALIGNED,DECIMAL,FLOATISINGLEl 
120,125 

l6)AUTCMtTIC,ALIGNED, !NITIAL,DEC!MAL,FLOAT(SINGLEI 
17,62 

(6)AUTOMATIC,ALIGNEU,INITIAL,DECIMAL,FLOATISINGLEI 
23,102 

(6)AUTCMtTIC,ALIGNED,IN!TIAL,DECIMAL,FLOAT(SINGLE) 
29,82 

I 5) AUTC"lt TIC, 4 LI GN ED, IN IT I Al. , DFC !'~AL, FL DAT (SINGLE ) 
136 

cNTRY,DECJMAL,FLOATISINGLE) 

AUTOMATIC,ALIGNED,DECIMAL,FLOATIS!NGLEI 
5,40,63,71,71 

(61AUTGMATIC,ALIGNED, INITIAL,DfCIMAL,FLUATIS!NGLEI 
19,63 

(61AUTCMAT!C,ALIG~~D, l~IT!Al,DECIMAL,FLCAT(SINGLE) 
1G,63 

A U TOM AT ! l , AL I G -H' lJ , J f C I 'I A L , F LC' A T ! S I ii CL E ) 
59,60 

PAGE 20 



)CL NO. 

3 

3 

57 

3 

3 

3 

3 

3 

I* CAMFL: A •1 □ DEL TO SIMUL!TE GRAZING 8Y COMPETING HERBIVOURES *I 

IDENTIFIER 

CAMEL_CALOR!E_INTAKE 

CAMtL_DENSITY 

CAMEL_OIET AXIS 

CAMEL_D!ET_QUALITY 

CAMEL Dl~T DUALITY ErFECT 

CAMEL_PRcFERFNCF 

CAMEL_RESP_OEMANO 

CAMEL_RESPIRATION 

CAMEL_WEIGHT 

CAMEL WT_GAIN 

CARRYING_CAPACITY 

CATTLE_AGE 

rATTLE_AGE_AXIS 

CATTLE_AGE_EFFECT 

CATTLE_CALOR!E_DEMAND 

CATTLE_CALCPIE_INTAKE 

ATTRIBUTES AND REFERENCES 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLEI 
60,62 

(12lAUTO~ATIC,ALIGNED,INITIAL,DECIMAL,FLOAT(SINGLE) 
57;60,67,74 

(3)AUTCM~TIC,ALIGNfD,INITIAL,DEC!MAL,FLOATISINGLEl 
20,64 

AUTCMATIC,ALIGNED,DECIMAL,FLOAT(SINGLEI 
61,64 

13)AUTOMtTIC,ALIGNED,INITIAL,DfCIMAL,FLOAT(SINGLEl 
20,64 

STATEMENT LABEL CONSTANT 

(51AUTCMtTIC,ALIGNED,INITIAL,DECIMAL,FLOAT(SINGLEI 
60 

AUTOMATIC,ALIGNED,UECIMAL,FLOAT(SINGLEl 
66,67 

14lAUT □MtTIC,ALIGNED,INITIAL,DECIMAL,FLOAT(SI~GL~l 

34,66 

AUTOMATIC,ALIGNED,CECIMAL,FLOAT(SINGLEI 
67,68 

AUTOMATIC,ALIGNED,OECIMAL,FLCAT(SINGLEI 
8,43,5S,t6,69,69,72 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLE) 
68,69,70 

(12lAUT □rATIC,ALIGNED,INITIAL,OECIMAL,FLOAT~SINGLEl 
54,54 ~ 

I 
AUTOMATIC,ALIGNED,JECIMAL,FLOAT(SINGLEI 
6,41,103,111,111 

' 
(6lAUTCMtTIC,ALIGNED, INITIAL,DECIMAL,FLOATISINGLEl 
25,103 

(6lAUTOMtTIC,ALIGNEO,INITIAL,DECIMAL,FLOATISINGLEl 
25,103 

AUTOMATIC,ALIGNED,OECIMAL,FLOATISINGLEI 
99,100 

4UTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
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I* 

DCL NO. 

3 

3 

3 

97 

3 

3 

3 

3 

3 

121 

CAMF:L: :'. '10DEL TO <;IMULHE GRAZING '3Y, cnMPETING HERflIVCJU9-ES *I 

IDF.NTF'ER 

CATTLE_OlcNSITy 

CATTLE_DIET_AXIS 

CATTLE_DIET_QUALITY 

CATTLE_Dl~T_QUAL!TY_EFFECT 

CA.TTL E_GR A ZE 

CATTLE_RESD_EFFECT 

CATTLE_RESDIRATION 

CATTLE_WE IGHT 

CATTLE_WT_r.AIN 

CE IL 

DEMAND_WITH_BODY_WFIGHT_CAMEL 

OEMAND_WITH_eo6Y_WEIGHT_CATTLE 

DEMAND_W!TH_BODY_WT_PRONGHORN 

DE~'S !TY 

Ol ET _QUALITY 

ATTRIBUTES AND REFERENCFS 

100,102 

(l21AUTOMATIC,ALIGNED,INITIAL,DECIMAL,fLOAT(S!NGLEl 
97,100,1C7,114 

13)AUTCMATIC,ALIGNED, INITIAL,DECIMAL,FLOAT(SINGLEI 
26,104 

AUTOMATIC,ALIGNED,DECIMAL,FLGAT(SINGLE) 
101,104 

(3)AUTCMATIC,ALIGNED, INITIAL,DECIMAL,FLOATISINGLEl 
26,104 

STATEMENT LABEL CO~STANT 
73 

(5lAUTCMtT!C,ALIGNEC, INITIAL,DECIMAL,FLOAT(Sl~GLEl 
100 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT!SINGLFI 
106,107 

(4)AUTOM~TIC,ALIGNED,INITIAL,DFCIMAL,FLOATISINGLFI 
35,106 

AUTOMATIC,ALIGNED,DEC!MAL,FLOATISINGLEI 
107,108 

AUTOMATIC,AL!GNED,DECIMAL,FLOAT(SINGLEI 
9,44,99,106,109,109,112 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLE) 
108,109,110 

GENERIC,eUILT-IN FUNCTION 
178,183,196 

'1' 

(4)AUTGMt~IC,ALIGNED,INITIAL 1 DECIMAL,FLOAT(SINGLEl 
16,59 

' ( 4 JAUTOMtTIC,ALIGNED,INITIAL,DEC!MAL,FLCAT(SINGLEl 
22,99 

14lAUTOMtTIC,ALIGNED, !NITIAL,CECIMAL,FLOATISINGLEI 
28,79 

l*lPARAMfTcR,ALIGNED,DECIMAL,FLOATISINGLEI 
120,125 

AUTOMAT!C,AL!GNED, □ ECIMAL,FLOAT(SINGLE) 

61,81,101,124,135,135 
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I* CAMEL: A MODEL TO SIMULATE GRAZING 6¥ COMPETING HERBIVOU?ES *I 

DCL NO. IOENTIFIER 

DIM 

3 ********* EMERGENCE_THRFSHOLD 

117 END_CATTLE_GRAZE 

EXP 

FORAGE 

GRAD 

157 GRAPH 

120 GRAZE 

GR AZ E_R E"'OV t.L 

GREEr-.:_AVAIL 

GR!:E"l_QUAL !TY 

3 GROWTH_RATE 

157 H 

140 ********* I 

********* I 

********* II 

139 INTPOL 

ATTRIRUTtS AND REFERENCES 

GENERIC,BUILT-IN FUNCTION 
142,159 

( 5 )-AUTOMATIC, Al I GNE D, INITIAL, BINARY, FIX ED ( 15, 0) 

52 

STATEMENT LABEL CO~STANT 
98 

GENERIC,bUILT-IN FUNCTIUN 
54 

AUTOMATIC,ALIGNEO,DECIMAL,FLOAT!S!NGLE) 
5 0, 5t+ 

AUTOMATIC ,ALIGNED,DECIMAL,FLOAT(SINGLEJ 
194,195,196 

120,40)ALTDMATIC,UNALIGNED,STRING(ll,CHARACTER 
175,190,197,203,205,206 

ENTRY,DECl~AL,FLOATISINGLEJ 
60,80,10( 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLEJ 
131,132,136 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLE) 
133,134 

AUTOMATil,ALIGNED,CECIMAL,FLOAT(S!NGLEI 
134,135 

(5)AUTOMtTIC,ALIGNED,INITIAL,DEC!MAL,FLOATISINGL~I 
54 

PARA~ETEF1UNALIGN~D,STRING(*l,CHARACTER 
156,162,210 

AUTC~ATIC,ALIGNED,BlNAPY,F!XED(l5,0l 
147,148,150,150,150,150,151,151 

AUTO~ATIC,ALIGNED,BINARY,FIXEDl15,0l 
183,184,185,186,187,188,190,196,197 

AUTO~AT!C,Al!GNED,BINARY,FIXED!l5,0l 
169,170,171 

ENTRY,DECI~AL,FLOAT!S!NGLf.) 
59,62,63,64,66,79,82,83,84,86,C9,1O2,1O3,104,1O0 
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I* CAM~L: A ~ □ DfL Tn SIMULATE GRAZING BY COMPETING HFRBIVOURES *I PAGE 

DCL NO. IDFNTH'I[R 

158 ********* !STORE 

********* J 

158 ********* JSTORE 

****''**** K 

3 LIVE GRElN FRACTION 

********* /,i 

MAX 

MIN 

********* MONTH 

49 

********* N 

********* NO I I~ 

3 ~ON_GREEN_AVAILABILITY 

********* NPTS 

3 ********* PLANT 

POT_CATTLE_WT_GA!N 

ATTRIRUTES AND kEFERENCES 

(201AUTO~ATIC,ALIGNED,~INARY,FIXEDl15,0I 
188,194,194,195 

AUTOMATif,ALIGNED,DECIMAL,FLOAT(SINGLE_l 
Lt, 3_9 

~UTCMATIC,ALIGNEO,BINARY,cIXED(l5,0) 
178,179,180,181,182,189,190,193,l9b,l97 

(20lAUTJ~ATIC,ALIGNED,RINARY,FIXED(15,0l 
180,193,193,194,194,195 

AUTOMATIC,ALIGNED,RINARY,FIXED!15,0l 
177,178,183,188,189 

(5,12lAUTOMATIC,AL!GNED,DECIMAL,FLOAT(SlNGLEl 
14,127,127,133 

AUTCMATIC,ALIGNED,RINARY,FIXED(l5,0l 
201,202,204,206 

GENERIC,BUILT-IN FUNCTION 
171 

GENERIC,BUILT-IN FUNCTION 
170 

AUTC~ATIC,AL!GNED,BINARY,FIXED(l5,0I 
49, ~ 2, 52, 54, 5 4, 5 7, 6 7, 75, 77, 8 7, 95, 9 7, 107, 115,125, 12 7, l 27, 13 3 

STAT~MENT LAB~L CONSTANT 

AUT □ ~ATIC,ALIGNED,BINARY,FIXEDl15,0l 

192,193,193,194,194,194,194,195,195 

AUTCMATIC,ALIGNED,RINARY,F!XED(15,0I 
142,145,146,147,1~9,160,166,169,177,192 

( 5 l AIJTOMt Jr! C, A LI GN ED, IN IT I AL, DECIMAL, FL DAT (SINGLE l 
127 

AUTOMAT Ic', All G"JEO, BI NARY, F IXEO ( 15, 0 l 
176 

AUTO~AT!C,ALIGNED,BINARY,FIXEOl15,0J 
51,52,52,54,54,54,126,127,127 1 127,127 1 127,lZR,128,130,131,131,133 
133,134,136,136,136 

AUT~~ATIC,ALIGNED,CECIMAL,FLOATIS!NGLE) 
65 ,6'l 

AUT0''1ATI( ,AL!SNED,DE.CIMAL,FLOAT{SUJGLE) 

24 
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121 

3 

77 

Cf.Wt 

I D"'~IT l FI :'f' 

P>-Jt,GflP:I ~t.1,-rri: l'TtKF 

I 

PFlJ~iGHuW: O!CT )IJALJTY t:FFECT 

105,108 

AUTJMATIC,Al !G~ED,~ECIMAL,FLOAT(S!NGLfl 
65,8'3 

( 
0a l P 'IP A'' l Tc "' , ~, L I G ~,:: 'l , [) f: l I MG L , f- Lr,,\ T ( S ING L c: l 

L:: ;; , 12 e , 1 31 , 1 3 4 

c\lJTJ'AAT!( ,HL!C',':'IJ,CC:C [V,!,l ,FL•~i\T(Sl\Glf-) 
7,42,R3,cl,ql 

(t, l A 'JT '=" I T ! C , ,H ! v,1 t'L) , Fl I T If, L , [) , C I ~ A L , F L n r, T ( S I '! C I i I 
31, R l 

( ,~ l \ 'J T .J '1 / T I C , 6 L I G '< c D , l ,-: I T I 1~ L , D f C I 'A I L , FL rt, T ( S ! i 1,; l 
31, 8 ,, 

.~UT J"' ii T ll , ,,\ LI S'' t- '.) , i_'. ~ C I .,. 1\ L , FL C f, T ( S l :, G L I ) 

79,'30 

i\UT•J'1tT!( ,-~LlG',dJ,Cf:Cl'AAL,FLc.AT(<:;I'!GL"l 
-30, 82 

( 12 l .'.UT JI ~ TIC , f L I c~: le l.,, !', IT I AL , , EC I ,''AL , ~ L(]A T ( ':> I ~G L E l 
77,"0,,37,q4 

( 3 ) .!'\UT L Mt T l C , t, L I Gr, c C , I ~J l T I t L , D c C I r~ t L , FL l l t T ( S I 1-, r; L f: ) 
32,84 

r~ U TfJI~ .f, T !( , AL I G" F !J , 'Ji:: ( I/ 1 AL , FL r. AT ( S I NG L ;: l 
t3 l, 34 

( 3 l ,\ IJ T n '! t T I ( , ,::, LI G w= 0 , I~, I T I :. L , I' l C I "'/. L , FL C! T ( S I NG L : l 
32, 8Lr 

ST:, T':'~E\T l A 1-Jc:L C CJ1,;5T ,_,1 :T 

5" 

( 5 l AU TC '1" T IC , 4 LI G N f: D, I I~ I T I ,\ L , D f. C I "'A L , FL Cf: T ( S I NG L [ 
80 

."-1JT C: '1 AT I ( I H I G ': i:: 0 , IJ f' ,: l "f-L , f- L []AT ( S I h G L E ) 
Rb 7:-r7 

l <: ) A JT G'H T IC , H ! G N [ D, !', IT I:. L , D ,: C I I',\ L, r L ct T ( SI' JG U. 
37, 36 

t,:JTJ'IAT!( ,/\LlG'ffD,Od !M6L,FLOAT(5l~GLF'l 
:'j 7, 8 'l 

,~ IJ T J" 4 T Il , AL I G 'i !: I), iJr: C J 11 t L , FU:' AT ( SI~. GL !:: l 
10,45 1 79,c~,Fg,8y,g~ 
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156 PUT _C LF V':c 

3 

SUM 

SYS! t. 

3 

3 

3 WT_GAJ•_PER CAL~RIF_PRCNGH1RN 

14() X 

X 

.\ T TR I B IJ ft S A~, L) R i: F [R [~ICES 

AUT0MAT!C,ALJG\JfO,rE(!"'AL,FL2AT(Sl~GL~J 
:38, 8 :i, qo 

C::',TRY,DEC l"'AL 1 FL'JAT(<;l~.GLEJ 
11., , 11 , 1 ·, , ? n, 2 2 , 2 3 , 2 s , 2 t: , ? s , z •c; , ? 1 , 3 2, 3 4, 3 5, ? 7 

( 5 l A JT C ·~IT I C, ,HI Gt\ EC, I '.,JI T I:- L , B IN t.. RY, F IX C: D ( 15 , 0 I 
':2 

AUTJM~TIC,ALIG~ED,CECIM~L,FLCLT(Sl~GL~l 
12~.12~,12°,131,134 

GU;E'"\IC,[U!L .,.-IN FUWTIUN 
50 

F!Lt::,EXTER~,t.L 
14,15 

FlLF,fXTfF:f'-IAL 
18,21,24,27,30,31,36,38,7~,ss,115,11F,1t2,?00,203,20~,20t,20q,20~ 
210 

PAR .AM i::: Ee 't, L l G\J E '.), f'E C I MAL, r LCt T ( s I~ GL E I 
l?O, 123,132,132 

ALJTC,,ATIC,ALIG~ED,DECIMAL,FLnAT(S!NGLF) 
11,4,;,70,70 

AUTCMAT!( ,LLIG\J~IJ,~tCIMAL,FLnAT(S!~GLEI 
12 ,'t7, ill, llC 

t.UTCM4Tll ,ALIG~E □ ,rECIMt.L,FLCAT(SINGLEl 

12:i,131 

AUTOMATIC,ALIG~ED,DECIMAL,FLOAT{SINGLEJ 
13,4'>,'"0,SO 

(6lAUTGM1-TIC,'-IL!Gt1ED, P.ITI,\L,DEC!M.lL,F-LiJ/IT(Slt1GLE l 
17,62 

( 6 l A IJFJM; 'TIC, AL I Giff IJ, !', IT I AL, DCC I MAL, f-L OAT ( S l '·J GL f l 
23,102 

(6)AUTCMtTIC,ALIGNEr,IN!TltL,D[CIMAL,~LnAT(SINGLE) 
29,f:2 

PAQAMtTE~,~LIG\ED,DE~!MAL,f-LCAT(S!NGLF) 
13S,143,1~5,14o,152 

4UTCMAT!l,t..LlG\EO,DEC!MAL,Fl:tT(S!~GLf-) 
62,65,82,85,102,105 
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141 
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39 

157 

141 

Ct.MEL: A 'lflnEL TiJ Sl'IULATE GRAZ!'.Jf; 3Y. COMPETP,G HERB!VOURi::S *I 

IDENTIFIER 

XDIV 

XMAX 

XMIN 

XVAL 

XVAL 

y 

YDIV 

YFtFS 

Y"!N 

YVAL 

z 

ATTRIBUTES ANO R[F[RENCFS 

AUT □ MATil,ALIGNED,CEC!MAL,FLCATISINGLEl 

173,178 

AU TO ).IA TI ( , AL I G "JED, OE:C I f'/,A L, r L ['AT (SINGLE I 
166,173,20° 

AUTOMATIC,ALIGNED,DFCl'IAL,FLnAT(SINGLF) 
165,173,17F 1 209 

(*lPARAMET~R,ALIGNED,DECIMAL,FLOAT(SINGLE) 
156,159,165,166,178 

!*lPARAMETER,ALIGNED,DECIMAL,FLOAT(SINGLEI 
139,142,143,145,148,150,150,1~1 

AUTO~ATIC,ALIGNED,SECIMAL,FLOAT(SINGLE) 
63,65,83,85,103,105 

~UTCMATIC,ALIGNED,DECIMAL,FLOAT(S!NGLE) 
17<t,183 

AUTC'IATIC,ALIGNEO,BINAPY,FIXED(l5,0l 
39 

STATEMENT LA8EL CONSTANT 

AUTO~ATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
167,171,171,174,183,203 

AUTCMATIC,ALIGNED,DECIMAL,FLUATISINGLFl 
l6E,17C,170,174,205 

(*)PARAMETER,4LIGNEO,OECIMAL,FLOATISINGLE) 
156,167,168,170,171,183 

!*)PARAMLTtR,ALIGNEO,DECIMAL,FLOAT(S!NGLEl 
139,144,146,150,l~0,151 

I 
AUTOMATIC,ALIGNE~,DEC!MAL,FLCATISINGLfl 
64,65,84,85,104,105 
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CtMFL: A ~OlFL TO S!MULtTf G~AZING ey COMPETING HER8!VOURES 

t,BC'Vr _GR IU"W t< F)""l SS 

AVAILUl!LlTY 

3 □ rY_WT_AX!S_DRONGHOPN 

CAL OR It_ PJT AKE_OF _r AMEL S 

CALCFIE_INTAKt_OF_CATTLE 

fALCP!~_l~TAKE_OF_PRCNGHC?N 

CALO~JCJC_~OUIVALFNT 

CM 1EL_%i:_AXI S 

CAMfL_AG[_~FFffT 

C ,': MF l _''"'IS I TY 

CAl-"fl_llli:T_f-XIS 

CAMfL_DIET_OUALlTY_;rFECT 

CAMFL_PRtFERtNCE 

CAMEL_~ESP_EFF~CT 

CAPRYING_CA0 ACITY 

CATTLE_AGE_t\XIS 

CATTLE_AGE_ECFfCT 

CATTLE_rJ!'NSITY 

CATTLF_DIET_AXIS 

CATTLF_DIFT_OUALITY_EFFECT 

CATTL[_D~EF[RFNCF 

CATTLE_RFSP_fFF[CT 

fl~ MA,'~U_W l TH_W1f)Y _we I GIH _CA<'~E L 

L H,GTH H '-lYTc:S 

20 

20 

16 

16 

24 

24 

24 

20 

24 

24 

48 

12 

12 

20 

16 

48 

2 L. 

24 

48 

12 

12 

?O 

16 

16 
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I* CAMFL: A MODEL TO SIMULATE GRAZING BY C0MPETI~G HEPB!VOU~ES *I P1\Gt: 2ci 

STATEMENT NO. IDE~ITIFICR LENGTH H RYTES 

3 DEMAND_WITH_BOOY_WEIGHT_CATTLF 16 

3 DE~AND_Wl Til_BOCY_WT_PRDNGHOR~J 16 

3 EMFRGENC"_THPESHOLD 10 

]57 GRAPf-' A.00 

3 GROWTH_RlTc 20 

15 fl ISTOn 40 

l 'i 8 JSTORE 40 

3 LIVF_GRE~N_FRACT!ON 240 

3 NON_GREEN_AVAILABILITY 21) 

3 
I 
pk □NGHORN_AGE_AXIS 24 

3 PPONGHORN_AGF_EFFECT 24 

3 PPONGHORN_DENSITY 48 

3 PRONGHORN_JJET_AXIS 12 

3 PR ONGWl R',_ 0 I FT _()U,\ LI TY _F FF EC T 12 

3 PRONGHO?N_PRfFFRENCE 20 

3 PRONGHORN_RESP_EFFfCT 16 

3 QUIESCt:NCE_ THRESWJL'.l 10 

3 WT _GA I ~:_Pf: R_ CALORJF _CAMELS 24 

3 WT_GAIN_uER_CALORlE_CATTLE 24 

3 WT_GA!N_P[R_CALOQf~_DRQNGHORN 24 
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