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MODELLING REPORT SERIES NUMBER 4 

ANT 

VERSION l 

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. 



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 JJroduced by the Desert Biome 
Modelling Group, with the assistance of participants in the Desert Bfome 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-Bi ome 
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 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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ANT: PROC OPTIONSIMAINI; 

ANT: PQOC CPTIONSl~AIN); 
I* 
I* VERSION 1. 
I* 
I* 

l 

*I 
*I 
*I 
*I 

l*********************************************************************I 
I* *I 
I* THIS MODEL DEALS WITH THt DYNAMICS FROM YEAR TO YEAR OF *I 
I* THE SEFO-CROP PRODUCED BY ANNUALS, THE AMOUNT QF IT CONSUMEO AND *I 
I* STQRED BY HARVESTER ANTS, AND THE SUPPLY OF SEEDS FOR GROWTH IN */ 
/* SUBSEQUENT YEARS. */ 
I* *I 
/*********************************************************************/ 
I* *I 

I* 

OCL CURVE ENTRY (FLOAT DEC, I*) FLOAT DEC, (*) FLOAT DEC!; 
DCL 
IGERMINATION,GRO~TH_RATE,MEAT_DECOMPOSITION,MEAT_PRODUCTION, 
LARVAL_GROWTH,SOIL_TEMP_EFFECT,TEMP_SUCCESS_FACTOR, 
MEAT_scARCH_SUCCESS,STARVATION_~ORTALITYI FLOAT DEC INIT (O); 
OCL (MEAT_HARVESTED,LARVAL_DEMAND,LARVAL_FOOD_DEFICITl 

FLOAT DEC; 
DCL IADULT_ANTS,ANNUAL_BIOMASS,LARVAL_BIO~ASS,AVAILABLE_SEED) 

FLOAT DEC; 
DCL (LARVAL_METABDLISM,MAX_SUCCESS,MAXIMUM_SEED, 
MEAT_FORAGING_SUCCESS,MORTALITY) FLOAT DEC; 
DCL AVAILAt3LE_MEAT FLOAT flEC !NIT !OJ; 

*I 
/*********************************************************************/ 
I* *I 
/* THE VALUES FOR ALL THE BIOLOGICdL VARIABLES ARE IN CALORIES PER */ 
I* SQUARE METRE. SINCE NO REAL DATA HAS BEEN USED, IT WIS FELT THAT */ 
/* THESE IMPROBABLE UNITS WOULD INTERCO~VERT MORE NATURALLY, AND *I 
I* COULD MORE READILY BE GUESSED, THAN ~OST. I PERSONALLY FIND */ 
I* IT DIFFICULT TO CONTE~PLATE THE NUMBERS OF ANTS UNDER A HECTARE. *I 
I* *I 
!*********************************************************************! 
I* *I 

DCL TPUE BIT Ill INIT l'l'BI; 
DCL FALSE BIT Ill IN!T ( 1 0 11 31; 
DCL HUNGRY BIT!l) INIT l'O'B); 
DCL LARVAf._STARVED BIT (11 INIT {'0'81; 
DCL RAINFALLl12) FIXED DEC 15,ZJ; 
DCL SURTEMP!l2l FIXED DEC 13,ll; ' 
DCL SOILHMP(lZl l=IXED OEC !3,11; 
DCL (Xl,X2,X3,X4,X5,X6,X7,XB,X9,Yl,Y2,Y3,Y4,Y5,Y6,Y7,Y8,Y91 

(*l DEC FLOAT CTL; 
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ANT: 

16 

17 

PROC OPTIONSl~AINI; 1 

I* *I 
!*********************************************************************/ 
I* *I 
/* THIS STATEMENT ACQUIRES ALL THE DATA AT THE BEGINNING OF THE *I 
/* CATA DECK IN THE FORM OF ASSIGNMENTS, UP TO THE FIRST SEMI-COLON. *I 
I* *I 
/*********************************************************************! 
I* *I 

GET DATA; 
I* *I 
!*********************************************************************! 
I* *I 
/* THIS STATE~ENT WILL ACQUIRE ANY ASSIGNMENTS BEFORE THE NEXT *I 
I* SE~I-COLON AND COPY THEM; AS~IGNMENTS CAN THEREFORE BE PLACED */ 
I* HERE IF A R~CORD IS WANTED OF CHANGES MADE FOR A PARTICULAR */ 
/*RUN.ASSIGNMENTS HERE WILL OVERRIDE THOSE IN THE FIRST GROUP. *I 
I* *I 
!*********************************************************************' 
I* *I 

GET DATA COPY; 
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ANT: PROC OPTIONS(MAINI; 1 1 

I* *I 
!*********************************************************************/ 
I* *I 
I* THIS GROUP, DOWN TO THE FIRST END STATEMENT, ACQUIRES ONE OF *I 
I* THF DATA GRAPHS TO BE USED IN THE INTERPOLATING PROCEDURE */ 
I* 'CURVE'. THE FIRST STATEMENT READS THE ASSIGNMENT OF THE NUMBER *I 
I* OF POINTS IN THE GRAPH. THE ARRAYS, ~HICH WERE DECLARED ABOVE AS */ 
/* CF INDETER~INATE srz~. THEN ARE DIME~SIONED WITH THIS NUMBER, *' 
I* ~Nn THE DATA REtD INTO THEM. THE DATt GROUPING LOOKS LIKE: *I 
I* *I 
I* #_OF_POINTS_!N_GRAPH=5; *{ 
/* 1,1 2,0 4,6 8.1,3 49,6.218 *I 
I* *I 
/* THE LIST IS A SERicS CF PAIRS OF COOPDINATES, WITH X VALUES *I 
I* FIRST AND IN ASCENDING ORDER, THE PAIRS SEPARATED BY ANY NUMBER OF*/ 
/* BLANKS, THERE SHOULD NOT BE BLANKS !~SIDE EACH PAIR, *I 
I* *I 
!*********************************************************************! 
I* *I 

GET DATAl#_GERMINATION_POINTSl; 
ALLOCATE Xl(#_GERMINATION_POINTS),Yl(#_GERMINATION_PO!NTS); 

DO I=l TO #_GERMINATION_POINTS; 
GET LISTIXlll l,Yl!IIJ; 
UJD; 

GcT OATAl#_GROWTH_RATE_POINTS); 
ALLOCATE X2l#_OROWTH_RATE_POINTSl,Y2(#_GROWTH_RATE_POINTSl; 

no I=l TO #_GROWTH_RATE_POINTS; 
GET LIST(XZ(I l,Y21ll ); 
F~Jfl; 

GFT OATA(#_ME~T_DECOMPDSITION_PCINTSI; 
ALLOCATE X31#_MEAT_DECOMPOSITIO~_POINTSI, 

Y3(#_MEAT_DECOMP □ SITIO~_POINTS); 

00 I=l TO #_~EAT_DECOMPOS!TICN_POINTS; 
GET LISTIX31Il,Y3(Il); 
me: 

GET DATA(#_MEAT_PROOUCTION_POINTS); 
ALLOCtTE X4(#_MEAT_PRODUCTION_PCINTSI, 

Y41#_MEAT_PRODUCTION_PCINTS); 
DO I=l TO #_MEAT_PRODUCTION_POINTS; 
G"'T LISTIX41Il,Y4(Ill; 
END; 
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ANT: PROC OPTIONS(MAIN); 1 1 

GET OATA!#_LARVAL_GROWTH_PCINTS); 
ALLOCATE X51•_LARVAL_GROWTH_POI~TSl,Y5(#_LARVAL_GROWTH_PO!NTS); 

DO I=l TO #_LARVAL_GROWTH_POINTS; 
GET LISTtX5(IJ,Y5!I) ); 
END; 

GFT DATAl#_SOIL_TEMP_EFFECT_POI~TS); 
ALLOCATE X61#_SOIL_TEMP_EFFECT_POINTSJ, 

Y6(#_SOIL_TEMP_EFFECT_POINTS); 
DO l=l TO #_SOIL_TEMP_EFFECT_POINTS; 
GET LIST(X6(I),Y61Il l; 
END; 

GET OATAII_TEMP_SUCCESS_FACTOR_POINTS); 
ALLOCATE X71#_TEMP_SUCCESS_FACT[R_POINTSI, 

Y7i#_TEMP_SUCCESS_FACTCR_POINTS); 
DO I=l TO #_TEMP_SUCCESS_FACTOR_POINTS; 
GET LISTIX71Il,Y71I) ); 
ENO; 

GET DATA(#_MEAT_SEARCH_SUCCESS_POINTS); 
ALLOCATE X8!#_MEAT_SEARCH_SUCCESS_POINTSl, 

Y8!#_MEAT_SEARCH_SUCCESS_POINTSI; 
DO I=l TC #_MEAT_SEARCH_SUCC[SS_POINTS; 
GET LISTtX8ill,Y81Il ); 
ENO; 

GET DATA(#_STARVATION_MORTALITY_POINTS); 
ALLOCATE X9(#_STARVATION_MORTALITY_POINTS), 

Y91#_5TARVATION_MORTALITY_POINTS); 
DO I=l TO #_STARVATION_MORTALITY_POINTS; 
GET LISTIX91Il,Y9!III; 
ENO; 
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74 
75 
76 
77 
78 
79 
80 

81 

PROC OPTIONSIMAIN); l 1 

I* *I 
!*********************************************************************! 
I* *I 
/* THESE STATFMENTS PRINT THE VALUES CF THE 'CURVE' GRAPHS FOR *I 
/* REFERFNCE. B~TTER WAYS OF DOING THIS ARE BEING DEVELOPED. *I 
I* *I 
/*********************************************************************! 
I* *I 

PUT SKIP OATA(Xl); 
PlJT SKIP DATA(Yl); 
PUT SKID DATA(XZI; 
PUT SKIP DATA(YZ); 
PUT SKIP DATA!X3); 
PUT SKIP DATA(Y3l; 
PUT SKIP DATA(X4); 
PlJT SKIP DATAIY4l; 
PUT SKIP DATA(X5); 
PUT SKIP DATA(Y5); 
PUT SKIP DATA(X6); 
PUT SKIP DATA(Y6); 
PUT SKIP OATA(X7); 
PUT SKIP DATAIY7); 
PUT SKIP DATA(X8l; 
PUT SKIP DATAIY8); 
PUT SKIP DATA(X91; 
PUT SKIP DATAIY9); 

I* *I 
!*********************************************************************! 
I* *I 
I* HEADINGS FOR FIVE COLUMNS OF OUTPUT CF THE MAIN VARIABLES. *I 
I* *I 
!*********************************************************************/ 
I* *I 

PUT PAGE LIST{'AVAILABLE_MEAT','AVAILABLE_SEED' ,'SEED_STORE', 
1 ADULT_ANTS','LARVAL_BIOMASS1 ); 
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84 
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ANT: PROC OPTIONS(MAINI; 

I* 
I* BEGIN YEAR CYCLE. 
I* 
YEARS: CO YEAR=l TO #_OF_YEARS; 

PUT SKIP DATAIYEARI; 
I* 

1 

*I 
*I 
*I 

*I 
!*********************************************************************! 
I* *I 
I* THESE STATEMENTS ACQUIRE THE CLI~ATI( CONDITIONS FOR E~CH YEAR. *I 
/* THE DATA ARE THREE LISTS IN FREE FORMAT, EACH NUMBER SEPARATED *I 
I* BY COMMAS. *I 
I* *I 
!*********************************************************************! 
I* *I 

MONTHS: 
I* 

GET LIST(RAINFALL); 
GET LIST(SURTEMP); 
GET LISTI SOIL TEMP); 

I* CYCLE BY MONTHS. 
I* 

DO MONTH=l TO 12; 
SURFACE_TFMPERATURE=SURTEMP(MONTHI; 
SOIL_TEMPERAJURE=SOILTEMP(MONTH); 
RAIN=RAINFALL(MONTH); 

*I 
*I 
*I 
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oz 
03 
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95 
96 
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99 

A"JT: PROC OPTI~NSl~AINI; l 1 

ANNUALS: 
I* *I 
!*********************************************************************! 
I* *I 
I* ~N~UAL GER~INATI0N OCCURS IN A GIVEN MONTH. *I 
I* *I 
!*********************************************************************! 
I* *I 

I* 

IF MONTH=3 THEN 
DO; 
GROWTH=!; 

*I 
!*********************************************************************! 
I* *I 
/* THE NUMBER WHICH GERMINATE DEPENDS 0~ THE AMOUNT OF SEED AVAILABLE*/ 
I* ~ND ON THE RAINFALL. IT CAN NOT EXCEED A GIVEN MAXIMUM. *I 
I* *I 
'*********************************************************************! 
I* *I 

IF AVAILABLE_SEEC<=MAXIMUM_SEEO THEN 
ANNUAL_POP=FACTOR_3*AVAILABLE_SEEO; 
ELSE 
ANNUAL_POP=FACTOR_3*MAXIMUM_SEED; 

GERMINATION=CURVEIRA!N,Xl,Yll; 
ANNUAL_POPULATION=A~NUAL_POP*GERMINATION; 
END; 
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ANT: PROC OPTIONSIMAINI; 

I* *I 
/**********************-,,.**********************************************! 
I* *I 
I* ANNUALS ~AY GROW UP TO A DEFINED MONTH. *I 
I* *I 
!*********************************************************************! 
I* *I 

IF MONTH>=3&M□NTH<=6 T~EN 
DO: 

I* 

IF MONTH=3 THEN 
DC; 

*I 
!*********************************************************************! 
I* *I 
I* FIRST A GIVEN BIOMASS IS PRODUCED FRCM EACH SEED GERMINATING. *I 
I* THIS IS INDEPENDENT OF RAINFALL. */ 
I* *I 
!*********************************************************************! 
I* *I 

ANNUAL_BIOMASS=GROWTH_FROM_SEED* 
ANNUAL_POPULATION; 

AVAILABLE_SEED=0; 
END; 
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121 
l:?2 
123 
124 

ANT: PROC OPTIONSIMAIN); l l 

I* *I 
!*********************************************************************! 
I* *I 
I* SUBSEQUENT GROWTH IS AT A RATE CEPENCING ON RAINFALL. */ 
I* *I 
!**''******************************************************************! 
I* *I 

I* 

ELSE 
DO; 

IF GROWTH=l THEN 

END; 

DO; 
GROWTH_PATE=CURVEIRAIN,XZ,Y2l; 
ANNUAL_B!OMASS=ANNUAL_BIOMASS* 

{l+GROWTH_RATE); 
END; 

*I 
'*********************************************************************! 
I* *I 
/* WHcN A CERTAIN BIOMASS PER INDIVIDUAL IS REACHED, GROWTH STOPS *I 
/* AND SEEDING OCCURS; THE SEED PROOUCEC IS A LINEAR FUNCTION *I 
I* OF THE GROWTH THAT WOULD OTHERWISE HtVE BENN PRODUCED IN THAT *I 
I* MONTH. *I 
I* *I 
!*********************************************************************! 
I* *I 

IF ANNUAL_POPULATION=O THEN 
GO TO BELOW; 
IF!ANNUAL_BIOMASS/ANNUAL_POPULATION>= 

SEED!NG_BIOMASSJ THEN 
DO; 

IF GROWTH=l THEN 

ENO; 

oo; 
SEED_CRCP=CONSTANT*ANNUAL_BIOMASS* 

GROWTH_RATE; 
SEEOING_MONTH=MONTH; 
GROWTH=C; 
END; 
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126 
127 
128 
129 
130 
131 
132 

ANT: P~OC OPT!ONS(MAINI; 1 

I* *I 
/*********************************************************************! 
I* *I 
I* IN THE ~ONTH AFTER SEEDING, THE SEED CROP IS ADDEO TO THE *I 
/* STlRF OF SEED OPFN TO HARVESTING, ANC THE VEGETATIVE BODY *I 
/* OF THE A~NUALS DISAPPEARS. *I 
I* *I 
!*********************************************************************! 
I* *I 

BF.LOW: 

IF MONTH=SEEDING_MONTH+l THEN 

END; 

DO; 
AVAILABLE_SEED=AVAILABLE_SEED+SEED_CROP; 
ANNUAL_BIOMASS=O; 
END; 

IF MONT~=7 THEN 
ANNUAL_BIOMASS=O; 
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134 

135 
136 

A.NT: PROC OPTIONS(MAIN); 1 

I* *I 
!*********************************************************************! 
I* *I 
/* THF OTHER MATERIALS AVAILABLE TO THE HARVESTER ANTS ARE THE */ 
I* BODIES ANO RODY PARTS OF INSECT SPECIES. THESE ARE PRODUCED */ 
I* AT A RATE WHICH IS TIME BASED, PLUS A 0 ROPORTION OF THE BIOMASS *I 
I* OF ANNUALS, IN EACH MONTH. *I 
I* *I 
/*********************************************************************! 
I* *I 
INSECT: 

G=MONTH; 
MEAT_PRODUCTION=CURVE(G,X4,Y4l•FACTOR_l*ANNUAL_RIOMASS; 

I* *I 
!*********************************************************************! 
I* *I 
/* TH ANTS FCRAGE WHENEVER THE TEMPERATURE OF THE GROUND *I 
/* SU FACF IS ABOVE A GIVEN VALUE. THE ~UMBER FORAGING IS ALWAYS *I 
I* 10 PF THE TOTAL NUMBER OF ADULTS IN THE NEST. *I 
I* *I 
!*********************************************************************! 
I* *I 
FDR.t.GE: IF SURFACE_TEMPERATURE>=FORAG!NG_TFMPERATURE THEN 

DO; 
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137 

138 
139 

140 

141 

142 
143 

144 
145 
146 
147 

ANT: PROC OPTIONSIMA!Nl; 1 1 

I* *I 
!*********************************************************************! 
I* *I 
I* TH~ SUCCESS OF THE ANTS IN OBTAINING SEEDS (RATF/UNIT ANT *I 
I* BIOMASS) IS A FUNCTION OF THE TEMPERATURE AT THE GROUND SURFACE *I 
/* ANO rF THE DENSITY □ F THE SUPPLY. */ 
I* *I 
!*********************************************************************/ 
I* *( 

TEMP_SUCCESS_FACTOR=CURVEISURFACE_TEMPERATURE,X7,Y7 
l; 

I* 

SEED_SEARCH_FACTOR=ClJRVEIAVAILABLE_SEED,X8,Y81; 
SEED_FORAGING_SUCCESS=MAX_SUCCESS* 

TEMP_SUCCESS_FACTOR* 
SEED_SEARCH_FACTOR; 

SEED_HARVESTED=MAXIC,ADULT_ANTS* 
SEED_FORAGING_SUCCESS); 

SEED_HARVESTED=MIN(AVAILABLE_SEED,SEED_HARVESTED); 
*I 

!*********************************************************************! 
I* *I 
/* THE INSECT HARVEST IS FOUND IN THE SAME WAY. *I 
I* *I 
!*********************************************************************! 
I* *I 

MEAT_SEARCH_SUCCESS=CURVE(AVAILABLE_MEAT,X8,Y8l; 
MEAT_FORAGING_SUCCESS=MAX_SUCCESS* 

TEMP_SUCCESS_FACTOR* 
MEAT_SEARCH_SUCCESS; 

MEAT_HARVESTED=ADULT_ANTS*MEAT_FORAGING_SUCCESS; 
MEAT_HARVESTED=MIN!AVAILABLE_MEAT,MEAT_HARVESTEDl; 
END; 

ELSE 
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148 
149 
150 

151 

152 

ANT: PPOC OPTIONSIMAIN); 1 1 

I* 
MEAT_HARVESTED,SEED_HARVESTED,SEED_FORAGING_SUCCESS=O; 

*I 
!*********************************************************************! 
I* *I 
I* THc MfTABOLIC DEMAND OF THE TWO BIOMASS TYPES IS TAKFN TO *I 
I* RE A QlO TYPE {DOU8LINGI FUNCTION CF TEMPERATURE. ALL LARVAE AND *I 
I* 0 0t OF THE ADULTS ARE SUBJECTED TO SCIL TEMPERATURES, AND 10% *I 
I* 0F T~f A~ULTS TO SURFACE TEMPERATURES, AT ALL TIMES. *I 
I* *I 
/*********************************************************************' 
I* *I 
DEMAND: SOIL_TEMP_EFFECT=CURVE!SOIL_TEMPERATURE,X6,Y6l; 

AIR_TEMP_EFFECT=CURVEISURFACE_TEMPERATURE,X69 Y6); 
LARVAL_DEMAND=LARVAL_BIOMASS*LARVAL_METABOLISM* 

SOIL_TEMP_EFFECT; 
ADULT_DEMAND=ADULT_ANTS*ACULT_METABOLISM* 

(.9*SOIL_TEMP_EFFECT+.l*AIR_TEMP_EFFECTI; 
TOTAL_DEMAND=LARVAL_DEMAND+ADULT_DEMAND; 
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153 
154 
155 
156 
157 
158 
158 
159 

HO 
16 l 

HZ 
163 
164 
165 
166 
167 
168 
169 
170 
171 

ANT: PROC OPTIONS(MAIN); 1 l 

I* *I 
!*********************************************************************! 
I* *I 
/* IN THIS SECTION THE HARVEST IS DISTRIBUTED AMONG ADULT ANTS, *I 
/* LARVAF, /INC THE SEED STORE OF THE ANT COLONY. MEAT IS CONSUMED *I 
I* FIRST, THEN SEED; STORED SEED IS USED AFTER THAT HARVESTED. *I 
/* ONLY SEED CAN BE STORED. THE DEMAND GF ADULT ANTS IS SATISFIED */ 
I* FIRST, THEN THAT OF LARVAE. IF THAT CF ADULTS IS NOT SATISFIED, *I 
/* A DEFICIT ~ETWEfN O ANO l IS FOUND, AND ALSO THE DEFICIT FOR *I 
/* LARVAE IS 1. IF ADULT FOOD DEFICIT ISO, A DEFICIT FOR LARVAE */ 
I* IS FOUND. IF BOTH DEFICITS ARE O, ANY SURPLUS SEED IS ADDED *I 
I* TO THE SFED STORE. *I 
I* *I 
!*********************************************************************! 
I* *I 

STORES: 

IF TOTAL_DEMAND<=MEAT_~ARVESTEO THEN 
DO; 
ADULT_FODD_DEFICIT,LARVAL_FOOD_DEFICIT=O; 
SEED_STORE=SEED_STDRE+SFED_HARVESTED; 
ENO; 

ELSE 
DO; 

IF SEED_HARVESTEC+MEAT_HARVESTEO<TOTAL_DEMANO 
THEN 

-G □ TO STORES; 
STORE_INCREMENT=SEEC_HARVESTED

(TOTAL_DEMAND-MEAT_HARVESTEO); 
SEED_STORE=SEED_STOFF+STORE_INCREMENT; 
ADULT_FOOO_DEFICIT,LARVAL_FOOD_DEFICIT=O; 
GO TO ANTS; 
SEED_STORE=SEED_STORE+SEEO_HARVESTEO; 
SEEDS_NEEDEO=TOTAL_DEMAND-MEAT_HARVESTED; 

IF SEEDS_NEEDED>SEED_STORE THEN 
DO; 
SEED_STORE=O; 
HUNGRY=TRUE; 
END; 

-PAGE 15 



172 
172 
173 
174 
175 
176 
177 
178 
179 
lRO 
lf'l 
HZ 

183 
184 
185 
186 

187 
188 
lP,9 

190 
191 
192 
192 
103 
194 

ANT: PPOC UPTIONSIMAINl; 

HOP: 

JUMP: 

1 1 

ELSE 
DO; 
SEED_STORE=SEED_STORE-SEEDS_NEEDED; 
ADULT_FOOD_DEFICIT,LARVAL_FOOD_DEFICIT=O; 
HUNGRY=FALSE; 
END; 

IF HUNGRY THEN 

END; 

DO; 
AVAILABLE_FOO[=MEAT_HARVESTfD+SEED_STORE; 

IF ADULT_DEMAND=O THEN 
GO TO HOP; 

ADULT_FOOD_DEFICIT=l-!AVAILABLE_FOOD/ 
ADULT_DEMANOI; 

IF ADULT_FCOD_DEFICIT<•O THEN 
DO; 
ADULT_FCOD_DEF!CIT=O; 
AVAILABLE_FOOD=AVAILABLE_FOOD-

ADULT _DEMAND; 
IF LARVAL_DEMAND=O THEN 
GO TC JUMP; 

LARVAL_FOOD_DEFICIT=l-AVAILABLE_FOOD/ 
L.ARVAL_DEMANO; 

LARVAL_FOOD_DEFICIT=O; 
END; 

ELSE 
LARVAL_FOOD_DEFICIT=l; 

END; 
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1°5 

106 
197 
198 
199 
200 

20 l 

202 
203 
204 
205 
206 
207 

ANT: PROC OPTIONSIMAINI; 

I* *I 
!*********************************************************************' 
I* *I 
I* IN THE TENTH MONTH ALL LARVAL BIOMASS IS TRANSFERRED TO */ 
I* ADULTS. MORTALITY □ F THE ADULT BIOMASS IS MADE UP OF A LINEAR *I 
I* FUNCTION OF THE SUCCESS IN FINDING SEED, PLUS A FUNCTION OF *I 
I* THc ADULT FOOD DEFICIT. ITHE SUCCESS IN FINDING SEED IS AMONG *I 
/* OTHEP THINGS AN INDEX OF THE TIME SPENT EXPOSED TO VARIOUS */ 
/* RISKS.I *I 
I* *I 
'*********************************************************************! 
I* *I 
A"JTS: 

I* 

IF MONTH=lO THEN 
ADULT_ANTS=ADULT_ANTS+LARVAL_BIOMASS; 

STEADY_MORTALITY=FACTOR_2*SEED_FORAGI"JG_SUCCESS; 
STARVATION_MORTALITY=CURVEIADULT_FOOD_DEFICIT,X9,Y9l; 
MORTALITY=~IN!l,STEADY_MOFTALITY+STARVATION_MORTALITYI; 
ADULT_ANTS=ADULT_ANTS*ll-rORTALITYl; 

*I 
!*********************************************************************/ 
I* *I 
/* LARVAL BIO~ASS IS INITI~TED IN THE FCURTH MONTH. ITS RATE OF *I 
I* INCREASE HAS A MAXIMUM, AND OTHERWISE IS A FUNCTION OF THE FOOD *I 
I* DEFICIT BEING SUFFERED, GOING NEGATIVE AT DEFICITS ABOVE */ 
/* CERTAIN VALUES. AT THE TENTH MONTH All LARVAL BIOMASS IS */ 
I* TRANSFERRED TO ADULTS. *I 
I* *I 
!*********************************************************************! 
I* *I 
U..RVAL: 

IF MONTH>=4&MONTH<=9 T~EN 
DO; 
LARVAL_GROWTH=CURVE(LARVAL_FOOD_DEFICIT,X5,Y5); 
LARVAL_BIOMASS=MAXIC,LARVAL_BIOMASS+LARVAL_GROWTHI; 
END; 

IF MONTH=lO THEN 
LARVAL_BIOMASS=O; 
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208 

209 
210 

211 
212 

213 
214 

ANT: PROC OPTIO~S!MAIN); 1 

I* *I 
'*********************************************************************' 
I* *I 
I* IT IS ASSUMED THAT THERE IS NO LOSS CF SEED ON THE GROUND CTHER *I 
I* THAN BY ANT HARVEST, AND A COMPLETE LOSS AT THE TIME OF *I 
/* GERMINATION. *I 
I* *I 
!*********************************************************************/ 
I* *I 
SEED: AVA!LABLE_SEED=MAXIO,AVAILABLE_SEED-SEEO_HARVESTEOl; 
I* *I 
'*********************************************************************! 
I* *I 
I* THE INSECT BODIES ARE ASSUMED TO DECOMPOSE AT A RELATIVE RATE *I 
I* DEPENDENT ON THE TIME OF YEAR. *I 
I* *I 
!*********************************************************************! 
I* *I 
MEAT: MEAT_DECOMPOSITION=CURVEIG,X3,Y3); 

AVAILABLE_MEAT=AVAILABLE_MEAT*ll-MEAT_DECOMPOSITIONI 
-MEAT_HARVESTED+MEAT_PRODUCTION; 

AVAILABLE_MEAT=MAXIO,AVAILABLE_MEATI; 
PUT SK IP LI ST I AVA I LML E_ME AT ,AVA I LABL E_SEED, SEEO_S TORE, 

AOULT_ANTS,LARVAL_BIOMASS); 
END MONTHS; 

END YEARS; 
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215 

216 
217 
218 
219 
220 
221 
222 
223 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 

ANT: PROC □ PTI □N51MAIN); 1 1 

CURVE: PROCEDUREIX,XVAL,YVALlRETURNS{FLOAT DECIMAL); 
I* *I 
!*********************************************************************! 
I* *I 
I* THE PROCEDURE CURVE INTERPOLATES LINlARLY BETWEEN THE TWO */ 
I* NEARFST POINTS ON A GIVEN GRAPH. IF AN X COORDINATE IS GIVEN *I 
I* OUTSIDE THE RANGE OF THE XS DEFINED BY THE DATA, THEY VALUE *I 
I* WILL BE RETURNED AS THAT CORRESPONDING TO THE HIGHEST OR *I 
I* LOWEST X VALUE. */ 
I* *l 
!*********************************************************************! 
I* *I 

DCL X FLOAT DEC; 
DCL XVALI*), YVALl•J; 
NDIM=DIMIXVAL,11; 

IF X<XVALllllX>XVALINDIM)THEN 
DO; 

IF X<XVAllllTHEN 
X=XVAL( 11; 
ELSF 
X=IXVAL(ND!Ml-XVAL(NDIM-lll*0.98+XVALINDIM-ll; 

END; 
DO I=l TO NDIM; 

IF XVALIIl>X THEN 
DO; 

END; 

AM= I YVAL I I 1-YVAL I I-11 I/ IX VAL I I 1-XVAL I I -11 ) ; 
C=YVAL!Il-AM*XVALIII; 
RETURNlAM*X+C); 
END; 

ENO CURVE; 
END ANT; 
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ANT: PROC OPTIONS(MAINI; 

!)CL NO. IDENTIFIER 

5 ADULT_ANTS 

!!, DUL T _DE'1A'lD 

ADULT_FJ~D_DEFICIT 

ADULT_METABOLISM 

AIR_TEMP_EFFECT 

AM 

5 IINNUAL_BIOMASS 

ANNUAL_POP 

ANNUAL_POPULATION 

91 ANNUALS 

l ANT 

195 ANTS 

AVAILABLE_FOOD 

7 IIVAILABLE_'4EAT 

5 AVAILABLE_SEfD 

131 REL OW 

C 

1 

ATTRIBUTE AND CROSS-REFERENCE TABLE 

ATTRIBUTES AND REFERENCES 

AUTOMATIC,Al!GNED,DECIMAL,FLOATISINGLE) 
140,144,151,196,196,200 1 200,212 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT!SINGLEl 
151,152,180,182,186 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEl 
155,163,174,182,183,185,198 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEl 
151 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEl 
149,151 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEl 
228,229,230 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLE) 
104,111,111,116,120,128,132,134 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEl 
95,96,98 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
98,104,114,116 

STATEMENT LABEL CONSTANT 

ENTRY,DECIMAL,FLOATISINGLEI 

STATEMENT LABEL CONSTANT 
164 

AUTOMATIC,hLIGNED,DECIMAL,FLOAT(SINGLEl 
179,182,186,186,189 

AUTOMAT!C,ALIGNED,INITIAL,DECIMAL,FLOAT!SINGLEI 
142,145,210,210,211,211,212 

AUTOMATIC,ALIGNED,DECIMIIL,FLOAT(SINGLE! 
94,95,105,127,127,138,141,208,208,212 

STATEMENT LABEL CONSTANT 
115 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLEI 
229,230 
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ANT: 

DCL NO. 

215 

148 

9 

135 

3 

3 

183 

10 

PROC OPTIONSIMAIN); 

IDENTIFIER 

CONSTAt\!T 

CURVE 

DEMAND 

DI "1 

FACTOR_ l 

FACTOR_2 

FACTOR_3 

FALSE 

FORAGE 

FORAGING_Tf:MPERATURE 

G 

GERMINATION 

GROWTH 

GROWTH_FROM_SEED 

GROWTH_RA TE 

HOP 

HUNGRY 

********* I 

1 

ATTRIBUTES AND REFERENCES 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLE) 
120 

ENTRY,DECIMAL,FLOAT!SINGLEI 
97,110,134,137,138,142,148,149,198,203,209 

STATEMENT LABEL CONSTANT 

GENER!C,BUILT-IN FUNCTION 
218 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLE) 
134 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLEl 
197 

AUTOMATIC,ALIGNFD,DECIMAL,FLOAT(SINGLEl 
95,96 

AUTOMATIC,UNALIGNED,INITIAL,STRINGlll,BIT 
175 

STATEMENT LABEL CONSTANT 

AUTOMATIC,ALIGNED,DECIMAL,FLUATISINGLE) 
135 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLE) 
133,134,209 

AUTOMATIC,ALIGNED,INITIAL,DECIMAL,FLOATISINGLEI 
97,98 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
93,108,118,122 

AUTOMATIC,~LlGNED,DECIMAL,FLOATISINGLEl 
104 

AUTOMATIC,ALIGNED,INITIAL,DECIMAL,FLOATISINGLFl 
110,111,120 

STATEMENT LABEL CONSTANT 
181 

AUTOMATIC,UNALIGNED,INIT!AL,STRING(ll,BIT 
170,175,177 
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AUTOMATIC,ALIGNED,BINARY,FIXEDl15,0) 
20,21,21,25,26,26,30,31,31,35,36,36,40,41,41,45,46,4f,50,51,51,55,56 
56,60,61,61,225,226,228,228,228,228,229,229 



DCL NO. 

133 

190 

11 

201 

5 

4 

4 

3 

ANT: PROC nPTIONSIMAINJ; 

IDENTIFIER 

INSECT 

#_GERMINATION_POINTS 

#_GROWTH_RATE_POINTS 

#_LARVAL_GQOWTH_POINTS 

#_MEAT_DECOMPOSITION_POINTS 

#_MEAT_PRODUCTION_POINTS 

#~MEAT_SEARCH_SUCCESS_POINTS 

#_OF _YEARS 

#_SOIL_TEMP_EFFECT_POINTS 

#_STARVATION_MORTALITY_POINTS 

#_TEMP_SUCCESS_FACTOR_POINTS 

JUMP 

U,RVAE_ST ARVFD 

LARVAL 

LARVAL_BI OM ASS 

LARVAL_OEMAND 

LARVAL_FCOD_DEFICIT 

LARVAL_GROWTH 

1 1 

ATTRIBUTES ANO REFERENCES 

STATEMENT LABEL CONSTANT 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEl 
18,19,19,20 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLE) 
23,24,24,25 

AUTOMATIC,ALIGNED,DECIMAL,FLOATIS!NGLE) 
38,39,39,40 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT!SINGLEI 
28,29,29,30 

AUTOMATIC,ALIGNEO,DECIMAL,FLOAT(SINGLE) 
33,34,34,35 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLE) 
53,54,54,55 

AUTOMATIC,ALIGNED,OECIMAL,FLOATISINGLEI 
82 

AUTOMATIC,ALIGNED,OECIMAL,FLOATISINGLEI 
43,44,44,45 

AUTOMATIC,ALIGNEO,DECIMAL,FLOAT(SINGLEI 
58,59,59,60 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT!SINGLEI 
48,49,49,50 

STATEMENT LABEL CONSTANT 
188 

AUTOMATIC,UNALIGNED,INITIAL,STRING(ll,BIT 
I 

STfiTEMENT LABEL CONSTANT 
I 

AUTDMATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
150,196,204,204,207,212 

AUTOMATIC,Al!GNED,DECIMAL,FLOATISINGLEl 
150,152,187,189 

AUTOMATIC,ALIGNED,DECIMAL,FlOATISINGLEl 
155,163,174,189,190,192,203 

AUTOMATIC,ALIGNED,INITIAL,DECIMAL,FLOAT(SINGLEl 
203,204 
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ANT: PROC OPTIONS(MAIN); 

!)Cl ~10. IDENTIFIER 

6 LARVAL_METABOLISM 

MAX 

6 MAX_SUC CE SS 

6 MAXIMU'1_SEED 

209 MEAT 

3 MEAT_DECOMPOSITION 

6 MEAT_FORAGING_SUCCESS 

4 MEAT _HARVESTED 

3 MEAT _PRODUCT ION 

3 MEAT_SEARCH_SUCCESS 

MIN 

********* MONTH 

87 MONTHS 

6 MORTALITY 

********* NDIM 

RAIN 

12 RAINFALL 

208 SEED 

SEED_CROP 

l l 

ATTRIBUTES AND REFERENCES 

AUTOMATIC,ALIGNED,DECIMAL,FlOAT(SINGLEl 
150 

GENERIC,EUILT-IN FUNCTION 
140,204,208,211 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLE) 
139,143 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
94,96 

STATEMENT LABEL CONSTANT 

AUTOMATIC,ALIGNED,INITIAL,DECIMAL,FLOATISINGLEI 
209,210 

AUTCMATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
143,144 

AUTOMATIC,ALIGNEO,DECIMAL,FLOATISINGLEJ 
144,145,145,147,153,159,161,166,179,210 

AUTOMATIC,AllGNED,INITIAL,DECIMAL,FlOATISINGLEl 
134,210 

AUTOMATIC,ALIGNED,INITIAL,DECIMAL,FLOATISINGLEI 
142,143 

GENERIC,BUILT-IN FUNCTION 
141,145,199 

PAGE 

AUTOMATIC,ALIGNED,BINARY,FIXEDl15,0I 
87,88,89,90,91,100,l00,102,121,125,131,133,195,201,201,206 

STATEMENT LABEL CONSTANT 

AUTOMATIC,~LIGNEO,DECIMAL,FLOATISINGLE! 
199,200 

AUTOMATIC ,'ALIGNED, 8 IN ARY, FIX ED 115, 0) 
218,219,223,223,223,225 

AUTOMATIC,AlIGNED,DECIMAL,FLOATISINGLEl 
90,97,110 

(l2)AUTO~ATIC,ALIGNED,DECIMAL,FIXED15,2l 
84,90 

STATEMENT LABEL CONSTANT 

AUTOMATIC,ALIGNED,DEC!MAL,FLOATISINGLEl 
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ANT: PRO( OPTIONSIMAINI; 

DCL NO. IDENTIFIER 

SEEO_FORAGING_SUCCESS 

S EED_Ht.RVt:STED 

SEED_SEARCH_FACTOR 

SEEO_STORE 

SEEDING_BI'lMASS 

Sf ED I NG_MONTH 

SEEDS_NEEDEO 

3 SOIL_TEMP_EFFECT 

SOIL_TEMPE~ATURE 

14 SOIL TEI-IP 

3 STARVATION_MORTALITY 

STEAOY_MORTALITY 

STORE_INCREMENT 

165 STORES 

SURFACE_TEMPERATURE 

13 SURTE'f>1P 

SYSIN 

l 1 

ATTRIBUTES AND REFERENCES 

120,127 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT(SINGLEI 
139,140,147,197 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEl 
140,141,141,147,156,159,161,165,208 

AUTOMATIC,ALIGNED,DECIMAL,FLOAT!SINGLEl 
138,13G 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
156,156,162,162,165,165,167,16Q,173,173,179,212 

AUTOMATI(,ALIGNED,DECIMAL,FLOATISINGLEI 
116 

AUTOMATIC,ALIGNED,DECIMAL,fLOATISINGLEI 
121,125 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLE! 
166,167,173 

AUTOMATIL,ALIGNED,INITIAL,DECIMAL,FLOAT(SINGLEI 
148,150,151 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
89,148 

ll2lAUTOrATIC,ALIGNEO,DECIMAL,FIXED13,11 
86,89 

AUTOMATIC,ALIGNED,INITIAL,DEC!MAL,FLQAT(SINGLEI 
198,199 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEI 
197,199 

AUTOMATIC,ALIGNED,OECIMAL,FLOATISINGLEl 
161,162 

STATEMENT LABEL CONSTANT 
160 

AUTOMATIC,ALIGNED,DECIMAl,FLOATISINGLEl 
88,135,137,149 

{12lAUTO~ATIC,AL!GNED,DECIMAL,FIXED13,ll 
85,88 
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FILE,EXTERNAL 
16,17,18,21,23,26,28,31,33,36,38,41,43,46,48,51,53,56,58,61,84,85,86 



ANT: PROC OPTIONSIMAIN); 

DCL ~•o. I DFNT IF If P 

SYSPRINT 

3 TEMP_SUCCESS_FACTOR 

TOTAL_DEMA\JD 

8 TRUE 

216 X 

15 x~ 

15 X2 

15 X3 

15 X4 

15 X5 

15 X6 

15 X7 

15 X8 

15 X9 

217 XVAL 

15 Yl 

15 Y2 

l l PAGE 

ATTRIBUTES AND REFERENCES 

FILE,EXHRNAL 
63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,83,212 

AUTOMATIC,ALIGNED,INITIAL,DECIMAL,FLOATISINGLEI 
137,139,143 

AUTOMATIC,ALIGNED,DECIMAL,FLOATISINGLEI. 
152,153,159,161,166 

AUTOMATIC,UNALIGNED,INITIAL,STPING(ll,RIT 
170 

PARAMETEK,ALIGNEO,DECIMAL,FLOAT(SINGLE! 
215,219,219,221,222,223,226,230 

l*lCONTRCLLED,ALIGNED,DECIMAL,FLOATISINGLEI 
19,21,63,97 

(*lCONTRCLLED,ALIGNED,DECIMAL,FLOATIS!NGLEI 
24,26,65,110 

!*)CONTR[LLED,ALIGNED,DECIMAL,FLOAT(SINGLEl 
29,31,67,209 

l*lCONTRCLLED,ALIGNED,DEC!MAL,FLOATISINGLE) 
34,36,69,134 

l*lCONTROLLED,ALIGNED,DECIMAL,FLOATISINGLEl 
39,41,71,203 

!*lCONTRCLLED,ALIGNED,DECIMAL,FLOATISINGLEl 
44,46,73,148,149 

l*ICONTRGLLED,ALIGNED,OECIMAL,FLOAT(S!NGLE) 
49,51,75,137 

l*lCONTRCLlED,ALIGNED,DECIMAL,FLOATISINGLEl 
54,56,77,138,142 

l*lC □NTROLLED,ALIGNED,DECIMAL,FLOATISI~GLEl 

59,61,79,198 

(*lPARAMETER,ALIGNED,DECIMAL,FLOAT(SINGLEI 
215,218,219,219,221,222,223,223,223,226,228,228,229 

i*lCONTRCLLED,ALIGNED,DEC!MAL,FLOATISINGLE) 
19,21,64,97 

(*ICONTR[LLED,ALIGNED,DECIMAL,FLOATIS!MGLEl 
24,26,66,110 
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OCL NO. 

15 

15 

15 

15 

15 

15 

15 

82 

217 

ANT: PROC OPTJONS!MAINI; 

!DENT IF I F.R 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 

YEAR 

YEARS 

YVAL 

l 

ATTRIBUTES ANO REFERENCES 

l*)CONTRrLLED,ALIGNED,DECIMAL,FLOATISINGLEI 
29,31,68,209 

l*lCONTRCLLED,ALIGNED,DECIMAL,FLOAT(SINGLEI 
34,36,70,134 

(*ICDNTRCLLED,ALIGNED,DECIMAL,FLOAT(SINGLFI 
39,41,72,203 

l*lCDNTRCLLED,ALIGNED,DECIMAL,FLOATISINGLEI 
44,46,74,148,14q 

l*ICONTRCLLED,ALIGNED,DECIMAL,FLOATISINGLEI 
49,51,76,137 

l*lCONTRCLLEO,ALIGNED,DECIMAL,FLOATISINGLEI 
54,56, 78,138,142 

l*ICONTRCLLED,ALIGNED,DECIMAL,FLOATIS!NGLEJ 
59,61,80,198 

AUTOMATIC,AL!GNED,DECIMAL,FLOATISINGLEI 
82,83 

STATEMENT LABEL CONSTANT 

l*lPARAMETER,ALIGNED,DECIMAL,FLOATISINGLEI 
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