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Abstract

We modeled a population of bannertail kangaroo rats using a program written with dBASE 111 to
look into the effects of immigration on population persistence. The program takes actud data collected
at astudy site of apossible metapopulation of kangaroo ratsin Porta, Arizona, and models a population
up to 25 generationsinto the future. Thefirst part of the program models a population using only surviva
and recruitment data; the second part includesimmigration data. Preliminary results show that
immigration seemsto increase the number of generations that the model ed population persists for. There
isgtill some concern for the vdidity of the program, especialy the random number generator included
withit, however, wefed that with afew changes this program can be avalid test of the effects of

immigration on a population.

Introduction
A metapopulation occurs when there are a set of local populationsincluded in onelarger area
whereit is possible for members of one population to immigrate to another (Hanski 1997). It isbdlieved

that the migration between these loca populations lead to a rescue effect that increases the probability of
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surviva of the populations when compared to populations that do not see much immigration (Hanski
1997, 2000).

We wanted to build acomputer modd of apopulation of bannertail kangaroo ratsin Portal,
Arizona, to seewhat role, if any, immigration played in the surviva of the population. There are eight
small populationsin the study area, and they are believed to be a part of one metapopulation. The
program, written with dBASE 111, accesses the data collected on survivd, recruitment, and immigration
for this population and usesit to predict population szesfor up to 25 generations of the animdls, first
without immigration effects on the population and then with immigration effects.

The idea behind this program was twofold: to investigate whether or not the population of
kangaroo ratsin the Portal study siteis actualy ametapopulation, aswell asto look at the effect
immigration can have on population persistence. It is believed that metapopul ations are strongly
influenced by immigration - the subpopul ations within the metapopul ation feed each other individuas
which increases the populations persistence over time. We hope to be able to use this program to

correctly model the population of kangaroo rats and show what effect immigration may have onit.

Materialsand M ethods

The dataused in thismodd came from an ongoing study of ametapopulation of kangaroo ratsin
Portd, Arizona (where there are 8 small populationsincluded in the study area). The model was written
usng DBASE IIl. The program (included at the end of this paper) usesthe actua surviva, recruitment,
and immigration datato model a population up to 25 generations. A copy of the file (becky.dbf) with
these datais aso included at the end of this paper.

The program hastwo main parts. Thefirst isarandom number generator. Theideawasto be
able to randomly sdlect one of the record numbersin the becky.dbf file and select its survival,
recruitment, and immigration values. The second part uses thisinformation to begin generating population
szesfor the model ed population. The program does this twice - once without taking immigration into

account, and then with immigration factored in.
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The equation for the random number generator was taken from Advanced Turbo Pascal by

Herbert Schildt:
R.. =(aR+c)mod m

where R, a, and ¢ cannot be less than zero and m must be larger than R, a, and c. In this program the
user getsto sdect theinitid R vaue while a and ¢ have been set at congtant values. Schildt suggests that
a should befairly large and c fairly smal, so they have been given vaues of 999 and 2, respectively. The
user isasked to select avaue for R between 1 and 1000. Since m must belarger than dl the other
vaues, it isset to 1001 in the program.

Thisisthe setup for the random number generator. Once the user selects an Rvaue, the program
then begins. It firsts generatesanew R vaue, denoted by X in the program. Thisvaueisthen converted
into Y, the record number in becky.dbf that the program is asked to find. It goesto becky.dbf, findsthe
particular record number that was generated, and then stores the dataiin that record to output.dbf.
(When immigration is taken into account, the datais stored to output2.dbf. Examples of these two files
areaso included at the end of this paper.) The X vaue isthen saved to Rand the cycle beginsagain, up
to 25 generations. It is pecified in the program that the population size (N) isnot to rise above 30
individuds, should it do so, then the program inputs the value 30 to N and continues. The population Size
isinitidly set to 25 individuas. The program aso specifiesthat it should terminateif the population sze
drops below one.

The program first usestheinitia Rvaueto predict population sizeswhen surviva and recruitment
rates are taken into account. It then runs asecond time, starting with theinitialy selected R vaue, this
time taking immigration ratesinto account aswell. Overal, the program runs 50 trids per Rvaue
entered by the user: at the end of thefirst trid, it takesthelast R vaue generated and usesthat for the
fird Rvalue of the second tria, and so on. Thefiles output.dbf and output2.dbf are set up to record the
triad number, how many generations make it though each trid, the population size a each generation, and

the record number from becky.dbf that the surviva, recruitment, and immigration rates came from.
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Discussion

Results from asample run are included as output.dbf and output2.dbf with this paper. Only the first
two pages of each file have been printed out, both because they are very lengthy, and because the
population sizes begin to repeat within the first two pages aswell. Preliminary results show that
immigration tends to cause a population to persist for alonger period of time. Looking at output.dbf one
can see that the population makesit to 22 generationsin thefirst run, 11 in the second, and 6 for dl the
rest. Ouput2.dbf, which includes immigration, shows that the population makesit to 24 generationsfor
every run.

The largest problem with this program is with its random number generator. Schildt satesin his
book that it isbest to use severa generators at once so that repeets are not seen in the numbers
generated. Tests of this program have shown that for dmost every run there are eventualy repeatsin the
population sizes. It is possible that adding another couple of loopsto the program with changesto the
generator equation will help to solve this problem. Also, results can greetly differ depending onthe R
vaue selected by the user. So far the mgjority of the ones tested show that immigration isaboost to
population persistence, but there appears to be some specific ranges of Rvauesfor which thisisnot the
case. There are dso certain ranges of Rvauesthat result in either very small or very large numbers of
generations per run. Knowing these ranges could bias the user's choice of Rvaue.

Another problem iswith the repests in generation numbers and population Szesas seenin
output.dbf and output2.dbf. Almost dl of thetrids have resulted in repeats such asthese. It has not been
determined yet why exactly this happens, but it is presumed that it has to do with the poor quality of the
random number generator.

The point of cresting this program was both to investigate whether or not the population of
kangaroo ratsin the Porta study siteis actudly a metapopulation, aswell asto look at the effect
immigration can have on population persistence. It is believed that metapopul ations are strongly
influenced by immigration - the subpopul ations within the metapopul ation feed each other individuas

which increases the populations persistence over time. Thetrials run so far indicate that when
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immigration isadded into apopulation, it persastslonger than without the immigration. Thisis hopefully
evidence that the Portal populations are indeed a metapopul ation.

There are severd improvements that can be made to this program in the future. Oneisto improve
the random number generator so that the repeats in population sizes are not seen. Another isto creste a
second program using this one that alows the user to pick which one of the eight Portal populations he
or shewishesto modd, and then pull the surviva, recruitment, and immigration data thet isrelated only
to that population. Thiswill allow for comparisons across the eight popul ations so thet it can be

determined if they are sources or Sinks.

*** TH S IS A PROGRAM THAT MODELS POPULATI ON SI ZES W TH AND W THOUT THE
EFFECTS
*** OF | MM GRATI ON.

*** TH S SECTI ON | NCLUDES THE FI LES THAT ARE USED BY THI S PROGRAM BECKY. DBF
***% CONTAI NS THE SURVI VAL, RECRU TMENT, AND | MM GRATI ON RATES. QOUTPUT. DBF

*** | S WHERE THE RESULTS NOT | NCLUDI NG | MM GRATI ON DATA ARE SAVED. QOUTPUT2. DBF
*** | S WHERE THE RESULTS | NCLUDI NG | MM GRATI ON DATA ARE SAVED.

SET TALK OFF

SET DECI MALS TO 3
SELECT A

USE BECKY. DBF
SELECT B

USE QUTPUT. DBF
SELECT C

USE QUTPUTZ2. DBF

*** HERE THE USER |'S ASKED TO | NPUT AN R VALUE FOR THE RANDOM NUMBER
GENERATCOR.
*** MRUN<51 TELLS THE PROGRAM TO LOCP THROUGH 50 TI MES.

| NPUT " SELECT VALUE FROM 1-1000 FOR R " TOR
SELECT A

STORE 1 TO MRUN

DO VWH LE MRUN<51

***% 25 1S THE I NI TI AL POPULATI ON SIZE. N AND R ARE STORED TO NIN AND RI'N
*** RESPECTI VELY SO THAT THESE | NI TI AL VALUES W LL BE USED WHEN THE
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*** PROGRAM RUNS W TH THE | MM GRATI ON VALUES.

STORE 25 TO N
STORE N TO NN
STORE R TOR'N

*** A AND C ARE VALUES I N THE RANDOM NUMBER GENERATCOR. THESE HAVE BEEN
*** PRESET SO THAT THE USER DCES NOT HAVE TO WORRY ABOUT THEM

SET DECI MALS TO 3
STORE 999 TO A
STORE 2 TO C

*** TH S TELLS THE PROGRAM TO GO TO QUTPUT. DBF AND CREATE A NEW ENTRY.
*** | T SETS THE | NI TI AL GENERATI ON W TH POPULATI ON SI ZE 25 AS ZERQ,
*** AND BY REPLACI NG RUN WTH MRUN THE FI LE WLL LI ST WH CH RUN GCES
*** W TH EACH GENERATI ON.

SELECT B

APPEND BLANK

REPLACE GENERATI ON W TH 0
REPLACE POPSI ZE W TH 25
REPLACE RUN W TH MRUN
SELECT A

*** TH S TELLS THE PROGRAM THAT EACH RUN SHOULD HAVE NO MORE THAN 25
*** GENERATI ONS.

STORE 1 TO COUNT
DO WHI LE COUNT<25

*** THS IS THE FORM OF THE RANDOM NUMBER GENERATOR EQUATION. I T IS STORED TO
*** B TO MAKE THE NEXT SECTI ON EASI ER TO READ.

STORE (A*R + C) TO B

*** TH S SAVES THE FI NAL RESULT OF THE NUMBER GENERATOR TO X, VWHI CH WLL

*** BE THE NEXT R VALUE USED BY THE PROGRAM Y REFERS TO THE RECORD NUMBER

*** | N BECKY. DBF THAT THE PROGRAM | S TRYI NG TO ACCESS. THI S EQUATION FOR Y

*** MAY CHANGE BASED ON THE NUMBER OF RECORDS | N BECKY. DBF (HERE, 36). THE

*** ONE | S ADDED SO THAT A RECORD NUMBER OF ZERO W LL NOT BE PRODUCED. THE

***% OO Y COMAND TELLS THE PROGRAM TO GO TO THE RECORD NUMBER THAT MATCHES
*** THE Y VALUE GENERATED. | T THEN SAVES SURVI VAL (SURVR) TO S AND RECRUI TMENT
*** (RECRUTR) TOT. (LATER IN THE PROGRAM I T ALSO SAVES | MM GRATI ON (I MVR)

TO

* k% I

~

X = MOD( B, 1001)
Y = I NT((X/ 1000)*36) +1
GoTO Y

STORE SURVR TO S
STORE RECRU TR TO T
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*** HERE THE PROGRAM CALLS QUTPUT. DBF AGAIN. THE EQUATION (N*T + N*S) G VES
THE

**%  NEW POPULATI ON WHEN RECRUI TMENT AND SURVI VAL ARE TAKEN | NTO ACCOUNT. I T
*** SAVES THESE DATA TO OUTPUT. DBF. | T ALSO SAVES VWH CH RECCORD NUMBER Y WAS
USED

*** SO THAT LATER THE USER CAN EXAM NE THE RESULTS TO SEE | F ANY RECORD NUMBER
*** 1S FAVORED OVER ANCTHER.

SELECT B
APPEND BLANK

REPLACE GENERATI ON W TH COUNT

REPLACE POPSI ZE W TH ROUND((N*T + N¢S), 0)
REPLACE RUN W TH MRUN

REPLACE YVALUE W TH Y

SELECT A

*** TH' S SAVES THE NEW POPULATION SI ZE TO N, SO THAT THE NEXT GENERATI ON W LL
*** START W TH THAT POPULATI ON SI ZE AND NOT 25 AGAI N.

STORE (N*T + N*S) TO N

*** THESE TWO | F STATEMENTS TELL THE PROGRAM TO. FI RST, |F THE POPULATI ON
SHOULD

*** Rl SE ABOVE 30, THEN TO SAVE 30 AS THE PCOPULATI ON SI ZE FOR THE NEXT
*** GENERATI ON. SECOND, THAT | F N SHOULD DROP BELOW ONE, THEN TO PUSH THE
COUNT *** ABOVE 25 SO THAT THE PROGRAM JUMPS TO THE NEXT TRI AL.

I F N>30
STORE 30 TO N
ENDI F

I F N<1
STORE 50 TO COUNT
ENDI F

*** TH S TELLS THE PROGRAM TO REPLACE THE R VALUE THE USER CHOSE W TH THE
*** CALCULATED X VALUE FOR THE NEXT GENERATI ON. STORI NG COUNT+1 TO COUNT
*** TELLS THE PROGRAM THAT | T HAS MOVED ON TO THE NEXT GENERATI ON.

STORE X TOR
STORE COUNT+1 TO COUNT

ENDDO

*** THE REST OF THE PROGRAM IS VERY SI M LAR TO ABOVE. THE DI FFERENCE | S THAT
***% THI' S PORTI ON | NCLUDES | MM GRATI ON DATA I N THE CALCULATI ONS. THESE ARE
*** SAVED TO OUTPUT2. DBF. NIN AND RIN ARE USED SO THAT THESE CALCULATI ONS
*** CAN START OQUT WTH THE SAME R AND N VALUES THAT THE FI RST PART OF THE
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*** PROGRAM STARTED W TH.

SELECT C

APPEND BLANK

REPLACE GENERATI ON WTH 0
REPLACE POPSI ZE W TH 25
REPLACE RUN W TH MRUN
SELECT A

STORE 1 TO COUNT
DO WHI LE COUNT<25

STORE (A*R + C) TO B

X = MOD( B, 1001)
Y = INT((X/ 1000)*36) + 1
GoTO Y

STORE SURVR TO S
STORE RECRU TR TO T
STORE | MVR TO |

*2 ROUND((NIN*T + NINS + NINtI), 0)

SELECT C
APPEND BLANK

REPLACE GENERATI ON W TH COUNT

REPLACE POPSI ZE W TH ROUND( (NI N*T + NIN¢S + NIN‘1), 0)
REPLACE RUN W TH MRUN

REPLACE YVALUE WTH Y

SELECT A

STORE (NIN*T + NIN*S + NIN*I) TO NIN
I F NI N>30
STORE 30 TO NIN
ENDI F
I F NI N<1

STORE 50 TO COUNT
ENDI F

STORE X TO R
STORE COUNT+1 TO COUNT
ENDDO

STORE MRUN+1 TO MRUN
ENDDO
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BECKY.DBF
AREA RECRUITR IMMR SURVR

R1E 0.20 0.40 0.82
R1E 0.18 0.36 0.47
R1E 0.60 0.20 0.47
R1E 0.84 0.26 0.47
R1E 043 0.20 0.48
R1E 0.52 0.06 0.40
R1E 0.51 0.14 0.46
R1E 0.46 011 0.37
R1W 0.33 0.33 0.62
R1W 0.50 1.00 0.71
R1W 0.76 0.06 0.69
R1wW 031 0.08 0.39
R1wW 0.46 0.14 0.57
R1W 0.50 0.00 0.53
R1wW 0.37 0.13 0.42
R1wW 0.35 0.06 0.38
R2 0.21 0.07 0.50
R2 0.27 0.23 0.47
R2 0.43 0.33 0.54
R2 0.19 041 0.29
R2 0.36 0.10 0.23
R3 0.40 0.80 0.38
R3 0.25 0.62 0.50
R3 0.20 0.50 0.33
R3 0.50 0.08 0.27
R4 0.17 1.00 0.22
R5 0.00 1.00 0.14
R5 0.14 114 0.60
R5 0.60 1.20 0.67
R5 0.38 0.75 0.40
R5 0.16 0.23 0.53
SSwW 0.20 0.40 0.75
SSW 0.50 0.25 0.50
SSW 1.00 0.33 0.36
SSE 0.67 0.67 0.17

SSE 1.33 0.17 0.70
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OUTPUT.DBF
RUN GENERATION POPSIZE YVALUE

1 0 25

1 1 34 42
1 2 29 8
1 3 10 30
1 4 14 32
1 5 7 28
1 6 5 35
1 7 4 21
1 8 4 4
1 9 3 38
1 10 3 15
1 11 3 16
1 12 3 15
1 13 3 17
1 14 3 12
1 15 3 22
1 16 2 3
1 17 2 41
1 18 2 11
1 19 3 25
1 20 3 41
1 21 2 10
1 22 1 28
2 0 25

2 1 25 41
2 2 24 11
2 3 33 25
2 4 30 41
2 5 20 10
2 6 11 28
2 7 14 36
2 8 6 19
2 9 5 9
2 10 4 29
2 11 1 34
3 0 25

3 1 13 28
3 2 17 36
3 3 7 19
3 4 6 9
3 5 5 29
3 6 1 34
4 0 25

4 1 13 28
4 2 17 36
4 3 7 19
4 4 6 9
4 5 5 29
4 6 1 34
5 0 25

5 1 13 28
5 2 17 36
5 3 7 19
5 4 6 9
5 5 5 29
5 6 1 34
6 0 25

6 1 13 28
6 2 17 36
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6 3 7 19
6 4 6 9
6 5 5 29
6 6 1 34
7 0 25
7 1 13 28
7 2 17 36
7 3 7 19
7 4 6 9
7 5 5 29
7 6 1 34
8 0 25
8 1 13 28
8 2 17 36
8 3 7 19
8 4 6 9
8 5 5 29
8 6 1 34
9 0 25
9 1 13 28
9 2 17 36
9 3 7 19
9 4 6 9
9 5 5 29
9 6 1 34
10 0 25
10 1 13 28
10 2 17 36
10 3 7 19
10 4 6 9
10 5 5 29
10 6 1 34
11 0 25
11 1 13 28
11 2 17 36
11 3 7 19
11 4 6 9
11 5 5 29
11 6 1 34
12 0 25
12 1 13 28
12 2 17 36
12 3 7 19
12 4 6 9
OUTPUT2.DBF
RUN GENERATION POPSIZE YVALUE
1 0 25
1 1 62 36
1 2 13 19
1 3 12 9
1 4 10 29
1 5 12 34
1 6 8 24
1 7 18 45
1 8 25 2
1 9 43 42
1 10 33 8
1 11 10 30
1 12 20 32
1 13 20 28
1 14 39 35
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1 15 29 21
1 16 37 4

1 17 28 38
1 18 32 15
1 19 31 16
1 20 35 15
1 21 28 17
1 22 61 12
1 23 39 22
1 24 30 3

2 0 25

2 1 17 24
2 2 38 45
2 3 43 2

2 4 51 42
2 5 33 8

2 6 10 30
2 7 20 32
2 8 20 28
2 9 39 35
2 10 29 21
2 11 37 4

2 12 28 38
2 13 32 15
2 14 31 16
2 15 35 15
2 16 28 17
2 17 61 12
2 18 39 22
2 19 30 3

2 20 38 41
2 21 38 11
2 22 162 25
2 23 38 41
2 24 20 10
3 0 25

3 1 17 24
3 2 38 45
3 3 43 2

3 4 51 42
3 5 33 8

3 6 10 30
3 7 20 32
3 8 20 28
3 9 39 35
3 10 29 21
3 11 37 4

3 12 28 38
3 13 32 15
3 14 31 16
3 15 35 15
3 16 28 17
3 17 61 12
3 18 39 22
3 19 30 3

3 20 38 41
3 21 38 11
3 22 162 25
3 23 38 41
3 24 20 10
4 0 25

4 1 17 24
4 2 38 45
4 3 43 2
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4 4 51 42
4 5 33 8

4 6 10 30
4 7 20 32
4 8 20 28
4 9 39 35
4 10 29 21
4 11 37 4

4 12 28 38
4 13 32 15
4 14 31 16
4 15 35 15
4 16 28 17
4 17 61 12
4 18 39 22
4 19 30 3

4 20 38 41
4 21 38 11
4 22 162 25
4 23 38 41
4 24 20 10
5 0 25

5 1 17 24
5 2 38 45
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