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Le Centre de recherches forestiéres des
Laurentides (CRFL), un organisme relevant
du Service de la Gestion de 1l'Environne-
ment (Péches et Environnement Canada),
s'intéresse autant a 1'environnement
qu'aux industries forestiéres. Le but

de ses travaux est de favoriser, par la
recherche et par la mise en application
des connaissances acquises, 1'aménagement
et 1'utilisation la plus efficace et
rationnelle possible des ressources fo-
restidres, de fagcon a ce qu'ils soient en
harmonie avec les besoins de 1l'environne-
ment.

Le CRFL se veut un élément actif de re-
cherche scientifique au Québec. En col-
laboration avec divers groupes et organis-
mes québécois, les chercheurs du CRFL vi-
sent a trouver des solutions pratiques

aux nombreux problémes forestiers du Québec.
Le CRFL développe des projets susceptibles
d'étre appliqués par les usagers de la
forét québécoise: le gouvernement du
Québec, les administrations régionales et
municipales, 1'industrie forestiére et la
population en général. Il joue aussi un
rdle important dans le développement de
méthodes acceptables pour 1'amélioration
et la sauvegarde de 1'environnement fores-
tier, de méme qu'il veille a 1'évaluation
de 1'impact du milieu forestier sur la
qualité de 1'environnement.

Les activités du CRFL peuvent étre regrou-
pées comme suit: la recherche dans le do-
maine des ressources forestiéres, la recher-
che dans le domaine de la protection, 1'amé-

nagement de terrains fédéraux et les services

d'information au public. La recherche sur
les ressources forestié&res comprend les pro-
jets tendant a 1'amélioration des foréts et
des arbres proprement dits alors que la re-
cherche sur la protection vise a protéger
les arbres contre deux de leurs grands enne-
mis naturels: les insectes nuisibles et les
maladies. Soucieux de communiquer les ré-
sultats de recherche du CRFL, la Section de
1'information diffuse de 1l'information sous

forme de rapports scientifiques, de feuillets

techniques ou de publications vulgarisées
congues spécialement pour le grand public.

The Laurentian Forest Research Centre
(LFRC), Canadian Forestry Service, is a
component of the Environmental Management
Service in the Department of Fisheries
and the Environment. The program of

the LFRC is as much concerned with the
forest environment as it is with the fo-
rest industry. [Its objective is to pro-
mote, by research and technology transfer,
the most efficient and rational management
and use of forest resources so that they
coincide with environmental concerns.

Scientists at the LFRC are actively enga-
ged in research in Quebec. Many of the
LFRC projects are conducted in cooperation
with provincial agencies and other orga-
nizations, the primary concern being to
look for practical solutions to diverse
forestry problems in Quebec. Technology
transfer to the users of Quebec forests --
the Quebec Government, regional and muni-
cipal administrations, forest industries,
and the general public -- is attained
through scientific and technical publica-
tions and by liaison and development ac-—
tivities. Last but not least, the LFRC
plays an important role in the development
of suitable methods to improve and conserve
the forest environment and evaluates the
impact of forestry practices and other ac-
tivities by man on the quality of the fo-
rest and related environments.

LFRC research and related activities fall
into the following broad categories: forest
resources research, forest protection re-
search, federal land management and public
information. The forest resources research
is concerned with improving the management
of forests and trees, while forest protec-—
tion of trees from two of their great natu-
ral enemies: insect pests and diseases.

To communicate the results of LFRC research,
the Information Section distributes infor-
mation through scientific and technical re-

ports, and through popular publications for the

general public.
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ABSTRACT

This manual gives sampling techniques for evaluating parasi-

toid populations. A FORTRAN programme for summarizing the date is given.

RESUME
Ce manuel décrit les techniques pour évaluer les populations
de parasites. Un programme FORTRAN pour 1'analyse des données est aussi

fourni.



INTRODUCTION

This manual presents techniques for evaluating parasitoid
responses in a forest insect life system and for the storage and analy-
sis of population dynamics data for both host and parasitoids. It con-
tinues a series on information storage and analysis of the Swaine jack
pine sawfly, Neodiprion swainei Middleton life system. (McLeod, 1973;
McLeod and Brochu, 1973; McLeod and Lagu¥, 1973; McLeod, 1974).

Some useful measurements in the evaluation of parasitoid res-
ponses in a field investigation are:

No, the actual number of hosts available for attack

(i.e., the population of the attacked host stage in a
given place and time).

NHA’ for a given No, the number of hosts attacked by the

parasitoid.

NA’ for a given No, the total number of attacks generated

by the parasitoid on a unit time, t, here taken as the
lifetime of the parasitoid.

The values for NHA and NA are derived from dissection data
from a randomly drawn sample of a selected host stage (NO).

Let Xi (where i = 0, 1, 2, 3....n) an event parasitoids per
host, where n = the last event in the series with a count, and let fi

represent the frequencies for each event, then

i=n

No - z (fi)
i=0
i=n

Na™ L ()

=
]
=

=
]
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Ny= I (%)



and the arithmetic mean of the series, m, = NA/NO'

We seek a probability function which incorporates a parameter

describing the distribution of parasitoid attacks, from perfect aggre-

gation,

chance.

tion, having as parameters m, the arithmetic mean, N /N

i.e., where all the frequencies occur in one event, to pure

This is amply given by a negative binomial probability func-

ANy and k, a cons-

tant measuring the degree of aggregation in the probability function.

As k > 0 aggregation becomes total, and as k + o, aggregation approaches

that due to chance and the probability function approaches the Poisson

distribution.

Fisher (1953) as follows:

4 =

)

i=

I

The approximation of k is provided by an algorithm of

= i+l

(fi+1)

k+i

i
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k

and the value of k is that for which the difference between the two si-

des of the equations is < a specified minimum, i.e., 1—4 for k estimated

to 4 places.

To determine whether the observed attack distribution departs

significantly from what expected had the attacks conformed to a negative

binomial distribution with k as calculated in (4) we write

where x

X=

)

X=

the

© i
(0] 1
event,

)

n

(0]

(£;)

X,
ketx, = 1(m/k+m) -

=1

X

i

Uk-1) ! (l—m/k)k

parasitoid attacks per host, i and # and m are as

given and k is as calculated in 4).

In practice, (5) is iterated to the X, where the probability

of fi < 1 and the remaining probabilities XijeeeXy o obtained by subs-

traction from 1 and assigning to that X,

i
To determine whether the ob-

served distribution departs significantly from a Poisson serie, we write

(4)

(5)
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For both (5) and (6) the expected probabilities, as calculated,
are compared to the observed probabilities using X,
It also may be of interest to calculate a common k for the se-
ries oscillation of the pest insect to determine whether the degree of
aggregation in the distribution of parasitoid attacks changes as a func-
tion of time, or of density changes of the host, for if k is indeed a
constant, it may have considerable predictive value in attack models
such as
NA/No -k
k
(after the attack model of Griffiths and Holling, 1969). Such a model

NHA =No+ 1 -

may provide some measure of the degree of stability in the host parasi-
toid system because, in general the lower the value of k, the wider will
be the stability boundaries of the system. If attacks of the parasitoids
are at random for instance, stability will be realized only at unique
densities of predator and prey whereas at lower values of k, stable os-
cillations are possible.

Since k is calculated through a complete population oscillation
of the pest insect, and since this represents the accumulation of many
plot-years of information, the data must be stored in such a way that no
loss of information will occur and we must store this information so
that a common k as well as other information may be obtained from the
pooled samples, and updated.

The techniques for recording parasitoid data, using the indi-
vidual parasitoid as the response variable, have already been documented
(McLeod, 1973). 1In this paper the methods for analysing the data are

outlined.



Analysis

A generalized computer program PARASITE is presented. Its
purpose is the summary and analysis of information on the frequency
distribution of parasitoid progeny. The inputs are as described above.

The outputs include, for each locality, year and host age, the
frequency distributions and pertinent statistics (Appendix II). These
outputs may be selected for each parasitoid species, and for various
arbitrary groupings. For a complete host of N. swaineil parasitoid spe-
cies and their respective codes, see McLeod (1973a, pp. 44-45). The
parasitoid groups conform to the classes 1, 2 and 3 as outlined in
McLeod 1973, i.e., larval, eonymphal, and cocoon parasitoids.

The other outputs include a fitting of the parameter "k" for
the negative binomial series, to each frequency distribution, and X2
tests for the departure of observed frequency distributions from expected
Poisson and negative binomial series (Appendix III).

A description of the functioning of this program follows (a
copy of the program and flow chart are also included in Appendix IV and
V). The program functions by study area and age, that is, when a switch
is made from one study area to another, or one age to another, an output
of all the completed years for these units occurs.

The numbers in brackets referred to below are references to the
program (Appendix IV).

Instructions [800] to [801] comprise a "conversational' section.
To reply to the questions posed just perforate the variables following
the questions, with the appropriate response.

The first "READ" is for the lecture of 20 cards bearing the
appropriate X2 probabilities. The values of XZ presented are for pro-
babilities of .05, .01, and .005. These values are perforated, 3 per
card, for d.f. 1-20 inclusive.

The second "READ" [30] is for the data. The following are the
variable names:

IC - code (cf. Form 02:02, McLeod, 1973)

LOCA - locality



INT - age interval

IAN - year

IN - sawfly species

NINS - insect number (sawfly)
NDEST - sawfly fate

IS - parasitoid species

NPARA - parasitoid fate

Following read, we pass to instruction [67], only once, as it
is an instruction for "END OF LECTURE". The instruction [50] is then
passed, and if IND = 1 the program stops.

The filters are aimed to the limits prescribed. When the
first card has passed the filters, the question is posed "INTER = 0"?

If yes, we pass directly to instruction [50], where all matrices are
indexed to 0, following which we return to instruction [57] and reset
"INTER = I", the latter being the age interval ("INT") indexed to 1.

The instructions [54] to [57] are for eliminating accidentally
duplicated cards, and are implemented only after the first card has
passed. If a card bears the same insect number as the preceding, and
one indicates the presence of a parasitoid whereas the former does not,
the card bearing the 0 entry is eliminated; if there are two or more
cards, all recording of parasitoids, all but one are eliminated.

Instructions [57] to [90] comprise compilations for N A NHA
and N (cf. p. 1) and relevant statistics, including frequency dlstri—
butlons. On the return to [51] if the age interval is not the same as
for the preceding card, we branch to instruction [37] for the summation
of the number of parasitoids, by species.

From instruction [37] to [70], the frequency distributions for
each group are complied, as well as ZXZ and NHA. As for the groups, a
sub-program "TAB3" is called, which performs the same operation.

From [90] to [92] the first output occurs (Appendix I), ob-
tained by calling the sub-program "STATS" (McLeod and Brochu, 1973).
From instruction [86], matrices for up to 50 plot-years are constructed

for the frequency distributions, NO’ NHA’ NA etc. and these are output



in instructions [47] to [96] (Appendix II). Instruction [96] marks the
beginning of compilations for "k" of the negative benomial distribution,
and the X2 values for the appropriate Poisson and negative binomial dis-
tributions, as well as their respective degrees of freedom. For these,
a sub-program "POIS" is called.

At instruction [50] if "IND" = 1 the program executes "STOP".
The remainder of the program is for a conditional re-initialization of
the matrices to 0. Up to this point, the program has furnished outputs
only for individual parasitoid species. If groups are desired, the sub-
program TAB3 is called. This choice is made in the "conversational" sec-
tion, as is also the choice for output of "STATS" and "POIS".

The larval parasitoid group (1) comprises the species 01 to 05,
14-16, and 22-24. Note that "species" 18 is for "unknown" incapsulations
and is not included. The eonymphal parasitoid group (2) comprises spe-
cies 06 and 07. The cocoon parasitoid group (3) includes species 09 to
16 inclusive, and species 20 and 21. Note that species 08 (Dahlbominus
fuscipennis) is not included. It is the only polyembrionic parasitoid
of N. swainei, and may deposit up to 50 progeny in a single bost. Clear-
ly, analyses of frequency distributions of attacks of this species are
not applicable.

Other groups for which compilations are made include:

Grdup 01 in the presence of group 02 only
Group 01 in the presence of group 03 only
Group 02 in the presence of group 03 only

Group 01 in the presence of groups 02 and 03.

The sub-programs seem long, in relation to the main program.
This is normal since they are essentially the same programs but adjusted
for compilation of groups. All the sub-programs are optional, and may

be engaged in the conversational section at the beginning of the program.
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Appendix T

¥xunkkxFkxkRREE NEODIPRION SWAINEI ECOLOGY *m%ke=ikwa»»mixrsk
okl ok kok ok ko PARASITOID DATA Rk RKEERE KKK

ttt***tt'**ttt*t’*zn*wt SAMPLE NO, 6 7 74 t*tt*x:&t:tv&;(t;;vv--t
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TOTAL NOe. OF INSECTS : 505

TOTAL NN, O PARASITES: 718,
MEAN PER INSECT: 1.42
SUM 9F  xXx 020320CE 04

VARIANCE O0OF X 06200627F 01

STAND. DFV, 0.141643E 01
STAND. Fe 06630302k-01
NOes PARASITISED 353

PERCENT PARASITISM 59 .90



TABLE 1. FREQUENCY DISTRIBUTIONS 0OF ATTACKS CF NEODIPRION SWAINFL LARVAL

7 HCSTS

PARASITOIDS AS OBTAINED FRCM DISSECTIONS NF AGE

1

SPECIES
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YEAR

PLOT

AGE CODE
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Appendix TV

PARASLITS
FORMAT

NIMEMNST IN Nﬂ)lNQ(15)nNCMDAR(15.3O,QNAP(30)QNFREQ(15o30020,oNXXN(15
llBO).NTqT(15030,'NAYL(Z)'NpLAN(SOOZ)’NFR'O(SOOBOOZ0,0NFPO‘ZO"TABL
2?(20'j)vN”DINZ(SO)oNOVPAl(50'3O)QNTOTT(5°'3O)

FORMAT(I2eAX0812010Xe013e2XeI141Xs[2¢1Xe12)

FOIRMAT(1H1 420X+ *TA3LE 1, FREQUENCY DISTRIBUTIONS OF ATTACKS 9F NEO
10IPRION SWAINET LARVAL'/21X,*PARASI TOIDS AS ORTAINFD FROM DISSECTI
PONS OF AGe 4,12, HOSTS?)

FORMAT(///¢5Xe *AG= CODE PLGT YEAR® ¢T62 4 *FREQUENCIES'/T2G, 0 1
1 2 3 a4 S, 6 k4 a 9 10 11 12 1:3 l1a
2 515 1A 7 13 13%77)

FNOPMAT(///761X,°*SP-CIES *e12)

FREMAT( EXol1292(3Xe12)e2Xe°19°,12,20(2Xo13))

FOFMAT(3(12),°13°,12,20(13))

FORMAT(1H1 429X *TAILE 2. CHI SQUARE VALUFS OBTAINED WHEN OBSERVED
IDISTRIAUTIONS NF 9 /21X *NECOIPRICN SWAINET LARVAL PARASITOIDS OBTA!
2NED FROM DISSECTIINS OF /21X 4*AGE ', 13, HOSTS ARZ CCMPARED T0 POIS
ISON AND NEGATIVE BINOMIAL DISTRI-*/21X,'8UTIONSs K VALUES FOR NEGA
4TIVF 2 INDMIAL ARF CALCULATFD ACCORDING'/21X,°'TO MET HOD 3 OF FISHER
S(HIOMETRIICS 9:197-200,1953) )

FORMAT(//10Xe *STUDY YEAR® 4AX ¢ "NUMBFR OF * 4 SXo * NUMBER OF ? ¢ S5X,4 * NUM
10ER OF o€ Xe'K® 413Xy 'CHI SOQUARE® ,9X, *DEGREES OF FREEDOM® /11X, *APEA?
2.73?"HUSTS'.Téb.'HﬂST%’.ﬂX"ATTACKS':TS?.'DUISSON NEGATIVE
ICISSON NeF INCMIAL® /29X ¢ *DISSECTED® 45X o * ATTACKED® 46X * GENERATED
Q°e27Xe *AINOMIAL */ /)

FOPMAT( 3(AXFS5,2))

FORMAT(//721X4°*P<, 05 *s*P<,01 *%2eP<L,005°)

FOFPMAT(///7/755%X4 *N) DATAY)

FOFMAT (1M1 030X e15(*s9) ., NEODIPRION SWAINEL ECOLOGY *,16(%%°))

FOPMAT( 316180 °=%),5X,'PARASITIIND OATA *,10X,14(*%¢))

FURMAT (/25X 023(°89) o0 SAMPLE NOo® 431 3,2X,23(%%0))

FORMAT(/32Xe18( %> %), SPECIES:®,13,1Xe18(°%°%))

IND=0

INTER=0

CONTINUE

CHNNSE 2 NUMRBER IDF SPECIES,AND TYPE NOF NOUTPUT

MARGIN FNR INSTRUCTIONS AT SEVENTH CILUMN

IMP, FOR INSTRUCTIONS 19-21, 2 = NO
ANY OTHER NUMBER = YES

DO YOU wISH GROUPS ?
NGRNUYP =1

DN YOU WISH NUTOUT PNTSSON AND NEGATIVE
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Appendix IV (Cont'd)

IAGE1=7
HIGHEST AGE INTEPVAL

TAGE2=7
CUNT INUE

1AG=1AGT1~1

JA=JTAR -1

JAN=JYE AR=-JA
NSPEC=(NSPFC2-NSPECT ) #1
KSP2=NSPEC1-1

DN 159 JJU=1,20

NP 159 KK=1,3
TABLF(JJeKK)I=0o
IF(NGRNUPFQ.2) G TO 30

SFAD PROBARILITY TASLE

Dr 20 U=1,20
READC1410) (TASLE(J oK) oK=]1,73)

LECTURE

TEAD(F o1 = ND=€7) [C.LﬂCA.lNT.IAN.IN.NINS-NDEST.IS'NPAPA

FILYED

THCTAN QLT o UF AR oNOF oI ANeGToJYEAR) GO T 30
IFCINT oLTeIAGE 1 e URSINT.GTLIAGE2) GU TO 30
IF(LOCACLT oLNC1eCRelLCCAeGTLOC2) GO TO 30
[FETCeLTeNCNOE 1eNPICeGT.NCONF2) GI TN 30
TF(ISeGTeNMAX) S0 T( 20
[FININSefNeDe0R e NINS,GTeNCMMAX) GO TO 30
IF(INGN=eINN) G TNO 30

TFCINTERSFNeN) 30 TO SO

I=INT=-1AG

IFCLNF G INTFP) GG TN 51

IF(LOCAL oNF oLLCA) S0 TO s§1

MNO=0

L=LCCA

M=TAN-JA

M=IS-(MNSP=C1-1)

TF(TANNE=-M)S]1 454,51

I+ MURPS THAN GNE INSFCT HAS SAME
NUMBER AND 3NTH HAVE NO PARASITES

IFININSEC oNEJNINS) GO TO 65K
IF (NPAR ENe0eANDOIS.ENLD) GO TO 30
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Appendix IV (Cont'd)

BINIMIAL NDISYRISUTICNS ?

NPOIS=1

00 YOU WISH STATS ?

NSTATS=1}

LOWEST SPECITS CODE NUMBER YO 3 SELECTED
NSPEC1=1

HIGHF ST SPECTIES CODE NUMBER TN BF SFLECTED
NSPEC2=5

MAX IMUM SPRECIES CODFE ANUMRER TN BE ENCOUNTERED
IN PASS cee(MAXIMUM = 30)ese

NMA X=30

HIGHEST YFAR MNMUMBER TO BE SELSECTED
JYEAR=74

LOWEST YFAFR NUM3FR T1O BF SELECTED

JEAR=62

MAXIMUM NUMBFER JF PLOT YSARS (MAXIMU1'=SO)
JES=38

HOST SPECIES CODE (CNLY CNE ALLOWED)

INN=1

MAX IMUM NUMB-R OJF [NSTCTS PER
SAMPLE DISSECTED.

NOMMAX=800

REARFD AND DISSECTED = 3
NISSECTED CNLY = 2
NCODEL1=2

NCODE2=2

LOWEST LRCALITY NUMPER

LNC1=3

HIGHFST LOCALITY NUMBER

LOC2=6

LOWEST AGE INTERVAL
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Appendix IV (Cont'd)

NOMPAR(MoN)=NOMPAR(MoN) ¢1
NPAR=N

NAP(N)=NAP(N)¢+1]
IF(NGROUP.EQe2) GN TO S5
Kil=xilel

CLASS FACH PARASITE BY GRNOUP

IF(1S=5)72,72,200
IF(1S=7)73673206
IF(IS=68)75,554201
1F(IS=13)76,76,202
IF(15-1A)72472+203
IF(1S=19)56,55,204
IF(1S=21)78,74,205
IF(1S=28)72,72 455

Kl AR=K| ARe 1}

GO TN S5

KE(CN=KF NG

GHh TN &5

KCON=KCNNG]

NP=0

IFCINTERGNF o) LM=]
IF(LNCAGNE ¢LNCAL) LM=1
IF(LMeENe1) GO TP 37
IF(JANNE NF o) GO TO €8
IF(NINSTCFONINE) GO TC 30
IF(NPeFNel) »C TN 57

GO Tn 37

IF(JNT.SQe0) GC TN 62
1F(J0TeE0el) GO TI 30

IND=1 eoo0ee=ND) OF LFCTUREeocoe

IND=]

CALCULATF X2 eee NXXN
CALCULATE FRZQUENCY DISTRIBUTION oee¢ NFREQ
CALCULATFE NHA osee¢ NTOT

MM=TANNF

IF(NGROUP «EQe2) GO TO S04

CALL TAB’(MMoKl'lND.lN7EQ!loLDCALoLOCAo"Qli"O'SQNSPEC.NODKNSQND“PA
1R o KLAR e KFNogKCONy TABLE e NGROUP ¢NSTATS o NPOIS e JANo JE3 s KSP3oJA 1AG)
IF(NP.EQel1) GO TO 75

DO 70 IU=1,NSPEC

MK=NAP(TU)

NaP( TU) =0

IF(MKoeGT6,19) GO TO 70

NXXN(MMo TUD=NXXN(VM, TU) ¢ MK R %2

NFREQ(MM, TUs MK+ 1 )=ENFREQ(MM, TUoMKe1) ¢1
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IF(NPAREQe0O) GI TI 63

JNT=1

IF(NINSEC ¢FQeNINS) GO TO S6

Or 64 IR=1,NSP=C

NFFEQ( TANNE s IR 1 )=NFRTQUIANNZ s [8,1) =1
NQ=1

JOT=0

IF(ISeL TeNSP=C1) 50 TO 61

IF(ISeGT NEPTC2) GI TO 61

GO TN 56

INITIAL ISATION FOR ONO INSCT

NG=1

JeT=0
LCCAL=L
TANNE =M
NINSEC=NINS

NUMREPR 2F HOSTS DISSECTFEO eeoeNL.DINSe e

NODINS(M)=NININS(M) ¢1]
INTFR=1

IF(NGF NUP f Ne2) G T 56
KLAR=0

KFON=0

KCNN=0

KI=C

IF(NQeTNe1) NPAR= 37
IF(ISeLTeNSPTC1) 62 T 61
IF( 1S eGT eNSP=C2) G50 T 61
IF(NPAR ¢FQeN) GO T S3
IF(NeNFLO) GO TN 593

SUMMATIONS FJIR ONS INSECT

MM=TANNF
NP AR =0
NP =

CALCULATE FRFQUENCY FCR 72500 CLASS

DO 60 1U=1,NSPEC

NFREQO (MM [Us1)=NFRTQ(MMTU.1)¢1
GO TO 51

IF(IS.EQ.1R) GO TN €5

NUMRBFR JF PARASITES e o e NTMPAR. 0 o
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[IF(MKefNe0) GU TC 70
NTOT(MM, TU)=SNTOT(UM, TU) +1

CONT INUE

IFCINTFRGNFSI) GC T %0
IF(LNCAL o NF 4LCCA) GO TO A
IF(IND+ECel) GO TJ «O

G T 57

ME S=0

DO 32 M=1,4JAN
INTE=INTTR4+1AG
IF(NIDINS(M)eFQ.0) 5 TC
ME S=M=S+1

DO O3 M=1 4NIDFC
IF(NNYPAR(MGN) emNed) L TN
TF(NSTATSFO2) G T %=~
SX=MOMDAR (M)
SXX=NXXN(M4N)

NA=NTOT(NV G N)

NTI=NUDINS(M)

WRIT=(7,a62)

WRITE(3e06?)

MPD=M4 A

WERITO(3444) LOCALGIPTE oMP
K=K SP 3+N

WRITF(T,85) X

capl STATI(NTT g 35X eHXXo*A)

CIMTNET N MATETX 7 3w Ho X
o= NUMBFTT NC STUNY AT AS

L1=MTS4LL
NORTNDOLT)I=N Y TNR()
NPLAMIL T 1)=LOCAL

NDLAR(L To2)="44A
NTCTT(L T )=NTTT( 4eN)
NEMDOAL(L T oN) =R IMOAT (M N)
DU D4 MK=1,470

N

a3

Wit

NFF TOML T gMeMK)=NF 35 GV eNeMK)

CONTINUT
CONTINUT
L=t
IF(INPFYe1) 50 T a7
TH(INTERGNE o 1) 507 T2 a7

{".l'TF‘)lJT F‘G:QU:— NC Lt S

T1F(LOICALeNE oLICA) Af. T3 SO
DG GE N=1 ¢NSDLC

WEITE(3,2) INTT

K=KSP 24N

WRITE( 3,48) K

WRITF(3,32)

NAAK =0

DC A7 NI=14J71

[y}
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IF(NIMPAT(NIGN)eENeC) GO TN 97

MNMAAK=1

WRITE(236) INTE oK gNPLAN(NI 01) o NPLANINI 62) o (NFRTYO(NI ¢NoMK) g MK=1,420)
AR ITE(247) INTE oK qNPLANCINI 01) oNPLANINI42) o {NFRTOINT oNoMK) o MK=1,20)
CONT INUE

IF(NAAK 4. 2,0) WRIT=Z(3,18)

CONTINUT

PEFPALATION SUAROJTINT PIIS( CALCULATION OF POISSON
AND NOGATIVE EINCMIAL OISTRIBUTIONS )

IFI(NPLT13650Qe2) GO TN SC

0

a0 N=1,NSHPLC

NAAK =(0
WETITE( 30 ) INTE
K=K SP 3eN
wWRITE(768) K

wh 1T (1, 75)

NAAL =N

ne

al 11=149"17

TF(rCOIN?OTIT) eFNeV) G T 41
TPAN MPALCTIToN) eFNeC) G TO 4l
MNUMPA2ZNCMPAL (T oN)
NCODINIZ=NDYIN2(T L)
NTCTOA=ATOTT(I] 4N)

o

1799 MK=1,20

NEPI(MK )=NEETC (1] oNoMx)

[alal

20 MK=1,2

NATL (MK )=MPLANC T ] o MK)
CALL OPICSINIAPAP qNDINIGNTITH o NFPDe TARLE o NATL ¢NSPEC ¢ NAAK o NAAL ¢ INTE

1)

a] CONTINUF

IF (NAAK ot JeT) WRITT(3,18)
WhITF( 1,17)

CNrTINUT

1F ( INDe“Qel) STNP

a0
5N

11
130

116

( =
no

il

130 M=1,4JAN
121 J=1eNSPFC
130 K=1,42)

NFEFEEQ(MeJdeK) =0
NT(T(MeJ)=0
NXXN(MeJ)=0
NHN"A-I(“.J):)

NAP(J)=0
NEDINS(M)=D

L=L CA

M- JAN=-JA

N ]S=(NSP I(1-1)
I=INT=-1AG

MO IS=0

I M=N

IF(INTEINE L) GO TN 116
(A0 CalL ¥ 4

PO 117 J=16J773
PC 112 K=1oNSPTC
NC111 LI=1.20
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111 NFRTN(JeK,LD)=0
NOMPAL(JeK)=D
112 NTOTT(JeK)=0
DO 110 Nw=1,2
NATL(NW)=0
110 NPLAN(JoNW)=0
117 NODIN2(J)=0
MOI=0
LL=0
LI=0
G0 TO s7
END
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SURROUTINS TARI(MM, KI s INDsINTERs ToLOCAL sLOCA9MO[oMOTSeNSPEC ,NODINS
1 sNCMPAR o KILAR ¢ KEIN¢KCONo TABLE s NGROUP ¢ NSTATS ¢ NPOIS s JANJE3IKSP 39 JAs I

2AG)

DIMENSION NFRX(15,20) o NTXP2(15) ¢NFRL(15020) ¢ NGRIC(15) ¢NGRINT(1S)
INFRE(15,20) ¢ NGR2C(15) s NGR2NT(15) ¢N"RC(15420) s NGR3C(15) s NGR3INT(15),
2NGFA(15) s NGRAA(15) sNGRS5(15) sNGRSA(15) s TABLE(2003)sNPLAN2(5042)sNFR
IXX(50+20) s NXIAX(S0) sNTXP2X(S0) ¢ NOMPAR(15+30) ¢NODINS (15) oNFRLA(S0, 2
40) NXLA(SN)¢NGRONT(50) ¢ MTOT12(50) o NFREO(S50920) ¢ NXEOQ(50) s NGRTNT(S
S0)eMTCT13(50) oNFRCN(S50,20) ¢ NXCD(S50) sNGRBNT (S50) s MTOT23(50) o NTXP
AU15)sNGRANT(15) ¢ NODIN2(S0) ¢NFPO(20) oNATL(2) ¢NFR12(15520)sNFR13(15,
720) ¢NFR23(15,20) ¢ NFR15(15¢20) s NGR5B(15) ¢+ NGRS6(15) sNGRSS5(15) s NFR12T

2

3

S
6
>
o]

o}

15
1€
17
P2
19
21
23
34
3s
36
a7
34
3qQ
a3
a4
45
46
a7
48
49

150

3(50620) e NTRP13IT(50620) NFR23T(50520) yNFRIST(S0+20) +MTOT1S(50) +NG1
QRR(EO).NGISﬁ(SO)'NGISb(SO)-NGQAT(SO)oNGRSST(SO).NGRSNT(IS).MTOTI(I
15)eMTOT2(15)¢MTOT3I(15) ¢MTOTA(15)

EOFMAT (1M1 020Xe *TARLE 1. FREQUENCY DISTRIBUTIONS NF ATTACKS OF NEO
INTPRION SWAINEI LARVAL*/21X, *PARASITOIDS AS OBTAINED FROM DISSECTI
20NS OF AGE 9,12, HOSTS?)

FORMAT(///7¢5Xe AGE CODE PLOY YEAR®,T62, FREQUENCIES®/T29,°0 1
1 2 3 a 5 6 7 8 9 10 11 12 13 14
2 15 16 17 13 199 /7/7)

FCRMAT(7/761X%ALL SPECIES?®)-

FOPMAT( 6Xel2:2(2Xe12)e2Xe%19°,12420(2X613))

FORMAT(3(12)6°19%,12,20(13))

FORMAT(1H] o20Xs *TA3LE 2. CHI SQUARE VALUES OBTAINEQ WHEN OBSERVED
IDTISTRIRUTIAONS DF /21X, *NECOIPRION SWAINEI LARVAL PARASITOIDS ORTAIL
ONEDC FPOM NDISSFCTIING OF 9/21Xs*AGE®,I3,° HOSTS ARE CCOMPARED TO POIS
3SCN AND MEGATIVE SINCMIAL DISTRI=®/21X,°BUTIONSe K VALUES FOR NEGA
4TIVE BINCMIAL ARF CALCULATED ACCORDING®*/21X,°*TO METHOD 3 OF FISHER
S(BIOMETRICS 78197=-200.1G653) )

FURMAT( /710X, *STUDY YEAR® 36X ¢ ' NUMRER OF® ¢5X ¢ *NUMBER OF ¢ 4 SXo * NUM
13LR OF 9 ¢€Xo *K® s 13Xe 'CHI SQUARFE ® 49X s *OFGRFES OF FREEDOM®/11X. *AREA®
24T 32, HNISTS? ¢, TA6, ' HNSTS® ¢B8Xe *ATTACKS®*oT83,*POISSON NEGATIVE
3PP 1ISSON NeBINIMIAL® /29X ¢ *DISSECTED " +SX ¢ *ATTACKED® 96X * GENERATED
4% 427X, *AINUMIAL */7/)

FARKMAT(/3%2X,1/8(%=9),° GRQUP 1 ON 2 *,1AR(°%°%))

FORMAT(IHL ¢30Xe15(*=m9) ¢ NEODIPRION SWAINEI ECOLOGY °,16(°*°))

FCRMAT(///721X4°*P<e05 *¥P<,01 *¥2P<C005°)

FORMAT( /Z//7/755%¢ °N) DATAC)

FORMAT( /7761 X *GROUP 1 ¢)

FIRMAT(/Z/7/7F1Xe *GROUP 2°)

FORMAT(///761X4GROUP 30)

FORVMAT(/3%2X,18(9%0) ¢ GROUP 2 ON 3 ®,18(°%°*))

FOFMAT(/32X618(%%9) 40 SROUP 1 ON 243 ¢,18(°%°¢))

FORMAT(///56X4'GROUP 1 ON 2°)

EORMAT(///756Xe*GROUP 1 CN 3°)

FORMAT(// /756X, *GPIUP 2 ON 3°9)

FORMAT(///756X,'GRIUP 1 ON 243°)

FORMAT( 31Xe14(°%9) SXe* PARASITIID DATA ¢,10Xe14(°%°))

FORMAT( /25X ¢23(°%°%), SAMPLE NOo ® ¢31 32X e23(%%°))

FOPMAT(/32X,18(®=9),% GROUP 1 ON 3 °*,18(°*%°))

FCRMAT(/32Xe18(°%2°%) 40 GROUP NOe 2 *o18(°*=%°))

FORMAT(/32X,18(**?),¢ GROUP NOe 3 *,18(°%°))

FORMAT( /732X ,18(*%9) 49 ALL SPECIES *,18(°%x°%))

FORMAT( /32Xo18( %2 9)4°® GROUP N3e 1 °sl18(°%°))

IF(MOI +EQe0) GN YO 151

IF(MOIS.FNe0) GO TO 151

MOTIS=1

IF(KI«GTe19) GO TO 500
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IF(KIeEQe0) G0 TO 300

CALCULATFE FREQUSNCY FOR EACH GROUP
CALCULATE EX2 FNOR ZACH GROUP
CALCULATE NUMBER NF [NSECTS ATTACKED FOR EACH GRNUP

NFRX(MMKI+1)=NFRX(MM,KI+1)+1
NTXP{MM)=NTXP{(MM) +KT=%2
NTXP2( MM )=NTXP2(MM) +1

IF(KLAF ¢FQ.0) GO TI S01

NFRLIMM KLAR+1)=NFRL(MM,KLAR+1)+1
NGRIC(MM)=NGRIC(MM) +KLAR%X*D
NGRINT(MM)=NGRINT(MM) +1
IF(KEONSFQe0) GO TN 5C2

NEFRE(MM o KEON+1 ) =NFRE (MM KEON+1 ) +1
NGR2C(MM) =NGR2C( MM) ¢K=ECN*%%x D
NGR2NT(MM)=NGR2NT(MM) +1
NFR1I2(MMKLARH1)=N"RIZ2(MM,KLADR#+] ) +1
NGRA(MM) =NGRA(MM) +KLAP %%
NGRANT(MM)=NGR4NT (MM) +KLAR
IF(KLAREFQe0) GO T3 502
MTOTI(MM)=MTOT]1(MM)+1

IF{KCONEN.O) GOI TO S04
IF(KCONeGT,19) GO TO 503

NFRC(MNV KCON+1)=NERC(MM,KCON+1) +1
NGR3C(MM)=NGR3C(MM) +KCON®*2
NGR3NT(MM)=NGR3INT (M) +1
NFR13(MMKLAR+1)=NTR1I3(MM,KLARS]1) +1
NGRS(MM)=NGRS(MM) +KLAR¥»?2
NGRSS(MM)=NGRS55(MM)+KLAR
IF(KLAR,FQs0) GU TN 506

MTCT2( MM)=MTOT2(MM) +1
NFR23(MMKEON+1)=NFR23( MM, KEON+1 ) +1
NGRSNT(MM)=NGRSNT(MM) + KEON*%*2
NGRS6(MM) =NGRSH(MM) +KECN
IF(KEONFNeN) GO TN 503
MTOT2(MM)=MTOT3I(MM) +1
IF(KEONGEQe0sORGKCONSFQe0) GO TO S04
NFR1S5(MM KLAR+]1 )=NFRIS(MM, KLAR+]L ) +1
NGF SA(MM) =NGRSA(MM) +KLAR=® %2
NGRAA(MM)=NGRAA(MM) +1
NGRSB(MM)=NGRSSI(MM) +KLAFR
IF(KLARFNe0) GO TO S04
MTOTA(MM)=MTOTA(MM) +1

IF( INDeEQe1) GO TO 90
IF(INTERNESI) GC TO 90
IF(LOCALeNF.LOCA) GO TN 90
IF(MOISe.EQel) GO TD 25

MIN=0

DO 92 M=1,JAN

INTE=INTER+IAG

IF(NODINS(M) .EQe0) GO TO €2

NXIA=0

NXC=0

NXE=0

NXL=0
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NeP=MSPECH8
PO 93 N=1,NSP
NCP3=0
IF(NGT «NSPCC) GC TO 40
IF(NCMPAR(MgN) eEQe0Q) GO TN 933
NX=MOMPAF (M ¢N)
NXTA-NXTA®NX
L=NeKSP?
!F(L-S)QE.CQ.BOO

300 1F(1 =7)37,°7,205

06 1F(L=-3)33,63,701

301 1F(1 =13)4%49F,4302

202 IF(L=1~)533¢33,303

333 IF(L=19)13433,104

304 IF(L=21)C0s95Hs 305

105 [F(L=24)33, 93433

28 NXL=NXL#NNMPAF ( Mo N)
Gfr T 93

17 NXE=NXFENITMP AR (MeN)
G TO &3

26 NXC=NXCeNIMPAR(MN)
G TO 22

aC L?:N-N<DT’
NTI=NCDINS(M)
GO TA(130e131+132:163:1E480185,1866187)eL2Z

NIMENST IN MATFIX Nk FACH SPECIES
FOE €0 Y+ AKS ALL STUDY AREAS

130 IF(NTXP{M) CRe0) GO TT 93
NOPR=NTI=NMTXEZ (M)
VH:M]NQ]

LX=MINSLXX
NPOL AN2(LXo1)=LOCAL
MELAND (L X9 2)=MeJA
NFEXX(1 Xo1)=NOP3
NOCIN2(LX)ISNICINS (M)
NN 32 MK=2429

10 NFEXX(L XK )=NFRX(MoMK)
MXTAX(L X)=NXTA
NTXP2X(LX)=NTXP2(M)
GC T aqg

131 IF(NGT1IC(M)eFQe0) GO TN S93
NCER=NTTI=NGRINT (M)
NFELA(LXe1)=NOP3
AN 31 MK=2,20

2] NFPLA(LXoMK)=NFRL(MMK)
XL AL X)=NXL
NGFANT(LX)=N3RINT (M)
60 TR &3

122 1IF(MGR2C(M)eS0Qe0) GO TC a3
NCPRz=NMTI=NGR2NT (M)
NFREN(LX o1 )=NCPB
NC 22 MK=2,20

32 NFFEN(L X e MK ) SNFRF (M oMK )
NXFO(L X)=NXE
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NGRPZNT(LX)=NGR2NT (M)
GO YD 88

IF(NGR3C(M).EQes0) GO TO 93
NOPR=NTI-NGR3NT(M)
NFRCO(LX,1)=NOPB

DO 33 MK=2,20
NFRCO(L X s MK)=NFRC (M4 MK )
NXCOCLX)=NXC
NGRBNT(LX)=NGRINT(M)

GO YO 88

IF(NGRA(M).EQ.0) G TO 93
DC 188 MK=1,20
NFR1I2T(LX+MK)=NFR12(M,MK)
NG44 T(L X)=NGRANT (M)
MTOT12(LX)=MTOT1(M)

GC TO A8

IF(NGR5(M) .EQe0) GO TO S3
DO 189 MK=1,20
NFR13T(LXsMK)=NFR13(MyMK)
NG1S5S(LX)=NGRSS(M)
MTOT13(LX)=MTOT2(M)

GO TO 83

IF(NGRSNT(M) .EQs0) GC TO G3
DO 190 MK=1,20
NFR23T(LXsMK)=NFP23( M MK)
NG156(LX)=NGRS6(M)
MTOT23(LX)=MTOT3(M)

GO YO 88

IF(NGR4A(M) cFQe0) GO TN 93
NO 191 MK=1,20
NFR1IST(LXeMK)=NFRLIS(M,MK)
NGRSST(LX)=NGR4A (M)
NG1SB(LX)=NGR5B(M)
MTOT15(LX)=MTOT4(M)
IF(NSTATS.EQe.2) GO TO &3
WRITE(3,16)

WRITE(3,43)

MP=M+JA

WRITE(3:44) LOCAL +sINTE oMP
GO TO(R0:81982¢83036¢85¢36:87),L2
WRITE(3,43)

PREPARATION SURROUTINE STAT,

SXX=NTXP(M)
SX=NXIA
NA=NTXP2(M)
GO TO 95
WRITE(3,49)
NA=NGRINT(M)
SXX=NGR1C(M)
SX=NXL

GO TO 95
WRITE(2,46)
NA=NGR2NT( M)
SX=NXE
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SxXX=NGR2C (M)
GO TO 9S

WwRITE(3,47)
NA=NGR3NT(M)
SXX=NGR3IC(M)

sx=NXC

GO TO Q5

WRITF(3,15)

NA=MTOT1(M)

exx=NGRA4(M)
SX=NGRANT(M)
NTI=NGR2NT(M)

GN TN 95

WFITE(3,45)

NATMTOT2(M)

SXX=NGRS(M)

SX=NGRS5(M)

NTI=NGP 3INT(M)

GO TO Q5

WRITF(3,34)

NA=MTNT3I(M)
SXX=NGRSNT (M)
SX=NGRS55(M)

NTYI=NGR 3NT(M)

G TC 95

WRITF(3,35)

NA=MTOTA(M)
SXX=NGRSA(M)

SX=NGF SRI(M)
NTI=NGEAA(M)

caLtL STATSINTI ¢ SXeSXXeNA)
CONTINUT

CONT INUE

LXX=L X

[FCINRNFNL1) GC TO 5SS
IF(INTERQGNE 1) GN TN S5
XF(L"(AL.CO.LGCA) 20 TN 26
lr(L“CALoNFoLCCA) GO T 151
Or 91 M=1,8

NAAK =0

NAAL=4O#N

wWE1TE(3e2) INTE

Pe NG M_=1,6J73

GN TO(30e51 "5?'5305‘6-55|56'q‘3) o N

JUTPUT FRTOUENCY FAR ZACH GROUP

IF (MLoENel) WHKITE(345)

IF (ML oFNel) WRITE(343)
TF(NXTAX{ML) ok 7e0) GO TOC &7

NAAK =1

WETTE (206) INTToNAAL o NPLAN2(ML 1)
120)

WE ITF(2e7) INTE o NAAL o APLAN2(MLs1) 0
120) 5

G0 TO Q9

NDLANz(ML.g).(NFRXX(ML.MA).MA:I.

NPLANZ(MLoZ)o(NFPXX(ML.MA)-MA=lo
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S1 IF(ML,r0,1) WRITE(3,15)
IF(VL eEQel) WRITF(3,3)

IF(NXLA(ML)e=Qe0) GO TC 99
NAAK=1
WRITE(3,6) INTF o NAAL s NPLAN2 (ML o1 ) ¢NPLAN2 (ML 92 )¢ (NFRLA(ML,MA) s MA=1,
120)
WRITF(267) INTEoNAAL o APLLAN2 (ML o 1) o NPLAN2(ML ¢2) ¢ (NFRLA(ML 4MA) MA=1,
12¢)
GO YO 99
S2 IF(MLeFYel) WRITE(3,21)
IF(ML EQel) WRITE(3,3)
TF(NXZEO(ML) «EQe0) GO TO 9@
NAAK=1
WRITE(3,6) INTE oNAALSNPLAN2(ML 1) oNPLAN2(ML 42) s (NFREN(MLsMA)MA=1,
120)
WRITF(2¢7) INTS ¢NAALsRPLAN2(ML1) ¢NOPLAN2 (ML s2)s (NFRED(ML,MA)oMA=1,
120)
GC TC 99
53 TF(MLEQel) WRITF(3,23)
IF(MLeENe1) WRITE(3,3)
IF(NXCO(ML ) ¢SQ60) GO TO GG
NAAK=1
WRITE(3¢6) INTENAAL o NPLAN2 (ML 1) sNPLAN2 (ML ¢2) s (NFRCO(ML 4MA) MA=1,
120)
WETTE(2e7) INTE NAALNPLAN2 (MLo1) ysNPLAN2(MLs2) e (NFRCI(MILoMA)sMA=T,
120)
G0 TC ©9
54 IF(ML,ENel) WRITE(3,36)
IF(MLeENel) WRTITE(3,3)
NAAK=1
IF(NG44T(ML) ¢EQeC) GO TC 32
WEITE(,6) INTEoNAALsNPLAN2 (ML 1) oNPLAN2(ML ¢2) 4 (NFRI12T(ML,MA),MA=]
1.20)
WEITS(2e7) INTE S NAALSAPLAN2(ML 1) ¢NPLAN2(MLs? ) (NFRI12T(ML,MA), MA=1]
1,20)
GN TO 99
58 IF(MLEQel) WRITE(3,37)
IF(MLFRe1) WRTITF(3,3)
IF(NG1S5(ML) eFQe0) GO TO ©2
NAAK=1
WRITE(3.6) TNTENAALJNPLAN2(ML 1) oNPLANZ2(ML ¢2) e (NFRI3T(ML,v¥A)sMA=]
1,20) 3
WRITF(2:7) INTE o NAALJAPLAN2 (ML 1) o NPLANZ2(ML42) s (NFF13T(ML,MA), MA=1
1,20)
GO TN 63
56 IF(MLeFNel) WPITF(3,383)
IF(MLeSNel) WRITE(3,3)
IF(NG156(ML)«SQsC) GO TO ©9
NAAK=1
WEITF(S,6) INTE o NAAL s NPLAN2 (ML 1) oNPLAN2 (ML 2) 9 (NFR23T(MLMA)s VA=]
1,20)
WRITF(2,7) INTC:NAAL.NPLANZ(ML.I)oNpLANZ(ML.Q)'(NFD?3T(MlOMA)O”ATI
120)
GO TO &3
39 IF(ML eEQel) WRITF(3,39)
IF(ML eFQel) WRITE(3,3)
TF(NG1S3(ML) sENQ0) GO TO 99
NAAK=1
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‘V:é;F(s.s) lvv:.NAAL.NPLAN?(ML.x).NPLANZ(MI.?).(Nﬁnlsv(nL.nA).MA-l
®
HPITF(2e7) lVTE.NAAL.NPLANQ(ML.I).NPLANz(MLQZ)o(NFRlST(MLoNl)oNASI
1.20)
€6 CONTINUT
IF(NAAK FQo0) WRITI(3.18)
31 CONTINMUE
lF(~Gﬁﬁu9.rq.z.nn.anls.ao.z) 50 7D 100
PC a2 N=1e5
NAAK =0
WRITE (2e8) INTE
NAAL=N+4"
NC 61 11=1,J972
LF(NIPIN2(TE)eFQeN) GO TO a1
an TH (avn.?en.202.203.220.22;.222.223).w

pEEPATATION SUIRAGUTINS PO1S(CALCULATION JF FCISSON
AND NUGATIVE RINOMIAL DISTR [AUTINNS )

200 IF(I11e 1) WRITI (3e5)
IF(ITe" del) WRITE (367)
IF(NXIA((II).!’0.0) GO TC 4l
NTCLTa=NTXP2X(TT)
MAMPA2=NXTAX(TT)
ne. 208 MK=1,20

LY Nuwx(mx):NFNXX(H.MK)

G0 T P06

291 T"(!lo""ol) vir-lT[,(3.1;)
IF(TTeNel) WETTE(363)
IF(N)\LA(!Y)-"CoO) 60 TO 41
NTOTR=N3RONTOLT)
aOMPAD=NYL ACTT)

O 20T MK=1e2C

537 NFFC (MK )=NFOLACTT oMK)
AN TP 200

202 IF(T11eF2e1) W TITE (3e21)
IF(TTet Vel) WP 1TF(3,9)

v (NXTOL [1)e°Qa0) 50 TN a1
'-'VOT‘=N3'¢T"NT(IT)
MrMPAD=NXE C(T])

NN 207 MX=1e20

apa NFE (MK )TNFRTCCTT eMK)
6D Te 206

Dr TE(11eF0el) AFITE(3023)
1IF(IlefNel) ARTTE(3e3)
IF(NXCP(TI)e=060) GC 79 a1
'\l(‘W’A2=\l‘(CF’(Il)

NTATH=NGR 3ANTCIT)
N, 210 MK=1,62C

219 N"'f’f‘:(”K)=’\'F‘JC(‘(lI.‘4'()

aC TN 206

1TH(Tle5Q0l) WEITE(363€)

1IF(11e Nel) wheITE(3:9)

IF(NGABf(ll)oFQoO) GO VT a1

NOMOA 2=NGeaT(TT)

NTCTS=%TITI20 11)

Y]
W
(6]
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NPDIN3=NGR?yv¢]])
DO 224 ML=],3¢

224 NFPO(MK)=NFA127(1]oMK)
GD TDO 227

221 IF(I1eENel) GRITE(3,37)
IF(I1eFQel) WITeE(3,9)
IF(NG1ISS(11)etQe0) GO TO a1
NMIMPAR2=NGIESET ] )
NTCTS=MTOYY 301 )
NUD IN 3=NGRRYNY( 1] )
N 226 MK=z]430

226 NFPJ(MK)=NFUTI 4TI T eMK)
GC TO 227

222 1F(11eFNel) WRITE(3,33)
TFCITefNel) WRITE (309)
IF(NGIS6(IT1)etMeC) GO TO 41
NOMPA2=NGI&G( 3T )
NTCTS=MTOT23¢ 11 )
NOP IMNI=NGRANY(TT)
NC P22 MK=], 20

227 NFPO(MK )=NFRPIT(IT oMK )
G T 222

223 TF(I1T1eFQel) WhITF(3,3%)
TFCITeFNel) WREITF (3,9)
TFANGIS3(T1)eb2e0) GN TN a4}
NIMPA2=NGLIA(TT)
NTOYSH=MTCTISE(TLT)
MOPRINI=NGREST(L])
DO 230 MK=1429

230 NFPO(VMK )=NFOLISTETIeMK)
GO T 227

204 NODIN3I=NTOIN2(TIT)

P27 DL 206 MK=1,7

206 NATL(MK)=NPLAN2(I T ¥K)

NAAK =]
caLt PClS(NW“P\’.“qPINB.NTCTS.NFpOoTQBLanATLoNSDQCoNAAK.NAAL"NTE
1)

41 CONTINUS
IFA(NAAK o“ D60 WIATTF( 3,1P)
WHITE(2417)

42 CONTINUE

100 IF(INUDeRNGY) GI T 25

171 NN 131 M=1,JAM
D0 132 K=1,20
NFE12(MeK)I=0
NFR13I(MeK)=0
NFR27( VK )=)
NFR1&(M kK )=0
NFRCIMK)=C
NFRF (MeK)=C
NFFEX(4eK)=0

132 NFEL(Mex)=C
MTCTI(M)=9
MTOT2(M)=9
MTOT3(M)=C
MTOTa(M)=D
NGP S5 (M)=1
NG SE(MI=D
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131

57

53

25

NGRSS(M)=0
NGRINT(M)=0
NGR2NT(M)=0
NTXP(M)=0
NTXP2(M)=0
NGR1C(M)=0
NGR2C(M)=0
NGR3C(M)=0
NGRAA(M)=0
NGRANT(M)=0
NGRA (M) =0
NGRSNT(M)=0
NGR5(M)=0
NGRSA(M)=O
NGR3NT(M)=0
IF(MCIFQ.0) GO T2 114
IF(MDISe=Q6eC) GI TO 150
IF(INTERNFST) GC TN 114
50 YO 25

NC 62 JJI=1,JF3
DO 64 JK=1,2
NPLAN2( JJ o JK)=0
o0 S7 JUM=1,29
NFR12T(JJeJIM)=0
NFR13T(JJeJIM)=0
NFR23T(JJoJIM)=0D
NFR1ST(JJeJINM)=0
NFRXX(JJeJIM)=0
NFRLA(JI 9 IM)=0
NFREQ(JIoIM)=0
NFRCO(JJIsIM)=0
MTOT1S(JJI)=0
MTOT23(JJ)=0
MTOT13(J3J)=0
MTCT12(JJ)=0
NXTAX(JJI)=0
NTXP2X(JJ)=0
NXLA(JJI)=O
NGRO6NT(JJ)=0
NXED(JJI)DI=0
NXCO(JJ)=0
NODIN2(JJ)=0
NGR7PNT(JJ)=0
NG18B(JJ)=0
NG156(JJ)=0
NG15S(JJ)=0
NGaaT(JJ)=0
NGF55T(JJ)=0
NGRSBNT(JJ)=0
IFCINTERGWNESI) GO TO 25
MCTI=1

LX=0

LXX=0

GC TO 150
RETURN

END
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SUBRCUTINE STATS(NTI¢SXeSXXeNA)

CALCULATE STATS,

FORMAT(//+:45%, *TOTAL NOe OF INSECTS HUES g |
FORMAT( /,45X,*TCTAL NOo NF PARASITES S ,FB,0)

FORMAT (/452X "MEAN PEF INSECT? FR,2)
FORMAT (/452X *SUM OF XX 1 ,S14,6)
FOFMAT(/ 52X s *VARIANCE OF X ,E14,6)
FORMAT( 7o52X 0 *STAND . DEVe 4F18,6)
FORMAT(/352Xe °*STANDe Eo °4518,6)
FORMAT( /452Xs "NJe PARASITISED'417)
FORMAT(/:48X,*PZFCINT PARASITISVMF8,2)
VAR=0,

.ECA=CQ

=CM=0,

XM=,

IF(SX eEQe0e) GO TO 34
IF(NTI.LF.1) GO TN 22

VAR=(NT [ S XX=-SX*22) /(NTIs(NTI=1))
ECA=SQRKT(VAR)
ECM=ECA/SNET(FLOAT(NTL))

IF(NTIEQeQ0) GO TN 34

XM=SX/NTI

OUTPUT STATS,

WRITFE(3,6) NTI
WRITFE(3,7) SX
WRITF(3,8) XM
WRITF(3,S) SxXx
WRITE(2,10) VAR
wFITE(3,11) =Ca
WRITF(3,12) =CM
PERC=(NA/FLOAT(NTI))?*100,
WRITE(2,13) NA
WRITE(3,14) PFRC
PETUPN

=ND
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URRNUT INC DﬂlStnnpr’.nonlNJ.NvﬂvsoNFPO.VABLE.NAYL.NSPtC.NAAK-NAA
Lo IMYT)

QF AL ™9 v.vv.1|K.Ax.Axigvcvlo'CYZoYCl oZYOTSQIoP(QO’oAN0(20’oC“lP‘3
:a).*|ap.op.\cc.VC6.rzt.xc4.YCCSopP!oAcﬂllo'l‘oS'G-ﬂ-"Nlte“?OB""
IIFENSINM NFDL(20).1AFLE(20.3i.NAYL(Z).JCRG?OD
r;pv.qu1?.!?.6!.'19'.!2.)!.]3.!0!.!5.‘2!0!3oﬁlo'70"
FREMAT(IHO o TS50 0> 100 222°)

FOEMAT(ING e T34 7e8)

FORMAT (1™0eT 347 Pe80°" °)

FAEMAT(IHG o T8 oF Pod o *® )

COPMAT (10 ¢T38 eFTo8 o2 %0)
Fqlul'q151.l’.)l’.'lh'.|2.6x.50.b.’(lZl.l3))
FC:MAY(}(l?.?ll.'lﬂ'olZ.‘(Z!ol‘))

FraVATE 1R TN7,°> 100 vs0ya7133¢1203%X012)
Fnswavtxuo.vtc.=7.4.1|09.!2.°lol2’

‘fﬁ"A"“"tv )._.p7.‘.l--' ..Y‘GQQl’..qx.l’,
TPFUAY(XnQ.Y)r.ﬂ?.Q."-'.1103o|209‘o'2)

FORMAT (108 eT 30 eF Tel o= T200e1207%e12)

PY(TI=NTINTS

AEM ENTMIA/FLUATINCDIND)

PYTOLATION R BATSSIN NISTR IIUT IMNe ZALCULAYTEL EXPINENY ooxoo
e INERTICILY AS Y BN PR TGRAM)

VaE P o CNCNCCIICH

VV:IC.(')(‘(‘CC'SCPQ

ANBNLICANCCECION
vc.zo.ﬂrnrcaonuc

€=( e0LEICICHIC
ARzANGZ T TELLYSXR)

BTl St |

n=nd0%e

7(1|;p4rnr‘('\'l)

(T TRIA KRS

703222777 3=%CN

AN=AXNOT~T2(VeN)

Alnsvrnlw'-()l‘GCl.odl&lv))
xrlcllcs:-l.L’.).t ot TN 338
Y‘OV.’.')o‘v;o’ 6Y Y 33°

rEQYVYel "ol eNCCIYY 30 T 132

vaYeVY

vYzVYooel

Y=V=VY

Gor °r 11?7

V=VeVYVY

1P 4YeGTeNe) 57 TC 117

(,; * ‘11

“Mi=1

e ae NNY=1e2)

(PN D=Ce

ANT (NN D200

rei20MNDEYe

NAFP =0

1Ca=Co

nNeNe

S1GP=0e
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BN1=DGAMMA(ACR1141)*DGAMMA(Y)
BN2=( 1. +BIK/Y) *%Y

BNN=BN248N1
P(LD)=B/BNN
ANO(LD)=NIDIN3 2B/ 3NN
IF(ANAO(LD) eGEele) GC TO S10
P(LD)=0,

ANO(LD)=0.

LO=LD-1

LOD=LD~-1

IF(LDDeEQsO) LDD=1

DO 599 JUM=1,LDD
599 PPI=PP14+P(JM)

CALCULATE PROPABILITIES, O TO N

IF(LD.EQe0) LD=1
P(LD)=1,.-PP1
ANC (LD)=NONDINZ=P(LD)
DC 529 12=LD,20

S29 TCCI=TCC14NFPO(IQ)
XC4=TCC1-AND(LD)
CHIP(LD)=XCa*XC4/ANO(LD)
GO TO S16

510 WZE=NFPI(LD)
XC4=WZE-ANG(LD)
CHIP(LD)=XC4axXCa/AND(LD)
LC=LD+1
IF(LDeLE+20) GO TN 504

CALCULATE DEGREES OF FRFEDOM FIR NIG.RINOMI AL

516 DC 512 NY=1,LD
512 SIG=SIGH+CHIP(NY)
NDFN=LD-2

OUTPUT FOR POISSON AND NEGeBINOMIAL
DISTRIBUTION , K AND DEGREES IF FRSESJOCM FOR FACH.

WRITE(3s11) NATLGNODIN3 JNTOTS,NOMPA2 .Y
WRITF(2,26) INTE NAALSNATL,NODIN3NTITS,NOMPA2
NAAK=1
IF(NCFP.LF.0) GO TN 800
IF(SICP.GT+100.) GO TN 799
IF(SIGP «LT.TABLE(NDFP,1)) GO TN 800
IF(SIGP «GE«TABLS(NNDFP43)) GO TO 801
IF(SIGP «GZ« TABLE(NDFP,2)) G0 TN £02
IF(SIGP «GE«TARLE(NDFP,1)) GO TO 803
739 WRITE(3,12)
GO TO 140
800 WRITE(Z,13) SIGP
GC TO 140
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ACC=0.

CALCULATE PRNBABILITIES, 0 TO N

p(Ml)=DEXp('QIK)

GD 7O 413
P(M!)=p("1-l)*BIK/FLOAT(MI°1)
AND(UI)=p(MI)*NODIN3
lF(ANC(Ml).GEo1.) GO TO 415
P(MI)I=0.

ANO(MT )=0e

MI=MI-1

MIi=MI-1

IF(MII1.5Qe0) MII=1

DO 100 JP=1,MIT

PP=PP+P (JP)

IF(MI sEN.0) MI=1
P(MI)=1.-PP
ANC(MI)=NOQIN3*D(WI)

PO 31 1w=MI,20
ACC:ACC#NFPO(IW)
TC4=ACC—ANO(“Y)
CHIP(MY)=TC4’TC4/AVJ(MI)
GC TN 416

CZE=NFPI(VI)
YCa=CZF-ANO(MT)
CH]P(M‘)=T(°‘TC4/ANO(MI)
MI=MI+1

IF(MI sL.5e20) GO TO 414

CALCULATF DFGKEES OF FREFDOM FNR POISSON

PP 44 NR=1.MI
SIGP=STGP+CHIP(NF)
NOFF=MI-1

nDO 84 I3=1+29
JCP(1R)=0
JCR(IR)=13=1
P(IR)=0.

ANO( [83)=00,
CHIP(IR)=0.
LoO=1

XC4=0e

NDFN=0

SIG=0.
TCC1=0o,
PP1=0e

ITERATINON FOR NEGATIVE BINOMTAL

ACR11=JCR (L)
q=DGAMMA(Y¢ACPII)*((BXK/(Y+BIK))*‘ACRII)



801

f0.2

303
140

142

143

144
145

146
41

Appendix IV (Cont'd)

WRITE(3,16)SIGP
GC TC 180

WRITE(3,15) SIGP

GO TN 140

WRITE(3,14) SIGP
IF(SIGeGT100e) GO TO 142
ITF(NDFNoLEO) GO TO 143
IF(SIGeLTTABLE(NDFN,1)) GO
IF(SIGeGF « TARBLFE(NDFNs3)) GO
IF(SIGeGF e TABLE(NDFNs2)) GO
IF(SIGeGF e TABLE(NDFNS1)) GO
TF(NDFNeLE«O) NDFN=0
WFITE(3,147) NDFP JNDFN

GC 7O 41

IF(NDFN,LE e0) NDFN=O0
WRTITE(2:14€) SIGyNDFP,NDFN
GO TN 41

WRTITF(3,14S) SIG,NDFP,NDFN
GC 10 4l

WRTITE(3,150) SIGeNDFP(NDFN
GO T2 ay

WRITE(3+151) SIGINDFP(NDFN
RETURN

FND

TO
TO
TO
TO

143
144
145
146



DIMENSION
AND
FORMAT

CALCULATE 57
No/STUDY
AREA/YEAR

catcuLate| 98

Appendix V

HEADING

oOuUTPUT
HEADING

OF MATRI-
CIES

MATRICIES
IN PART=O

REMAINDER
OF MATRI-
CIES=0

T

114
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TAB3

DIMENSION

500

ALCULATE
Nha, 3X AND

sx2 FOR
STATS

DIMENSION 90
ALL PLOT-
YEARS 191

OUTPUT
HEADING

&uanourlnz
CALL
STATS

OuUTPUT
FREQUENCY
FOR EACH

REPARATION 200

OF PROBABI-
TY FUNCTION

206

I

MATRICIES
IN PART:-O

YES
REMAINDER

MATRICIES=0O
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POIS
(START )
|

DIMENSION

AN D
FORMAT

1
ITERATE FOR
K OF NEGA-
TIVE BINO-
MIAL

1
ITERATE FOR
X2 AND d.f.

FOR POISSON
DISTRIBUTION
I

I TERATE FOR
X2 AND d.f.
FOR NEG.BI-
NOMIAL DIST.

OUTPUT
STUDY AREA,

Y E AR’NO’Nha!
Na, K

OUTPUT
X2 FOR POIS

SON +N.BINOMH

RETU RN)

1

C
(ewo

n9

86
44

509
512

41
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