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MODELLING REPORT SERIES NUMBER 10

CAMEL
VERSION 1

DESERT BIOME
UTAH STATE UNIVERSITY
LOGAN, UTAH 84321
MAY 1971

THE PREPARATION OF THIS MODEL WAS WHOLLY SUPPORTED THROUGH THE US/IBP
DESERT BIOME PROGRAM, UNDER GRANT # GB 15886 FROM THE NATIONAL SCIENCE
FOUNDATION.



INTRODUCTION

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 Tater.

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. QOutput, 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 1. 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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CAMEL T A MODEL TC SIMULATE GRAZINU SY COMPET IMNG HEFBIVUOURES */

/¥ CEMEL: A MODEL T9 SIMULATE GRAZINC RY COMPETING HERRIVOURES *f
/% */
CAaMZL: PROC CPTIONS (MAIN)

DCL INTPOL ENTRY (FLOAT DEC,{x} FLOAT DE#C,(=*} FLOAT DEC)

PETURNS (FLOAT DEC) s

/* =/
/3 i 3 s e o ok okt s o ok ol Sl ok o o ok N o oK R 3 s e ok okl e sk ool ok ok s i o ok ok ke SRk ok ook o oK 3 ek o ok sk ok /
VA *
/% CAMEL HAS BEEN BUILT TO INVESTIGATE QUESTION AL2102: */
/® "WHET COMPCSITINN UOF DOMESTIC UNGULATES (CATTLE), */
/% NATIVE UNGULATES (PRONGHURNY, AND EXOTIC UNGULATES * /-
/% {CAMELS) wWILL MAXIMIZE SECCNDARY PRODUCTION IN A */
/* GIVERM DESERT AREA?YM */
/% */
/* */
/* THE DESCRIPTIVE NAMES {CAMEL, CATTLE, AND PRONGHORN) */
/* ARE ARRITRARY AND WERE USzD TL SIMPLIFY RZIADING THE */
/* MODEL. ANY COMBINATION CF THFEE UNGULATE SPECIES */
/* DESIREABLE FOR A GIVEN AREA CLN BE USED BY MODIFYING */
/* THE APPROPRIATE PARAMETERS. */
/% */
/* */
/* THE MODFL AT THIS STAGE DOES MOT INCLUDE UNGULATE */
/*® REPRODUCTION OR, WEATHER SIMULATION. */
/* ®/
/= */
/* THE MPDEL USES FIVE PLANT GROUPS ~ ANNUAL GRASSES, %/
/* PERENNIAL GRASSES, FORBES, AND TWIJ SHRUBS. THESE ARE %/
/® ALSC ARBITRARY AND VALUZS CAN BE GIVEN FOR THE DESIRED */
/* SPECIES OF ANY AREA, */
/% %/

/% %3 3 e 3 X NI a e e e sie e e ol e e e ok e o e ol ok a6 sl s e e e S e e e e st ool ik el el e ke e e e el e e ek ko ok

/x

*/
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/¥

CAMEL: A MNDEL TO SIMULATE GRAZING BY COMPETING HERBIVOURES x*/
/% */
/#*#*************$****************************************************/
/:{c */
/% DECLARE AND INITIALIZE PARAMETERS */
/* */

/ot st o e e o e e e e ot e e aiofe e el e sk s o 3k e ol e 3 st e e o ot e e o ok e ol ok o ek sl e o ek o e o e e s ok ok ok s

/%
DECLARE

*/

ABOVE_GROUND_RIOMASSIS) INIT (150,200,50,500,300),
AVATLABILITY(5),

BODY_WT_AXIS_CAMEL(4) INIT (4C,200,500,800},
BODY_WT_AXIS_CATTLE(4) INIT (40,200,400,500),
BODY_WT_AXIS_PRONGHCRN(4) INIT {(10,28,50,75),
CALORIE_INTAKE_CF_CAMELSEA) INIT (0,1E2,1E3,1F4,564,1E5),
CALORIE_INTAKE_DF_CATTLE(6) IMIT (0,1E241E3,1E4,5E4,155),
CALORIE_INTAKE_QF_PRONGHCRN(6) INIT (0,8E1,1E2,3E3,8E3,5E4),
CALORIFIC_EQUIVALENT{5) INIT (6000,5000,5000,3500,3000),
CAMEL _AGE_AXIS(6) INIT [(0,3,4:548,14),
CAMEL_AGE_EFFECTI{6) INIT (1413.5142541,00,
CAMEL_DENSITY(12) INIT ({12).1),

CAMEL_DIET_AXIS(3) INIT {0s.3,1),

CAMEL _DIET_QUALITY_EFFECTI3) INIT (.5,.75,.95),
CAMEL_PREFERENCE(S) INIT {1,14242+2),
CAMEL_RESP_EFFECT{4) INIT (10,150,350,450),
CARPYING_CAPACITY(12) INIT ({12)3009),

CATTLE_AGE_AXIS{6) IMIT {(0234449598,14),
CATTLE_AGE_EFFECTI6) INIT (1315459425 414500,
CATTLE_DENSITY(12) INIT ((12).1},

CATTLE_DIET_AXIS(3) INIT (0,.3,1),
CATTLE_DIET_QUALITY_EFFECTI3) INIT (.55.75,.951,
CATTLE_PREFERENCE(S) INIT (8,8,6,251),
CATTLE_RESP_EFFECT(4) INIT (1C,150,250,300),
DEMAND_WITH_BODY_WEIGHT_CAMEL(4) INIT {1,3E4,RE4,1E5),
DEMAND_WITH_BODY_WEIGHT_CATTLE(4) INIT (1,3E4,8E4,1F5),
DEMAND_WITH_BODY_WT_PRONGHORN{4) INIT (1,8E3,3E4,5E4]),
EMERGENCE_THRESHOLD(5) FIXED BIN INIT {3,3y49445),
GROWTH_PATE(S) INIT (lreSyaTredresdy
LIVE_GREEN_FRACTION{S,12) FLOAT DEC,
MON_GREEN_AVATLABILITY(5) FLOET DEC INIT (49554957 495545745),
PRONGHORN_AGE_AXIS{6) INIT (0,2+3,5,8,164}1, ’
PRONGHORN_AGE_EFFECT{6) INIT (Lylye5,.29.190),
PRCNGHORN_DENSITY(12) INIT ((12).1),
PROMGHOPN_DIET_AXIS(3) INIT (Cra3,1),

TPRONGHOPN_DIET_QUALITY_EFFECTI(3) INIT (.55.75,.95),

PREONGHORN_PREFERENCELS) INIT (3,3,3,10,1),
PRCNGHORN_RESP_EFFECT(4) INIT (5,75,125,175)},
QUIESCENCE_THRESHOLDIS) FIXED BIN INIT {6,9,8,10,9),
WT_GAIN_PER_CALORIE_CAMELS(6) INIT
{0,150,250+350,500,600),
WT_GAIN_PER_CALORIE_CATTLELS6) INIT
(N0,125,200,250,300,350),
WY_GAIN_PER_CALORIE_PRONGHORN{6) INIT
(0,75,1205150,175,20C)
(PLANT,YELR) FIXED BIN3
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/*

CAMFL: A MODEL TO SIMULATE GRAZING BY COMPETING HERBIVQURES %/
/* ‘ */
ke o s s o ok e 0t ook s st o ok o o e st e e ol o ke e ol oK o ok o ot o ok e o e sk o o o o e skl ok S ok e e e o Kok Rk /
/*® */
/* INITIALIZATION SECTION */
/* */
7 % BRSO AR R O R SR ROR Sk R R o Rk SRR s R R SRR Sl R R o e SRR KOk /
/% */
#_RUNS = 103 /% YEARS */
CAMEL_AGE = 13 /% YEARS */
CATTLE_AGE = 13 /* YEARS */
PRONGHORN_AGE = 13 /* YEARS /-
CAMEL _WEIGHT = 503 /% KILOGRAMS %/
CATTLE_WEIGHT = 40; /¥ KILOGRAMS %/
PRONGHORN_WEIGHT = 53 /% KILOGRAMS %/
TOTAL_CAMEL _WT_GAIN = 03 /% KILOGRAMS *x/
TOTAL_CATTLE_WT_GAIN = 03 /% KILOGRAMS */
TOTAL_PRONGHORN_WT_GAIN = O3 /% KILOGRAMS x/
/% */
/3 0% s ek de sk i o 3 o 3 o o e o ek ok e e oK e e o ok ke e oK ok o o el o e ook e i K A sl kK g sl sdeok sk 3 ok e ok /)
/% */
/ * DATA READ IN */
/% */
7 4k e o0 e s e ok e oo ofe s o ofe ook s oot o o e e s e oo o e ke ok oo o e e Xk ol e ot sk e ok 3 stk o e e o ok ool e ol Xk e X/
/% */

GET LIST (LIVE_CREEN_FRACTIDN);
GET DATAS
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/* CAMEL: A MODEL TC SIMULATE GRAZING BY CUMPETING HERBIVOURES */ PAGE

/* %/
f e 3 o sk sk sl e st ko kot sk M skl oo o ok i sk sk s ot ok st sk e 3 e ok sl o o o kol e e ek ek e ok e o st o ok e 3k ok ok ok Kok f
/* * /
/% QUTPUT GRAPHS %/
/= */
/****#********************************#*****************#*************/
/% */
CALL PUT_CURVE
{'FIG 1 - CAMEL WEIGHT ON CALCRIE DEMAND?,
BODY_WT_AXIS_CAMEL, DEMAND_WITH_BODY_WEIGHT_CAMEL):
CALL PUT_CURVE
(PFIG 2 - CAMEL CALORIE INTAKE ON WT GAIN',
CALORIE_INTAKE _OF_CAMELS, WT_GAIN_PER_CALORIE_CAMELS):
PUT: PAGES
CALL PUT_CURVE
{"FIG 3 - CAMEL AGE ON WT GAIMN',
CAMEL _AGE_AXIS, CAMEL_AGE_EFFECT);
CALL PUT_CURVE
{('FIG 4 ~— CAMEL DIET QUALITY ON WT GAIN',
CAMEL_DIET_AXIS, CAMEL_DIET_QUALITY_EFFECT);
PUT PAGE;
CALL PUT_CURVE
[*FIG 5 — CATTLE WEIGHT ON CALORIE DEMAND!',
BODY_WT_AXIS_CATTLE, DEMAND_WITH_BIDY_WEIGHT_CATTLE);
CALL PUT_CURVE
('FIG 6 — CATTLE CALORIE INTAKE ON WT GAIN',
CALORIE_INTAKE_COF_CATTLEy WT_GAIN_PEP_CALORIE_CATTLE)S
PUT PAGES
CALL PUT_CURVE
('FIG 7 - CATTLE AGE ON WT GAIN',
CATTLE_AGE_AXIS, CATTLE_AGE_EFFECT):
CALL PUT_CURVE
('FIG 8 ~ CATTLE DIET QUALITY ON WT GAIN®Y,
CATTLE_DIET_AXIS, CATTLE_DIET_QUALITY_EFFECT});
PUT PAGE;
CALL PUT_CURVE
('F1G 9 - PRONGHORN WEIGHT ON CALORIE DEMAND?',
BODY_WT_AXIS_PRINGHORN, DEMAND_WITH_BODY_WT_PRONGHORN 3
CALL PUT_CURVE .
{'FIG 10 - PRONGHORN CALGRIE INTAKE CON 'WT GAIN?,
CALCRIE_INTAKE_CF_PRONGHORN, WT_GAIN_PER_CALORIE_PRONGHORN) S
PUT PAGE;
CALL PUT_CURVE ,
“{'FIG 11 - PRONGHORN AGE ON WT GAIN',
PRONGHORN_AGE_AXIS, PRONGHORN_AGE_EFFECT);
CALL PUT_CURVE
(*FIG 12 -~ PRONGHORN DIET QUALITY ON WT GAINT,
PRCNGHORN_DIET_AXIS, PRONGHCRN_DIET_QUALITY_EFFECT):
. PUT PAGE;
CALL PUT_CURVE
{'FIG 13 - CAMEL WT ON RESPIRATION?®,
BRODY_WT_AXIS_CAMEL, CAMEL_RESP_EFFECT);
CALL PUT_LURVE

{*FIG 14 - CATTLE w7 ON RESPIFATION?,
BODY_WT_AXIS_CATTLE, CATTLE_RESP_EFFECT}3
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CAMEL

£ MODEL TO SIMULATE GRAZING BY COMPETING HERBIVOURES

PUT PAGE;

CALL PUT_CURVE
{"FIG 15 - PRONGHORN WT UN RESPIRATION?,
BODY_WT_AXIS_PRONGHORN, PRONGHORN_RESP_EFFECT )
PUT PAGE:;

*/

PAGE
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/*

CAMEL : A MODEL T2 SIMULATE GRAZING BY COMPETING HERBIVIOURES */
A y
/e s sk ke e e ke e ok ok ot e e e o st skl ok e e e e el e e o e e e s o e s e e e fOR S fokoole Sk ROk S R ok ok f
/* ®/
/% YEAR CYCLE %/
/*® */
7 % sk sk ok st s sk ok ot ok oot 3 ol e e s b sfeste R ol ot s e ool e e o e ok e ok e e e ke ol sk o et ot dokok o e
/* . */
YEARS: 0O YEAR = 1 7O #_RUNS;
/% *f
/3 sk i sk 3o ok e vk o e ole e s e oo e e e e sl o s ofe ol e e ol e e sfesie e i sl e sl ol o S ok ol e e e e e ke o ok ok ook ok e skeoke S
/% #/-
/% REINITIALIZE ANNUAL WT GAIN, WcIGHTS, AND STOCKING AGE. */
/% */
/¥ e e ok ek e 2k e sk 2 sl o e o ok e o e 3 e e sl e e e s e e ode o ok s e e st o e iR ke i 3R ok sl e e st o sl e s o R kol S kiR e ke /
/% */

CAMEL_AGE = 13
CATTLE_AGE = 13
PRENGHORN_AGE =

/* YEARS */
/% YEARS */

13 /% YEARS * /

CAMEL_WEIGHT = 503 /% KILOGRAMS %/
CATTLE_WEIGHT = 403 /% KILOGRAMS */
PRONGHORN_WEIGHT = 53 /% KILOGRAMS *x/
TOTAL_CAMEL_WY_GAIN = 03 /% KILOGRAMS #*/
TOTAL_CATTLE_WT_GAIN = 03 /% KILOGRAMS =/
TOTAL_PRONGHORN_WT_GAIN = O3 ) /% KILOGRAMS */

/% */f
/s 33 s e e Sk o v e v e ok o e sl ok e o o S e e ok ok ok e sl e X e e o ol e st o ke e ol ofe ol o e e e e e ok e sk kol e ok ek ok /)
/% */
/* MONTH CYCLE */
/* %/
[/ 3 s s sk s ek ok s ofe ol ade okl e sl sk e e sl o ofe o sk ol o ok Sk A e ik 36 e e e e o o e o e e e e o ol o sl ek e ke el el ol e e e e el dle ke Xk f

/% */
MONTHS: DO MONTH = 1 T0 123 :

PAGE
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CAMEL: A MODEL TO SIMULATE GRAZING BY COMPETING HERBIVOURES */

Ve */
st e v sk o e ofe s oo e oo i o ol A ol e s o s o o o ok 3 ool ok i ok o ol o o st o s sk o o o o ol 3 3 o e ok A ek ok ek /)
/% */
/% COMPUTE PLANT GROWTH BY SPECIES ®/
/% : */
7 st sk e i e e ook e o oo e e 2 3ok s e ke e o o ol e s o ek ok o s e e e e ol sfe 3 sk e s ol e e e ot e e g o e ek sl el ok e sk e f
/% */

FORAGE = SUM{ABOVE_GROUND_BIOMASS)
DO PLANT = 1 TC 53
IF MONTH >= EMERGENCE_THRESHUOLDIPLANT)
& MONTH <= QUIESCENCE_THRESHCLDI{PLANT)
THEN DOs
ABOVE_GROUND_BICMASSI{PLANT)
ABOVE_GROUND_BIUMASS{PLANT)
EXP{GROWTH_RATE{PLARNT) *
{CARRYING_CAPACITY{MONTH} - FORAGE)
/ CARRYING_CAPACITY{MONTH} )3
END 3

i

#*
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CAMEL: A MODEL TO SIMULATE GRAZING BY. COMPETING HERBIVDURES */

;:*******************************************************************:;

kS
;: COMPUTE CAMEL FCOD DEMAND - WEATHER IS NOT CONSIDERED *;
;:******************************************************$************:;
o N #
’ CAMEL _GRAZE: ’

IF CAMEL_DENSITY{MONTH} = 0 THEN GO TC PRONGHORN_GRAZE:

Zz SEE FIG 1 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP EZ

CAMEL _CALORIE_DEMAND = INTPOL {CAMEL_WEIGHT,
* BODY_WT_AXIS_CAMEL, DEMANL_WITH_BODY_WEIGHT_CAMEL)S

/% ; %/
/:‘:************#*******************************************************/
/% */
/% CALL STATEMENT TO FEED CAMEL [ENSITYs; CALORIE DEMAND, */
/% AND PLANT PREFERENCE TO THE GFAZING SUBROUTINE, */
/% */
/% */
/% DIET QUALITY AND TOTAL CALORIE INTAKE ARE RETURNED. */
/% */
/0 %0 e o e e e S s e e shode e e o e e ol e e s e e e e e e o o e e st ofe S 3 eoje e e ofe sl e ook ok ek Sk ol ok R ok sk Kok Rk
/% */

CALL GRAZE {CAMEL_DENSITY, CAMEL_CALORIE_DEMAND,
CAMEL_PREFERENCE, CAMEL_CALCRIE_INTAKED};

;i****************************#******************************#*******:;
;: DIET QUALITY VARIES BETWEEN .E£ AND 1, DEPENDING ON i;
/*® THE LIVE GREEN FRACTION IN THE DIET. */
;i*************#*****************************************************ij
’ CAMEL_DIET_QUALITY = (DIET_QUALITY / 2} + .53 Y
;: . SEE FIG 2 FOR THE FOLLJOWING FUNCTIONAL RELATIONSHIP g;
/%

X = INTPOL lCAMEL_CALORIE_ﬂNTAKEy
CALORIE_INTAKE_OF_CAMELS,
WT_GAIN_PER_CALORIE_CAMELS )

/% ’ : x/
7 * SEE FIG 3 FCOR THE FOLLOWING FUNCTIONAL RELATICONSHIP */
/* */
Y = INTPOL {CAMEL_AGE, CAMEL_AGE_AXIS,
CAMEL_AGE_EFFECT )3
/x *7
/% SEE FIG 4 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP */
/% */

Z = INTPOL ({(CAMEL_DIET_QUALITY, CAMEL_DIET_AXIS,
CAMEL_DIET_QUALITY_FFFECT):

PAGE
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CAMEL: A ™MODEL TO SIMULATE GRAZING BY COMPETING HERBIVOURES */
/% %/
/% e Sk 3 A ode sl ol e it Aok st sk sl e e S il sl e ok e ok 3ok sk % S stk Sk e ok oo %R ol i sk ik ek ook Rk ok ok %k /
/% */
/¥ POTENTIAL WEIGHT GAIN IS INFLUENCED BY CALORIE INTAKE, *7
* DIET QUALITY, AND AGE, */
* */
et e etk o ok e fe ook sk eofe e ok R S e ok g sk g st sl e ok ek 3 A R R o s R it SRR ok K R R ko ok ok ok
* */
POT_CAMEL _WT_GAIN = X %= Y % 73
/% Iy
/* SEE FIG 13 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP */
/* */

CAMEL _RESP_DEMAND = INTPOL {CAMEL_WEIGHT,
RODY_WT_AXIS_CAMEL, CAMEL_RESP_EFFECTI

r* %/
77 s o s o e e st sk ot e e ok e e o s e ot s o o e ok o 3 ol o ke o ol ofe sl s e ol ok e ol ok el s ok ok ol ok Rk e ok ROk K f
/* ' */
/% WEATHER 1S NOT CONSIDERED WHEMN COMPUTING RESPIRATION */
/* DEMAND, */
/% *f
7 % s e o Atk e Ao 2 e e ook o s ok R koK o A oK 0 4w o e o o ok o o o ok e o ok oK atofe s ok e e ok ok el ol ke ok /)
/% */

CAMEL _RESPIRATION = CAMEL_RESP_DEMAND * CAMEL_DENSITY{MONTH]);
CAMEL _WT_GAIN = POT_CAMEL_WT_GAIN - CAMEL_RESPIRATIONS
CAMEL_WEIGHT = CAMEL_WEIGHT + CAMEL_WT_GAIN;
TOTAL_CAMEL_WT_GAIN = TOTAL_CAMEL_WT_GAIN + CAMEL_WT_GAIN;
CAMEL_AGE = CAMFL_AGE + ,08333;

IF CAMEL_WEIGHT < 40 THEN 0G3

/o IN THIS UNLIKELY SITUATION THE RANGE MANAGER WOULD FIND */
/* GREENER PASTURES FOR HIS CAMELS. *7
CAMEL _DENSITY({*} = O3

PUT SKIP LIST {*'CAMELS GO HUNGRY IN MONTH *, MONTH) 3
END 3

PAGE
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CAMFL: A MODEL TO SIMULATE GRAZING BY CUMPETING HWERBIVCURES ®/

/% */
/e 3 o ok sk st e e sk ot st o s e e ofe e i ke o e e o el o Sk e e desiok ok sk ok sk e ok e ot oo ok e o e Xt s ok R e R ok Sk ok /
/% %/
7*® COMPUTE PRONGHORN FOOD DEMAND - WEATHER IS NOT CONSIDERED %/
/% */
/1 Aokl e s e e st ol e sk stk ol sl Sl e s ol sk e ik 3 e o kol o ke e o ok ek e s sk et e e sk ok o g o ok e sk e ek sk ke e/
/* */

PRONGHORN_GRAZF:
IF PRONGHORN_DENSITY{MONTH) = 0 THEN GO TO CATTLE_GRAZE;

/% #/
/3 SFE F16 9 FOR THE FULLOWING FUNCTIONAL RELATIONSHIP *®/
/% %/

PRONGHORN_CALORIE_DEMAND = INTPOL {PRUNGHORN_WEIGHT,
. BODY_WT_AXIS_PRONGHORN,
DEMAND_WITH_BCDY_WT_PRCNGHORN) 3

/% */
{3 dets el st ke e Sl vk sk ot e e s e o e o fc e e e e e e st vl sl ol e s ol e e ode st i sk sk ool S ok Mok el ke R ek ok e e ek Skl Kk f
/% */
/% CALL STATEMENT TO FEED PRONGHURN DENSITY, CALORIE DEMAND, %/
/% AND PLANT PREFERENCE TO THE GRAZING SUBROUTINE, %/
/% */
/% %/
/* DIFT QUALITY AND TOTAL CALORIE INTAKE ARE RETURNED. */
/= . */
/e ek e o Aok s e e Hie ekl ok o el e e e ool kA e e S okt ok of e e sk ¥ e e e Re e e e e oje e e e ol R e ofe e sk e s e e ok Sk Kk e ok
/% s/

CALL GRAZE {PRONGHORN_DENSITY, PRONMGHORN_CALCRIE_DEMAND,
PRUNGHORN_PREFERENCE, PRONGHOEN_CALORIE_INTAKE);

;:***********************#*******************************************i;
;: DIET QUALITY VARIES BETWEEN £ AND 1, DEPENDING ON :;
/% THE LIVE GREEN FRACTION IN THE DIET. */
;i******************#*#**********************************************:;
’ PRONGHORN_DIET_QUALITY = {(DIET_QUALITY / 2) + .53 *
;5 SEE FIG 10 FOR THE FOLLOWING FUNCTIUNAP RELATICONSHIP :2
- : L

1
X = INTPCL {PF(ONGHORN_CALORIE_INTAKE,
CALORIF_INTAKE_OF _PRONGHORN,
WT_GAIN_PER_CALORIE_PRONGHORNI

/% : */
/% SEE FIG 11 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP %/
/% */
Y = INTPOL (PRONGHORN_AGE,
PRONGHORN_AGE_AXIS,
PRONGHORN_AGE _EFFECT);
/% #/
/% SEE FIG 12 FOP THE FGLLOWING FUNCTIONAL RELATIONSHIP %/
/% */

Z = INTPOL {PRONGHORM_DIET_OQUALITY,
PEONGHORN_DTET_AXIS,
PFONGHORN_DIET _QUALITY_FFFaCT s

PAGE
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/*

CAMEL: A MODEL TO SIMULATE GRAZING BY COMPETING HERBIVOURES */
/* #/
/7 s e o s sl e Sk ¥l o s el ol e ke 3l kel ok o ok 3k 3% sk ok ok sk ek e o ook o e ok e ke o e e oo o ok o ksl o ke e ok ook f
/ */
/= POTENTIAL WEIGHT GAIN IS INFLUENCED BY CALORIE INTAKE, */
7% DIFT QUALITY, AND AGE. %/
/* */
7 kst s e s e ok sk ok ke st e ot o o o et ok e ok ok e e 3 e e e o o o o o ol 0 e o e e o ke ok 9 ke ke o ok KK R ROk
/% */
PCT_PRONGHCORN_WT_GAIN = X * Y % I3
= */
/% SEE FIG 15 FOR THE FOLLCWING FUNCTIOMAL RELATIONSHIP /-
/* %/

PRONGHORN_RESP_DZMAND = INTPOL {PRONGHORN_WEIGHT,
: 30DY_WT_AXIS_PRINGHCRN, PFONGHORN_RESP_EFFECT);

/* %/
3o sk f e sk S st ek ok o o e S o e i sie e oje e v e e i ik e ek ol e e s e o e 3R 3 ok ek o o ik ke e el o X sk ok sk ok ke e e e ok Sk ke ke 3k f
/% ) %/
/% WEATHER 1S NOT CONSIDERED WHEN COMPUTING RESPIRATICON */
7% DEMAND, */
/% %/
/3 o s o o ok o o stk ok ok sk ok i 3R o oK 3 3% i o o o ok o i s ot bk e s 3 e ook s o o s sk ok Kok s ek o ok oK e e e
/* %7

PRCONGHORN_RESPIRATION = PRONGHORN_RESP_LCEMAND *
PRONGHORN_DENSITY{MONTH) 3

PRCNGHORN_WT_GAIN = POT_PRONGHORN_WT_GAIN -
PRONGHORN_RESPIRATIUNS

PRONGHORN_WEIGHT = PRONGHORN_WEIGHT + PRONGHORN_WT_GAIN;S

TOTAL_PRONGHORN_WT_GAIN = TOTAL_PRONGHORN_WT_GAIN +
PRONGHORN_WT_GAINS

PEONGHORN_AGE = PRONGHLORN_AGE + 083333

IF PRONGHORN_WEIGHT < 4 THEN £O3

/¥ PRONGHORN HAVE STARVED TC DEATH ’ */

PRONGHORN_DENSITY(*) = (3
PUT SKIP LIST ([?*PRONGHORN GO HUNGRY IN MONTH *, MONTH)S

END 5

PAGE
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a7
a8

cg9

160

101

102

103

104

CAMEL: A MODEL TO SIMULATE GRAZING BY COMPETING HERBIVOURES */

/* *®/
sk e e oo e 3t e e sk eode ok Rk ofe e o e ok ofe 3k e e e o e e e sl e e e e e ol o e e e sk e e e ol s Dl 4 e o e o 3k e ek o ok sk ek f
/% */
/% COMPUTE CATTLE FOOD DEMAND - WEATHER IS NOT CONSIDERED */
/% *
/% A gl e e sk ke ok e s sieode sl sk sk ool 3eoale sk g ok ok e 3kl ok iR e gt 3k el ol e ke ool i e o ok R ke ol ok ok ok f
/% . %/
CATTLE_GRAZE:
IF CATTLE_DENSITY{MONTH) = O THEN GC TO END_CATTLE_GRAZE;
/* */
/% SEE FIG 5 FCR THE FOLLUWING FUNCTIONAL RELATIONSHIP */
/% */

CATTLE_CALORIF_DEMAND = INTPOL (CATTLE_WEIGHT,
BODY_WT_AXIS_CATTLE, DEMAMD_WITH_BODY_WEIGHT_CATTLE);

/% %/
7 s s e sk ok o ok o e e ke o o ook ok e ot e i o s e ot o o s o ke o o ke ook ook ok o oK e ok ok o i e ko ok Ak ko ok
/% : */
/% CALL STATEMENT TO FEED CATTLE DENSITY, CALORIE DEMAND, */
I AND PLANT PREFERENCE TO THE GRAZING SUBROUTINE. */
/¥ */
/% */
/% DIET QUALITY AND TOTAL CALCRIE INTAKE ARE RETURNED, * /
/* */
/3 e i sk stk o o o 3k o e 3 o ok st e o ook 3k 8 sk ok e o o ol e oo o sk ot o ok okl ok sk ok ok e ke A Kk /
/% */

CALL GRAZE (CATTLE_CENSITY, CATTLE_CALORIE_DEMAND,
CATTLE _PREFERENCE, CATTLE_CALCRIE_INTAKE}S

/* */
[ o g skl e S o o o ok oK ot ok o o R ot o 3 o ok ek el oK ke ook R s R o o ok stk e ok ok R ROR R Sk ol ok sk ek f
/% */
/* DIET QUALITY VARIES BETWEEN .5 AND 1, OCZPENDING ON */
/* THE LIVE GREEN FRACTION IN THE DIET. ‘ */
/% */
%k st o e ok ok ot e ok e ok o e o o o oo s o e e o ke s o o ok oo st o ke o ok ok ke Aok o e e ok ok 3 8 3 S ok Rk ok
/% */
CATTLE_DIET_QUALITY = (DIET_QUALITY / 2) + .53
/%= */
/¥ SFE FIG 6 FUR THE FULLOWING FUNCTIONAL RELATIONSHIP */
/¥ */

X = INTPJIL (CATTLE_CALORIB_INTAKE,
CALORIE_INTAKE_OF_CATTLE,
WT_GAIN_PER_CALORIE_CATTLED)S

/% : */
A ‘SEE FIG 7 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP */
/* * /
Y = INTPOL {CATTLE_AGE, CATTLE_AGE_AXIS,
CATTLE _AGE_EFFECT)
¥ %/
/% SEE FIG 8 FOR THE FULLOWING FUNCTIONAL RELATIONSHIP L4
/% =/

7 = INTPOL {CATTLE_DIET_QUALITY,
CATTLE_DIET_AXIS,
CATTLE_DIET_QUALITY_EFFECT

PAGE
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/% CAMEL = A MODEL TU SIMULATE GRAZING B8Y COMPETING HERBIVOURES */ PLGE

/% %/

% 396 3 A 3 ek ne e e Xk sk e e 3k ok e aie e e sl sk e e ol e e e e ke e A o e sl s ol s e sl e o e i sleogs e X e e e e e Xl R sk ek e f
%k */
/% PRTENTIAL WEIGHT GAIN IS INFLUENCED B8Y CALOFIE INTAKE, */
/% DIET QUALITY, AND AGE. %7
/% %/
J 3% e A o A e e ol X B o 3k ke B e ok ok sl ok ol SR 3k 3R sk s g o SR g el ol sk e s sl il e ol o kR sl ok e ol e Rk 3ok ok X skokok /
/% %/
105 : POT_CATTLE_WT_GAIN = X % Y % 73
/% %/
/% SEE FIG 14 FOR THE FOLLOWING FUNCTIONAL RELATIONSHIP %/
/ */
106 CATTLE_RESP_DEMAND = INTPOL {CATTLE_WEIGHT,
BODY_WT_AXIS_CATTLE, CATTLE_RESP_EFFECT):
e 7
/=:‘»*=<=*********************%‘:*************t«'******************************/
/% */
/% WEATHER 15 NOT CONSIDERELC WHEN COMPUTING RESPIRATION #/
/% DEMAND., */
/* . */
e ¥ s o e oK e 3 sk ok skl st s e 3 ol e ok ok Sk ol sk ki e st 3k o 3 30Ok oo oK e 3 et o sk sk o b e ok i ke ok ke 3k gl ok ok okok f
‘ /% */
107 CATTLE_RESPIRATION = CATTLE_RESP_DEMAND *
CATTLE_DENSITY{MONTH)
108 : CATTLE_WT_GAIN = POT_CATTLE_WT_GAIN ~ CATTLE_RESPIRATION;
109 CATTUE_WEIGHT = CATTLE_WEIGHT + CATTLE_WT_GAIN;
110 TOTAL_CATTLE_WT_GAIN = TOTAL_CATTLE_WT_GRAIN +
CATTLE_WT_GAIN;
111 CATTLE_AGE = CATTLE_AGE + .08333;
112 IF CATTLE_WEIGHT < 32 THEN D03
/% IN THIS UNLIKELY SITUATION THE RANGE MANAGER WOULD FIND %/
/% GREENER PASTURES FOR HIS CATTLE. ‘ */
114 CATTLE_DENSITY{%) = 0;
115 - PUT SKIP LIST {'CATTLE GO HUNGRY IN MONTH ', MONTH};
116 END

117 cND_CATTLE_GRAZE:



118
119

/*

CAMEL: A MODEL TC SIMULATE GRAZING 3Y COMPETING HERBIVAURES ®/
/* %/
/s e e s R sk k36 sk ot e st otk o ke S o o ol ok o okt st Xk ol sl o e 3 e o s e g e el e ok koK ke e sk 2 ok ok Sk ok ok /
/% */
END MONTHS;

/= */
/;*t**t*************#‘***************$*******:;wx***x***********xx*******g@:/
/% ' */
e auTPUT */
/% */
/e e e e e e o sl o e e e e e sl e sk ok ko ok ok e s i ok s e e 3k e ok ol sl ok e e 3k B R e 356 e ole o ok e e o R R vl ek e ek & kR ke sk
/%

PUT DATAS
END YEARS:

%/

D
ra
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120

121
122
123
124
125
126

127

128
12¢
120
131

134
135
136

137
138

/*

CAMEL: A MODEL TGO SIMULATE GRAZING BY COMPETING HERBIVOURES %/
/% ” «/
3¢ 348 ¥ e ofe e e sk sleofe sde s ko e e e st o e sl sk Rk e e skl e e e e i R S e K e e e e s ok e g sl sk e R ok e X ksl kR sk o sk ek
/% */
/% SUBRIUTINEG T3 REMOVE UNGULATE GRAZE AS A FUNCTICON OF */
/% PRIFERENCE AND AVAILASILITY */
/% %/
/% */
/3 OVERGRAZING IS NOT CONSIDERED, AS STOCKING RATES x/
/% ARZ ASSUMED TQ BE OPTIMUM. %/
/% */

ek e A Ao K e e ook ok K e e o R o oo o Rl ok o K R K R K o R e ok o TR OR R

/% */
GRAZE: PROC (DENSITY, CALORIE_DEMAND, PREFERENCE, )

TOT_GRAZE_REMOVAL) 3

DCL PREFERENCE({®), DENSITY(=*]};

SIGMA = 03

TCT_GRAZE_REMOVAL = 03

PIST_QUALITY = O3

TOTAL_DEMAND = DENSITY{MONTH) * CALORIE_DEMAND:

D0 PLANT = 1 T2 53

AVAILABILITY{PLANT) = ABOVE_GFCOUND_BICOMASS{PLANT) *
(LIVE_GREEN_FRACTION(PLANT  MONTH) +
({1 - LIVE_GREEM_FRACTICN{PLANT,,MONTH)) *
NON_GREEN_AVAILABILITY(PLANT)) )

SIGMA = SIGMA + PREFERENCE(PLANTY * AVAILABILITY(PLANT);

END 3

DD PLANT = 1 T(C 53

GRAZF_REMOVAL = TOTAL_DEMAND # (PREFERENCE(PLANT) *

AVATLABILITY(PLANT)Y / SIGMA);

TOT_GRAZL _REMOVAL = TOT_GRAZE_REMOVAL + GRAZE_REMOVAL;

/% A
/3 3ok s s o ke o 3K R ke o ok o o R o o R R SR XKk 3K 3K 08 3 9 ok i ok el o ke i ok ke e oK e ok o ko ok ok e
/% */
/% DIET QUALITY IS A FUNCTION OF THE LIVE GREEN FRACTICN, */
/% */
/) 33k s Sk ook e e e ek SR st ool ok e K o st sk 3k ok ofe s st e e o e st skl e ke e ok e e ok ke e o e o o e ok KoK Rk SRR f
/% ny

GREEN_AVAIL = ABOVE_GROUND_BICMASS{PLANT) =*
LIVE_GREEN_FRACTION{PLANT y MUNTH) 3
GREFN_QUALITY = {PREFERENCE{PLANT} * GREEN_AVAIL) / SIGMA;
DIET_QUALITY = DICT_QUALITY + PREEN_QUALIIY;
ABOVE_GROUND_BIOMASS{PLANT) = ABOVE_GRCUND_BIOMASSIPLANTY -
(GRAZE_REMOVAL / CALORIFIC_EQUIVALENT(PLANTI )
CEMD
END GRAZESS



139
140
141
142
143
145
147
148
150
151
152
153
154
155

/%

CAMEL: A MODEL TC SIMULATE GRAZING 8Y COMPETING HERBIVCURES */

/* */
7 s ok ok ook o ok ok o e gt o e ok ok o ke R o o ke oK ok s oo R ok 0 oK e ke sk ok R e o o o o kR R R R R ok ok
/% */
/* A ROQUTINE 7O PERFORM LINFAR INTERPOLATICON NN FUNCTIONS */
/% SUPPLIED TO THE MUDEL IN GRAPHICAL {COGRDINATE) FORM, */
/% */
£ ke s s e o o ok ok o o o o X ok ool ok o ok ok ook o e s ok ke e s ok Sk o o ok e o ok g ok e ok o s o Kok s o e R e R/
/% * /

INTPOL: PRIC(XeXVAL,YVAL) RETURNS (FLCAT DEC)3
DCL T FIXED 8IM INTERNAL, X FLOAT DEC;
DCL XVAL(®}, YVAL{X*)}3
NOIM=DIMIXVAL,1)
IF X <= XVAL{1) THEN RETURN {YVAL{L)};
IF X >= XVALINDIM) THEN RETURN {(YVAL{NDIM)};
03 I =1 70 NDIM;
IF XVAL{I} > X THEN DO
AM = (YVALLI)-YVAL{I-13)3/7 (XVALLIYI-XVAL{I-1))3
C o= YVAL({T}-AMEXVAL{1):
RETURN (AMXX+() 3
ENDS
ENDY;
EMD INTPOLS

PAGE



156
157
158
189
1€0
1€2
163
164
1€5
156
167
168
169
170
171
172
173

174 .

175
176
177
178
179
121
183
184
176
188
189
160
191
162
153
194
195
1%6
197
1<8
199
200
201
202
203

204
205

/%

C

A

M

©
e

Lt A MODEL T SIMULATE GRAZING 8Y COMPETING HERBIVOURES */

/* */
/s sk ok s sk ool o s ok o ol st i e o e e sk o o ol i ok 3 ksl ke S e o o ool ke sk ok i ol ok ok ok sk ek o 2 g ok o e s okl ok ok R oK/
/% */
/* PUT_CURVE PROCEDURE */
/% */
/% e 3 % 3 sk ek i ok ok S sk ok o o et okt e o o e e o e e o ol o ok ok o ok o 3k o o e e ot ok ek o ook oK el e s ok ke sl ok R ok ek /)
/% */

PUT_CURVE: PRIC{H,XVAL,YVAL);
DCL XVALU*), YVAL(x), H CHAR{¥) , GRAPH(20,40) CHAR{Ll);

DCL (ISTORE, JSTORE) (20133 /% THIS MAY BE TOCU SMALL IN SOME CaSE£S  */

NDIM=DTMIXVAL,1)3

IF NDIM > 20 THEN DGj

PUT SKIP LIST (H, °*

RETURNS

eND3

XMIN=XVALLL);
XMAY=XVALINDIM)
YMAX=YVAL(1});
YMIMN=YVALI(1);

DO I1=2 TO NDIM;3
YMIN=MINCYMIN,YVALLII))
YMAX=MAX{YMAX,YVAL({IL))
END3

XDIV={ XMAX-XMIN}*0,.025;
YOIV={YMAX-YMIN}*0,05;
GRAPH(*,%)=1 13
NPTS=13

Ny K = 1 TO NDIM;
J=CETL LIXVALIK)=XMIN) /XDIV~-0.5);
IF J > 40 THEN J=40;

IF J < 1 THEN J=13

I=CEIL ((YMAX-YVALIK))/YOIV~0.5)3
IF T > 20 THEN I=20;

IF I < 1 THEN I=13

ISTORE(K)=13

JSTOFE(K)=J3

GRAPH(TI,J)=t%t3

TOC SMALL');

*
.
*

ENDS
DO M = 2 TC NTIM;
DY J = JSTOREIN-1)+1 TO JSTGRE(N)I-13

GRAD={ISTORE(N)-ISTORE{(N-1))/{JSTORE(N}-USTORE(N=1}))3
C = ISTARE(N}I-(GRAD*JSTORE(N} )3

I = CEIL (GRAD®RJHC) -
GRAPH{I,J)=t+";

END3

END;3

PUT SKIP(2};

N3 ™M =173 203

1F M=1 THEN

PUT SKIP EDIT (YMAX, %49 ,CRAPH{1,%})
(CALL20) s =4 11,4),C0L{34),A,C0L135),40 A}
ELSE IF M = 20 THEN

PUT SKIP EDIT (YMIN,*+?,GRAPHIZ20,%*}}
(COL{20),8011,4),C00L{34),A,C0L(35),40 A}
ELSE PUT SKIP EDIT (']%,GRAPH{M,*})
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aCL NO.

W

/%

CAMEL: A MODEL TO SIMULATE

IDENTIFIER

ABOVE _GROUND_BIOMASS
AM

AVAILABILITY
BODY_WT_AXIS_CAMEL
BODY_WT_aXTS_CATTLE

I
hDDY_HT_AXIS~PDUNGHDRN

CALORIE_DEMAND

CALORIE_TNTAKE_CF_CAMELS

T CALORIE_INTAKE_OF_CATTLE

CALOFIE _INTAKE _OF_PRONGHORN

CALORIFIC_SQUIVALENT

CAMEL

CAMEL _AGE

CAMEL _AGE_AXIS

CAMEL _AGE_EZFFECT

CAMEL _CALORIE_DEMAND

GRAZING BY COMPETING HERBIVOURES */

ATTRIBUTE AND CROSS~KREFERENCE TABLE
ATTRIBUTES AND REFERENCES
(5 YAUTOMATIC,ALIGNED, INITI/L,CUCIMAL,FLOAT{SINGLE)

5035544954,127,133,136,136

AUTOMATIC ,ALIGNED ,DECIMAL ,FLOAT{SINGLE]
150,151,152

{5)AUTOMATIC, ALIGNED,DECIMAL, FLOCAT(SINGLE)
127,128,131

(4)YAUTOMETIC,ALIGNED INITIAL,DECIMAL,FLCAT(SINGLE)
1643445966

(S)AUTOMATIC,ALIGNFD,y INITIAL,DECIMAL FLOAT(SINGLE)
22+35,69,106

(4)AUTOMATIC ,ALIGNED, INITIAL,DECIMAL,FLOAT(SINGLE)
28537,79,86

AUTOMATIC,ALIGNED,DECIMAL,FLOCATISINGLE)
151,152,195,196

PARAMETER,ALIGNED,DECIMAL ,FLOATI(SINGLE)
120,125

{6VAUTCM2TIC,ALIGNED,y INITIAL,DECIMAL,FLCAT(SINGLE)
17,62

(6JAUTOMATIC,ALIGNED, INITIAL,DECIMAL,FLOAT(SINGLE}
23,102

(6)AUTCMATIC,ALIGNED, INITIAL,DECIMAL,FLOAT(SINGLE)
29,82 )

(5)AUTCMATIC ,4LIGNED, INITIAL ,DFCIMAL,FLOAT (SINGLE)
136 ’

ZNTRY ZDECIMAL,FLOATISINGLE)

AUTOMATIC,ALIGNEN,,DECIMBL,FLOATI{SINGLE)
51‘?0963771971

{6VAUTCOMETIC,ALIGNED,, INITIAL,DECIMAL, FLOAT{SINGLE)
19,63

(6YAUTCMLTIC,ALIGNED, INITIAL,DECIMAL, FLOATISINGLE)
16,63

AUTOMATIC ,ALIGNED yOECIMAL, FLOAT{SINGLE)
59,60

PAGE

(>}



/*

2CL NC.

CAMFEL: A MODEL T3 SIMULATE GRAZING BY COMPETING HERBIVOURES */ PAGE

IDENTIFIER

CAMEL _CALORTE_INTAKE
CAMEL _OENSITY
CAMEL_DIET_AXIS
CAMEL_DIET_QUALITY
CAMEL_DItTQOUALITY_EFFECT

CAMEL _GRAZE

CAMEL_PREFSRENCE
CAMEL_RESP_DEMAND
CAMEL _RESP_EFFECT
CAMEL _RESPIRATION
CAMEL _WEIGHT
CAMEL _WT_GAIN
CARRYING_CAPACITY
CATTLE_AGE
CATTLE_AGE-szé
CATTLE_AGE_EFFECT
CATTLE_CALORIE_DEMAND

CATTLE _CALNRIE_INTAKE

ATTRIBUTES AND REFERENCES
AUTOMATIC )ALIGNEDDECIMAL,FLOATISINGLE)
£0,62

(IZ)AUTOMATIC,ALIGNEDyINITIAL,DECINAL,FLDAT(SINGLE)
57+,60467,74

{3VAUTCMETIC,ALIGNED, INITIAL,DECIMAL,FLOAT{SINGLE)
20,64 -

AUTCMATIC ,ALIGNED,DECIMAL ,FLOAT{SINGLE}
61,64

(3)AUTOMETIC,ALIGNED, INITIAL,DECIMAL, FLCAT{SINGLE)
20,64

STATEMENT LABEL CONSTANT

(S)AUTCMELTIC,ALIGNED, INITIAL,DECIMAL,FLCAT(SINGLE)
60

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLE)
56,67

(4)YAUTOMATIC,ALIGNED,,y INITIAL,DECIMAL, FLOAT(SINGLE)
344,66

AUTOMATIC,ALIGNED,CECIMAL,FLOAT(SINGLE}
67,68

AUTOMATIC ,ALIGNED,DECIMAL ,FLCAT(SINGLE}
8943415G9¢6,69,69,72

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

(129AUTOMATIC ALIGNED, INITIAL ,CECIMAL » FLOATLSINGLE)
544,54 i - :

| .
AUTCMATIC ALIGNED,DECIMAL ,FLOATE{SINGLE)
6,41,103,111,111

(6YAUTGMATICHALIGNED, INITIAL,DECIMAL, FLOAT{SINGLE}
25,103

{6YAUTOMLTIC ,ALIGNED, INITIAL,DECIMAL,FLOAT(SINGLE)
25,103

AUTOMATIC,ALIGHED,DECIMAL,FLOAT(SINGLE)
§9,100

AUTOMATIC,ALIGNED, DECIMAL,,FLOAT{SINGLE)



DCL NO.

[$5)

97

121

Y&

CAMEL: A MODEL 7O SIMULATE GRAZING

IDENTIFIER

CATTLE_DENSITY
CATTLE_DIET_AXIS
CATTLE_DIET_QUALITY
CATTLE_DIET_QUALITY_EFFECT
CATTLE_GRAZE
FATTLE_PFEFEPENCE

'

CATTLE_RESP_DEMAND

C CATTLE_RESP_EFFECT

CATTLE _RESPIRATION

CATTLE_WEIGHT

CATTLE_WT _GAIN

CEIL

DEMAND_WITH_BODY_WE IGHT_CAMEL
DEMAND_WITH_BOOY_WEIGHT_CATTLE

DEMAND_WITH_BODY_WT_PRONGHORN

DEMSITY

DIET_QUALITY

3Y COMPETING HERBIVOURES */ PAGE

ATTRIBUTES AND REFERENCFES
100,102

(123 AUTOMATIC,ALIGNED, INITIAL DECIMAL,,FLOAT(SINGLE)
97,100,1C7,114 -

{3VAUTCMATIC,ALIGNED, INITIAL,DECIMAL, FLOAT(SINGLE)
2649104

AUTOMATIC ,ALIGNED,DECIMAL,FLCAT(SINGLE)
101,104 :

(3YAUTCMATIC,ALIGNED, INITIAL,DECIMAL, FLOAT{SINGLE)
26,104

STATEMENT LABEL CONSTANT
73

{5VAUTCOMATICHyALIGNED, INITIAL,OECIMAL, FLOAT(SINGLE)
100

AUTOMATIC,ALIGNEDDECIMALFLOAT(SINGLE)
106,107

{4YAUTOMATIC,ALIGNED, INITIAL,DECIMAL, FLOCAT(SINGLE}
35,106

AUTOMATIC ALIGNED,DECIMAL,FLOAT(SINGLE)
1074108

AUTCOMATIC JALIGNED »DECIMAL ,FLOAT{SINGLE)
3444,35,106,109,10%,112

AUTOMATIC,ALIGNED,DECIMAL,FLOAT{SINGLE)
108,103,110

GENERIC,BUILT~IN FUNCTIUN

176,183,196 \

(4)AUTGMAT IC, ALIGNED, INITIAL,DECIMAL, FLOAT(SINGLE)
16,59

(4)AUTDM!TIC,ALIGNED;INITIAL,DECIMAL,FLGAT(SINGLE)
22499

{43 AUTOMATIC,ALIGNED,, INITIAL,DECIMAL,FLOAT{SINGLE}
28,79

{*)PARAMETER ALIGNED, DECIMAL, FLOAT(SINGLE)
120,125

AUTOMATIC,ALIGNED,DECIMAL,FLOAT{SINGLE)
61,81,101,124,135,135

22



/%

CAMEL : A MODEL 70O SIMULATE GRAZING 8BY COMPETING HERBIVOURES */ PAGE

IDENTIFIER

DIM

EMERGENCE _THRESHOLD
END_CATTLE_GRAZE
EXP

FORAGE

GRAD

I

GRAPH

- GRAZE

GRAZE_REMOVAL

GREEN_AVAIL

T GREEN_QUALITY

DCL NO.

3 Hfe ok ok X R ek

117

157

120

3

157

140 Fofegk e ek R R K
ok o 3k Ak e ok
FR gk Rk Kk

135

GROWTH_RATE

i1

INTPOL

ATTRIBUTES AND REFERENCES
GENERIC,BUILT-IN FUNCTICN
142,159

{5 FAUTOMATIC,ALIGNED, INITIAL,BINARY,FIXED{15,0)
52

STATEMENT LABEL CONSTANT
98

GENERIC,BUTLT~IN FUNCTIUM
54

AUTOMATIC ,ALIGNED ,DECIMAL,,FLOATESINGLE)
50,54

AUTOMATIC( ,ALIGNED,DECTIMAL,FLCAT(SINGLE)
194,195,195

{20,40)AUTOMATIC,UNALIGNED,STRING(1) ,CHARACTER
175,19C,167,203,205,206

ENTRY sDECIMAL,,FLOAT{SINGLE)
60,80,100C

AUTOMATIC,ALIGNED,DECIMAL,FLOAT{SINGLE)
131,132,136

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

AUTOMATIC,ALIGNED,CECIMAL,FLOAT(SINGLE)}
134,135

(SIAUTOMLTIC,ALIGNED, INITIAL ,DECIMAL,,FLOAT(SINGLE}
54 S

PARAMETER UNALIGNED,STRING(*),CHARACTER
1567162;2{0

AUTCMATIC, ALIGNED,BINARY,FIXED{15,0)
147,148,150,150,150,150,151,151

AUTOMATIC,ALIGNED,BINARY,,FIXED{15,0}
183,184,185,186,187,188,190,196,197

AUTOMATIC,ALIGNED,BINARY,FIXED{15,0}
169,170,171

ENTRY DECIMAL ,FLOAT{SINGLE)
59;62:63,64566,797,82+:83:84,865,°9,102,103,104,1054

23



/% CAMEL : A MODEL TO SIMULATE GRAZING BY COMPETING HERBIVOURES */ PAGE

DCL NO. IDENTIFILCR ATTRIRUTES AND KEFERENCES
158 dmdEkkkkdxx [STOKE {201AUTOMATIC AL IGNEDyRINARY,,FIXED{15,0})
188,194,154,195
#_FUNS AUTOMATIC ,ALIGNED ,DECIMAL,FLOAT{SINGLE)
44939
ok AUTCMATIC,ALIGNED,, BINARY ZFIXED(15,0C)
178,179,180,181,182,189,190,193,196,197
158 FxFEXEEFX JSTORE {20)AUTOMATIC,ALIGNED,BINAKY,,FIXED(15,0)
182,193,193,194,194,195
Sk A kAR E K . ‘ AUTOMATIC,ALIGNED,BINARY,,FIXED{15,0)
’ : 177+178,183,188,189
3 LIVE_GREEN_FRACTION (S5, 12)AUTOMATIC, ALIGNED yDECIMAL ,FLOAT(SINGLE)
14,127,127,133
SRk Ak E M AUTCMATIC,ALIGNED ;BINARY ,FIXED(15,01})
' 2014202,204,206
MA X . GENERIC,BUILT-IN FUNCTION
: 171
MIN GENERIC,BUILT-IN FUNCTION
170
Ak Rk Rk MONTH AUTCMATIC ,ALIGNED;BINARY ,FIXED{(15,0)
49,52952954954957 3673759 77¢87:65,97,107,115,125,127,127,133
49 MIMT =S STAT=ZMENT LABEL CONSTANT
HgF R EE X N AUTOMATIC,ALIGNED,,BINARY ,FIXEDR(15,0)
162,193,193,194,194,194,194,195,195
FokmwEEFEE NDIM ) AUTCMATIC,ALIGNED,BINARY,FIXED(15,0)
1424514551465147,159,160,166,169,177,192
3 NON_GREEN_AVAILABILITY {STAUTOMATIC,ALIGNED INITIAL, DECIMAL,FLOAT{SINGLE)
127
FExkAKFFRERE NPTS ) AUTOMATIC ;ALIGNED,BINARY ,FIXEDI(15,0}
176
3 R kERKERE PLANT AUTOMATIC,ALIGNED,BINARY ,FIXEDI15,0])

51452552954:5635451265127,127:127,127,127,128,128,130,131,131,133
133,134,136,136,136

POT_CAMEL_WT_GAIN AUTCMATIC,ALIGNED, CECIMAL,FLOAT{SINGLE}
55,68

POT_CATTLE _WT_GAIN AUTOMATIC JALIGNED,DECIMAL,FLOAT{SINGLE)



2CL MO,

121

Y

[R¥}

77

CeMUL s &L MODEL TO SIMULAT. GRAZING

IDENTIFTIR

POT_PRONSHIRN_AT_GAIN
PREFEEFNCE

PENNGH2Y_AGT
PROLGE IR _AGT_AXIS
PEONGHIRM _AGE_DFFICT
PEONGH RN _CALEP T E_JTVALD
PLONGH IRU_SAL TP TE_INTaKE
|

‘D? UNGHOR™_DEMSITY
PRONGH IR _OITT_£XIS
PRUNGHDRM_JT{T_OQUALITY
PRUNGHORN_DICT_QUALTTY_EFFECT
PROMGHURN_G8 A7 E
PRONGHURN_DR IFLRENCE
PEONCHNRY, _RLSP_Dovarp
PRONGHIRN_2FSP FFFICT
PRONGHMR G _RESPIRATINN

PRONGHER _SUIGHT

pY COMPET NG HERBIVOURES ¥/ PAGE

ATTRIBUTLS AND FEFSRENCES
105,108

AUTIMATIC, ALIGNEDDECIMAL,FLOAT(SINGLE)
25,83

(R)PARAMETER G LLIGNEDy NDECIMAL, FLOATLSINGLE)
1edslae,121,134

AUTIMATIC ALIONED s DEC IMAL B FLTATISINGLE)
Ty42+835¢1,91

(e IAJTIMETIC, ALIONED,y INTTIAL, DICTIMAL, FLOAT(SIMNCLT)
31,83

COYANUTIMETICy2LIGNED,, INITIAL,DECIMW L, FLOAT(ISINGL 7))
31,83

AUT IMATIC s ALIGMN D, CECTYAL yFLUATESINGLE )

79,80

AUTOMATIC yALIGAED,LECTMAL,FLLUAT{SINGLS Y
30,82

(12)AUTOMATIC, ALIGMED,, INITIAL TECIMAL,FLOAT(SINGLE)
T7980,37,94

(B3YAUTUMLTIC , ALIGNSD, INITIAL,DECIMAL, FLOATISINGLE)
324984

AUTOMAETIC yALTGNFD OEC IMAL,FLOAT(SINGLE)

?3119'-?

(3VAUTAMITIC , 4L TIGNED y INITIZL, DECIMAL FLOCAT(SINGLE)
32484

STATEMENT L ABzL CONSTaNT
59

(SYAUTCMETIC, AL IGNEDy INITIAL,DFCIMAL,FLCAT(SINGLED
50

AUTT”ATI(,JLIGNEO,DFCIMAL,FLDAT(SIMGLE)

-

{4 YAJTUM  TIC,ALIGNED,y INITIALWDECIMAL,FLCATISINGLD)
37,86

AUTOMATIC s ALIGMED,NECIMAL 3 FLCAT(SINGLE)
37,88

AUTIMETTIC ,ALIGNEU yDECIMAL,FLOAT(SINGLE D
10,45,73,84,F3,89,72



/% CTAMEL: A ATOHEL T SIMULATE GRAZING 8Y CIMPETING HERPIVIURES ®/ PAGE

aCL KO, INeNT IFIEK ATTRIBUTES AND RcCFERENCES
PRONGHIRM _AT_GAIN AUTOMATIC , ALTGNED yDECIMAL FLIAT{SINGLE)
38,893,590
156 PUT_CUrvE CNTRY yCECIMAL FLOATESINGLE)
169173 17420,229234925,264928,25921932,34435,37
3 xasaok ks QUIESCIMNOI_THR ~SHTOLD (S3)AUTSMTIC,ALTIONED,,y INITIALBINARY, FIXED(15,0)
£2
SIGMA AUTIMATICALIONEDZyDECIMAL,,FLOATLSINGLE)
122+128,12%,131,134
SUM GENERIC,LUILT-IN FUNCTIUN
50
SYSIH FILE EXTERNLL
14,15
!
SYSPRINT FILE,EXTERNAL
18,21+249274304,33,36,38,75,95,115,11F,1€2,200,203,20%,204,203,20%
210
TOT_GRAZZ_PEMIVAL PARAMETEL yALIGNED  DECIMAL,FLOATISINGLE)

12041234132,132

TOTLL _CAAEL_wWT_G2IN ASUTCMATIC,ALIGNED ,DECTIMAL,FLOAT(SINGLE}
11+45,70,70

TOTLL _CATTLE WT_GLTH AUTCMATICy ALIGHED y DECIMAL,FLOAT(SINGLE)
1211?7711L111C
TOTAL_DEAZID LUTOCMATIC yALIGNED yDECIMAL,FLOATISINGLE)
125,131
TOTAL_PRONGHORN _WT_GAIN AUTCMATIC,, ALIGNED , DECIMALZFLOAT(SINGLE)
13943,50,90
3 WT_GATHN_PER_CAL2KRI-_CAMELS (6YAUTOMETIC , aLIGNED, INITTAL DECIMAL, FLOATISINGLE)
17462
3 WT_GAIN_PER_CALDRIF_CATTLE (EVAUTOMETIC ALIGNED s INITIAL) DECIMAL,, FLCAT (SINGLE)
23,102
3 WT_GAIN_PER_CALARIE_PRONGHIRN (6VAUTCMATIC,ALIGNEDR,, INITIAL,DECIMAL,,FLOAT(SINGLE)
29,82
140 X PARAMETEL y ALIGNED yDECIMALFLCAT(SINGLE)

139,143,145,148,152

X ’ AUTCHATIC,ALIGNED ¢ DECIMAL,FLIATISINGLE)
629654982,85%,102,105



/%

OCL NO.

157

141

39

157

141

R Rk Kk KK

CAMEL: &

IDENTIFIER

XDy

XMAX

XM IN

XVAL

XVAL

YD1V

YEAR

YVAL

YVAL

MODEL T SIMULATE GRAZING

3Y. COMPETING HERBIVOURES */ PAGE
ATTRIBUTES AND REFERENCES
AUTOMATIC,ALIGNED,DECIMAL,FLCATISINGLE)

173,178

AUTOMATIC ALIGNED,DECIMAL,FLOAT(SINGLE)
166,4173,20°

AUTOMATIC ,ALIGNED,CFCIMAL,FLOAT(SINGLF)
165,172,178,209

(*)PARAMETER, ALIGNED,DECIMAL,FLOAT(SINGLE)
156,15949165,166,178

*)PARAMETER, ALIGNED, DECTMAL,FLCAT(SINGLE)
139,142,143,145,148,150,150,151

AUTOMATIC, ALIGMNED,DECIMAL,FLOATISINGLE)
£34965,83,85,103,105

AUTOMATIC ALIGNED,DECIMAL,,FLCATISINGLE)
174,183

AUTCMATIC;ALIGNED,BINARY;FIXED(IS;O)

EE
STATEMENT LABEL CONSTANT

AUTOMATIC,ALIGNEDR,,DECIMAL,FLOATISINGLE)
167,171,171,174,183,203

AUTCMATIC,ALIGNED,,DECIMAL ,FLUATI(SINGLF)
166,17C,170,174,205

(¥)PARAMETER, ALIGNED,DECIMAL,FLOAT{SINGLE)
156,167,168,170,171,183

() PARAMLTER, ALIGNED,DECIMAL,,FLOAT{SINGLF)
139,144,1?6,150,150,151

AUTOMATIC, ALIGNED, DECIMAL,,FLOAT(SINGLF)
64 365,84,85,104,105

27



/%

STATEMENT NO.

3

w

CeMPLr A MOMEL TO SIMULATE

GRAZING

BY COMPETING HERBIVOURES

EGGREGATE LCMNoTH TABLE

IDENTIFIER
ABOVE _GRIUND_RINMESS
AVATLABILITY

RODY_WT _LXIS_CAMEL
RODY_WT_AXIS_CATTLE

BODY _WT_AXTS_PRONGHOPN
CALOR It _INTAKE_OF_CAMELS
CALOR IS _INTAKE_OF_CATTLE
FALEP I _INTAKE_NF_PRONGHCRN
CALOFIFIC_SQUIVALENT

CAMEL _AGE_AXIS

.CAMEL_AG?_EFFEFT

CAMEL _DENSITY
CAMEL _DICT_AXIS

CAMIL _DIET_QUALITY_FAFFECT

- CAMEL_PREFERENCE

CAMEL _RESP_ETTECT
CARRYING_CAPACITY

CATTLE _AGE_AXIS

CATTLE_AGE _EFFECT
CATTLE_DENSITY
CATTLE_DIET_AXIS
CATTULF_DIET_QUALITY_EFFECT
CATTLE _PREFCRENCF

CATTLE_RESP_EFFECT

DEMAND _WITH_B0DY_WIGHT_CAMEL

LENGTH IN 3YTES
20
20
16
16
16
24
24
24
20
24

24

12
12
2C

16

24
48
12
12
20
16

156

*/

PAGE

A

[t

24



/%

STATEMENT NO.

3

158

158

CAMEL: A MODEL T3 SIMULATE GREZING

[DENTIFIER
DEMAND_WI TH_BODY_WE IGHT_CATTLE
DEMAND_WITH_BODY_WT_PRONGHORN
EMERGENCE_THRESHOLD

GRAPH

GROWTH_RATE

ISTORE

JSTORE

LIVE_GREEN_FRACTION
NCN_GREEN_AVATLABILITY
PRONGHARN _AGE_AXIS

PRONGHDRN _AGF_EFFECT

. PRONGHORN_DENSITY

PRONGHORN_DIET_AXIS
PRONGHARN_DIFT_QUALITY_FFFECT

PRONGHORN_PREFFREN(E

 PRONGHORN_RESP_EFFECT

QUIESCENCE _THRESHAOLD
WT_GAIN_PER_CALORIF_CAMELS
WT _GAIN_PER_CALORIE_CATTLE

WT_GAIN_PER_CALORIF_PRONGHORN

BY. CIMPETING HERBIVOURES */

LENGTH IM BYTES
15

16

10 -

200

20

40

40

240

20

24

24
24

24 I
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