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ABSTRACT

SPATIAL AND TEMPORAL POPULATION ANALYSIS 

OF THE ONION MAGGOT (Hylem ya an tiqua 

(Meigen)), IN MICHIGAN

by

G ary Hugh W hitfield

The onion m aggot, Hylemya an tiqua  (Meigen), is the  m ajor pest of onions in 

M ichigan. This study investigated  the  spa tia l and tem pora l c h a rac te ris tic s  of the 

various life -s tag es  of the  onion m aggot and th e ir  im p ac t on the  crop. 

E m ergence, fligh t behavior, phenology and m o rta lity  of im m ature  s tages, onion 

p lan t dam age, and th e  seed -co rn  m aggot, Hylem ya p la tu ra  (Rond.) w ere 

investigated . A population model for the  onion m aggot is p resen ted  and 

sim ulation runs a re  com pared to  field  da ta .

E m ergence resu lts  suggested  th a t m ore in form ation  than  just soil or a ir 

degree days is needed for p red ic ting  adu lt em ergence . A dult fligh t curves w ere 

obtained  by using a  tem p e ra tu re  ad justm en t techn ique which accounted  fo r 

w ithin day tem p e ra tu re  changes and n a tu ra l diurnal rhythm . Fo liar pestic ides 

applied to con tro l adult populations w ere shown to  be in e ffec tiv e .

Only tw o genera tions of la rval a c tiv ity  w ere found to  norm ally occur on 

th e  onion crop. The th ird  larval gen era tio n  occu rred  in cull onions or onions not 

h arvested  un til la te  in th e  year. High pupal m o rta lity  due to  superparasitism  by 

A leochara b ilin ea ta  (Gyll.) was ev ident w here onion fields had not received  a 

g ranu lar in sec tic ide  application . O verw in tering  m o rta lity  was found to  be



constan t for all te s t  conditions, and frequency  of diapause was low during the  

f ir s t  and second generation  o f pupae.

Onion p lant dam age was found to  occur in a  random p a tte rn  early  in the  

season and in a contagious p a tte rn  la te r  in the  season. P resence  of vo lun teer 

onions in th e  spring a ffe c te d  probability  of onion plant dam age. F irs t and second 

generation  dam age was not reduced  by fo liar insec tic ide  sprays applied to  

con tro l adu lt populations. W ithin- and be tw een-fie ld  p lan t dam age surveys 

provided in form ation  on am ount o f onion p lan t dam age by th e  onion m aggot 

throughout th e  season in Michigan.

Seed-corn m aggots may be p rim ary  invaders of onions early  in the spring. 

Adult populations w ere found to  be highly c o rre la ted  w ith adu lt onion m aggot 

densities.

A population model accu ra te ly  track ed  onion m aggot adu lt em ergence 

a f te r  incorporation  o f adu lt m o rta lity  by Entom ophthora m uscae (Cohn). Adult 

fligh t curves and phenology of im m ature  s tag es  w ere com pared to field  resu lts; 

genera l ag reem en t was evident.
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I. INTRODUCTION

For the past tw o decades, th e re  has been a lo t of controversy  surrounding 

the use, and sole re liance  on, pesticides to  con tro l in sec t populations in 

ag ricu ltu re . Shortly a f te r  World War II, problem s associated  w ith the excessive 

use of chem ical pesticides, such as re s is tan ce , resurgence, b iom agnification , and 

environm ental con tam ination , occurred , and the  general public as well as the  

sc ien tific  com m unity began questioning the  w holesale use of pestic ides. In the  

1960's, th e  questions becam e the  c a ta ly s t for a new philosophy of " in teg ra ted  

co n tro l1’—"in teg ra ted  pest m anagem ent."

In teg ra ted  pest m anagem ent (IPM) was, and still is, widely recognized as a 

necessary  a lte rn a tiv e  to  the pestic ide  dilem m a (P im entel e t  al. 1965, Rabb and 

G uthrie  1970, G eier 1966, Tum mala and Haynes 1977). This approach for 

suppression of in sec t populations m akes use of th e  many re c en t advances in 

various techniques of in sec t con tro l. O ver th e  past tw en ty  years, th e re  has been 

an increase in resea rch , developm ent and use of biological contro l m ethods, 

genetic  contro l techniques, cu ltu ral con tro l m ethods, use of a t tr a c ta n ts  and host 

plant res is tan ce . P rogress and success in these  a reas  of in sec t con tro l allowed 

for developm ent of a lte rn a tiv e  in sec t con tro l program s and Jed to m ore judicious 

use of chem ical in sectic ides.

Many previous con tro l program s involving w idespread use of non-selective 

chem ical in sectic ides have been rep laced  by in teg ra ted  co n tro l program s. 

Success of som e of these  program s, how ever, has been lim ited  due to  a  v a rie ty  of 

reasons: 1) they  focused only on using the pestic id e  less, 2) m ore o ften  than not, 

no biological in form ation  on the  insects a ffe c te d  by th e  pestic ide  was co llec ted  

or used in im plem enting the program s, 3) a  single m ethod of con tro l was used

1
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in stead  of se lec tion  and in teg ra tion  of several contro l techniques, and 4) they 

failed  to  use a  m ulti-d iscip linary  approach th a t  would exam ine and consider all 

b iotic and ab io tic  p a ram ete rs  when designing the contro l program s. In som e 

cases, con tro l program s w ere designed by resea rch ers  from  severa l disciplines 

who worked on the sam e crop or s e t of problem s. Each ta c t ic ,  how ever, was 

researched  as if it was the only answ er to  the problem . The resu lt was o ften  a 

m ultid isciplinary  approach w ith  no provision for in teg ra tin g  the  many contro l 

techniques (see Haynes e t  al. 1980).

R ecently , a transdiscip linary  approach to  in sect con tro l has been suggested 

which enables re sea rch ers  to  in teg ra te  d iffe ren t in sec t suppression m ethods 

when developing a con tro l program . A "w ide-area" view of the  whole ecosystem  

and analysis of how the  d iffe ren t m ethods of con tro l a f fe c t  the  dynam ics of pest 

populations a re  used to  de te rm in e  which con tro ls a re  best su ited  and how they  

should be in teg ra ted  or sequenced for use. This approach channels the various 

con tro l techniques in to  m ore com prehensive s tra te g ie s  based on the ecological 

c h a ra c te r is tic s  of the  to ta l ecosystem . This view, ecosystem  analysis, has been 

pu t fo rth  by several au thors over th e  past decade and is now replacing  m ost 

conventional pest-c ro p  studies (Rabb 1978, P rice  1975, Haynes e t  al. 1980, Dantsch 

1970, Rabb e t  al.).

Ecosystem  analysis in ag ricu ltu ra l system s encom passes the  sam e basic 

eco log ical principles used for any ecosystem . The m ajor d ifference  is th e  g re a t 

im pact th a t  man him self can ex e rt. To produce maxim um  crop yield, man 

usually a lte rs  the  agroecosystem  w ith trem endous energy inputs of fe r til iz e rs , 

irr ig a tio n , re s is tan t p lan t v a rie tie s , pesticides, e tc . O ften  th ese  inputs a re  used 

to  d ire c t eco logical processes so a  desired resu lt occurs (Rabb e t  al. 1974).
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Haynes e t  al. (1980) described inputs of pestic ides or fe r til iz e rs  as d irec t 

con tro ls and those o f parasitism  and predation  as ind irec t con tro ls. They 

suggested  th a t d irec t con tro ls can cause m ajor disruptions in the  ecosystem ; 

w hereas, in d irec t con tro ls, w hile being very  sensitive  to  ecological processes, 

usually do not. The changes caused by and th e  e ffe c ts  of such d ire c t controls, 

th e re fo re , need to  be determ ined  and exam ined in addition to  the  n a tu ra l 

processes occurring  in the  ecosystem .

The onion agroecosystem  is an exam ple o f where d irec t con tro ls have been 

used for th e  p ast 50 years. Haynes e t  al. (1980) chronicled the  evolution o f 

pestic ides used as con tro ls on th is crop in the  U nited S ta tes . In the onion 

agroecosystem , in sec ts  and weeds a re  the  tw o m ajor organism s for d irec t 

con tro ls. C rop loss due to  pestilence  is e s tim a te d  to  range from  10 to  40%. The 

onion m aggot, Hylem ya an tiqua  (Meig.), here in  re fe rre d  to  as OM, has been 

described  as the m ajor pest in the  production o f onions in many a reas  of N orth 

A m erica (H arris and Svec 1976, Eckenrode e t  al. 1975, G uyer and Wells 1954, 

E llington 1963, C arru th e rs  1979). C hem ical in sec tic ides w ere and a re  the  

prim ary  d irec t con tro l. The OM developed re s is tan ce  to  chem ical insectic ides 

which led to  increased  app lications, higher dosages and new compounds.

Insectic ide  re s is tan ce  by th e  OM has been docum ented  by severa l au thors 

over th e  la s t ten  years. Brown (1971) lis ted  e igh t species of soil insects th a t  had 

developed re s is tan ce  to  DDT, including the  OM. Guyer and Wells (1959) rep o rted  

poor con tro l of OM in M ichigan by DDT and re s is tan ce  to  DDT by OM was 

docum ented by H arris and Svec (1976). Cyclodienne in sec tic ide  re s is tan ce  by 

OM also developed. H ow itt (1958) f irs t rep o rted  cyclodienne re s is tan ce  in OM in 

W ashington S ta te , and c ro ss-res is tan ce  over the  whole cyclodienne group of
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in sec tic ides has now occurred , including res istan ce  to  dieldrin, aldrin , hep ta- 

chlor, chlordane, endrin, and lindane. H arris and Svec (1976) noted  th a t  field 

s tud ies conducted in all onion growing a reas  of the  U nited S ta te s  revealed  poor 

onion m aggot con tro l by cyclodienne compounds betw een 1954-1960. R ela ted  

species of roo t m aggots also w ere shown to  be re s is tan t to  the  cyclodienne's, 

including th e  cabbage m aggot (Hylem ya b rassicae  (Bouche')), tu rn ip  m aggot 

(Hylem ya flo ralis  (Fallen)), and seed-corn  m aggot (Hylem ya p la tu ra  (Rond.)) 

(H arris 1977).

In th e  1960's, the  ch lorinated  hydrocarbons and cyclodienne insectic ides 

w ere rep laced  by organophosphates and carb am ates. Ethion, diazinon, phora te , 

and para th ion  w ere th e  f irs t to  be used. H arris (1977) rep o rted  res istan ce  to  

organophosphate compounds in th ree  soil in sec ts , including the  OM. He repo rted  

th a t  se lec tio n  for OM resis tan ce  to  the  organophosphate and carbam ate  

compounds occu rred  because th e  insect is confined to  a  single host, has severa l 

g enerations per year, and each  generation  is co nstan tly  sub jec ted  to  in tense 

in sec tic ide  pressure.

H arris and Svec (1976) rep o rted  increased  res is tan ce  by th e  OM to  both  the 

organophosphate and carb am ate  insectic ides. The th iophosphate, Dyfonate® 

(fonophos) is p resen tly  being used (1977-81) in m ost onion production areas for 

chem ical con tro l of the  onion m aggot (Michigan, New York, O ntario), and 

although adequate  con tro l is s ti l l  dem o n stra ted  by use of th is compound, i t  m ay 

follow  the  course of the  previous recom m ended m a te ria l, Dasanit® 

(fensulfothion), which, through re p e a te d  use and re su ltan t res is tan ce , becam e 

in e ffec tiv e .

In addition to  in sec tic ide  re s is tan ce , o th e r b io tic  com ponents of the  onion
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agroecosystem , including weeds, diseases, and nem atodes, a re  exhibiting sim ilar 

con tro l problem s (Haynes e t  al. 1980). H erbicides and fungicides a re  applied a t  

th ree  to  seven day in te rva ls  from plan ting  d a te  to harvest and o ften  nem aticides 

a re  used to  fum igate  the  soil following onion harvest in p reparation  of ro ta tio n  

w ith ca rro ts  (two to  four year ro ta tio n  w ith onions). Weed res is tan ce  to  2,4-D 

has been  rep o rted  (Hopen 1972) and res is tan ce  to  D ithan M-45, used to  con tro l 

onion le a f blight (B otrytis squam osa) has also been noted  (Lorbeer, 1977, pers. 

com m ., D ept, of P lant P ath ., C ornell Univ.). P ast and p resen t onion crop 

production has been and is dependent on high energy inputs of fe rtilize rs , 

re s is ta n t v a rie tie s , pesticides, and high level m echanization . These production 

p ra c tice s  d irec tly  depend on dwindling fossil fuel energy  and new chem ical 

compounds. The econom ics o f developing new pestic ides, com bined with 

re s is tan ce  to  existing chem icals and an aw areness of the  d e trim en ta l e f fe c ts  on 

the  environm ent, a re  forcing re sea rch ers  to  re-exam ine cu rren t con tro l system s 

in com m ercial onion cu lture.

The fu tu re  o f pest con tro l in the onion agroecosystem  lies p rim arily  in how 

con tro ls a re  used. Single s tra te g y  pest co n tro l ex erts  trem endous se lec tio n  

pressure for adap ta tion  to  the exposed organism  and provides l i t t le  to  no 

flex ib ility  to  account for s to ch astic  and regional varia tion  in w eather and field  

conditions (Tum m ala e t  al. 1975). O ften , l i t t le  to  no inform ation  is co llec ted  on 

p est density , d istribu tion  (spatia l and tem poral), ra te , tim ing and spread  of 

dam age to the  crop, and how this a ffe c ts  the  success of the  con tro l m easures. 

One o f the  requ irem en ts for developing sound p est m anagem ent program s is 

having a ccu ra te  e s tim a te s  of pests or n a tu ra l enem y population densities, as well 

as re liab le  assessm ents of p lan t dam age and re su lta n t e ffe c ts  o f con tro l
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program s. B iological m onitoring, described as one of th e  w eakest e lem ents in 

la rg e -sca le  re sea rch  program s, is essen tia l for successfu l on-line p est 

m anagem ent for on-line resea rch  in populations and com m unities (Rabb 1978).

In 1976, a p ro jec t was in itia ted  a t  M ichigan S ta te  U niversity  to  study th e  

onion agroecosystem . The overall ob jective was to  conduct an ecosystem  

analysis to  define and investiga te  the  b io tic  and ab io tic  com ponents of the  onion 

system . This included a  study of the  ecological processes occurring, and fac to rs  

determ in ing  or a ffec tin g  the  processes and th e ir  outcom es. Several investigato rs 

w ere involved in the study, and each in v estig a to r was responsible fo r a specific  

area , but inform ation  flow and cooperation  betw een investiga to rs  was m anda­

tory.

This thesis prim arily  addresses th e  population dynam ics of the  OM, 

p articu la rly  the  sp a tia l and tem poral dynam ics of the  OM population in Michigan. 

The m ajor ob jectives of this study were: 1) to  in v estig a te  and explore the  w ithin 

and betw een generation  dynam ics o f OM life  s tag es  (firs t tw o generations), 2) to  

de term ine  fac to rs  a ffec tin g  survival, 3) to  exam ine the  sp a tia l and tem poral 

d istributions of th e  OM and re su ltan t onion p lan t dam age and, 4) to  docum ent the 

many b io tic  and ab io tic  fac to rs  and th e ir  in te rac tio n s  th a t a re  involved in the 

onion agroecosystem . In te rac tions of th e  study organism  (OM) w ith th e  host 

p lan t and o th er crops and species w ere investigated  w henever possible.

In addition  to  th ese  ob jectives, a biological m onitoring program  on a 

regional scale  was conducted. This e ffo rt provided in form ation  on onion m aggot 

densities both  w ithin and betw een fields and also provided in form ation  on the  

e x ten t and d istribu tion  of OM plant dam age in M ichigan.

I t was fe lt  th a t  stud ies on the  population dynam ics o f th e  OM and a
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regional biological m onitoring program  would provide som e answ ers to th e  many 

questions regard ing  OM population m anagem ent. A ccura te  e s tim a te s  o f 

population density  and the tem poral d istribu tion  o f the  various age classes a re  

necessary  in all in sec t population studies. An understanding o f the sp a tia l 

d istribu tion  of host p lan t dam age and fac to rs  determ in ing  or a ffe c tin g  th is  

d istribu tion  a re  also needed. The d istribu tion  o r disposition of an organism in 

space can a f fe c t  sam pling program s, m ethods of d a ta  analysis and can  be used as 

m easures of population size and condition of th e  population (Southwood 1978). In 

the  past, l i t t le  work has been  done on quantify ing  the  tem poral d istribu tion  of 

the  b io tic  com ponents of th e  onion system . Inform ation  on the  d istribu tion  o f 

the  life -s tag es  in tim e  and space is needed fo r form ulation  of m anagem ent 

program s.

The onion agroecosystem  p ro jec t encom passed severa l d ep artm en ts  and 

re sea rch ers  in th e  university  who worked to g e th e r to  understand  ecosystem  

in te rac tio n s. Inform ation  from  this study has gone into a  common pool of 

inform ation  from  which new m anagem ent ta c t ic s  may be developed. A system s 

point of view has been em ployed to  in te g ra te  the various con tro l techniques in to  

a com prehensive understanding based on th e  eco log ical c h a rac te ris tic s  of th e  

ecosystem  and dynam ics th a t ex ist betw een the  pest and th e ir  environm ent. This 

thesis  also provides som e of the  biological p a ram e te rs  necessary  fo r inclusion in 

this m anagem ent program .

II. BACKGROUND

A. Onion Maggot

The biology of the  OM and contro l m easures used in the  past have been 

well rev iew ed by many authors, notab ly  Loosjes (1976), Doane (1953), Tozloski



8

(1954), Perron and L aF rance  (1961), Perron  (1972) and Ellington (1963), and S co tt 

(1969) published an ex tensive bibliography for Hylem ya an tiqua  (Meig.)

A lthough Hennig (1974) p laced  the OM in the genus D elia , re c e n t l i te ra tu re  

suggests th a t  i t  is s ti l l  considered to  be in th e  Hylemya genus. At le a s t fo r ty -  

nine species of this genus have been recorded  in M ichigan (Appendix A) o f which 

sev e ra l a re  considered to  be im p o rtan t pests on ag ricu ltu ra l crops. A d e ta iled  

descrip tion  and key to  the  genus is given by H uckett (1971).

1. Adults

The OM overw in ters as a  diapaused pupae and em erges in the  spring. The 

firs t em ergence  is re fe rre d  to  as the  f irs t generation  fligh t in this rep o rt. The 

eggs and re su ltan t la rvae  from  th is generation  have been described as the f irs t 

la rv a l brood (Eckenrode e t  al. 1975). F u rth e r fligh ts and larval generations a re  

nam ed accordingly. There a re  typically  th re e  genera tions o f fligh t and th ree  

larval broods each  year in Michigan.

Very l i t t le  q u an tita tiv e  work has been done on th e  behavior of OM adults in

the  field. The m ost ex tensive re sea rch  was conducted  by Loosjes (1976), who

presen ted  resu lts  of d ispersal experim ents using m ark -recap tu re  techniques. He

rep o rted  th a t dispersal ra te  was tem p era tu re -d ep en d en t, but independent of wind

direc tion . T hirty -seven  p e rcen t o f the  fem ales and 50% of th e  m ales w ere found

to  em ig ra te  a f te r  em ergence. Fem ale  m igration  decreased  during oviposition

and m ating. Loosjes (1976) also rep o rted  th a t adu lt d ispersal was 2.5 tim es

g re a te r  outside onion fields than  w ithin the  field . In any one onion field  the
o

average  diffusion co effic ien t was 2000 m /day; how ever, in an a re a  

encom passing m ore than  one fie ld  and w ith an av erag e  onion fly density , th e
9

diffusion co effic ien t was 3600 m /d ay  (Loosjes 1976).
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Several au thors have observed th a t OM adults feed  ac tiv e ly  on flow ers or 

weed pollen following in itia l em ergence  (Baker 1928, Maan 1945, Rygg 1960, 

C arru th e rs  1979). Fem ale OM have been described  as being an anatogenous, 

requiring a p ro te in  source before  egg laying can occur (M issonnier and S tengel 

1966, M issonnier 1967). Maan (1945) rep o rted  th a t adu lt OM in the  fie ld  live 

from  th ree  to  four w eeks. Loosjes (1976) p resen ted  survivorship curves for adu lt 

OM and rep o rted  th a t 5096 o f the adults of the  f irs t generation  died in ten  days 

and 5096 of th e  adults of the  second gen era tio n  died in seven days. He suggested 

th a t the  g re a te r  m orality  in th e  second generation  was due to  higher in fec tion  by 

Entom ophthora m uscae (Cohn). He also s ta te d  th a t the  field  survivorship resu lts  

ag reed  reasonably  well w ith those of lab o ra to ry  experim ents and the l i te ra tu re  

on re la te d  species (R ockstein and Miquel 1973).

2. Im m atu re  S tages

Eggs o f th e  OM are  laid  in the  soil around the  base of th e  onion plant or on 

the  leaves o f the  p lan t itse lf . Eggs a re  norm ally  la id  in groups of th ree  to  six, 

and oviposition occurs repeated ly  during the  life  of the  fem ale  fly (K arum a e t al. 

1972). R equired degree-day  accum ulation  for eclosion was rep o rted  by C arru th ­

ers (1979) to  be 50 degree-days w ith base te m p e ra tu re  of 3.88° C. Oviposition on 

previously dam aged onions was o ften  observed  (Workman 1958, A rm strong 1924, 

Loosjes 1976, C arru th e rs  1979). Perron  (1972) rep o rted  th a t  healthy, m atu re  

onions are usually not a tta ck e d  by larvae  during the  second generation , and G ray 

(1924) rep o rted  th a t OM o ften  oviposit on flacc id  onion leaves or w here dense 

onion fo liage occurs. Perron  (1972) also rep o rted  th a t g re a te r  densities of eggs 

w ere found on onions p lan ted  a t higher densities, but noted  th a t  the  num ber of 

eggs per p lan t rem ained  th e  sam e regard less of p lan ting  density . Several au tho rs
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have suggested  th a t onion volatiles a t t r a c t  adult fem ale OM for feeding  or 

oviposition (M atsum oto 1970, Dindonis and M iller 1980).

Ellis e t al. (1979) investigated  the  influence of onion cu ltivars and th e ir 

m icrobial colonizers on res istan ce  to  th e  OM. They rep o rted  th a t p lan t density , 

age, and degree o f m icrobial a c tiv ity  regu la ted  OM oviposition, and they 

suggested th a t OM populations may be m anaged in the  fu tu re  by m anipulating 

the  m icro-organism s responsible for the in te rac tio n s  th a t a f fe c t  oviposition.

Survival for the  im m ature  stages has been in v estig a ted  in th e  labo ra to ry  

and under field conditions. Hum idity and soil m oisture can a f fe c t  egg develop­

m ent or surv ival (Eyer 1922, Baker and S tew art 1927, E llington 1963, Workman 

1958). W orkman (1958) rep o rted  th a t 10% soil m oisture in muck soil was 

required  for optim um  eclosion. He also repo rted , however, th a t  although low soil 

m oisture delayed eclosion, when soil m oisture was increased  a f te r  a  period of 

dryness, eclosion occurred  w ithin 20 to  30 m inutes. Maan (1945) questioned 

w hether a  dew in the  m orning could provide the  required  m oisture fo r eclosion to 

occur. E llington (1963) p resen ted  resu lts  o f egg developm ent under d iffe ren t 

tem p era tu res  and rep o rted  th a t a t  a zero  vapor pressure d e fic it, eclosion 

increased  w ith a decrease  in tem p e ra tu re  from  90° to  50° F.

The survival ra te  of OM larvae  also appears to  depend on soil m oisture and 

te m p e ra tu re . W orkman (1958) rep o rted  th a t 23% soil m oistu re  in muck soil was 

needed for survival of one day-old f irs t in s ta r OM larvae  and th a t when soil 

m oisture was below th is minimum, la rv ae  w ere only ab le to  trav e l a short 

d istance  before dessication  led  to  death .

OM la rvae  feed  d irec tly  on the  tissue of the  onion bulb. Depending on the 

larval s tag e  of developm ent, they  m ay m ig ra te  to  o th e r onions especially  when
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onion bulb volume is sm all. D egree-day requ irem en ts for com pletion of the  

th re e  la rva l in s ta rs  w ere rep o rted  by C arru thers  (1976) to  be 37, 89 and 161 

degree-days (4.4° C).

Third in s ta r la rvae  pupate in the  soil a t  a  depth of five to  fif te e n  cm. 

D iapause in th e  pupal stage  has been rep o rted  to  be induced by low tem p era tu res  

and short day leng th  (M acLeod 1965). Various observations on the  frequency of 

d iapause or aes tiv a tio n  w ithin the  onion growing season have been rep o rted  

(Miles 1955, Rygg 1960). Perron and L aFrance (1961) rep o rted  diapause 

p e rcen tages of 0-19, 43.5-91 and 99-100 for the  th ree  generations of the  OM in 

Q uebec. Loosjes (1976) rep o rted  diapause percen tages of 21.9 and 84.6 for the 

tw o generations o f OM in the N etherlands; how ever, his resu lts  w ere highly 

variab le, and he suggested  fu rth e r experim ents w ere necessary  before  any 

d efin ite  conclusions could be m ade. D egree-day requ irem en ts fo r pupal s tag e  

com pletion w ere rep o rted  by C arru thers  (1979) to  be 306 degree-days a t a base 

tem p e ra tu re  of 3 .88°C (39° F). These resu lts  agreed  w ith Eckenrode e t al. (1975) 

who rep o rted  a  base tem p era tu re  of 4.4° C (40° F) for OM pupae.

A biotic fac to rs  also have been shown to  a ffe c t OM pupal em ergence, adu lt 

survival and ac tiv ity . A ccording to  E llington (1963), maximum survival of pupae 

(50% or m ore) occu rred  betw een 60-90° F. He also rep o rted  th a t no adults 

em erged a t  90°F under all m oisture conditions, but th a t  the  survival ra te  

decreased  under low tem p e ra tu res  and higher m oisture s tresses. Baker and 

S tew art (1927) rep o rted  th a t maximum em ergence from OM pupae occurred  a t 4- 

1696 soil m oisture. L ittle  to  no em ergence occu rred  in soil th a t had been oven 

dried. Workman (1958) found th a t lab o ra to ry -rea red , adu lt flies  lived betw een  77 

and 101 days for m ales and fem ales, respec tive ly . Miles (1955) concluded th a t
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70° F was necessary  fo r oviposition to occur, and Maan (1945) observed th a t cold 

tem p e ra tu res  decrease  fly ac tiv ity  and oviposition betw een  50-70° F . Ellington 

(1963) rep o rted  th a t m ales tended  to  em erge  approxim ately  one day before 

fem ales, but m ale longevity  was less than  fem ales. Adult longevity  ranged from  

one day a t  90°F to  84 days a t  60°F. He also s ta te d  th a t  the  maximum num ber of 

eggs w ere oviposited a t  70° F and 10 mm vapor pressure d e fic it. A low er vapor 

pressure d e fic it (5 mm) resu lted  in the  m ost eggs being la id  a t  60-70°F. 

Ellington (1963) also found th a t the  preovipositional period decreased  from  22 

days a t 50° F to  2 days a t 90°F.

Perron  and L aFrance (1961) exam ined the  survival of the  OM im m ature  

s tag es  in th e  field  under caged conditions. They developed life -tab le  inform ation  

on population increase, longevity  and densities  of age-specific  stages. Three 

genera tions per year w ere rep o rted  as occurring  in Quebec; the  highest popula­

tion  increase  occurred  during the  second generation , w hereas th e  low est 

occu rred  during the  th ird . They suggested the  second g en era tio n  was th e  m ost 

im p o rtan t in te rm s of species survival since i t  had the  highest population 

increase  and con tribu ted  th e  g re a te s t num ber of overw in tering  pupae. Loosjes 

(1976) fe lt  such resu lts  could not be re la te d  d irec tly  to  field  s itua tions and 

fu r th e r questioned Perron 's subsequent fie ld -o rien ted  s tud ies  by saying they  

lacked  a  p rec ise  sam pling m ethod and contained  con flic ting  evidence. Perron  

(1972) rep o rted  fie ld  m o rta litie s  of 45-78% fo r th e  egg s tag e , 74-96% fo r th e  

la rv a l s tag es  and 56-84% for the pupae s tage ,

Loosjes (1976) described tw o full la rv a l generations and a  p a rtia l th ird  for 

the  onion m aggot in the N etherlands. He conducted  prelim inary  experim ents on 

la rv a l population density  and m o rta lity , bu t his resu lts  of 89.4% m o rta lity  in th e
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la rv a l s tag es  w ere questionable due to  th e  experim en tal procedures used and the  

lack  o f a  su ffic ien t sam ple size. His survival ra te s  for la rvae  w ere also 

com plicated  by poor handling and tran sp o rt of eggs and unexpected spraying of 

insec tic ides during th e  course o f the  experim ent.

Ellington (1963) conducted field  and cage studies in New York on popula­

tion phenology and dorm ancy o f OM pupae. He concluded th a t th e re  w ere only 

tw o generations o f adults per year and th a t th e  second generation  fa iled  to  

develop to  any appreciab le  degree. R eporting  an 11% dorm ancy of f irs t 

generation  pupae and less than 19% o f the second generation , he suggested th a t 

diapaused pupae from  the  f ir s t  generation  accoun ted  for the  overw intering  

population. It appears th a t  he fa iled  to  observe a th ird  generation , which 

probably occurred  la te  in th e  fa ll and which con trib u ted  m ost of th e  

overw in tering  pupae.

McEwen e t  al. (1973) conducted  life -tab le  stud ies of th e  OM in O ntario  on 

u n tre a ted  p lo ts of onions. Egg, la rv a l and pupal s tag es  w ere sam pled throughout 

the  season from which p e rcen tage  OM survival was determ ined . They rep o rted  a  

high p ercen tage  o f eggs led to  adu lt fly  em ergence  w ith  14% (f irs t generation) to  

79% (th ird  generation) m o rta lity  occurring  betw een th e  egg and the  f ir s t  larval 

in s ta r. L ittle  in form ation  on sam pling m ethods was given, how ever, and the  

experim en ta l p rocedures w ere inadequate  w here survivorship was ca lcu la ted  by 

re tu rn in g  all life -s tag es  to  th e  lab o ra to ry  for advance to  th e  nex t stadium . The 

to ta l  num ber of life -s tag es  sam pled per 180 f e e t  of row w ere p resen ted  for th ree  

generations, but l i t t le  in form ation  and no sign ificance  was a tta ch ed .

A biotic fa c to rs  appear to  have l i t t le  e f fe c t  on overw in tering  pupal 

m orta lity . E llington (1963) re p o rted  an overw in tering  m o rta lity  of only 0-4%



14

from  field  cage stud ies in New York. Loosjes (1976) observed th a t  pupae put in 

th e  fie ld  in D ecem ber had a  p e rcen tag e  em ergence in the  spring sim ila r to  th a t  

in the  lab o ra to ry  (85-95%). The overw intering  m o rta lity  of OM pupae has not 

been fully quan tified . M ortality  can occur due to  th e  action  of n a tu ra l enem ies 

or ab io tic  fac to rs . Perron  (1972), conducting stud ies in Quebec on u n trea ted  

onion plots, found th a t up to  20% o f overw in tering  pupae had been p arasitized  by 

the  Staphylinid parasito id , A leochara b ilin ea ta  (Gyll.), and as much as 12% 

parasitism  could occur by th e  braconid parasito id , A p haere ta  pallipes (Say). 

Loosjes (1976) rep o rted  an average  of only 5% parasitism  o f OM pupae from  

sam ples co llec ted  on com m ercial fields in th e  N etherlands.

3. N atural Enem ies

Several parasito ids and p reda to rs  of the  OM have been rep o rted  in the  

lite ra tu re  (W ishart and M onteith  1954, Saikeld 1959, R ead 1962, Perron  1972, 

Loosjes 1976). O f these , only tw o  appear to  occur rep ea ted ly  in m ost studies: 

A leochara b ilin ea ta  (Gyll.) and A p haere ta  pallipes (Say).

Perron  (1972) rep o rted  th a t th e  Staphylinid parasito id , A. b ilineata , was the 

m ost im portan t n a tu ra l enem y of th e  OM, ac tin g  as a p red a to r in th e  adu lt s tag e  

and as a parasito id  in the  la rva l s tag e . A. b ilin ea ta  has been rep o rted  as being a 

very im portan t n a tu ra l enem y of many species of ro o t m aggots, m ost notably  th e  

cabbage m aggot (W ishart 1957, Calhoun 1953, Moore and Legner 1971, N air and 

McEwen 1975, Finlayson and Cam pbell 1976). A num ber o f a rtic le s  have been 

published on its biology in general (W adsworth 1915, W ishart e t  al. 1956, R ead 

1962), bu t l i t t le  in form ation  is availab le  in re la tio n  to  i t  as a  n a tu ra l enem y o f 

the  OM. A. b ilin ea ta  norm ally has tw o generations a  year, but a th ird  generation  

m ay also occur. A dults em erge  from  ro o t m aggot pupal cases in the  spring.
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Eggs are laid in the soil, w ith each fem ale  laying an average o f 700 eggs 

(Bromand 1980). F irs t in s ta r la rv ae  a re  p a ras itic  and ac tiv e ly  sea rch  ou t roo t 

m aggot pupae in which to  com ple te  th e ir  developm ent (W adsworth 1915). L arvae 

e n te r  the  pupal cell by ea tin g  a  hole in the  puparium ; they  then consum e th e  

co n ten ts  o f the puparium  and pupate w ithin the  ro o t m aggot pupal case.

Loosjes (1976) re p o rted  3-10% parasitism  of OM pupae by A. b ilin ea ta , but 

w arned th a t  th e  pe rcen t parasitism  recorded  could have been low due to  

ex tensive insectic ide  sprays applied for roo t m aggot con tro l. C arru th ers  (1977, 

pers. com m ., D ept, o f Entom ology, C ornell Univ.) and R itcey  (1976, pers. comm., 

D ept, of Entom ology, Univ. of Guelph) observed th a t p e rc en t parasitism  on OM 

pupae was ex trem ely  low in M ichigan and O ntario , respective ly . Both 

re sea rch ers , how ever, m ade th ese  observations from  pupae co llec ted  w ithin 

in se c tic id e - tre a te d  areas.

S tudies on the  cabbage m aggot have revealed  th a t when chem ical con tro ls 

are used, parasitism  by A. b ilin ea ta  can  d ecrease  rapidly (C oaker 1966). K irknel

(1978) rep o rted  on re la tiv e  to x ic itie s  of four soil in sec tic ides to  A. b ilin ea ta . He 

found th a t  soil type, exposure tim e  in the  field , and th e  dep th  a t  which th e  

in sec tic ide  was placed all a f fe c t  th e  to x ic ity  o f the  insec tic ide  to  A. b ilin ea ta .

Finlayson e t  al. (1980) conducted  bioassays in th e  lab o ra to ry  w ith A. 

b ilinea ta  and four granular soil in sec tic ides (20 ppm). C hlorfenvinphos was found 

to  be the  le a s t tox ic  w ith no m o rta lity  occurring  a f te r  a  seven-day  exposure. 

One hundred percen t m o rta lity  occu rred  w ith terbufos a f te r  a  five-day  period, 

and 60% and 85% m o rta lity  occurred  w ith carbofu ran  and isofenphos, 

respec tive ly , a f te r  seven days of exposure. F ield  experim ents w ere also 

conducted  to  de te rm in e  th e  e f fe c t  of these  insec tic ides on fie ld  populations o f
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A. b ilinea ta  and th e  cabbage m aggot, Hylem ya brassicae  (W eideman). Parasitism  

of H. brassicae  pupae by A. b ilinea ta  increased  from 17.7% to  39.8% within a 

year and from  17.7% to  76.3% in a  th re e -y e a r period on u n trea ted  plots. 

P arasitism  in tre a te d  p lots was s ign ifican tly  less (0-33.3%).

Perron (1972) rep o rted  th a t the  m ost im p o rtan t hym enopterous parasito id  

and th e  second m ost im portan t n a tu ra l enem y of th e  OM was th e  braconid, A. 

pallipes (Say), th a t  was capable of parasitiz in g  up to  12% o f overw intering  pupae 

for any year. Saikeld (1959) rep o rted  29% parasitism  o f OM pupae by A. pallipes. 

This braconid has also been rep o rted  as parasitiz ing  the  cabbage m aggot (W ishart 

1957). S tudies by C arru th e rs  (1981) have shown th e  adu lt to  be highly susceptib le  

to  pesticides, including m ost o f the herbicides used on onions.

B. Seed Corn M aggot

The onion p lan t can be in fested  by severa l o th e r species of D ip te ra , one of 

which is th e  seed-corn  m aggot, Hylem ya p la tu ra  (Rond.), herein  re fe rre d  to  as 

SCM. The SCM is considered to be a  m ajor pest of severa l fie ld  crops and a  

m inor p est on vegetab les. H. p la tu ra  has been  recorded  on onions by severa l 

au thors who described  i t  as an im p o rtan t d ip terous p est of the  onion bulb 

(M athew m an e t  al. 1950, R itisch  and S chw ardt 1949, Hudon and Perron  1954, 

M iller and M cClanahan 1960). In M ichigan, M errill and Hutson (1953) found th a t 

nearly  one f if th  of the  ro o t m aggots a tta ck in g  onions in May and June w ere SCM. 

They suggested  applying con tro l tre a tm e n ts  soon a f te r  p lanting, because dam age 

to  onions was m ainly observed in the  spring, when germ inating  onions w ere 

a tta c k e d  before  in itia l p lan t em ergence. M iller and M cClanahan (1960) no ted  

th a t adults w ere a t t r a c te d  to  m oist soils and, for many crops, an  in fes ta tio n  o f
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m aggots may be p resen t before  planting.

Inform ation  on the num ber and phenology of generations of th e  SCM is 

conflic ting . D ustan (1948) rep o rted  only one g enera tion  a  y ear while m ost o th e r 

au thors rep o rted  betw een th ree  and five generations in N orth  A m erica (R itisch  

1950, C aesar 1931, S trong and Apple 1958, M iller and M cClanahan 1960). 

R eports o f dam age to  cu ltiv a ted  crops a re  lim ited  to  th e  f irs t or second 

generation ; th e  s ize  of o th e r generations described a re  so sm all th a t in m ost 

cases they  are not even d e tec te d  in the  field  (M iller and M cClanahan 1960). The 

flies em erge very  early  in the  spring  approx im ately  tw o to  th ree  weeks before  

the  OM. A dults oviposit on cole crops, rad ishes and onions; the  second, and 

la rg est, generation  usually is observed on field  beans.

L ittle  q u an tita tiv e  inform ation  is availab le  on SCM dam age to  onions. 

Hudon and Perron (1954) rep o rted  on ro o t m aggot species and densities  in seeded 

onions in Q uebec over a  f if te e n  week period. Published resu lts , how ever, w ere 

reduced  to  m onthly to ta ls , w here 19% of all la rvae  co llec ted  in June w ere 

determ ined  to  be SCM. M athew m an e t al. (1950) also recorded  roo t m aggot 

species and densities  from  sam ples o f dam aged onions co llec ted  from  early  June  

to  Ju ly  in O ntario . They rep o rted  th a t 97% of the roo t m aggots w ere II. an tique 

and only 1.3% w ere H, p la tu ra , the  m ajority  o f th e  la t te r  being found in the  f ir s t  

tw o weeks of July. Loosjes (1976) rep o rted  th a t  during the  f ir s t  fligh t of the  OM 

in the  N etherlands, onions w ith only SCM la rvae  w ere found on severa l occasions. 

He suggested , however, th a t  the  SCM should be considered only a  secondary pest 

of onions because th ey  could only build up in density  when a  high density  o f OM 

was p resen t as well. His conclusions w ere based on observations o f low 

populations of the  SCM when OM populations w ere also low in num ber.
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Brooks (1951) rep o rted  th a t in a sam ple of d ip terous la rvae, species and 

th e ir num erical proportions w ere likely  to  vary both  seasonally  and geographical­

ly and th a t as many as 14 species of D ip tera  had been found in onion p lants. As a 

re su lt, M athew m an e t al. (1950) fe lt  th a t  the value of observations m ade on roo t 

m aggot studies w ere in doubt unless a  carefu l id en tifica tio n  and analysis of field 

populations of m aggots was made.

C. S patial D istribution and Sampling

Many d iffe ren t types of trap s  have been described and used for trapping 

adu lt roo t-m aggo t flies to  de term ine  phenology, re la tiv e  e s tim a te s  of adu lt 

abundance, and a c tiv ity  (Southwood 1978, Eckenrode e t  al. 1975, McEwen e t al. 

1973, Ellington 1963, C arru th ers  1979, Loosjes 1976).

A ctiv ity  trap s , sticky  trap s  and fligh t in te rcep tio n  trap s  have been used in 

m ore re c e n t stud ies in to  OM flight ac tiv ity  (Eckenrode e t  al. 1975, McEwen e t  

al. 1973, Loosjes 1976). B aited traps have also been used, w ith baits  ranging 

from  blood and bone m eal (Eckenrode, 1979, Ag. Exp. Stn., G eneva, NY, pers. 

com m .) to  fe rm en ted  yeast m ixtures (P eterson  1924) and onion vo latile  m ixtures 

(Eckenrode e t al. 1975, Loosjes 1976).

R esults o f adu lt trapping have been used in New York and M ichigan to  

describe th e  phenology of th e  adu lt OM and to  iden tify  tim es of peak fligh t 

a c tiv ity  (Eckenrode e t  al. 1975, C arru th ers  1979). Eckenrode e t al. (1975) 

suggested  th is inform ation  could be used to  help tim e  adu lt con tro l ac tiv itie s  

during the  season and to  provide in form ation  on success of the  controls used.

D egree-day  requ irem en ts fo r peak  adu lt fligh t a c tiv ity  determ ined  from  

adu lt trapp ing  w ere found to be very sim ilar in New York and M ichigan
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(C arru thers  1979). C arru thers  (1979) suggested  caution, how ever, if  degree-day  

requ irem en ts  w ere used for prediction  purposes. He s ta te d  th a t la rge  deviations 

can occur in p red ic ting  second and th ird  generation  fligh t a c tiv ity  due to  

unaccounted  for environm ental m o rta lity  of the larvae. His resu lts , how ever, 

w ere based on adu lt trapp ing  for only one year.

Loosjes (1976) used fligh t in te rcep tio n  traps to  m onitor adult a c tiv ity  and 

re la tiv e  abundance in the  N etherlands. Trapping resu lts  track ed  population 

decreases from  successive s te r ile  m ale re leases and the  e f fe c t  o f d iffe ren t 

applied chem ical con tro ls. He also used re lease -recap tu re  experim ents to  

e s tim a te  OM adu lt density . A to ta l o f 8,550 m arked flies w ere re leased  over 

th ree  fields during the  f irs t generation  fligh t. Population levels of 1.7-3.6 flies 

per square m e te r w ere ca lcu la ted  for fields where onion p lan t dam age was high.

Most of the  inform ation  on sam pling for roo t m aggot la rvae  is conducted 

on a  sm all plo t p e rspec tive  w here a s e t  num ber of p lan ts, se lec ted  random ly, are  

exam ined for various in sec t life -s tag es . Loosjes (1976) suggested  th a t s tra tif ie d -  

random sam pling would be m ore approp ria te  for sam pling the  OM since a  la rge  

variance  was o ften  associated  w ith sam ple resu lts  when sim ple random sam pling 

was used. S tra tif ie d  sam pling is recom m ended w here obvious d ifferences a re  

notable  in population p a ram ete rs  for d iffe ren t classes, s t r a ta  or h ab ita t of the 

sam ple space  (Jessen  1978), This type  of sam pling was shown by C arru th e rs

(1979) to  increase  sam pling precision  and to  reduce  the  num ber of sam ples 

requ ired  when sam pling OM im m atu re  s tag es . He iden tified  tw o c lasses o f 

onions (visually healthy  and visually dam aged) which he divided in to  five sub­

s tra ta .  He showed th a t  sam pling visually healthy  onions accoun ted  fo r m ost o f 

th e  variance  in sam ple resu lts  and suggested th a t to ta l im m ature  density
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e s tim a te s  could be m ade by using the  sam ple re su lts  of th e  o th e r s t r a ta  of 

onions. C arru th e rs  (1979) analyzed  all im m atu re  life -s tag es , including th e  pupal 

s tag e . In an a c tu a l biological m onitoring program , how ever, d e te rm in a tio n  of all 

th e  life -s ta g es  is im prac tica l. Loosjes (1976) noted  th a t  up to  50% of the  eggs o f 

the  OM may be overlooked in sam pling and th a t sam pling fo r f irs t in s ta r la rv ae  

requ ires ex trem ely  ca re fu l d issection  of all p lan t m a te ria l, ruling ou t th e  use o f 

a  sea rch -ty p e  program .

Southwood (1978) provides an excellen t review  of dispersion and points out 

the  im portance  of knowing the  p a tte rn  o f d istribu tion  or disposition of anim als in 

space. The OM population has been described  as being d istribu ted  in an 

agg regated  p a tte rn  w ithin and betw een  fields (Perron e t  al. 1955, Workman 1958, 

R aw lins e t al. 1960, C arru th e rs  1979). C arru th e rs  (1979) f i t  observed frequency 

d istribu tions of onion m aggot la rv ae  per onion to  a  negative  binom ial frequency 

d istribu tion  and rep o rted  th a t a  common "K," or fa c to r  of aggregation , ex isted  

for the  d iffe ren t sam pling periods. He also exam ined th e  sp a tia l d istribu tion  of 

OM pupae around an onion source and showed th a t 90% o f the  pupae w ere 

lo ca ted  w ithin a  six inch radius from  an onion and th a t all pupae lie above six  

inches in the  soil. Loosjes (1976) rep o rted  th a t the o ccu rrence  of pupae in a fie ld  

conform ed to  the  negative  binom ial d istribu tion  w ith K dependent on th e  m ean.

L ittle  in form ation  has been published on sam pling m ethods used to  assess 

OM plan t dam age in th e  field . Most re p o rts  of onion loss have been  q u a lita tiv e , 

describ ing huge losses during c e rta in  years for la rg e  onion grow ing a reas , but no 

in fo rm ation  is given on how th e  e s tim a te s  w ere  m ade (Perron  e t  al. 1958, 

M athew m an e t  al. 1950, Hudon and Perron  1954). To e s tim a te  dam age loss, 

Loosjes (1976) suggested th a t  random  sam ples of .5 m e te r to  1 m e te r  o f onion
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row be exam ined (depending on dam age in tensity ). The num ber of such sam ples 

is ca lcu la ted  by analyzing the  m ean and variance  of a  prior sam ple e s tim a te . 

C arru th e rs  (1979) also rep o rted  on a design fo r sam pling m ean plant dam age a t  

both a  fie ld  level and a  regional level. His technique provides optimum 

d e term ina tion  of a  sam ple unit, size , and num ber for d iffe ren t levels of 

precision.

The d istribu tion  of onion m aggot p lan t dam age has been described  as 

contagious (Perron e t  al. 1955, W orkman 1958, Rawlins e t  al. 1960). Through a  

q u a n tita tiv e  study, Loosjes (1976) rep o rted  a  negative  binom ial d istribu tion  of 

onion p lan t dam age w ith "K" dependent on the  m ean. C arru th e rs  (1979) also 

rep o rted  a n egative  binom ial d istribu tion  of OM plant dam age both w ithin and 

betw een  onion fields. Several reasons fo r the  ag g regated  p a tte rn  of dam age 

w ere given by Loosjes (1976) and C arru th e rs  (1979). A lthough no common 

aggregation  c o e ffic ien t was found, a  com bination of in te ra c tin g  fa c to rs  was 

suspected . These included: 1) c lu stered  egg deposition, 2) ovipositional

p re fe ren ce  fo r c e r ta in  sizes or densities of onions, 3) s trong  ovipositional 

p re fe ren ce  fo r previously dam aged onions, 4) possible density  dependent survival, 

and 5) e f fe c t  of th e  sp a tia l d istribu tion  of the  g ranular in sec tic ide  placed in the  

row a t tim e  of planting. C arru th e rs  (1979) believed th a t  in itia l p lan t dam age 

f it te d  a  random d istribu tion  and a c te d  as a c e n te r  fo r fu r th e r  dam age. He 

suggested  th a t  successfu l in itia l dam age was in p a rt due to  oviposition on 

u n p ro tec ted  a reas  of onions w here th e  soil in sec tic ide  was not p resen t. Analysis 

o f dam age sam ples from  a lim ited  num ber o f D y fo n a te -tre a ted  fields supported  

th is hypothesis.
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HI. ECOSYSTEM STRUCTURE, IDENTIFICATION
AND CONCEPTUAL MODEL.

The onion agroecosystem  is an exce llen t system  to  study in a w ide-area 

approach  fo r ecosystem  analysis. Onions in M ichigan a re  p resen tly  grown on 

muck soil which occurs in d iscre te  pockets in various a reas  of the  s ta te . As a 

re su lt, its  boundaries a re  well defined, and system  environm ent dichotom y is 

easily perform ed. This dichotom y is a f irs t s tep  tow ards developing an 

ecosystem  approach  (Haynes e t al. 1980). For many crops, the  f irs t s tep  of a 

concep tual separa tion  is d ifficu lt due to  the  many ag ricu ltu ra l and natu ra l 

ecological system s within the  space of study. These system s compound the  

in te rac tio n s  and can lead  to  a  g re a te r  l is t  o f con tro llab le  and uncontrollable 

fa c to rs  th a t  becom e d iff icu lt to  a sc e rta in  in m ultip le  system -environm ent 

in te rac tio n s. This im plies th a t  a  system  w ith a  m ore defined geographical region 

(object of concern) may lend its e lf  b e t te r  to  the  concep tual fram ew ork  of system  

environm ent dichotom y.

The s tru c tu ra l fe a tu re s  of in te rac tio n  levels w ithin the  onion agroecosys­

tem  and th e  id en tifica tio n  of th e  m onitored environm ent and ob ject o f con tro l 

a re  described  by Haynes e t  al (1980) (Figure 1). These fea tu re s  of the  onion 

agroeeosystem  design can be reorgan ized  so th a t  when studying the  population 

dynam ics o f the  OM, th e  OM becom es the  re fe re n ce  point (F igure 2). This 

system -environm ent dichotom y, and subsequent re -o rg an iza tio n , provide a 

fram ew ork  for a  q u an tita tiv e  analysis of the  system  and th e ir  in te rac tio n s. 

Id en tifica tio n  of the  con tro lled  and uncontro lled  b io tic  and ab io tic  fac to rs  in the  

m onitored environm ent a re  necessary  to  insure th a t m anagem ent or production 

options a re  de term ined  and th a t  o th e r p a ram ete rs  a re  a t  le a s t iden tified  and 

m onitored.
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Figure 1. Conceptualization of the onion agroecosystem showing 
levels of interaction within the object of control 
and the monitored environment. Numbers refer to 
footnotes in Appendix B (after Haynes et al., 1980).
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OBJECT OF CONTROL
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Figure 2. Conceptualization of the object of control for the onion 
agroecosystem with the onion maggot, Hvlemya antiqua, as 
the reference point.
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A conceptual subm odel o f the onion system  was developed early  during the  

onion agro-ecosystem  p ro jec t (W hitfield e t  al. 1981). The in itia l m odel concep­

tu a liza tio n  and s tru c tu re  resu lted  from  a team  e ffo r t by Mr. F rank  Drummond, 

Mr. J. V alenti and th is au thor. The model consisted  o f severa l submodels 

including the  OM, the  onion p lan t, and a braconid parasito id . A biotic variab les 

o f the  m odel w ere soil and fo liar pesticides, w eather and tim e. These variab les 

w ere used to  co n stru c t a  model th a t would show the  d istribu tion  of m atu rity  for 

the  organism s a t  any point in tim e. This m odel was prim arily  a re sea rch  tool for 

iden tify ing  a reas  where m ore in form ation  was needed. I t also served  as a 

com prehensive review  of the  li te ra tu re  and as a  c a ta ly s t which fo rced  us to  

exam ine the  types and e ffe c ts  of a  v a rie ty  o f co n tro l s tra te g ie s . Designing the 

m odel and iden tify ing  the  various p a rts  o f th e  system  involved a  process of 

breakdow n, re ite ra tio n , and te s tin g  th a t  enabled  us to  view and work w ith  the 

com plex onion system . V alidation of m odel runs w ere no t m ade during th is  phase 

o f the  m odeling p ro jec t since l i t t l e  to  no q u a n tita tiv e  in form ation  was availab le  

a t  the  tim e  about field  densities of th e  life -s tag es  of th e  OM, its  parasito id , and 

resu lts  of applying chem ical controls. Sim ulation runs for th is concep tual model 

w ere com pared  only to  availab le  in form ation  from th e  l ite ra tu re .

A. C oncep tualized  Model

The concep tualized  model (Fig. 3) had con tro llab le  inputs: w eather (th ree  

d iffe ren t w eather se ts  from  Lansing, Ludington, and Houghton, MI), parasitism  

(A p haere ta  pallipes Say), p lan ting  density , type  of pestic id e , frequency of 

p estic id e  use, in itia l d a te  of app lication  o f p estic ide , and spring density  of onion 

m aggot pupae. The ou tpu ts of th e  model a re  yield (am ount p er acre), n e t p ro fit, 

and th e  num ber of individuals in each  age class (for each  organism ). The m odel
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was judged a  success if th e re  was good co rre la tion  betw een  ou tpu t and 

inform ation  in th e  li te ra tu re .

In fo rm ulating  th e  model, a  one-acre  fie ld  of onions was considered. I t was 

thought th a t  the  size  o f the  field  would have no bearing  on th e  dynam ic 

in te rac tio n s  th a t w ere tak en  in to  accoun t by the  model. With minor m odifica­

tion, any size  field  could be im plem ented  in to  the  m odel s tru c tu re . This 

assum ption was based on two re s tra in ts  th a t  w ere built in to  the  model. F irs t, no 

im m igration  or em igra tion  would tak e  p lace  w ith  th e  OM or the  parasito id  

com ponent (closed system ). Second, onion bulb grow th would be based on a 

s ta t ic  regression model th a t  would resu lt in uniform  grow th for all onions. These 

re s tra in ts  enabled th e  model to  e lu cid ate  the  in te rac tio n s  independent of the 

size  of fields. The econom ic sec tio n  of th e  model was a s ta t ic  subm odel in th a t  

the  cost o f labor and m ateria ls, as well as m arke tab ility  o f the crop, rem ained  

co n stan t through tim e . This was not d e trim en ta l to  the  workings of th e  m odel 

since  i t  provided a  s tandard  m easure where com parisons betw een  sim ulation  runs 

could be m ade quickly.

The construction  of a  model d e ta iling  the  re la tionsh ips betw een  ab io tic  

p a ram ete rs  and p estic ide  e ffec tiv en ess  and breakdown was no t undertaken  due to  

th e  com plexity  of such a  system . Instead , i t  was assum ed th a t d a ta  on average, 

h a lf-life  tendencies o f  c e rta in  pestic id es  approx im ated  m ost pestic id e  behavior 

over a  wide range of w eather conditions (F. M atsum ura, 1978, and A. Wells, 

1977, pers. com m ., D ept, o f Entom ology, Mich. S t. Univ.). A num ber of 

re s tr ic tio n s  or assum ptions w ere in co rpo ra ted  in to  th e  model com ponents 

concerning the  population dynam ics o f th e  OM and parasito id . Assum ptions th a t  

applied to  all th e  organism s w ere: (a) m o rta lity  was not age-sp ecific  in each age
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Figure 3. Functional diagram of the life system of the onion 
maggot (S=spacing of onions, D=dead onion plants, 
P=mortality due to pesticides, E=eggs, A=parasitism, 
N=natural mortality). A, submodel of the onion, 
pesticide, and economics components; B, submodel of 
the dynamics of the onion maggot population; C, sub­
model of the dynamics of the parasitoid population.
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class, bu t was d is tribu ted  uniform ly; (b) th e  reac tio n  of a ll life  s tages to  

te m p e ra tu re  was instan taneous; and (c) developm ent was tem p e ra tu re  dependent. 

No age-specific  m o rta lity  was assum ed because no p e rtin en t in form ation  on this 

top ic  was found in th e  li te ra tu re . It was fe lt th a t the best approach was to  t r e a t  

m o rta lity  uniform ly across the  life  s tag es  until re sea rch  d ic ta ted  otherw ise.

P resen tly , assum ptions b and c form  th e  basis for m ost in sec t population 

dynam ics m odels (R. Rabinge, 1978, pers. com m ., Agric. Inst., W ageningen, 

N etherlands) (Fulton 1978). More specifically , the  d a ta  of Ellington (1963) and 

Salkeld (1959) tend  to  suggest th a t these  tem p e ra tu re  relationships hold tru e  for 

the  OM and A. paliipes.

T em pera tu re  had th e  most widely d is tribu ted  e ffe c ts  in th is model. It was 

input to  a num ber o f functions th a t a ffe c te d  adu lt em ergence , oviposition, 

survival and leng th  of s tay  in a  life  s tage . T em pera tu re  d a ta  from  the  N ational 

W eather Service was supplied in the  form o f daily m axim um s and minimums. 

The tim e sequence of the model was in ten th s  of days, each  te n th  or 2.4 hours 

rep resen tin g  a  DT (i.e .,A t). In order to  ca lcu la te  an average  tem p e ra tu re  for 

each  DT, tem p e ra tu re  changes w ithin a  day w ere assum ed to  be sinusoidal w ith 

th e  maximum and minimum tw elve hours ap a rt (Fulton 1978).

A verage air te m p e ra tu re  = Min + [(Max-Min)/2] + [(Max-Min)/2] * [eos(2.4 DT)]

These ca lcu la ted  tem p e ra tu re  values, when used to  determ ine  degree-day  

accum ulations, produced e rro rs  th a t  w ere insign ifican t when looked a t  over an 

e n tire  season (Baskerville and Emin 1969). H eat units or degree-days w ere used 

to  synchronize em ergence , to  p lace gravid  OM fem ales in the  c o rre c t fecundity  

c lass, to  reg u la te  th e  num bers of OM pupae going in to  diapause, and to  ev a lua te  

th e  m odel's perfo rm ance (by com paring observed sim ulation  re su lts  w ith
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in form ation  from  th e  lite ra tu re ) .

D egree days = F(t) = Max[0,T(t)-T{)l * DT

w here T(t) = tem p e ra tu re  a t  tim e  t

To = threshold  tem p e ra tu re

and h ea t accum ulation  in degree-days required  for mean developm ent of a life

s tag e , TDD, is

TDD = J  x F(t) dt 
0

w here x rep resen ts  th e  m ean num ber of calendar days required  to  com plete 

developm ent in a  life  s tag e .

R egression analysis be tw een  degree-day  accum ulations for a ir and soil have
2

been shown to give co effic ien ts  of de term ina tion , r , from  .86 to  .96 in m ineral 

soils (L am pert 1976). B ath (1975) developed a so il-a ir tem p e ra tu re  model for 

muck soil of uniform  p a rtic le  size , w ith a  slope of less than  2% and for a  depth  

of four inches.

ST = 16.41966 + .750848 * average  a ir  tem p e ra tu re

(r2 = .69)

This regression equation  was used to  p red ic t soil te m p e ra tu re s  (ST) from  a ir 

tem p e ra tu res  when needed for egg, la rval, and pupal developm ent.

The main s tru c tu re  of th e  model could be viewed as a  union of th re e  main 

biological com ponents. These rep resen ted  the  subm odel o f the  onion, pesticide , 

and econom ics com ponents (Fig. 3A), th e  subm odel of th e  dynam ics of th e  onion 

m aggot population (Fig. 3B), and the  subm odel o f the  dynam ics of the  parasito id  

population (Fig. 3C). Using com ponents was fe l t  to  be th e  ideal m ethod fo r 

co n stru c tin g  a model of a sm aller subsystem  so th a t the model could be expanded 

by in te rfac in g  com ponents w ithout d ra s tic  m odel res tru c tu rin g . Table look-up
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functions (Llew ellyn 1965) w ere used in all th re e  com ponents fo r linear 

in terpo la tions betw een  d a ta  points in each  en try  and linear ex trapo la tion  below 

and above the  minimum and maximum values for each d a ta  se t.

The density  o f onions per acre  available fo r consum ption by the  OM was a 

function  of w ithin-row  spacing, specified  by the  user.

NO = 22366 * 12/SPC 

w here NO = num ber of onions per acre,

SPC = spacing o f onions (in inches) w ithin a double row bed.

Onion consum ption by each  larval s tag e  was determ ined  a t  the  end of every  

ten  DT's (one day). Consum ption ra te s  w ere based on d a ta  by Workman (1958) 

and sca led  accord ing  to  the  larval in sta rs  involved. Given the size of the onion 

bulb a t  th a t  tim e, consum ption by all in s ta rs  was then  sum m ed and su b trac ted  

from  the  num ber of onions le f t  in the field.

The re la tionsh ip  betw een  la rval consum ption (volume of onion consumed) 

and bulb d iam eter is as follows:

F irs t in s ta r consum ption = .196 e- *®̂  *

Second in s ta r consum ption = .4 e“-®5 *

Third in s ta r consum ption = 6.75 e“ ** * 

w here BD = bulb d iam e ter (G. Bird, 1976, unpublished data).

It was assum ed th a t all availab le  onions in th e  fie ld  w ere the  sam e size  a t  

any one point in tim e and bulb volum e was obtained  from using the  tab le  look-up 

function  fo r any spec ific  da te .

bulb volum e = .002 e<-09 * days a f te r  seeding)

The num ber o f onions consum ed (NK) was determ ined  by su b trac tin g  th e  

to ta l  volum e of onion consum ed by all in stars from  availab le  onion volume (bulb
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volum e * num ber of onions per acre). From  this, th e  num ber of dam aged onions 

was determ ined  (Loosjes 1976):

ND = 1.9 x NK 

w here ND = num ber of dam aged onions per day,

NK = num ber of killed onions per day.

D am aged onions w ere assigned a p e rcen t dam age according to a negative 

exponential equation w here 50% of the  dam aged onions (ND) w ere assum ed to  be 

90% consum ed.

NO = NO + (ND x .5) x CX

w here CX was equal to  .1, .2, .3, .4, .5, .6, .7, .8, or .9.

This gave a  dam age d istribu tion  o f nine c lasses for the  p a rtia l consum ption 

of onions. The rem ain ing  onion volume w ithin th ese  classes was available for 

consum ption th e  nex t day. The p e rcen t o f volume not consum ed was converted  

back to  healthy  onions, based on th e  assum ption th a t the  OM larva  usually 

m ig ra tes  only when th e  onion has been consum ed. C alcu la tion  of the  num ber of 

dam aged onions was necessary  as an input for the econom ic su b co m p o n en t.

Furrow and fo liar in sectic ide  app lications w ere availab le  m anagem ent 

options. An in-furrow  application  th a t in flic ts  98% m o rta lity  on all la rval stages 

(A. Wells, 1977, pers. com m ., D ept, o f Entom ology, Mich. S t. Univ.) can be m ade 

a t  p lan ting  tim e. A fo lia r sp ray  d irec ted  a t  the adu lt OM m ay also be applied a t  

various tim es during the  season. D epending on th e  p a rticu la r sp ray  chosen, the  

m o rta lity  fa c to r  of adu lt OMs and A. pallipes follows an exponential decay  curve 

w ith a h a lf-life  of one, two or four days (F. M atsum ura, 1978, pers. com m ., D ept, 

of Entom ology, Mich. St. Univ.).

PMORT = 1.0 -  .96 * EXP ((-CPDAY) * (.69314/FREQ))
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w here PMORT = m o rta lity  due to  in sec tic ide  spray,

CPDAY = num ber of days betw een  sprays,

FREQ = residual e ffec tiveness of spray applied 

(M alathion -  1 day, Para th ion  -  2 days, D iazinon -  3 days).

A t harvest the  to ta l num ber of onions rem aining in the fie ld  (NO) was con­

v e rted  to  100 pound qu an titie s  (440 onions per cw t) and m ultiplied by the  m arke t 

p rice  ($6.00) to  give a gross p ro fit for the  end of the growing season. The n e t 

p ro fit was obtained  by deducting th e  costs  o f any pestic ides used and the  fixed 

costs of production, e s tim ated  to  be $1200.00 (C. Cooper, 1976, pers. com m ., 

Coop. Ext. Ser., Mich. St. Univ.), from th e  gross p ro fit.

NETP = ((NO/440) * 6.0) -  (CF + CS)) -  1200. 

w here NETP = n e t p ro fit,

NO = num ber of healthy  onions rem aining in field,

CF = cost o f a furrow  insectic ide,

CS = cost of fo liar insectic ide .

It was found th a t the  developm ental period of a  population of organism s 

was d is tribu ted  over tim e. T hat is, fo r the  ag g reg a te  flows, individuals have 

d iffe ren t lag  tim es; th e re fo re , while individuals may e n te r the process a t  the  

sam e point in tim e, th e  ou tpu t flow will be d is tribu ted  over tim e. This was

usually due to  genetic  d ifferences am ong individuals and variable conditions in

the  m icroclim ate . A m ethod of m odeling th is type o f aggregative  behavior can  

be perform ed  by using tim e-vary ing , d is trib u ted  delays (M anetsch and Park 

1977).

The basic assum ption in using tim e-vary ing , d is tribu ted  delays to  sim ulate  

in sec t developm ent was th a t th e  tim e  requ ired  fo r developm ent o f a  spec ific  

s tag e  had an associated  m ean and variance for a  tem p e ra tu re  reg im e. D epending
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on th e  shape of the probability  density  function of the p a rticu la r process, the  

p a ram ete rs  D and K w ere chosen, such th a t  D was the  m ean lag  tim e, D = D(t), 

and K described  the  shape of the  d is tribu ted  variab le.

When m odeling a continuous process as opposed to  a  d isc re te  one, the  

assum ption is m ade th a t m o rta lities , dependent on tem p era tu re , opera ted  

continuously. This im plies th a t:

P(t) = P(o) e a t 

w here t  = tim e,

a  = instan taneous survival 

P(o) = in itia l population,

P(t) = population a t tim e  t.

Fulton (1978) developed the  idea of instan taneous survival being an exponential 

re la tionsh ip  w ith te m p e ra tu re . This idea enabled m o rta lities  to  be im plem ented 

in the  delay technique.

In try ing  to  apply a survival function  over th e  e n tire  life  s tag e , a 

com plication  arose since the  tim e spen t w ithin the  s tag e  was also a  function o f 

te m p e ra tu re . The in te rac tio n  was e lim inated  by using th e  instan taneous survival 

ra te  as th e  proportional loss ra te :

P(t) + DT = P(t) e PLR 

w here PLE = a + b * tem p era tu re

The instan taneous survival ra te  was used to  com pute half-lives of the
o +

individuals under the  ex isting  tem p e ra tu re  reg im e. By se ttin g  P(t)/P(o) = e = 

1/2, the  h a lf-life  becam e t  = -(ln2/a). This h a lf-life  rep resen ts  a  m edian survival 

tim e.

The following rela tionsh ips betw een instan taneous survival and tem p era ­
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tu re  w ere used in the  model:

egg survival = .16 -  .03 te m p e ra tu re  

f ir s t  in s ta r survival = 1. -  .02 tem p e ra tu re  

second in sta r survival = .5 -  .01 tem p e ra tu re  

th ird  in s ta r survival = .11 -  .002 te m p e ra tu re

The OM com ponent was responsible (a) fo r sim ulating  th e  passage of 

individuals through the  various age classes, (b) for sim ulating  the  e ffe c ts  of 

d iffe ren t m o rta lity  fac to rs , and (c) for supplying the  o th e r com ponents w ith 

num bers of OMs in various age classes. Two im p o rtan t assum ptions w ere made: 

(a) density -dependen t re la tionsh ips did no t o p e ra te  in th e  OM system ; and (b) all 

fem ale  adults w ere m ated  and fe rtilized . These assum ptions were m ade because 

o f lack  o f d a ta  to  specify  otherw ise.

The tim e-vary ing , d is trib u ted  delays, fo r ag g regates  moving through the  

age classes, w ere dependent on th e  m ean developm ental tim es. The onion 

m aggot com ponent fo r the  m ost p a rt was execu ted  on a  per DT basis. The 

m o rta lity  ac ting  w ithin the  developm ental s tag es  was a product of the  "natural" 

te m p e ra tu re  dependent m orta lity  and the  m o rta lity  due to  pesticides. These 

w ere  assum ed to  be independent even ts. The pupal m o rta lity  depended solely on 

soil te m p e ra tu re . The overw in tering  delay rep resen ted  th e  num ber th a t  en tered  

diapause. The subrou tine "diapause" converted  pupae to  diapausing pupae, 

depending on degree-day  accum ulations. The th ree  generations w ere track ed  by 

accum ulating  degree-days. Ten, 67 and 100% of the  pupae w ere pu t in to  diapause 

from  each  generation , resp ec tiv e ly  (Perron 1972).

D egree-days w ere also used to  p lace m a tu re  fem ales in to  fecundity  classes. 

The num ber of eggs oviposited by a  gravid fem ale  was tied  to  the  tem p era tu re
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reg im e th a t  th e  individual was exposed to  during preoviposition (Loosjes 1976). 

The approx im ate  leng th  of the  preovipositional period fo r OM is 120 degree-days. 

This was ca lcu la ted  by:

TOTAL = TOTAL + [2.0 * MAXTEMP (I) + MINTEMP (1)] + [MINTEMP (1+1)1/4.0 

w here TOTAL = sum o f av erage  daily te m p e ra tu re s  o f preovipositional period 

(120 degree-days)

Five fecund ity  delays w ere used a t 50°, 60°, 70°, 80° and 90°F. If a group 

of fem ales underw ent preovipositional developm ent betw een 45° and 55° F, they 

w ere put in to  delay 50° F. S im ilarly, if  an ag g reg a te  of fem ales were exposed to  

an average  te m p e ra tu re  of 74°F during preovipositional developm ent, they  w ere 

pu t into delay 70°F, e tc .

BIN = (.5 + TOTAL/S/10.0) -  4 

w here BIN ~ developm ental class (1,2,3,4 or 5, corresponding to  classes of 

50°, 60°, 70°, 80° and 90° developm ental delays)

S = num ber of days fo r preovipositional period.

Each day the  to ta l  num ber of fem ales rem ain ing  in each  delay would

oviposit an average  num ber of eggs for th e ir  fecund ity  class.

5
NUMEGG =.2j NROLEF(I) * NT 

w here I = developm ental class 1 through 5,

NT = .75, 2.5, 4.0, .5 or 0, corresponding to  developm ental class, 

NROLEF(I) = num ber of ovipositing OM fem ales in each developm ental 

class (I),

NUMEGG = to ta l num ber of eggs oviposited per day.

Many fa c to rs  will a f fe c t  th e  p lacem ent and sp a tia l d istribu tion  o f the  eggs. A 

s ta t ic  d istribu tion  (Perron  1972), w here 65% of th e  eggs a re  oviposited in the  soil
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and 35% a re  oviposited on the  onion plant, was used because m ore com prehensive 

d a ta  w ere unavailable. This did not d e tra c t  from  the  model since no m igration  

tim e was assum ed.

The parasito id  com ponent involved a  s tru c tu re  (use of delays for the 

various life  stages) sim ilar to  the  OM com ponent. The p arasite  a tta c k  model was 

a m odified version of G riffith  and Rolling (1969).

ANHA = ANO * [[l-(l+A *TA G *P)]/(A N O * AK)] -  AK 

w here ANHA = to ta l num ber of hosts a tta ck e d  during DT,

ANO = prey density,

A = num ber of a tta c k s  per unit tim e,

TAG = to ta l tim e availab le  for gen era tin g  a tta ck s ,

P = parasito id  density ,

AK = dispersion co effic ien t, "k" of negative  binom ial (parasite).

The model used th e  num ber of availab le  hosts, along w ith the  num ber of adu lt 

parasito ids, to  g en era te  a p e rcen t parasitism .

PATT = ANHA/(ANO*2.0/SPC) * .1 

w here PATT = percen t a tta c k  by parasites ,

SPC = onion p lan t spacing,

IPPO = 7.1 * PP 

where PP = num ber of p a rasitized  pupae,

IPPO = num ber of fem ale  parasito ids em erging from  p a rasitized  pupae.

In the  m odel, provisions w ere m ade for d iscovering individuals th a t  w ere 

previously p a rasitized . The d a ta  of Salkeld (1959) suggest th a t A. pallipes can 

d iscrim inate  betw een  p arasitized  and nonparasitized  hosts. This was s im ula ted  

in the  OM model by rem oving th e  p a ras itized  la rv ae  from  the  norm al flow



39

through the larval delays. The parasitized  la rvae  (each DT) w ere p laced in to  a  

p a ra lle l delay. To g en era te  pa rasitized  la rvae, the  a tta c k  m odel used la rv ae  only 

from  the  unparasitized , OM com ponent. Thus, la rvae  a re  never parasitized  m ore 

than  once. The a tta c k  ra te s  w ere applied to  th e  in te rm ed ia te  ra te s  of th e  larval 

delays. This a c te d  as an a ttr it io n  to  the  delay and added to  the  parasitized  

larval in te rm ed ia te  ra te s . The p arasitized  larval flow proceeded a t  a  ra te  20% 

fa s te r  (Salkeld 1959).

R esults and Discussion

No independent se t of d a ta  was availab le for validation o f the model; how­

ever, the model m et known fea tu re s  of OM biology. These fea tu re s  included:

1) The OM has th ree  overlapping generations per season in M ichigan.

2) The developm ent of the  life  s tages a re  tem p e ra tu re  con tro lled  and 

peaks o f adu lt em ergence  m ay be p red ic ted  through degree-day  

accum ulations.

3) The maximum dam age to  onions usually occurs early  in the  season 

when bulbs are sm all.

F igure (4A) shows how the  model adequate ly  sim u la ted  th e  f irs t tw o of 

these  conditions. Given an in itia l population of 1000 pupae per ac re , th ree , non­

overlapping, generations w ere s im ulated  due to  the  re la tiv e ly  short tim e  spen t in 

preoviposition. The peaks of these  curves rep re sen t maximum adu lt em ergence  

and occur a t  degree-day  accum ulations o f 280, 1200 and 1950 (4 .4°C) for E ast 

Lansing, M ichigan, w eather d a ta  o f 1977. These values ag ree  w ith those o f 

Eckenrode e t al. (1975) who rep o rted  a th e rm al un it accum ulation  for the  firs t, 

second and th ird  broods, respective ly .

The th ird  condition was also sim ulated , as illu s tra ted  by p lo tting  the
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by maggots over time.
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p ercen t of onions le f t  in the  fie ld  versus th e  num ber of days in the  growing 

season (Fig. 4B). Early in th e  season, dam age increased  as to ta l  la rv ae  

increased . D am age then  tended  to  lev e l o ff even though the  la rva l population 

continued  to  increase . The response was due to  la rg e r bulbs, which had a  g re a te r  

to le ran ce  to  la rv a l feeding.

G iven th a t the  model s im ula ted  OM developm ent and consum ption 

co rrec tly , th re e  sim ulations w ere m ade to  analyze:

1) th e  e f fe c t  o f a  parasito id  on OM densities  and onion yield

2) the  e f fe c t  of fo liar sprays on OM, parasito id  densities and onion yield,

and

3) th e  im portance  o f the tim ing  of the  f ir s t  fo lia r spray.

For th e  f irs t run, an in itia l population of 1000 pupae and 500 p arasitized

pupae per a c re  w ere used. T here w ere th re e  d is tin c t peaks of reproducing 

p a ra s ite  populations (Fig. 5A) th a t  w ere closely  synchronized w ith  th e  

preoviposition peaks of the previous run (Fig. 4).

The parasito id  population decreased  th e  second and th ird  generation  of 

preoviposition OMs, from peaks of 515 to  220 and from  610 to  200 over the  

previous run (Fig. 5B). The f irs t g enera tion  was no t a ffe c ted . As a  re su lt of th e  

d ecrease  in the  OM population la te r  in the  season, la te  dam age to  onions was 

less. This sim ulation  re su lted  in a n e t p ro fit o f $298.00 per a c re , as opposed to  

$9.00 w ithout parasito ids.

In th e  second analysis, a  spray  of m alath ion  was applied on day 50, and 

every  40 days th e re a f te r , to  an in itia l population o f 10,000 pupae and 2000 

p a rasitized  pupae per a c re . D ay 50 was picked fo r th e  f ir s t  spray  d a te  to  

coincide w ith th e  end of th e  f irs t preoviposition  peak o f th e  OM, so th a t  th e
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1500 pupae of which 500 are parasitized. A, number of 
adult parasitoids; B, number of 0M adults in preovipo- 
sitionary classes.
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Figure 6, Simulation with an initial overwintering population 
of 12,000 0M pupae of which 2000 were parasitized.
A foliar spray of malathion was applied at day 140, 
and every 40 days thereafter (T=spray date). A, 
number of 0M adults in preovipositionary classes;
B, number of adult parasitoids.
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adu lt population, now a t its  reproducing peak, would be sprayed  a t  an optimum 

tim e. By spraying every  40 days th e re a f te r , each  successive generation  o f 

reproducing adults would also be sprayed  a t  an optim um  tim e. OM densities 

decreased  considerably (Fig. 6A). The f ir s t  generation  o f reproducing 

parasito ids, however, had a lready  reached  a peak a t  day 50 and the  m alathion 

spray  had l i t t le  e ffe c t on the  f ir s t  generation  adu lts  (Fig. 6B). The second 

generation  of parasito ids was reduced  a  l i t t le  by th e  residual e f fe c t  of th e  day 50 

spray, but again was not g rea tly  reduced  by the  nex t spray  a t  day 90, since th e  

population had already peaked. The $172.18 n e t p ro fit was low due to  larval 

feeding  early  in th e  season. The num ber o f p a rasitized , diapausing pupae, 

however, was high a t  the  end of the  season com pared to  OM densities  and could 

be expec ted  to  have an im portan t e f fe c t  th e  following year.

The th ird  analysis investigated  w hether the  tim ing  of the  f irs t spray was 

c r itic a l to  OM and parasito id  populations. A spray of m alathion was applied on 

day 80, and every  40 days th e re a f te r , to  an in itia l population of 10,000 OM pupae 

and 2000 p arasitized  pupae per a c re . The f irs t spray  was applied a f te r  the  build­

up of reproducing OMs. As a resu lt, the  second generation  o f OMs was not 

decreased  as m uch as i t  was in th e  previous run, and OM densities rem ained  

higher la te  in the  season (Fig. 7A).

The reproducing population of parasito ids, how ever, was not reduced  by the  

f ir s t  spray un til halfw ay through th e ir  second g en era tio n  (Fig. 7B). The 

population rem ained  high to  th e  end of the  season. A lthough th is high population 

would reduce num bers o f OMs the  nex t year, th e  outcom e fo r the  cu rren t y ear 

was a  n e t loss of $1100.00 per acre .
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B. Conclusion

The m odel adequate ly  sim u la ted  the  developm ent of th e  life  s tages of the  

OM and was sensitive  to  changes in b io tic  and ab io tic  p a ram ete rs . I t  rev ealed  

in te re stin g  in form ation  and relationships about the  population dynam ics of the  

OM, the  e ffe c ts  o f carefu lly -tim ed , in sectic ide  sprays to  avoid parasito id  

m orta lity , and the  e ffe c ts  of onion size  on dam age e s tim a te s  early  in the  season. 

At the  sam e tim e, i t  p resen ted  areas w here m ore in form ation  is needed, such as 

m igration , dam age d istributions, density -dependent e ffe c ts  and pestic ide  

effic iency .

The dam age d istribu tion  assum ed in th e  model was random , although som e 

d a ta  poin ted  to  a  clum ped d istribu tion , especially  la te r  in th e  season. D am age 

d istribu tion  was found to  a f fe c t  consum ption ra te s , survivorship and parasitism . 

As a  re su lt, a  dam age-d istribu tion  com ponent is essen tia l to  p e rfec tin g  th e  

m odel.

I t was assum ed th a t  th e re  w ere no density -dependent e ffe c ts . No 

in form ation  is availab le  on density -dependen t fea tu re s . H ow ever, such e ffe c ts , 

if  p resen t, would undoubtedly influence all a reas  o f  the  model.

IV. STUDY AREA

The study a re a  was considered to  be th e  onion-production a re a  in the  

v ic in ity  of G ran t, Newaygo County, M ichigan. This a re a  was se lec ted  because i t  

consists of an iso la ted  pocket o f approx im ate ly  16 sq mi of organic muck soil 

w here m ainly onions and c a rro ts  a re  grown. The fie lds a re  usually 10-40 

h e c ta re s  in size , and a  tw o to  four y ear crop  ro ta tio n  (onions, c a rro ts , ce le ry  and 

m int) is p rac ticed . The a re a  is farm ed  by approx im ately  20 grow ers and has a



47

history  o f OM problem s dating  back to  th e  1940s. Onions a re  the  prim ary  crop o f 

the  region, and desp ite  m ultip le  insec tic ide  inputs, th e  OM rem ains an annual 

problem .

In 1978 and 1979 a field  of 1.5 h ec ta re s  was availab le  to  th e  onion 

agroecosystem  p ro jec t. This a rea , h e re a fte r  re fe rre d  to  as the  re sea rch  field , o r 

fie ld  7, was to  be m ain tained  under com m ercial conditions w ith the  excep tion  

th a t con tro l of th e  OM by chem ical m eans was an option. Due to  the  n a tu re  of 

th is  a rran g em en t, the  population dynam ics of the OM could be investigated  under 

com m ercial conditions and d iffering  chem ical tre a tm e n ts  w ithin an a re a  w here 

th e  density  of the  OM was high. In 1978 th e  fie ld  was tre a te d  w ith a  g ranular 

in sec tic ide  (D yfonate—1 lb  AI per acre) a t  planting; only th e  no rth  half received  

the  sam e granu lar tre a tm e n t in 1979 (F igure 8). During both years, no fo liar 

in sec tic id e  sprays w ere applied.

In 1979 and 1980 up to  seven com m ercial onion fields w ere se le c ted  for 

reg ional analysis o f population density  and onion p lant dam age. All these  fields 

had been tre a te d  w ith  D yfonate a t  planting. In addition, all but one of the fields 

was sprayed a t  various d a tes  w ith fo liar sprays of parath ion , diazinon, or Sevin®. 

In 1980, one com m ercial fie ld  (field  13), approx im ately  10 h ec ta re s  in size, was 

no t sprayed, so th a t i t  could be com pared  to  an ad jacen t a re a  (field  14) which 

rece iv ed  weekly sprays o f para th ion  from  p lanting  d a te  to  harvest. F igure 9 is 

an aeria l map of the  region showing the  location  and num bering system  for the  

sp ec ific  com m ercial study  fields.
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Figure 8. Plot design of the research field in Grant, Michigan, for 1978-1979.



49

Figure 9. Aerial photograph of the Grant onion growing area 
of Newaygo County in Michigan. Location of study 
fields 1-14 and the field laboratory station (*) 
are indicated.
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V. MATERIALS AND METHODS

A. Population Sampling

Various sam pling procedures for d iffe ren t life  s tag es  of the  OM w ere used 

to  de term ine  OM population density  and phenology. Many of the  procedures 

w ere ex trem ely  tim e-eonsum ing and as a re su lt sam ple in te rva l, rep lication , or 

sam ple precision had to  be continually  w eighted against availab le  resources. 

M ethods for adult, larval, and pupal population stud ies a re  discussed sep ara te ly  

below.

1. Adults

Several d iffe ren t types of trap s  w ere em ployed to  study  the  adu lt onion 

m aggot population. The type, num ber, p lacem en t, and purpose o f the  trap s  a re  

p resen ted  in Table 1. All flies co llec ted  w ere re tu rn ed  to  the  labo ra to ry  for 

id en tifica tion , sex d e term ina tion , and record ing  purposes. E xcept for em ergence 

trap s  and ro ta ry  fligh t traps, all adult trap s  w ere m onitored betw een 8 a.m . and 

10 a.m . a t  th ree  to  four day in te rva ls . Em ergence trap s  w ere m onitored daily 

when possible, so fly m o rta lity  would not occur. R o ta ry  fligh t trap s  w ere 

m onitored hourly during the  day.

The possibility of p red ic ting  em ergence of OM adu lts  from soil and /o r a ir 

te m p e ra tu re  was inv estig a ted  through the  em ergence  trap s . To m easure adu lt 

OM em ergence for each generation , em ergence trap s  w ere s e t  ou t over areas of 

dam aged onions w ithin the  re sea rch  field . These trap s  w ere originally  designed 

to  m easure em ergence ra te s  o f c e rea l le a f  b ee tle  adults, O ulem a m elanopus (L.) 

(Gage 1974). The trap s  consisted  of a  Lumite® sc reen  supported by an aluminum 

tripod  s tru c tu re  such th a t em erging  adu lt flies  would e n te r  a  co llection  dev ice  a t  

th e  top. A rubberized  canvas m a te ria l was sewn to  the  bottom  o f the screen  and



Table 1. Trapping devices, number, placement and purpose for monitoring OM adult populations in 
Grant, Michigan, for 1977-1980.

Trap Type Year No. of Traps Placement Monitoring Purpose

Stlckyboards 1977-79 50 onion field and bor­
ders (grid pattern)

to determine relative 
abundance, activity, 
phenology and height 
distribution

Activity traps 1978-79 25 onion field (random) to determine relative 
abundance, activity and 
phenology

Rotary flight traps 1977-78 3-Hi onion field (random) to determine within day 
activity and height dis­
tribution over time

Sweep net 1978 5 of 50 
sweeps

onion field, carrots 
and borders (random)

to determine spatial dis­
tribution within a day

Emergence traps 1978-80 90 onion field (over areas 
of damaged onions)

to determine emergence and 
rate of emergence

Flight interception traps 1979-80 50 onion field and bor­
ders (equally spaced)

to determine relative abun­
dance, activity, phenology, 
within day activity and 
spatial distribution
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2
the trap  covered  an a rea  of 1 sq yd (.84 m ). The canvas was buried to  insure 

th a t no em erging adults would escape en trap m en t. The co llection  device was 

m odified so th a t adu lt flies  could be trapped  alive—a necessary  requ irem en t for 

ano ther study in the  p ro jec t (see C arru th e rs  1981). Two, 2 -litre  p lastic  

con tainers w ere used fo r th is purpose. The con ta iner was f it te d  w ith a sec tio n  of 

cheesec lo th  on top and a  funnel in the  bo ttom . This co n ta iner re s ted  inside th e  

second which was connected  d irec tly  to  th e  tra p  by a  10 cm radius en trance  hole 

(F igure 10). The top con ta iner could be easily  rem oved and rep laced .

The tim e of em erg en ce -trap  p lacem ent was determ ined  from  resu lts  of 

regu lar la rv a l sam pling. Traps w ere p laced  over a reas  o f dam aged onions only 

when m ost OM w ere in th e  pupal s tage . This m ethod covered th e  onions fo r the  

le a s t am ount o f tim e  so e ffe c ts  to  th e  onions by the  trap s  would be m inim ized.

To exam ine adu lt a c tiv ity , re la tiv e  abundance, and phenology, several 

types o f a c tiv ity  trap s  w ere used. S tickyboards w ere s e t  up in a  grid p a tte rn  (1 

tra p  per 232 sq m) w ithin th e  re sea rch  fie ld  and along the  borders (weeds and 

carro ts). The boards w ere 1.22 m by 15 cm co n stru c ted  of sh ee ts  of pegboard 

bolted  to  each side of a  s tak e  and pain ted  "crescen t yellow." All boards w ere 

co a ted  w ith a  th in  lay er of Tanglefoot® on both  su rfaces.

"A ctiv ity" trap s  w ere used to  m onitor adu lt abundance and ac tiv ity . These 

trap s  a re  sim ilar to  the  cone trap s  used by Eckenrode e t al. (1975) to  m onitor OM 

populations in New York and cabbage m aggot populations in Wisconsin (Ecken­

rode and Chapm an 1971). The trap s  a re  co n stru c ted  of a  nylon screen  and are  

supported  by alum inum  tripod  poles. The sides of the  screen  a re  pulled up and 

tie d  so flies may e n te r from  underneath . The co llec tio n  device was con stru c ted  

from  a p lastic  covered  je llo  mold in to  which g lycero l was added to
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Figure 10. Schematic of emergence trap used to catch adult male and 
female OM during the first, second and third generation 
emergence in 1978-1980.
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preserve  th e  trapped  insects. These traps w ere placed random ly over sections of 

onion rows to  tra p  ovipositing and feeding adu lts . The tra p  covered  an a rea  of 

approx im ately  .84 sq. m.

Because the  m ain tenance and m onitoring of sticky boards was ex trem ely  

tim e-consum ing, flig h t-in te rcep tio n  trap s  w ere bu ilt to  m onitor adu lt ac tiv ity . 

This tra p  resem bles a m alaise trap , consisting of a m etal fram e and nylon n e t of 

which th e  roof slopes upwards to  the  innerm ost co rners a t  which co llecting  

devices a re  a tta ch ed  (Loosjes 1976) (Figure 11). The co llecting  devices consisted 

of a  covered  2 -litre  p lastic  bucket contain ing  tw o sh ee ts  of p lastic  tre a te d  w ith 

T anglefoot. These sh ee ts  (20 cm by 12 cm) could be easily  rem oved and re tu rned  

to  the  lab o ra to ry  for fly id en tifica tio n  and recording. Twelve of these  trap s  

w ere s e t up along the  borders of the  re sea rch  field  in 1979 and w ere a lte rn a ted  

betw een fac ing  into and out of th e  field. In 1979 and 1980, four to  eigh t trap s  

w ere placed along the  north -sou th  border of the  com m ercial study  fields, all 

facing in to  th e  field.

To exam ine adu lt a c tiv ity  in re la tio n  to  ab io tic  fa c to rs  and also to  study 

diurnal fligh t rhythm s, and fligh t height d istribu tion , add itional trapping  was 

conducted. In 1978, ro ta ry -flig h t trap s  (H elgesen and Haynes 1972) were used to 

sam ple adults a t  two d iffe ren t heights. These trap s  consisted  o f tw o sw eepnets 

a tta c h e d  to  a  crossbeam  th a t ro ta te d  a t  approxim ately  16 km /hr. A portab le  

g en era to r was requ ired  to  provide pow er to  th e  e le c tr ic  m otors. Up to  th re e  

trap s  could be run a t  any one tim e. N et height was se t to  30 cm and 100 cm so 

th e  height o f adu lt fligh t could also be determ ined . Traps w ere m onito red  hourly 

from  5 a.m . to  10 p.m . severa l days during the  growing season. In 1979, ten  

additional flig h t-in te rcep tio n  trap s  w ere s e t up in the  re sea rch  fie ld  betw een  th e
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D y fo n a te -tre a ted  and n o n -trea ted  a reas  for s im ilar purposes.

In 1978, sw eepnet sam ples in onions, weeds, and c a rro ts  w ere tak en  to  

in v estig a te  th e  sp a tia l d is tribu tion  of adu lts  during th e  night hours. F ive se ts  of 

50 sw eeps of fo liage w ith a  s tan d ard  38 cm sw eepnet w ere tak en  betw een  the  

hours of 11 p.m. and 1 a .m . severa l nights during th e  season. Individual sw eepnet 

sam ples w ere p laced  in glass canning ja rs  contain ing  50 ml of 70% ETOH. All 

sam ples w ere processed the follow ing day.

2. Larvae

In th e  fie ld  i t  is very d iff icu lt to  follow a  un iform ly-sized  cohort through 

tim e. Even if a  single input o f eggs was in itia ted , age classes would soon overlap  

due to  n a tu ra l variab ility . As y e t, techn iques for rem oval, tran sp o rta tio n  and 

successfu l p lacem en t o f OM eggs have no t been developed. A naly tical te ch ­

niques do ex ist, how ever, for exam ining sam pling re su lts  of overlapping age 

classes reco rded  under norm al fie ld  conditions (D em pster 1961, K iritan i and 

Nakasuji 1967, R ichards and W aloff 1954, R ichards e t  al. I960, Manly 1975, 

B irley 1977, Southwood 1978).

R oot m aggot la rval populations w ere sam pled to  exam ine the  phenology of 

la rval feeding on the  onion crop under d iffering  chem ical regim es. In 1978, ten  

sec tions of 60 cm of onion row  w ere sam pled tw ice a week from  May to  

Septem ber. In 1979, five sec tions of 60 cm of onion row w ere sam pled tw ice a 

w eek on the non-D yfonate side of the  re sea rch  field . These sec tions were 

random ly se lec ted  w ithin a reas  of onions w here roo t m aggot dam age was 

ev iden t. The sp a tia l location  (x,y coordinate) o f each  individual onion and the  

to ta l  num ber of dam aged onions p resen t was recorded . Each onion was then  

rem oved and d issec ted  in the  fie ld  when possible, so all ro o t m aggot la rv ae  could
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be co llec ted  and re tu rn ed  to  the  lab o ra to ry . L a te r  in the  season, when onions 

w ere la rg e  and d issection  in the  fie ld  becam e d ifficu lt, onions w ere p laced in 

p la s tic  bags, tied , labelled , and re tu rn ed  to  the  lab o ra to ry  fo r d issection . Once 

an  onion had been rem oved and th e  la rv ae  w ere re triev ed , th e  soil beneath  the  

row  up to  a  20 cm depth  was s if te d  to  co llec t any ro o t m aggot la rv ae  in the  soil. 

All la rvaei w ere re tu rn ed  to  th e  lab o ra to ry  fo r id en tifica tio n  and recording.

3. Pupae

Four stud ies w ere conducted  o f ro o t m aggot pupal populations. These 

included: a) re la tiv e  population e s tim ates , b) m o rta lity  w ithin the  growing season 

(including parasitism ), c) incidence of pupal d iapause, and d) overw in tering  

m o rta lity .

R ela tiv e  population e s tim a te s  for roo t m aggot pupae w ere obtained  during 

the  regu lar la rva l sam pling periods. All soil b en ea th  the  60 cm sections of onion 

row  was rem oved (60 cm x 20 cm x 20 cm) and s ifted  for p resence of root 

m aggot pupae. The pupae w ere re tu rn ed  to  th e  lab o ra to ry  to  be iden tified  and 

recorded .

In order to  e s tim a te  w ithin and b e tw een-genera tion  m o rta lity  during the 

growing season, all pupae w ere p laced  in 250 ml sty rofoam  co n ta iners  contain ing  

a  1:1 ra tio  of m oist sand and verm icu lite . A covered  lan te rn  globe was placed 

over th e  con tainer. Pupae w ere m onitored a t  one to  tw o day in te rva ls  for ad u lt 

ro o t m aggot and parasito id  em ergence. In 1979 all pupae w ere closely exam ined 

w ith a  d issecting  m icroscope befo re  being p laced  in the  sand-verm icu lite  

con ta iners . This was done to  de te rm in e  if parasitism  was ev ident and to  obtain  

records o f pupal abnorm alities (parasito id  en tran ce  holes).

In 1979, additional pupal sam pling was conducted spec ifica lly  to  obtain
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p ercen t parasitism . Pupae w ere sam pled from  both  the  D yfonate and non­

tre a te d  a reas  of th e  re sea rch  fie ld  during peak periods of pupal occurrence . Soil 

was s ifted  from  sam ples o f 30 cm sec tions o f onion row severa l tim es during the  

season. The six com m ercial study  fields w ere sam pled by taking an average of 

100 pupae per fie ld  p er sam ple period. All pupae w ere se t up in sand-verm icu lite  

co n ta iners  and w ere m onitored daily for ro o t m aggot and parasito id  em ergence.

A reas where em ergence trap s  w ere used fo r firs t and second generation  of 

roo t m aggot adults, o ffe red  an opportunity  to  in v estig a te  th e  incidence of pupal 

diapause. Since th ese  trap s  e ffe c tiv e ly  co llec ted  all em erged  adults, and a t  the 

sam e tim e preven ted  fu rth e r in fe s ta tio n  by ro o t m aggot la rvae, a ll rem aining 

pupae in the  soil had to  be p resen t for an ex tended period of tim e. Even if all 

ro o t m aggot la rvae  p resen t during the  tim e of in itia l p lacem ent of the  tra p  w ere 

in the  th ird  in sta r la rval or pupal s tag e , adu lt em ergence would have been 

expected  following six weeks of trapping. All soil (80 cm x 80 cm x 20 cm) 

ben ea th  five em ergence traps for second and th ird  g en era tio n  em ergence in 1978 

and firs t, second and th ird  generation  em ergence  in 1979 was s if te d  for root 

m aggot pupae. All recovered  pupae w ere re tu rn ed  to  the  labo ra to ry  and placed 

in sand-verm icu lite  con tainers.

In 1979, th ree  rep lic a tes  of approx im ately  500 second and th ird  in s ta r OM 

la rvae  were co llec ted  from  the  field  and placed on OM -dam aged onions. 

Em ergence traps w ere placed over these  a reas  during the  f irs t generation  larval 

brood. Adult OM em ergence was recorded , and, a f te r  eigh t weeks o f root 

m aggot em ergence, the  soil b enea th  the  traps was s if te d  for p resence of pupae in 

diapause.

O verw intering  m o rta lity  of OM pupal populations was investigated
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a t  th e  U niversity  Muck Farm , Eaton County, in 1978. OM pupae co llec ted  from  

the  field  in N ovem ber w ere buried a t  various depths ranging from  3 to  36 cm in a 

fie ld  previously p lan ted  to  onions. Seven re p lic a te s  a t  four depths (3 cm , 8 cm, 

13 cm , 18 cm) and th ree  rep lic a te s  a t  th ree  depths (23 cm, 28 cm , 36 cm), each  of 

te n  OM pupae w ere se t out. Pupae buried a t  the 18 cm depth  or less were buried 

in 20 cm x 15 cm p lastic  buckets filled  w ith m uck soil and p e rfo ra ted  w ith 1 cm 

holes to fa c il i ta te  w ater drainage. The buckets allow ed fo r easy location  and 

rem oval o f pupae during th e  w in ter m onths. D ata  from Workman (1958) ind icated  

th a t  the  num ber of adu lt OM em erging from  diapaused pupae increased  w ith an 

increasing  period o f cold tem p era tu res  up to  th e  six th  week. To insure th a t  a 

su ffic ien tly  cold period had lapsed, the  f irs t rep lic a te  was not rem oved until 

Jan u ary  10. A re p lic a te  was rem oved F eb ruary  6, M arch 1, and April 4. They 

w ere re tu rn ed  to  th e  labo ra to ry , and pupae w ere held a t  20°C  to  obtain  adult 

em ergence  records. Pupae buried a t  a  dep th  o f g re a te r  than  18 cm w ere put in 6 

x 8 cm envelopes m ade of nylon m esh screening . These envelopes w ere 

recovered  in la te  May of 1979 and pupae w ere held a t  20°C  to  obtain  adu lt 

em ergence  records. Three rem ain ing  rep lic a te s  o f pupae in buckets w ere 

allowed to  em erge under n a tu ra l fie ld  conditions.

In Novem ber 1979, the bucket experim ent was rep ea ted  a t  the  U niversity  

Muck Farm  as previously described. No buckets w ere rem oved during the  w inter 

m onths, but a ll pupae w ere recovered  in la te  April 1980 and then held a t  20°C to  

de term ine  em ergence. Pupae w ere also buried  in four fields in G rant, MI (study 

fie lds 1, 5, 6, and non-D yfonate a re a  of th e  resea rch  field). F ive rep lica tes  of 20 

OM pupae w ere buried a t  a  13-15 cm  depth  both  w ithin the  field  and along the  

fie ld  border. To fa c il i ta te  location  and rem oval, a ll pupae w ere p laced  in a  6 cm
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d iam e te r p e tri p la te  before  being buried. Pupae w ere recovered  and re tu rn ed  to  

th e  lab o ra to ry  in April 1980, along w ith a sam ple of 30 pupae co llec ted  from  the  

soil su rface  in field  5. The pupae w ere exam ined fo r presence of parasitism  and 

w ere held for adu lt em ergence  a t  20°C .

B. W ithin-Field P lant D am age Studies

Previous studies of the  sp a tia l d istribu tion  of dam age to  onions by the  OM 

have been  d iff icu lt to  assess due to  the  fa c t  th a t  the  onions had been tre a te d  

w ith insec tic ides a t  various points in tim e. D escrip tions of the  d istribu tion  of 

onion p lan t dam age w ere also prim arily  lim ited  to  sp ec ific  sam ple periods. In 

o rder to  evalua te  the  d istribu tion , ra te , tim ing, and e x te n t of dam age on 

in sec tic id e -tre a ted  and n o n -trea te d  p lots of onions, experim ents w ere perform ed 

to  assess dam age over tim e  so th a t the  dynam ic c h a ra c te r is tic s  of the 

d istribu tion  could be described . A sp a tia l and tem p o ra l reco rd  of individual 

onions and th e ir  condition over tim e  enabled the use of a  num ber of an a ly tica l 

techniques to  assess th e  d istribu tions.

In 1978, four p lots of onions, each  plot 5 rows wide and 3.65 m long, w ere 

estab lished  a t  the  re sea rch  field  which had received  a  tre a tm e n t of g ranu lar 

in sec tic ide  (D yfonate) a t  planting. In 1979, tw o plots of the sam e size  used in 

1978 w ere estab lished  on both  the  tre a te d  (D yfonate) and n o n -trea ted  a reas  of 

the  field . For both years, th e  e x ac t x and y coord inate  of each  individual onion 

w ithin the  p lots w ere recorded . F o r w ithin-row  location  (y-coordinate), th is 

required  placing a  tap e  m easure along the  row and record ing , to  the  neares t 

c en tim e te r , each  onion's location . For be tw een-row  location  (x-coordinate), the  

row spacing was m ultiplied by the  row  d istance being m easured (86 cm row
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spacing). A t the  sam e tim e, the  condition of each  onion was recorded: 1) visibly 

healthy  onions, 2) onions showing sym ptom s of OM dam age, 3) dead  or dried  up 

onion p lants, 4) missing onion p lants. This "mapping" of individual onions was 

ca rried  ou t a t  weekly in te rva ls  during the  spring when onions w ere in the  

seedling s tag e  and every o ther week when onions began to  m atu re .

One of the  main advan tages of th is procedure was the  perm anen t record  of 

each  individual onion from  em ergence; th e re fo re , m issing onions (fourth  class) 

could easily  be determ ined  by com paring previous record  resu lts .

In 1979, field  observations led to  the  hypothesis th a t presence or absence of 

volun teer onions in th e  spring a ffe c ts  th e  ovipositional p re fe ren ce  of the  OM and 

the spa tia l d istribu tion  of dam age. V olunteer onions a re  onion bulbs le f t  in the 

field  from  th e  previous y ear and th a t  sprout and grow the  next spring. These 

onions usually rem ain  undisturbed in com m ercial fields until onion seedlings can 

to le ra te  cu ltiva tion—a t o r about th e  end of th e  f irs t g enera tion  a tta c k  by the  

OM.

A series of experim ents was s e t  up to  exam ine the  e f fe c t  of vo lun teer ■ 

onions on OM oviposition and onion p lant dam age. In 1979, the  "mapping" plots 

were established over a reas  of d iffe ren t densities of volun teer onions. The 

density  of vo lun teers ranged from  0-30 on both  the  D y fo n a te -tre a ted  a re a  and 

n o n -trea ted  a rea . The exac t lo catio n  (x,y coordinate) of each volunteer in these  

p lots was recorded . The location  of volun teer onions and th e ir  e f fe c t  on OM 

dam age during th e  f irs t generation  of ro o t m aggot a tta c k  could th e re fo re  be 

evaluated .

In 1980, 15 plots of onions (.9 m of onion row x 3 rows) w ere se t up in a 

com m ercial field  in G rant to  study the  e ffe c ts  of d iffe ren t densities of
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volunteers on onion p lant dam age. W ithin these  plots, densities  of single and 

ag g reg ate  vo lunteers w ere estab lished . The x ,y coord inate  of each  onion and 

vo lun teer and /o r group of vo lunteers w ere recorded  following onion plant em er­

gence in the  spring using th e  mapping procedure previously described. Onion 

p lan t dam age w ithin each  plot was recorded  a t  the end of June.

N earest-neighbor sam pling techniques w ere used to  exam ine the  location  of 

vo lun teer onions in a field  and the  probability  of p lant dam age occurring  in the ir 

vicin ity . In 1979, th e  sam pling began by tossing a  ball rep ea ted ly  in to  the 

re sea rch  field . From  th is the  following five m easurem ents w ere recorded: 1) 

d is tance  from  random  point (position o f ball) to  n ea res t vo lun teer onion, 2) 

d is tance  from  th e  vo lunteer onion to  n eares t dam aged onion seedling, 3) d istance 

from  dam aged seedling in (2) to  random  point, 4) d istance  from  random  point to  

any n eares t dam aged onion seedling, and 5) d istance  from  volunteer onion in (1) 

to  dam aged p lan t in (4). One hundred and tw en ty  se ts  of th ese  m easurem ents 

w ere m ade on the  n o n -trea ted  side of the  resea rch  field  (sixty se ts  for each  of 

tw o densities of vo lun teer onions) and six ty  se ts  of m easurem ents w ere taken  on 

the  D yfonate side where only one density  of volunteers was evident.

C . B etw een-F ield  P lant Dam age Surveys

To obtain  inform ation  on the  e x ten t and d istribu tion  of onion plant dam age 

on a  regional basis, com m ercial study fields in G rant w ere surveyed for onion 

p lan t dam age. F irst generation  onion p lan t dam age is easily recognized in the 

field . The onion leaves becom e flaccid  then  the  tips yellow . C om plete foliage 

dehydration and ro t usually occurs.

C arru thers  (1979) exam ined the  w ithin and betw een-fie ld  sam pling for
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p lan t dam age. He p resen ted  w ithin and betw een-fie ld  sam pling program s for 

ro o t m aggot dam age by which p lan t dam age density  could be determ ined  with 

accep tab le  precision  and cost. A 30 m sam ple unit of 10 to  20 sam ples gave 

maximum effic iency  over th e  la rg est range of densities and levels o f precision 

and was the p re fe rred  sam ple unit for estim atin g  regional OM p lan t dam age. 

The study  fields and re sea rch  fie ld  w ere surveyed weekly from  the  f irs t of May 

to  the  f ir s t  week of August in 1979 and 1980. Tw enty sections of 30 m of onion 

row w ere random ly se le c ted  in each  field  by tossing a 30 cm garden s tak e  in to  

th e  fie ld  and se lec tin g  th e  sec tio n  from  the  n eares t row w here i t  landed. A fte r 

visually exam ining each  onion p lant, the  to ta l num ber of onions exhibiting  

dam age sym ptom s w ere recorded .

Second generation  OM plant dam age can be m ore d ifficu lt to  assess la te  in 

the  season due to  increased  onion bulb size  and n a tu ra l p lant sinescence. With a 

la rg e r bulb the onion p lan t can w ithstand m ore physical dam age before  showing 

c h a ra c te r is tic  dam age sym ptom s. N atural p lan t senescence causes the  onion 

leaves to  fall over; th e re fo re , i t  becom es d iff icu lt la te  in the  season to  assess 

dam age only by visual exam ination while w alking along th e  onion row. To 

overcom e this problem , tw o com m ercial study fields (13 and 14) were surveyed 

in tensively  on a weekly basis from  m id-July to  th e  end of August. Tw enty 

sec tions of 1.54 m o f row were random ly se lec ted  by throw ing a  30 cm garden 

stak e  in to  the  field  and moving 1 m down-row from  th is point. Each onion w ithin 

th e  sec tion  was then  rem oved, and bulbs were exam ined for signs of roo t m aggot 

dam age. Both dam aged and healthy  onion p lan ts w ere recorded . Dam aged 

onions w ere also classified  according to  tw o conditions: 1) re cen tly  dam aged

(larvae p resen t and in itia l dam age sym ptom s evident) and 2)
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old dam age (no roo t m aggot la rvae  p resen t bu t evidence of feeding injury, 

advanced bulb ro t, or dehydration).

At the  end o f the  season, ju s t befo re  onion harvest, each com m ercial study 

fie ld  was surveyed to  ob ta in  a  fin a l e s tim a te  o f roo t m aggot dam age. B etw een 

10 and 15, 30 m sections of onion row in each field  w ere se lec ted  by tossing a  30 

cm garden  s tak e  in to  the  field . All onions within each  sec tion  w ere rem oved, 

exam ined, and recorded  according to  tw o classes: 1) dam aged onions (larvae, bulb 

ro t, dehydration, or feeding injury easily  identifiab le), and 2) non-dam aged onions 

(no la rvae  or feeding  injury easily visible).

In 1977, C arru th e rs  (1979) in itia ted  an onion plant dam age survey of the 

m ajor onion production regions in Michigan. P est m anagem ent field  a ss is tan ts  

(PMFAs), em ployed by county extension offices , surveyed all onion fields in th e ir 

re sp ec tiv e  a reas  tw ice  during the  growing season. These sam ple periods 

coincided w ith degree-day  es tim ates  of peak larval dam age of the f irs t and 

second OM generations (C arru th ers  1979). PMFAs w ere a le r ted  as to  when a 

dam age survey should be in itia ted  in th e ir  a rea  by PMEX (Pest M anagem ent 

E x ecu tiv e  System ) (C roft e t  al. 1976). To determ ine  the  ex ten t of onion p lan t 

dam age in onion production areas of the  s ta te , and to  provide a long te rm  da ta  

base of e s tim a te s  of OM dam age and onion production p rac tice s  in Michigan, th is 

survey was continued from  1978-1980.

Onion p lan t dam age surveys w ere conducted by PMFAs in four m ajor onion 

growing areas of M ichigan: 1) G rant (Newaygo County), 2) Bravo (Allegan 

County), 3) Jackson  County, and 4) Lapeer County. The boundaries of these  

areas w ere defined according to  the  a rea  fo r which pest m anagem ent 

cooperato rs w ere responsible. Ten (1978) or tw en ty  (1979-80) rep lic a te s  of a 30
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m sec tion  o f onion row  within each  fie ld  w ere se le c ted  random ly. For each 

sec tio n  the  to ta l  num ber of dam aged onions was recorded . A record  of 

production p rac tices , post harvest a c tiv itie s , h isto ry  of each  field , descrip tion  of 

field , and w here sam ples w ere tak en  was obtained a t  each  sam pling period.

There w ere tw o sam pling periods for each  season a t  approxim ate degree- 

day accum ulations of 1) 600 and 2) 1270 (base 4.4°C ). These values had been 

shown to  coincide w ith the tim e  of maximum no ticeab le  dam age fo r each  of the 

f ir s t  and second genera tions (C arru thers  1979). E xact d a te s  of th e  surveys were 

d e term ined  from  resu lts  of la rval sam pling a t  the  resea rch  field  in G rant. The 

PMEX system  was used to  in itia te  each  dam age survey and to  give any additional 

in structions, d a ta  form s, and descrip tion  of OM dam age. A v isit was also made 

to  each  PMFA involved to  answ er any questions about th e  survey and to  

d em o n stra te  how the  sam pling should be perform ed.

D. A biotic M onitoring

Inform ation  on production p rac tices  including: use, application  m ethod and

type of pestic ides used; p lan ting  and harv est da tes; irrigation ; and weeding

p rac tice s  w ere obtained  on a  continuous basis from  grow er spray records and

production  rep o rts . The G ran t w eath er s ta tio n  provided records of daily

maximum and minimum a ir  tem p e ra tu res  and daily p rec ip ita tio n . In addition, a

w eather s ta tio n  was s e t  up a t  the  re sea rch  field  from  April to  O ctober each

year. Instrum ents used a t  this s ta tio n  included: 1) a hygrotherm ograph to  record

tem p e ra tu re  and re la tiv e  hum idity, 2) a  th ree  point soil therm ograph to  m onitor

soil tem p e ra tu re  a t  th ree  depths (3, 8 and 15 cm), and 3) a  pyrheliom eter to
o

record  so lar rad ia tion  (gm -cal/cm  ). These instrum en ts  took continuous readings
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through the  use of a  moving s tr ip  ch art. C harts  w ere changed once a  week and 

w eekly values w ere en te red  onto com puter files for 1/2-1 hour in te rva ls  through 

use of the  Tektronix® tem p la te  option (Appendix C).

VI. RESULTS AND DISCUSSION

A. A dult Em ergence

D aily em ergence  of OM adults was m onitored to  p red ic t em ergence from 

soil or a ir degree-day  accum ulation . Em ergence resu lts  w ere also used to  

exam ine the  phenology of the  adults and to  determ ine  adu lt survivorship (see 

C arru th e rs  1981).

C arru th ers  (1979) had determ ined  th a t OM pupae w ere d is tribu ted  in the 

soil a t  a dep th  of 2 to  15 cm and th a t  50% of the  population was found betw een 5 

and 8 cm . He also rep o rted  a developm ental tem p e ra tu re  of 4 .4 °C for OM 

pupae.

Since th e  OM pupates in the soil, i t  was fe lt  th a t  soil degree-day  

accum ulation  would be the  m ost a ccu ra te  p red ic tion  p a ram ete r. In 1979 and 

1980, a leas t-sq u a res  regression analysis of a ir  degree-days (4.4° C base) versus 

soil degree-days (4 .4°C base) was perform ed for soil tem p e ra tu res  a t  th e  8 cm 

depth  (F igure 12), No sign ifican t d ifference  was found betw een the  slopes or 

in te rcep ts  for the  tw o years. The d a ta  w ere also exam ined on a  m onth to  m onth 

com parison for the  3, 8 and 15 cm soil depth  (Table 2). The regressions indicated  

th a t a lag period ex ists  betw een degree-day  accum ulation  fo r soil when com ­

pared  to  a ir early  in th e  season, but th is lag  period is reduced  due to  g re a te r  

w arm ing o f th e  soil as the season progresses. More years o f soil tem p era tu re  

d a ta , how ever, a re  needed before  draw ing any sp ec ific  conclusions about the
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Table 2 , Regression equations for estimation of soil degree day accumulation for 1979 and 1980 from 
air degree day accumulation in Grant, Michigan, for 3 soil depths (-3, -8, and -15 cm).

a) 1979

Month -3 r2 _ 8 r2 15 i r2

April ST — - 6.83 + .699*DQO .93 ST - 5.03 + .514*DDO .93 ST — - 3.99 + .396*DDO .91
May ST = - 23.83 + .949*DD° .97 ST — - 39.81 + .850*DDO .96 ST = - 37.21 + .708*DDO .96
June ST - - 23.30 + 1.011*DD° .99 ST — - 50.36 + .899*DDo .99 ST = -100.30 + .877*DDo .99
July ST - - 84.50 + 1.111*DD° .99 ST -189.00 + 1.110*DDo .99 ST = -195.80 + 1.039*DDo .99
August ST - -228.40 + 1.216*DD° .99 ST = -410.20 + 1.274*DDo .99 ST = -421.00 1.205*DDO .99
September ST — -268.20 + 1.233*DD° .99 ST = -481.40 + 1.307*DDo .99 ST = -569.30 1.282*DDO .99
Year ST = - 49.10 + 1.091*DDO .99 ST = - 80.08 + 1.040*DDO .99 ST - 90.46 + •969*DD° .99

b) 1980

Month -3 r2 -8 r2 -15 r2

April ST = - 11.52 + .599*DDo .90 ST = - 10.81 + ,493*DD° .86 ST = - 5.69 + •252*DD° .77
May ST = - 64.30 + 1.064*DD° .99 ST = - 42.47 + .864*DDa .99 ST - - 56.41 + ,784*DDO .99
June ST = -104.60 + 1.181*DDO .99 ST = - 91.78 + .101*DDo .99 ST = -121.11 + .973*DDo .99
July ST = - 32.58 + 1.106*DDO .99 ST - - 46.78 + .960*DD° .99 ST = -197.00 + 1.033*DD° .99
August ST - - 29.73 + 1.107*DD° .99 ST = -106.80 + 1.008*DDO .99 ST - -103.00 + .959*DDO .99
September ST = - 75.32 + 1.129*DD° .99 ST - -200.80 + 1.056*DDO .99 ST = -298.80 + 1.085*DDO .99
Year ST = - 58.72 + 1.123*DDo .99 ST = - 65.43 + ,980*DDO .99 ST = - 79.98 + .9522*DD° .99
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re la tionship  of a ir  to soil degree-day  accum ulation, although it  may be suggested 

th a t muck soil accum ulates degree-days each  year a t  the sam e ra te , according  to  

degree-day  a ir accum ulation . This may be due to  onion production p rac tices , 

whereby the  soil is usually kep t bare  o f ground cover before  p lan ting  and a f te r  

harvest. Muck soil is also very  homogenous in s tru c tu re  and com position. As a 

resu lt, degree-day  e s tim a te s  from  air tem p e ra tu re  records and use of a ir-so il 

degree-day  regression equations may be sa tis fa c to ry  for p red ic ting  soil degree- 

day accum ulation .

Em ergence d a ta  for each generation  and year w ere analyzed according to  

th e  following descrip tion:

1) Em ergence counts (Y) w ere accum ulated  over the  X axis (where X is 

tim e or degree-days (4.4°C  base)).

2) All cum ulative counts w ere transfo rm ed  to  obtain  a  cum ulative 

proportion of to ta l em ergence.

3) P roportional cum ulative counts w ere transfo rm ed  by use of the probit 

(Finney, 1971) in order to  linearize  th e  da ta .

4) L east-squares regression analysis was perform ed to  obtain  the  probit 

regression equation  (Ep=a+bx; w here is the  p red ic ted  em ergence in 

probits, a is the  in te rcep t, and b is the  slope).

5) Em ergence d a ta  w ere f i t  to  a  norm al curve and the  m ean and variance 

obtained  fo r use in determ in ing  curv ilinear cum ulative  proportion 

em ergence lines according to  the norm al d istribu tion .

6) C um ulative em ergence d a ta  w ere com pared to  curv ilinear cum ulative 

proportion em ergence lines.

Three p a ram ete rs  w ere exam ined fo r possible use in p red ic ting  OM adu lt
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Table 3 . Probit regression equations for adult OM emergence and degree day period for 50 percent 
emergence (,5Ep). DD is accumulated degree days above 4.4°C.

a) Julian date

Year Generation Regression Equation r2 .5 Ep Variance

1979 first Ep = -19.22 + .162 *Day .94 154 38.10
1980 first Ep = -19.53 + .168 *Day .92 145 38.10
Avg first Ep = -15.74 + .137 *Day .91 150 52.89
1978 second Ep = —18.87 + .114 *Day .85 208 76.54
1979 second Ep *• —21.84 + .134 *Day .90 200 55.69
1980 second Ep = -19.56 + .126 *Day .94 195 63.39
Avg second Ep = -15.34 + .099 *Day .96 203 100.16
1978 third Ep = -42.34 + .191 *Day .90 248 27.53
1979 third Ep = -27.42 + .130 *Day .87 249 59.08
1980 third Ep = -39.24 + .180 *Day .96 245 30.72
Avg third Ep = -33.83 + .157 *Day .94 247 40.46

b) Degree day air (4.4C° base)

Year Generation Regression Equation r2 .5 Ep Variance

1979 first Ep = - 1.11 + .0136*DDO .94 448 5,375
1980 first Ep = - .38 + .016 *DDo .93 342 4,036
Avg first Ep = .46 +  .011 *DD° .88 399 7,776
1978 second Ep = - 3.98 + .007 *DDo .89 1,226 18,673
1979 second Ep = - 3.10 + .007 *DDo .97 1,085 17,949
1980 second Ep = - 2.35 + .007 *DDo .94 1,033 19,731
Avg second Ep = - 2.18 + .006 *DDO .96 1,142 25,299
1978 third Ep = -18.33 + .013 *DDO .88 1,826 6,132
1979 third Ep = -14.70 + .011 *DDo .82 1,760 7,986
1980 third Ep - -18.12 + .012 *DDO .95 1,843 6,359
Avg third Ep = -14.27 + .010 *DDo .97 1,840 4,628



Table 3, (continued)

c) Degree day soil-8cm (4.4°C base)

Year Generation Regression Equation r2 .5 Ep Variance

1979 first Ep = - .16 + .015*DD° .95 348 4,553
1980 first Ep = .82 +  .016*DD° .92 260 3,872
Avg first Ep = 1.06 + .012*DD° .89 313 6,339
1979 second Ep = - 2.61 + ,007*DD° .91 1,009 17,613
1980 second Ep = - 1.94 + .007*DD° .94 946 18,607
Avg second Ep = - 1.95 + .007*DD° .96 990 20,315
1979 third Ep = -14.93 +  .011*DD° .81 1,790 8,072
1980 third Ep = -16.59 + .012*DD° .95 1,752 6,588
Avg third Ep = -15.67 +  .012*DD° .93 1,769 7,330

Variance - variance of data about a normal curve. 

.5 Ep - 50% emergence of OM adults (degree days)
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em ergence: Ju lian  da te , a ir degree-days (4.4°C  base), and soil degree-days 

(4.4°C  base). The cum ulative em ergence d a ta  and f it te d  curv ilinear cum ulative 

proportion  lines for each generation  w ere p lo tted  against these  p a ram ete rs  fo r 

each  year (F igures 13-15). For each  p a ra m e te r and generation , d a ta  w ere pooled 

and cum ulative proportion  em ergence  and ra te  of em ergence  fo r the  pooled d a ta  

w ere determ ined  (F igure 16). Table 3 gives the  probit regression  equations fo r 

each  generation , year, and p a ram ete r of prediction .

The slopes of th e  regression equations w ere found to  be not significantly  

d iffe ren t betw een  years in each generation  when soil or a ir degree-days where 

used to  p red ic t em ergence. S ignificant d iffe ren ces  in the  slopes betw een years 

for each  generation  w ere obtained  w here the  Ju lian  d a te  was used in th e  

p red ic tion  equation. For all th re e  p a ram ete rs  (a ir soil degree-days and Ju lian  

date), th e re  w ere sign ifican t d iffe ren ces  (com parisons of .95 Cl) betw een th e  

in te rcep ts  for each  year and generation .

The lack  of sign ifican t d iffe ren ces  in the  slope of the  regression equation  

o ften  ind ica tes  th a t  developm ent is responding equally to  an environm ental 

p a ram e te r such as tem p era tu re . The f a c t  th a t  sign ifican t d iffe ren ces  occurred  

when Ju lian  d a te  was used may be expected , since tem p e ra tu re  accum ulation  

betw een  days can vary considerably. L arge d iffe ren ces  in the  in te rcep ts  

betw een  years, how ever, would no t be expec ted  for a ir  or soil degree-days if  

pupae w ere responding only to  te m p e ra tu re . Maximum d iffe ren ces  of 106, 193, 

and 183 a ir degree-days betw een y ears  for th e  f ir s t , second, and th ird  generation , 

w ere obtained  fo r 50 p e rcen t em ergence . Sim ilarly , maximum soil degree-day  

d iffe ren ces  betw een  years  of 88, 63, and 38 w ere  obtained  a t  50 p e rcen t 

em ergence fo r th e  firs t, second, and th ird  generation .
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V ariability  in degree-day  accum ulation  fo r em ergence can caused by 

d iffe ren ces  betw een years in 1) pupal d istribu tion  in tb e  soil, 2) rad ian t energy,

3) soil m oisture, 4) su rface  re flec tio n  of rad ian t energy, 5) ground cover, 6) fall 

production p rac tices , 7) snow cover, and 8) ra in fa ll. Eckenrode e t  al. (1975) 

rep o rted  degree-day  d ifferences of up to  165 degree-days (298 degree-days °F) 

betw een y ears  for 50% em ergence of the  f irs t generation  of OM in New York 

S ta te . He also rep o rted  maximum d ifferences of 121 and 244 degree-days 

betw een years for 50 percen t em ergence of the  second and th ird  generation . 

Loosjes (1976) rep o rted  considerable d ifferences when using accum ulated  degree- 

days to  p red ic t OM em ergence in the  N etherlands. An exam ination  of his d a ta  

rev ealed  d iffe ren ces  of up to  100 degree-days betw een  years fo r 50 percen t 

em ergence in th e  f ir s t  generation .

Simple p red ic tion  o f OM em ergence may no t be possible through degree- 

day accum ulation  alone. T icheler e t al. (1975) found th a t a slight tem p e ra tu re  

shock to  OM pupae in diapause caused a com plicated  reac tio n  p a tte rn  such th a t 

p red ic ting  developm ent was not possible. Mukerji and G age (1978) found th a t 

soil type and soil m oisture a ffe c te d  grasshopper egg developm ent and th a t 

ha tch ing  would not occur unless m oisture s tre ss  was re lieved  (> 13.5%).

To inv estig a te  if ab io tic  fa c to rs  in addition to  tem p e ra tu re  a ffe c ted  OM 

pupal developm ent in the  spring, the  probit regression  equations of em ergence 

for soil degree-days w ere exam ined. The prob it regression  equation can be 

rea rran g ed  to include a constan t such th a t the  cum ulative  degree-day  d ifference  

for em ergence  betw een tw o years  would be a t  a  m inim um . By in troducing a 

co n stan t in to  the  equation , we obtain:

EP = a + b(x-c)
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where:

EP = p red ic ted  em ergence in probits 

a = in te rc ep t (desired) 

b = slope

x = cum ulative soil degree-day  value

c = unknown constan t

or: a„ = a , + cb,s 1 1

such th a t for a given EP, we se le c t ag as a standard  in te rc ep t and a^, b j as the 

slope and in te rc ep t th a t  is ad justed  to  m inim ize th e  cum ulative  degree-day  

d iffe ren ce  where:

S ubstitu ting  in the  values for the  f ir s t  generation  em ergence  from  Table 3 where

1980 is considered  as a s tandard  year:

_ -.1614 -  .8206 c = --------------------
.01607

=66.2 degree-days soil (4.4° C base)

This co n stan t im plies th a t degree-day  accum ulation  by OM pupae in 1979 

did not s ta r t  until 66 degree-days a f te r  i t  should have when com pared to  1980. 

All possible fac to rs  th a t would delay an accum ulation  of degree-days in 1979 can 

now be exam ined in re la tio n  to  the  leng th  of the  requ ired  delay. For exam ple, 

one possible fa c to r  may be soil m oistu re  or ra in fa ll. In 1979 th e re  w ere 69 

accum ulated  degree-days a t the  8 cm soil depth  on A pril 24. An exam ination  of 

accum ulated  ra in fa ll (Appendix C) revealed  th a t  in 1979 ra in fa ll accum ulation  

was a ty p ica l in A pril when com pared over a  fo u r-y ea r period: 1977-1980. An
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accum ulation  of only 1.24 inches of rain  had occurred  by April 24, 1979, as 

com pared  to  4.59, 3.13 and 3.73 inches in 1977, 1978 and 1980, respective ly . 

Also th e re  had been no substan tia l rain  (> 1  cm /day) up to  this d a te  in 1979. 

During the  o ther years, a substan tia l rain  of a t le a s t 3 cm /day had occurred  early  

in April before  any soil degree-day  accum ulation  a t  the  8 cm depth. By 

rem oving 69 soil degree-days from the  accum ulated  degree-day  to ta ls , new 

prob it regression equations for em ergence w ere determ ined  for the  th ree  

generations in 1979 (Table 4). This ad justm ent im proved the use of soil degree- 

days for p red ic ting  em ergence for the tw o years and all th ree  generations. 

Maximum d iffe ren ces  betw een years of only 19, 5, and 31 degree-days occurred  

fo r 50 p e rcen t em ergence.

Not enough inform ation  was available to confirm  w hether in fa c t  lack  of 

ra in fa ll or insuffic ien t soil m oisture delayed the  1979 em ergence. It was 

observed, how ever, th a t  soil m oisture in G rant for the  spring of th a t year was 

much low er than  o th e r years, and l i t t le  snow cover had occurred  during the  

previous w inter m onths. Also, a spring rain  can warm soil su rface  layers  and 

increase  soil m oisture which im proves h ea t conduction through the  soil by 

rep lacing  th e  poorer conductor, a ir.

Sum m ary tab les  for OM em ergence for 1978-80 are p resen ted  in Appendix

D. T here was no sign ifican t d ifference  betw een tim e of em ergence  for m ales 

and fem ales, although m ales tended to  em erge one to  tw o days earlie r. Air 

degree-days and soil degree-days a re  the  m ost useful for em ergence  prediction , 

since th is inform ation  can be used fo r o ther onion growing areas. (D egree-day 

values (4 .4°C base) for a ir and soil for five p e rcen tages of cum ulative em ergence 

for each  year and generation  a re  presen ted , along w ith yearly  averages in Table



Table 4. Probit regression equations for adult OM emergence and degree day period for 50 percent 
emergence (.5 Ep). DD is accumulated degree days above 4.4 C for the 8 cm soil depth after
one day of 1 cm of precipitation in the Spring.

Year Generation Regression Equation r2 .5 Ep Variance

1979 first Ep = .861 + .015*DD .94 279 5,375
1980 first Ep = .821 + .016*DD .93 260 4,036
1979 second Ep = - 2.090 + .008*DD .97 941 17,949
1980 second Ep = - 1.940 + .007*DD .94 946 19,731
1979 third Ep = -14.160 +..011*DD .82 1,721 8,072
1980 third Ep = -16.590 + .012*DD .95 1,752 6,588

Variance - variance of data about a normal curve. 

.5 Ep - 50% emergence of OM adults (degree days).



Table 5. Air and soil degree day estimates for different percentages of emergence of OM 
adults for 1978-1980 in Grant, Michigan.

Degree Day AIR (4.4C base) Degree Day SOIL (4.4C base)

Percent
Emergence 1978 1979 1980 Average 1979 1980 Average

FIRST GENERATION
5 328 238
25 — 398 299
50 — 448 342
75 — 497 384
95 — 568 446

255 238 158 183
340 303 218 260
399 348 260 313
458 393 301 367
544 458 362 444

SECOND GENERATION
5 1,002 865 802 8811102 791 722 724

25 1,135 996 939 1,035+100 920 854 894
50 1,226 1,085 1,033 1,142199 1,009 946 990
75 1,318 1,175 1,127 1,248+99 1,098 1,037 1,085
95 1,450 1,305 1,263 1,402198 1,227 1,170 1,223

THIRD GENERATION
5 1,698 1,614 1,713 1,683±53 1,643 1,619 1,629

25 1,774 1,700 1,790 1,776±48 1,730 1,698 1,712
50 1,826 1,760 1,843 1,840±44 1,790 1,752 1,769
75 1,879 1,820 1,897 1,882±40 1,850 1,806 1,827
95 1,955 1,907 1,974 1,957±35 1,938 1,885 1,910
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5. In te rm ed ia te  values can be obtained  through the  probit regression equations 

and appropria te  probit transfo rm ations (F ischer and Y ates 1963).) Eckenrode e t  

al. (1975) rep o rted  average  cum ulative  degree-day  values (4.4° C base) for 50 

percen t em ergence of the  th ree  generations o f OM as 395, 1054, and 1752, which 

ag rees closely w ith a ir  degree-day  values of 399, 1142 and 1840 repo rted  here.

B. A dult A ctiv ity  and R ela tive  Abundance

Before adu lt trapp ing  resu lts  could be analyzed, it was necessary  to  

exam ine the fligh t behavior of th e  adu lt OM. Several se ts  of d a ta  from  adult 

trapping  w ere used for th is purpose, in addition to  d a ta  on adu lt fligh t behavior 

given in the li te ra tu re .

1. H eight D istribu tion  of Adult F light

The d istribu tion  of fligh t height was investigated  in order to  assure th a t 

the  heights of the  various trap s  used w ere adequate  for the  passive trapp ing  

m ethods em ployed. C arru th ers  (1977, unpublished) s e t  out sticky  trap s  a t various 

heights in an onion field  and w ithin a grass border of the onion field  to m easure 

the  height a t which OM adults fly. R esu lts  ind ica te  th a t adults fly a t a  g re a te r  

height in the  border areas than  within the onion crop its e lf  (F igure 17). For trap s  

p laced  betw een onion rows, no adu lts w ere trapped  a t  a  height g re a te r  than  120 

cm . Up to  27% of the  adults w ere trapped  a t  a  height g re a te r  than  120 cm in th e  

grass border ad jacen t to  the  onions. The rev erse  was tru e  a t th e  low est height of 

0 to  20 cm . Up to  21% of th e  to ta l flies trapped  w ere caught a t  th is  height in 

the  onion crop, as opposed to  none in the  grass border. No sign ifican t 

d ifferences of m ale to  fem ale  ra tio  w ere found betw een the various trap  heights 

for e ith e r location . All trapping  was conducted  early  in the  season when onion
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plants w ere sm all (June 7).

Loosjes (1976) rep o rted  th a t adult OM w ere seldom observed flying much 

above local veg eta tio n , w ith an average  fligh t height of 10 to  30 cm along d itch  

banks, to  a maximum of 50 cm depending upon mowing in tensity  and border 

height. In th e  G rant a re a  early  in the spring, m ost fo liage bordering th e  onion 

fie lds is ta lle r  than th e  onion crop. A lthough grass borders a re  norm ally mowed 

or sprayed w ith herbicides, these  a reas  can  a tta in  heights of up to  120 cm 

betw een  mowing or spray in te rva ls . The ra tio  of fo liage height of the  borders to  

onion crop height, how ever, is not s ta t ic . The onion plant norm ally reaches a 

height of 60-70 cm a t m atu rity .

In order to in v estiga te  w hether onion crop heigh t can influence OM fligh t 

behavior, trapping  was conducted w ithin th e  onion field a t  severa l d a tes  during 

the  growing season. R o tary  fligh t tra p  d a ta  from  nets s e t a t tw o d iffe ren t 

heights (30 and 100 cm) revealed  th a t th e  height a t  which adu lts fly varies during 

the  season. Early in the  season the 30 cm n e t caught betw een 90-100% of the 

to ta l adu lts  trapped  a t  both heights. As the season progressed, how ever, a 

g re a te r  pe rcen tag e  of flies w ere trapped  by the  net s e t  a t 100 cm (Figure 18A). 

L am pert (1978, unpublished) m easured onion le a f  leng th  a t  various d a tes  during 

th e  1978 season in the  G ran t re sea rch  field . L east-squares regression analysis 

was perform ed on th is d a ta  and th e  slope of the  regression of d a te  versus le a f  

leng th  of the  onion p lan t was not s ign ifican tly  d iffe ren t from  the slope of the  

regression  equation  for d a te  versus proportion o f OM caught a t  the  trap  height of 

100 cm (F igure 18B). These resu lts  suggest th a t  OM adu lts  may fly a t  or above the  

height of th e  crop and th a t  flight height increases over tim e  due to  onion crop 

grow th. A tra p  height of up to  100 cm should be adequate  for trapp ing  OM
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adults throughout the onion growing season. Traps of a g re a te r  height may 

provide higher re la tiv e  es tim ates  of adult abundance bu t log istical problem s 

involving construction  and collection  of trapped  adults may occur.

2. Spatia l A spects

The influence of trap  location  on trapping  resu lts  was investigated . 

B ecause trapping  equipm ent can in te rfe re  w ith norm al production p rac tices , it  

was necessary  to  determ ine  if trap s  could be- placed along the  edges of the  onion 

field to  obtain  rep resen ta tiv e  d a ta  on fligh t ac tiv ity .

F lig h t-in te rcep tio n  trap s  were placed both w ithin the  field  and along the 

field  edges in 1979. Adult fligh t curves for the  second and th ird  generation  

revealed  d ifferences in the  density  of adults trapped  betw een the  tw o locations 

(F igure 19A-B). Up to tw ice the  density  of m ales and fem ales w ere caught by 

trap s  p laced along the  border com pared to  the  trap s  in the  cen te r of the  onion 

field. In order to  exam ine trapping  re su lts  independent of density  d ifferences, 

trap  counts of adults were transfo rm ed  to  proportional counts for each location . 

The re su ltan t curves o f adu lt a c tiv ity  w ere observed to  be qu ite  sim ilar for the 

tw o trapping  locations throughout th e  tw o generations exam ined (Figure 19C). 

Since th e re  w ere no d ifferences in th e  phenology of a c tiv ity  betw een trapping  

a reas  and since higher re la tiv e  density  e s tim a te s  a re  desirab le fo r analysis of 

trapping  resu lts  (o ften  necessary  for use in p a ram etric  s ta tis tic s ) , in te rcep tio n  

trap s  may be placed along fie ld  borders for m onitoring adu lt fly  ac tiv ity . These 

resu lts  agreed  w ith those o f Loosjes (1976) who found th a t fligh t in te rcep tio n  

trap s  worked best along field  borders.

Because fligh t in te rcep tio n  trap s  face  one d irection , i t  was necessary  to  

determ ine  if  th e  d irec tion  and tra p  p lacem ent would influence trapp ing  resu lts.



8 8

Figure 19A. Mean catch of OM adults during the second and 
third generation flight by flight interception 
traps placed within the onion research field in 
1979.

Figure 19B. Mean catch of OM adults during the second and 
third generation flight by flight interception 
traps placed along the borders of the onion re­
search field in 1979.

Figure 19C. Proportion of total adult OM catch during the 
second and third generation flight by flight 
interception traps placed within and along the 
borders of the onion research field in 1979.
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In 1979, flig h t-in te rcep tio n  trap s  w ere p laced along all four borders of the  

re sea rch  field  and w ere a lte rn a ted  betw een  facing in to  or ou t of the  field . T raps 

fac ing  in to  the  fie ld  w ere expected  to  tra p  flies  re tu rn ing  to  the  borders while 

trap s  facing  the  borders w ere ex p ec ted  to  tra p  flies  m igrating  to  the  onion field. 

Tw o-way analysis of variance  for sam ple d a te  and tra p  location  revealed  no 

sign ifican t d ifferences in trapp ing  re su lts  fo r th e  tw o d irections for all sam ple 

d a te s  exam ined. There w ere also no s ign ifican t d iffe ren ces  in the  ra tio  of m ale 

to  fem ale  ca tch  betw een the tw o d irections (Appendix E).

To exam ine tra p  p lacem en t, a  paired  T - te s t  was used. Trapping resu lts  

from  paired  trap s  (one fac ing  in and one facing ou t of th e  field) along the four 

fie ld  borders w ere analyzed  to  determ ine  if d iffe ren t border h ab ita ts  gave 

d iffe ren t resu lts. T here  w ere no s ig n ifican t d iffe ren ces  in trap  resu lts  betw een 

th ese  h ab ita ts  (carro ts , grass borders, and mint) for all trapp ing  d a tes  exam ined. 

These resu lts  ag ree  w ith Loosjes (1976) who found no co rre la tio n  of tra p  location  

on ca tch  size w ith re sp ec t to  d irec tio n  of adu lt dispersal. He concluded th a t 

fligh t d irec tion  had a low co rre la tio n  w ith d ispersal d irec tion  due to  predom i­

nan tly  random  fligh t behavior in the  field  and along th e  borders. W ithin-day 

d ifferences in tra p  c a tc h  could not be d e term ined  since trap s  w ere only 

m onitored daily. D ifferences in trapp ing  resu lts  during the  day, how ever, may 

have been expected , since th e  m ic ro -h ab ita ts  o f the  border a reas  d iffe r 

considerably.

I t was hypothesized th a t d iffe ren t m ic ro -h ab ita ts  be tw een  border and onion 

fo liage during n ight hours m ight in fluence ad u lt OM behavior. T herefo re , 

sw eepnet sam pling was conducted  betw een  11 p.m . and 1 a .m . to  exam ine the  

sp a tia l d istribu tion  of re s tin g  ad u lts  in c a r ro t and grass borders and the  onion 

crop.
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Since the  sw eepnet actua lly  m ade c o n tac t w ith the  foliage, any adults 

recovered  w ere considered to  be re s tin g  on the  sam pled foliage. Analysis o f 

variance and subsequent m ean com parison te s t  (Duncan's M ultiple Range) 

rev ealed  s ign ifican t d iffe ren ces  in the  num bers o f adults co llec ted  from  the  

th ree  h ab ita ts  for all sam ple da tes  during th e  season (Table 6). The g re a te s t 

num ber of adu lts  (29.3 per 50 sweeps) w ere found res tin g  in c a rro t crop borders. 

R esu lts  from  onion fo liage were very low—only 3.7 adults caught per 50 sweeps.

C arru th ers  (1981) sam pled OM adults w ithin th e  onion field  and along c a rro t 

borders during daylight hours and rep o rted  s ign ifican t d ifferences betw een these  

two h ab ita ts  throughout the  season. He suggested  th a t aggregation  in the  c a rro t 

borders occurs due to  increased  sh e lte r from  e ffe c ts  of solar rad ia tion  and high 

tem p era tu res . A lthough th ese  conditions would no t be p resen t a t  night, o th e r 

m ic ro -c lim atic  d iffe ren ces  m ay influence the  spa tia l d istribu tion  during the  

n ight hours. C arru th ers  (1981) fo r exam ple, has shown th a t re la tiv e  hum idity is 

considerably higher in grass and c a rro t border a reas  than  in the  onion field  a t 

night.

3. W ithin-Day F ligh t A ctiv ity

W ithin-day fligh t ac tiv ity , o r th e  daily  rhythm  of adu lt fligh t, was 

exam ined. This in form ation  was necessary  to  ev a lu a te  th e  ab io tic  e ffe c ts  on 

fligh t a c tiv ity  and to  estab lish  when trap s  should be em ptied  fo r daily eounts. 

R o tary  fligh t trap s  w ere run continuously from  4:30 a.m . to  10:30 p.m . for 

sev e ra l days during the  grow ing season in 1978. The trap s  w ere p laced betw een 

onion rows in th e  re sea rch  fie ld  and w ere em ptied  hourly. N ets w ere se t to  30 

and 100 cm heights and th e  n e ts  sw ept only th e  a ir above the  onion crop, so
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Table 6. One-way analysis of variance and Duncan's multiple range 
test of mean catch of OM adults per 50 sweeps for dif­
ferent foliage during night hours.

Variable DF Sum of Squares Mean Square F

Foliage Type 2 27,678.5 13,839.2 180.3***
Residuals 207 15,888.7 76.8
Total 209 43,567.1

***(p<.001)

Group Foliage Type Mean Catch/50 Sweeps*

1 Onions 3.7a
2 Grass Border 26.5b
3 Carrot Border 29.3c

*means foiled by same letter are not significantly different (“=.05)
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records of adult a c tiv ity  could be obtained.

R esu lts  ind ica te  th a t adu lt a c tiv ity  varies w ith tim e of day (Figure 20). 

The tim es o f g re a te s t a c tiv ity  occur betw een the  hours o f 5:30-9:30 a.m . and 

5:30-8:30 p.m. An analysis of variance revealed  sign ifican t d ifferences betw een 

hours of the  day for p e rcen t of to ta l c a tc h  (Table 7). The hour of g re a te s t 

a c tiv ity  was from  6:30-7:30 p.m . and no fligh t occurred  a f te r  9:30 p.m . This 

inform ation  p a rtia lly  agrees w ith Loosjes (1976) who repo rted  th a t m ost fligh t 

a c tiv ity  occurs a t dusk. His resu lts, however, did not ind icate  a second period of 

increased  a c tiv ity  during the  early  m orning hours.

To determ ine  when trap s  should be checked, observations w ere m ade on the 

behavior of OM adults caught by the  fligh t in te rcep tion  trap s . One to  th ree  

hours norm ally elapsed betw een  the  tim e a  fly en tered  an in te rcep tio n  trap  until 

i t  worked its  way up and in to  the  co llection  device on top. As a resu lt, traps 

w ere checked every  m orning betw een 7 and 8 a.m . and only the  flies w ithin the 

co llection  device w ere rem oved. C o llected  flies w ere recorded  as having been 

trapped  during the  previous day such th a t any flies rem aining in the  n e t but not 

in the  co llection  device w ere recorded  th e  following day a f te r  en trapm en t.

4. W eather E ffec ts

All o f the  trap s  used to  m onitor adu lt a c tiv ity  during the  season were 

re la tiv e  trapp ing  designs, w ith the exception o f ro ta ry  flight trap s  which sam ple 

a constan t volum e of a ir. To biologically in te rp re t the  resu lts, changes in 

a c tiv ity  due to  changing environm ental conditions m ust be exam ined. The 

n a tu ra l diurnal cycle  o f the  adult OM has a lready  been discussed, but the  e ffe c t 

of prevailing c lim atic  conditions during tim es of fligh t also need to  be accoun ted  

for.
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Table 7 . One-way analysis of variance and Duncan's multiple range
test for different times of percent catch of total OM adults. All 
percentages were transformed by arcsin square root before analy­
sis.

Variable DF Sum of Squares Mean Square F

Time of Day 16 280.6 17.5 2 .8**
Residuals 100 627.1 6.3
Total 116 907.7

**(p<.01)

Group Time of Day Percent Catch of Total**

1 5:30- 6:30 8 .7abc
2 6:30- 7:30 1 0.2abc
3 7:30- 8:30 6.7d
4 8:30- 9:30 5. 2d
5 9:30-10:30 2, 9d
6 10:30-11:30 2 .8d
7 11:30-12:30 1 .8d
8 12:30-13:30 3.6d
9 13:30-14:30 1. 9d

10 14:30-15:30 3.4d
11 15:30-16:30 3.9d
12 16:30-17:30 8 .4abc
13 17:30-18:30 1 2.3ab
14 18:30-19:30 14.3a
15 19:30-20:30 13.2ab
16 20:30-21:30 0 .8d
17 21:30-22:30 O.Oe

**means followed by the same letter are not significantly different 
(*=.05)
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Loosjes (1976) rep o rted  th a t  daily ca tch  of OM adults by flig h t-in te rcep tio n  

trap s  was strongly  c o rre la ted  w ith maximum tem p era tu re . He determ ined  daily 

d iffe ren ces  in tra p  ca tch  given increm en ta l d iffe ren ces  in maximum daily 

te m p e ra tu re . This technique requ ires a  series o f daily ca tch es, such th a t ca tch es  

in consecu tive  days may be com pared to  corresponding maximum tem p era tu res , 

and the  density  o f the  adu lts  betw een any tw o days can  be assum ed to  be a 

constan t. Any d iffe ren ces  in m easured a c tiv ity  can be a ttr ib u te d  to d ifferences 

in the  maximum daily tem p era tu re . This technique has been used by o ther 

au thors for exam ining tem p e ra tu re  influence on in sec t a c tiv ity  (W illiams 1961, 

Johnson 1969).

The d a ta  from  Loosjes (1976) was exam ined fo r use in ad justing  ac tiv ity - 

tra p  d a ta  for tem p e ra tu re  changes through the  season. C um ulative  ca tch  size 

was transfo rm ed  by use of the  prob it so a linear re la tionsh ip  betw een ca tch  size 

and tem p e ra tu re  was obtained  (Finney 1971). L east-squares regression  analysis 

was then  perform ed to  obtain  the  p red ic tion  equation  fo r re la tiv e  ca tch  size 

given maximum tem p era tu re  values (Figure 21). Before th e  tra p  c a tc h  could be 

adjusted , it  was necessary  to  de te rm in e  a "standard  day" or tem p e ra tu re  w ith 

which all o th e r tem p e ra tu res  would be com pared. Based on lab o ra to ry  observa­

tions, Loosjes (1976) described  a s tandard  day of a c tiv ity  as occurring  a t 20°C . 

A t th is tem p e ra tu re , 100% re la tiv e  c a tc h  size  would be assum ed. Any deviations 

from  this tem p e ra tu re  required appropria te  ad justm en t w hereby c a tc h  records 

from  days w ith low er tem p e ra tu res  would be in creased  and those from  days of 

higher te m p e ra tu res  would be decreased  according  to  th e  tem p e ra tu re  fa c to r  

de term ined .

Loosjes (1976) ad justed  th e  to ta l trap  count for a day based on the
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maximum tem p era tu re  for th a t  day. The procedure, however, fa iled  to  account 

fo r th e  w ithin-day a c tiv ity  or n a tu ra l daily rhythm  of the  adu lt. Given th a t 

tem p e ra tu re  can influence fligh t ac tiv ity , i t  is also necessary  to  determ ine  if 

fligh t norm ally tak es  p lace a t  th e  tim e  the  tem p e ra tu re  occurs. Any ad justm en t 

fo r tem p e ra tu re  m ust be th e  product of th ese  tw o fac to rs . The in te rac tio n  of 

tem p e ra tu re  and the  tim e of day during which ac tiv ity  tak es  p lace  is a th re e -  

dim ensional re la tionsh ip  when re la tiv e  c a tc h  size  is to  be p red ic ted  (Figure 22).

One would expect th a t  severa l o th e r w eather pa ram ete rs , such as so lar 

rad ia tion , re la tiv e  hum idity, wind and ra in fa ll, could a f fe c t  a c tiv ity  and resul­

ta n t  tra p -c a tc h . An a tte m p t was m ade to  analyze these  a ffe c ts  by com paring 

daily tra p  ca tch es  to  m easured ab io tic  conditions. F lig h t-in te rcep tio n  trap s  in 

th e  resea rch  field  in 1979 w ere checked a t  hourly in te rva ls  for severa l sam ple 

da tes  throughout the  season. M ultivariab le-regression  techniques w ere used to  

ev a lu a te  th e  e ffe c t of re la tiv e  hum idity, tem p e ra tu re , and so lar rad ia tion  on 

tra p  ca tch . A lthough the  analysis fa iled  to show any sign ifican t relationships, it  

should not be in te rp re ted  as indicating  th a t these  p a ram ete rs  have no influence 

on trap  ca tch . The assum ptions of this type of analysis requ ire  th a t  compounding 

in te rac tio n s  be iden tified  and m easured. O verall dependence of one variab le  on 

ano ther or the  re la tionsh ip  betw een any p articu la r pair of variab les can then  be 

determ ined . The n a tu ra l w ith in-day a c tiv ity  of the  adu lt OM may be the  m ost 

dom inant fa c to r  for determ in ing  adult a c tiv ity . B ecause only a  lim ited  num ber 

o f days under n a tu ra l varying conditions w ere assessed, i t  was fe lt th a t m ore 

trapp ing  in form ation , both  w ithin a day and betw een days of varying conditions, 

was necessary  before  a com plete  s tru c tu ra l m odel could be fo rm ulated  to  explain 

adu lt ac tiv ity .
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Figure 22. Graphical representation of temperature adjusted technique, where adult trap catch is 
adjusted according to the activity level observed for the temperature and hour during
the day.
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Heavy rain  and s trong  winds a re  co rre la ted  w ith low er te m p e ra tu res  and 

dim inished trap  c a te h  (Loosjes 1976). T herefo re  tem p e ra tu re  ad justm en t may be 

ad eq u a te  fo r these  s itua tions. A lig h t ra in , how ever, may reverse  the  s itua tion . 

During a period of light ra in  o r following m ajor p rec ip ita tio n , OM ad u lts  w ere 

o fte n  ac tiv e  in the  field . C arru th e rs  (1977, unpublished) m onitored adu lt OM 

a c tiv ity  in the  field  w ith s ticky  boards before  and following a ligh t rain . His 

d a ta  revealed  an increase  in fligh t a c tiv ity  im m edia te ly  following p rec ip ita tio n  

(Figure 23), but because only one d a ta  se t was availab le  for exam ination, no 

a tte m p t was m ade to  c o rre c t tra p  c a tc h  for periods of ra in fa ll. R ecords of 

in tensity  of p rec ip ita tio n , as well as accum ulated  am ount, may be necessary  

before  ad justm ents are  to  be made.

Solar rad ia tion  or ligh t in tensity  has been shown to  influence th e  fligh t 

behavior of cabbage m aggot adults in the  labo ra to ry . Hawkes (1969), m easuring 

walking a c tiv ity  of the  cabbage m aggot under d iffe ren t lig h t in tensities, 

rep o rted  th a t cabbage m aggot adu lts  responded to  decreasing  ligh t in tensity  and 

th a t w ithin-day a c tiv ity  depended on environm ental conditions. T herefo re , 

co rrec tio n  of trap  d a ta  for w ithin-day ac tiv ity  may com pensate  fo r rad ia tion  

e ffe c ts  during th e  day.

I t has a lready  been shown th a t  OM adults fly a t  or about the  height of the 

surrounding vegeta tion . A t heights of 30-120 cm, wind d irec tion  may be 

ex p ec ted  to  influence adult fligh t a c tiv ity . Loosjes (1976) exam ined the  

in fluence of wind d irec tion  on adu lt fligh t a c tiv ity  by com paring tra p  ca tch es  

betw een trap s  fac ing  in d iffe ren t d irec tions. He rep o rted  th a t trap s  placed along 

the  borders o f a  fie ld  w ere le as t a ffe c te d  by d iffe ren ces  in wind d irec tion  when 

com pared to  trap s  p laced w ithin the onion field . More flies  w ere caught in traps
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fac ing  downwind, bu t local d iffe ren ces  in v eg e ta tio n  betw een trap s  w ere 

rep o rted  to  obscure possible influence by wind d irec tion , and d efin ite  conclusions 

could not be reached.

5. Adult F ligh t C urves

A tem p e ra tu re -ad ju stm en t com puter program  was w ritten  to adjust the 

tra p  c a tc h  of flig h t-in te rcep tio n  traps, a c tiv ity  trap s , and sticky  boards (Appen­

dix E). The program  was designed to  ad just hourly tra p  c a tc h  for e ffe c ts  of 

w eather and w ithin-day flight a c tiv ity . Daily c a tc h  records w ere  obtained  by 

lin ea r in te rpo la tion  of counts from  th ree -d ay  sam ple periods. Maximum and 

minimum tem p era tu re  records from  th e  G ran t w eather s ta tio n  w ere f i t te d  w ith a 

sine curve to  obtain  hourly tem p e ra tu re  values for each day (Fulton 1978). Daily 

tra p  counts w ere d is tribu ted  hourly (hours 05-22) according to  the  w ithin-day 

d istribu tion  of ac tiv ity  already  determ ined . R ela tiv e  ca tch  s ize  was then  

ad justed  hourly by the  re la tiv e -c a tc h  pred iction  equation accord ing  to  th e  

te m p e ra tu re  a t  th a t  hour. Hourly counts w ere sum m ed for one day and th ree - 

day counts w ere agg regated  to  obtain  an e s tim a te  for the  d a te  the trap  was 

checked.

This procedure elim inated  the  la rge  influence o f daily w eather fac to rs . In 

1979, rain, s trong  winds, and low te m p e ra tu res  occurred  in th e  G ran t a re a  

betw een  May 12-16 (Appendix C). The e ffe c t of these  adverse w eather conditions 

was d irec tly  re f le c te d  in trap  counts by flig h t-in te rcep tio n  trap s  (F igure 24A). 

A dult a c tiv ity  dropped considerably during th is period. At th e  sam e tim e, 

em ergence of the  f irs t adu lt generation  was occurring; th e re fo re , a  sharp  drop in 

population density would not have been expected . The tem p era tu re  ad justm ent 

program , how ever, ad justed  the  tra p  c a tc h  accordingly  and the
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Figure 24. Proportion of total OM adult catch before (A-B)
and after (C-F) temperature adjustment for flight 
interception traps in 1979 and 1980. Mean trap 
catch for field 7 (G) and field 13 (H).
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re su ltan t curve revealed  an increase  in tra p  c a tc h  during this period (Figure 

24C). (F light curves have f irs t been p resen ted  as a proportion of to ta l c a tc h  so 

th e  e f fe c t  of the  tem p e ra tu re  ad justm ent may be com pared to the  original d a ta  

(resea rch  field  in 1979 and fie ld  13 in 1980).) For each  year, d a ta  from  the  

rem ain ing  study fields (1-5, 8-12, and 14) was pooled; the  proportion of to ta l ca tch  

over degree-days a f te r  tem p e ra tu re  ad justm en t is p resen ted  in F igure 24E-F. By 

p lo ttin g  th e  proportion  of to ta l tra p  c a tc h  over degree-days the  phenology of 

adu lt a c tiv ity  can be exam ined and com pared  independent o f density . I t can be 

seen  th a t th re e  generations o f fligh t took place during the  season. The fligh t 

curves for all fields described a  s im ilar phenology of adu lt fligh t for each  year.

The adjusted  fligh t in te rcep tio n  trap  d a ta  may now be accep ted  as re la tiv e  

e s tim a te s  o f abundance, w hereby m ajor environm ental fa c to rs  a ffe c tin g  ac tiv ity  

have been adjusted .

The re la tiv e  abundance of OM adults p lo tted  against degree-days for the  

re sea rch  field  in 1979 and for field  13 in 1980 revealed  considerable d ifferences in 

density  (Figure 24G-H). A djusted adult fligh t curves for all study fields where 

fligh t in te rcep tio n  trap s  w ere used a re  p resen ted  in F igures 25-26. D ifferences 

in density  betw een fields may be p a rtly  a ttr ib u te d  to  d iffe ren ces  in contro l 

m easures, soil type, fie ld  location , and production p rac tices . C arru th e rs  (1979) 

repo rted  low er onion p lan t dam age by OM in a reas  where the  m arl co n ten t of the 

soil was high. For exam ple, F ield 1 (1979) and 8 (1980) had th e  low est fly density  

for both  years; i t  also had a  very high m arl co n ten t in com parison to  the  o ther 

study fields. P resence or absence of grass borders or sh e lte r could also influence 

adu lt density  and spa tia l d istribu tion . P lan ting  and harvest d a tes  for onions were 

norm ally consis tan t betw een fields; how ever, som e d ifferences occurred , and this
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could also have influenced  adult density.

All the  com m ercial study  fields in 1979 (1-6) and 1980 (7-12 and 14) were 

sprayed w ith  fo liar in sectic ides (parath ion  (.227 kg AI per h ec ta re ), diazinon 

(.227 kg AI per h ec ta re ), and Sevin® (.227 kg AI per hectare)) to  con tro l OM 

adults. Sprays w ere norm ally applied weekly from  the  f irs t week in June to  the  

f ir s t  w eek in Sep tem ber. In o rder to  exam ine w hat e f fe c t  fo liar in sectic ide  

sprays had on OM adu lt abundance, spray records of sev e ra l grow ers w ere 

com pared to  adu lt tra p  ca tch  through th e  season for the  respec tive  fields. The 

re sea rch  field  of 1979 and F ield  13 in 1980 w ere used for com parative  purposes, 

since  no fo liar in sec tic ide  sprays w ere applied to  th ese  fields. F igures 27-28 

show th a t th e re  w ere no m ajor d iscernable a f fe c ts  on OM adu lt density  following 

a  spray. For both years, the  non-sprayed fie lds re f le c te d  sim ilar fligh t curves 

and changes in density  levels for the  da tes  th a t  spraying took place on o ther 

fields. M ajor changes in density  through tim e resu lted  from  n a tu ra l changes in 

the  phenology of the  a Ju lts—not to  la rge  "kills" by th e  insectic ides. In som e 

instances, a f te r  a  spray  was applied, a sm all change in adu lt density  was 

re fle c ted  in the  flight curve, bu t th e  population re tu rn ed  to  its  original 

tra je c to ry  a few days la te r .

To determ ine  if th e  non-sprayed areas during 1979 and 1980 had signifi­

can tly  g re a te r  fly populations because spraying did not tak e  p lace , adu lt to ta ls  

for all fie lds w ere ca lcu la ted . The m ethod of obtaining the  to ta l seasonal 

production (TSP) of a  life -s tag e  has been p resen ted  by severa l au thors (South- 

wood 1978, H elgesen and Haynes 1972, K iritan i and Nakasuji 1967, Manly 1976, 

L am port 1980). A com puter program  by L am pert (1980) was used for th is purpose 

by which:
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Figure 27A. Mean trap catch of adult OM by flight interception 
traps in field 7 in 1979 (no foliar insecticide 
sprays applied),

Figure 27B-D. Mean trap catch of adult OM by flight intercep­
tion traps in field 2 (B), field 5 (C), and 
field 6 (D) in 1979. Periods of foliar insecti­
cide application are indicated (F-parathion, 
S-Sevin, D-diazinon).
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where TI = total incidence
i L

DDj = accum ulated  degree-days on j da te

D y = density  of th e  i s tag e  on the  j sam ple d a te .

To c o rre c t fo r redundant observations, the  to ta l incidence was then  divided by 

th e  developm ental tim e of th e  OM adu lt (167 degree-days; 4 .4°C  base) to  obtain  

th e  TSP.

F or 1979, TSP was ca lcu la ted  only fo r th e  second and th ird  generation  

fligh ts since  trap  records w ere not availab le  for the  f ir s t  generation . For 1980 

TSP for all th ree  fligh ts was ca lcu la ted  (Table 8). This in form ation  was used to  

de te rm in e  if the  TSP of the  non-sprayed field  in each  year d iffered  sign ifican tly  

from  the  m ean of the TSPs of the o th er fields. The null hypothesis (Ho: = Ug)

was a cc e p ted  for both years a t  the  9596 confidence in te rv a l, ind ica ting  th a t the  

TSP of the  non-sprayed fields was not s ign ifican tly  d iffe ren t from  th e  o th er 

fields for each  year.

T rap  d a ta  from  sticky  board and a c tiv ity  trap s  p laced  in the  resea rch  field  

in 1978 and 1979 w ere also ad justed  using the  tem p e ra tu re  ad ju stm en t program . 

F igures 29-30 p resen t p roportional tra p  d a ta  for the original counts of both traps 

along with proportional tem p e ra tu re  ad ju stm en t curves and m ean ca tch  p er 

degree-day . T em pera tu re  ad justm ent of trap  d a ta  had l i t t l e  e f fe c t  on the  

phenology o f adult ac tiv ity .

The sticky  boards described th ree  fligh ts of OM adu lts  during 1978. In 1979, 

how ever, only a p a rtia l th ird  generation  fligh t was recorded  because trap s  had to  

be  rem oved from the  field  a t  harvest (fligh t in te rcep tio n  trap s  along the



Table 8 . Total production of OM adults for study fields in Grant, Michigan, in 1979-1980.

a) 1979

FIELD: 7* 1 2 3 4 5 6

«nd2—  gen. 441.7 61.9 213.4 308.1 396.9 148.4 683.7
_rd3—  gen. 787.9 237.9 534.8 712.9 315.2 343.6 699.2

b) 1980

FIELD: 13* 8 9 10 11 12 14

,st1—  gen. 315.0 944.3 960.8 321.9 1,634.7 1,276.6 522.2
0nd2—  gen. 77.1 65.1 233.2 402.9 371.4 372.1 221.3
-rd3—  gen. , 34.6 1.9 31.9 120 .8 302.5 58.6 38.9

*not sprayed



M
EA

N 
CA

TC
H 

PE
N 

DD
 

PR
O

PO
R

TI
O

N
 

CA
TC

H
 

PE
R 

0
0

114

Vi

a

w
o

c
o

D

o
b o o 12000

fitE
XuK
<o
z
♦-sO
o
2

e
1879

a

s
o

o

BO D 1 2004 0 00
D EG REE DA Y S <4.4*C  B A S E ) D EG REE DA Y S H  **C B A S E )

2 4 0 020000 4 0 0 BOO4 0 0 2 4 0 02 0 0 0

DEGREE DAYS <4.4*C  B A S E ) 0 E Q R E E  DA Y S (4 .4 * 0  B A SE )

Figure 29. Proportion of total 0M adult catch before (A-B) and after 
(C-D) temperature adjustment for stickvboard traps in 
1978 and 1979. Mean trap catch for the research field 
in 197S (E) and 1979 (F).



U
H

N
 

CA
TC

H 
PE

R 
DD

 
PR

O
PO

R
TI

O
N

 
CA

TC
H 

PE
P 

PE
R 

0
0

115

o 1 9 7 8

o

o

n
O
a
o
D

o

a
a

<0
o
a

pi
o
a
o
0 0

D 1979

O

a

naa

0

0
PJ

o

a

<o
o

en
a
o

o
0

o 0 6 0 0

DECREE DAYS (4  4 'C  BA SE) DEGREE PA Y S (4  4 'C  B A SE )

!

A
/ '.A

8 0 0  1TC0 1 6 0 0

DEGREE CAYS (4 4*C BA SE)

a

in
fv
0

o
C3
o 0 6 0 0 1 6 0 0

DECREE PA Y S (4  4*C B A SE)

Figure 30. Proportion of total OM adult catch before (A-B) and after 
(C-D) temperature adjustment for activity traps in 1978 
and 1979. Mean trap catch for the research field in 1978 
(E) and 1979 (F).



116

borders of th e  fie ld  rem ained  and revealed  a  full th ird  g enera tion  flight). The 

p roportional fligh t curves o f 1979 described  a  sim ilar phenology o f OM fligh t 

when com pared to  the  d a ta  of th e  fligh t in te rcep tio n  trap s  used in the  sam e year 

and a rea . The re la tiv e  density  of second generation  adu lts  in 1979 was 

considerably  low er than  1978. The second generation  counts in 1979 w ere also 

low in com parison to  the  f ir s t  generation  of th a t  year. This d a ta  w ere 

unexpected  since in 1979, only half the  fie ld  was tre a te d  w ith D yfonate and 

considerable onion p lan t dam age by OM occurred . The re la tionsh ip  betw een  

onion plant dam age and re la tiv e  fly  density  will be discussed in a la te r  sec tion .

The a c tiv ity  trap s  o f 1978 also described  th ree  fligh ts of OM adults; 

how ever, because a c tiv ity  trap s  had to be rem oved a t  harvest in 1979, only tw o 

flights w ere observed. The proportional curves fo r both years described a sim ilar 

generation  phenology of OM fligh t when com pared to  stickyboards (1978-79) and 

flig h t-in te rcep tio n  trap s  (1979). Major d ifferences betw een m ale and fem ale  

ca tch  w ere originally  expected  since a c tiv ity  traps w ere placed over onion plants 

to  trap  ovipositing fem ales. No d ifferences in the  m ale to  fem ale  ra tio  were 

read ily  apparen t; th e re fo re , i t  was assum ed th a t m ale OM visited  onion plants as 

o ften  as fem ales for m ating or feeding.

C. Onion M aggot Larval and Pupal Population Trends

The study o f population trends and densities  is useful in determ ining  

population synchrony w ith degree-day  values and in exam ining th e  influence of 

in sec tic ide  use on im m ature  s tages. OM la rvae  and pupae w ere sam pled 

continually  during 1978 and 1979 to  de term ine  the  synchrony of the  population 

trends for each  generation . Sampling was conducted in the  D y fo n a te -trea ted
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re sea rch  fie ld  in 1978. In 1979 sam pling was conducted  on the  n o n -trea ted  a rea  

of the  re sea rch  fie ld  (no D yfonate p resent).

OM im m atu re  s tag es  typ ically  occur in an agg regated  p a tte rn  w ithin the 

field  (Loosjes 1976). In th e  past, th e re  has been very l i t t le  a tte m p t to  quan tify  

OM larval populations because o f the  necessary  la rg e  sam ple size. Even a f te r  a 

sam ple size has been  decided on, rem oving la rv ae  from  the  onions and s iftin g  the  

soil for OM pupae requ ires a  g re a t am ount of tim e  and e ffo rt. T herefo re , m ost 

population stud ies in the p ast have been lim ited  to  assessing OM adu lt densities 

and re su ltan t onion plant dam age (Loosjes 1976, Eckenrode e t  al. 1975, Perron  e t 

al. 1958, E llington 1963).

C arru th e rs  (1979) rep o rted  th a t s tra tif ic a tio n  was advisable when sam pling 

im m ature  OM stages. He f ir s t  divided the  h a b ita t into visib ly-healthy and 

v isibly-dam aged onions. He fu r th e r  subdivided this into tw o s tra ta  of healthy  

onions and th re e  s t r a ta  of dam aged onions. C om parative  analysis of the  

s tra tif ie d  sam pling procedure and sim ple random  sam pling revealed  th a t a 

considerably  decreased  sam ple size was adequate  when using s tra tif ic a tio n .

For th is study only tw o s t r a ta  w ere iden tified : visible dam age and no 

ap p aren t dam age. F u rth e r  s tra tif ic a tio n  was no t necessary  and would have 

requ ired  m ore tim e  than  was feasib le  w ith th ree -d ay  sam ple estim ates .

The d a ta  from  la rv a l and pupal sam pling w ere sum m arized  and a re  

p resen ted , along w ith the resp ec tiv e  variance  and standard  e rro r, in Appendix H. 

An average standard  e rro r of 30% of the  m ean was ob tained  for each  year for 5 

to  10 biw eekly sam ples of 60 cm of dam aged onion row. I t was evident there  

w ere only two generations of la rv a l a c tiv ity  during the  onion growing season. 

Sam pling fo r im m atures was continued in 1979 a f te r  the  d a te  when onions were
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m atu re  and ready  for h arvest (Ju lian  d a te  233). A th ird  generation  of larval 

a c tiv ity  occurred  a f te r  th is  tim e, as evidenced from  a buildup of second in sta r 

density  a f te r  Ju lian  day 237 (August 25) (Appendix H). In 1978 onions were 

physically rem oved from  th e  soil (lifted) on Ju lian  day 240 (August 29). 

Im m ature  s tag e  sam pling was continued until Ju lian  day 249 (Septem ber 7), but 

no th ird  la rv a l generation  occu rred  on these  onions. The physical a c t  of 

rem oving the  onions from  the  soil probably d e te rred  oviposition and increased  

the  m o rta lity  of the  th ird  generation  of f irs t in s ta r la rv ae . O bservations 

following onion harvest revealed  a  th ird  la rv ae  gen era tio n  on cull onions (onions 

and sec tions of onions le f t  in the  field  following harvest). Drummond (1979, 

unpublished) rep o rted  th a t the  th ird  generation  of OM larvae  principally  occurs 

on cull and m atu re  onions aw aiting  harvest in the  fall. In the  G ran t a rea , since 

m ost onion acreag e  is harvested  one to  tw o weeks before  and following day 244, 

a th ird  gen era tio n  of OM larvae  does not ord inarily  occur on onions unless 

harvest da te  is delayed.

Second and th ird  in sta r la rvae  fo r each year w ere pooled and the  

cum ulative  proportion density  for the  f irs t and second generation  w ere p lo tted  

w ith cum ulative pupal density  against degree-days (Figure 31). C urvilinear 

cum ulative  proportion  lines w ere obtained  by probit tran sfo rm atio n  of th e  d a ta  

and leas t-sq u ares  regression  analysis (Finney 1971). It was ev iden t from  these  

graphs th a t  the  phenology of the  f irs t g enera tion  im m atu re  s tages agreed  

betw een  years. For the  second generation , how ever, th e re  was a la rg e  degree 

day d iffe ren ce  betw een  the  tw o years fo r both larvae  and pupae occurrence . 

P rob it regression equations and values fo r 50% cum ulative density  revealed  

degree-day  d ifferences betw een  the  two years of 232, 147 and 65 degree-days for
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the  second and th ird  in s ta r and pupae resp ec tiv e ly  (Table 9).

The phenology o f the  OM im m atu re  s tag es  prim arily  depends on tim e  of 

ad u lt em ergence and subsequent oviposition. Any sign ifican t d ifferences 

betw een  years  in tim e  o f adu lt em ergence should be re fle c ted  by sim ilar 

d iffe ren ces  in th e  subsequent im m ature  generation . In 1978 no records of firs t 

gen era tio n  em ergence  w ere availab le . Exam ination o f adu lt flight d a ta , how­

ever, revealed  th a t  peak f irs t generation  adu lt fligh t occurred  a t  approxim ately  

th e  sam e degree-day  in te rv a l in 1978 and 1979. S im ilar degree-day  e s tim a te s  for 

50% cum ulative  la rv a l density, th e re fo re , would be expected  for the  firs t 

gen era tio n  for both years. Com parison of second generation  em ergence d a ta  

rev ea led  a  d iffe ren ce  o f 141 degree-days betw een  the  tw o years for 50% adu lt 

em ergence . This d isparity  was also ev iden t in th e  la rv a l populations. A 

v aria tion  of 154 degree-days for 50% cum ulative  larval density  resu lted  betw een 

1978 and 1979. Any general p red iction  for im m atu re  s tages of th e  OM is 

th e re fo re  con tigen t on availab ility  of a ccu ra te  adu lt em ergence records.

D. Survivorship and Parasitism

In order to  quan tify  population densities of la rvae  and pupae, to ta l seasonal 

production of th ese  life  s tages was determ ined . The m ethod used was iden tical 

to  th a t a lready  given fo r ca lcu la tin g  to ta l adult incidence. The to ta l seasonal 

incidence for th e  im m atu re  s tages was divided by th e  appropria te  developm ental 

tim e  of the life  s tag e  to  obtain  an e s tim a te  of to ta l seasonal production (TSP). 

T o tal seasonal production for each  generation  of OM adu lts  was obtained d irec tly  

from  em ergence trap  resu lts. The em ergence trap s  e ffec tiv e ly  trap p ed  adults 

em erging  from 100 cm of row. The d a ta  was converted  to  es tim ates  of adult



Table 9. Probit regression equations for percent occurrence of immature stages of the OM and degree day 
period for 50 percent occurrence (,5P). DD° is accumulated air degree days above 4.4°C.

Y e a r G e n e r a t i o n L i f e - s t a g e R e g r e s s i o n  E q u a t i o n r 2 .5  P V a r i a n c e

1 9 7 8 1 2—  l a r v a e P = 1 .1 6  +  . 008*D D ° , .9 1 5 0 1 1 7 ,0 0 7

3 ^  l a r v a e P = -  0 . 1 8  +  . 008*D D ° . 9 0 5 9 9 1 3 .3 9 2

P u p a e P  =  -  1 . 8 2  +  , 007*D D ° .9 3 9 2 5 1 8 ,4 2 0
_ n d  , _ r d  
2—  a n d  3^— P = 0 .8 4  +  ,007*DD° . 9 1 5 6 6 1 8 ,5 9 1

2 2—  l a r v a e P = -  5 .5 6  +  ,0 0 8 * D D ° .9 7 1 ,3 4 8 1 6 ,2 9 0

3—  l a r v a e P = -  5 .4 6  +  . 008*D D ° .9 0 1 ,3 9 8 1 7 ,8 6 3

P u p a e P = -  9 .8 2  +  .0 0 9 * D D ° . 8 1 1 ,5 4 1 1 0 ,8 2 8

&  a n d P = -  5 .4 2  +  . 008*D D ° .9 5 1 , 3 6 0 1 7 ,0 5 1

1 9 7 9 1 2—  l a r v a e P =  -  0 .6 7  +  . 011*D D ° .8 7 5 1 8 8 ,3 5 5
- ,rd
3—  l a r v a e P = -  1 .7 4  +  . 010*D D ° .8 6 6 5 5 9 ,4 6 2

P u p a e P = -  1 . 4 7  +  . 007*D D ° .9 3 9 3 0 2 0 ,6 9 0
„ n d  , _ r d  
2—  a n d  3=— P =  -  0 . 1 9  +  . 008*D D ° .8 5 6 1 1 1 3 ,8 6 3

2 2—  l a r v a e P *  -  0 .5 8  +  . 005*D D ° .8 9 1 ,1 1 7 4 0 ,0 9 6
_rd ,
3^— l a r v a e P =  -  3 . 2 9  +  . 007*D D ° .88 1 ,2 5 1 2 2 ,8 1 8

P u p a e P = - 1 4 . 1 0  +  . 013*D D ° .8 1 1 ,4 7 6 5 ,9 7 2

2—  and 3 ^ P = -  2 . 1 0  +  . 006*D D ° .87 1 ,2 0 6 2 8 ,8 3 4

Variance - variance of data about a normal curve.
.5 Ep - 50% occurrence of OM immature stages (degree days)
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em ergence from 60 cm of row so com parisons of TSP could be made betw een 

la rv ae , pupae, and adults. Survival from  one life  s tag e  to  the  next was 

ca lcu la ted  by dividing th e  TSP of th e  previous life  s tag e  by th a t  of the  p resen t 

life s ta g e  (K iritani and Nakasuji 1967, H elgesen 1969).

In 1978, to ta l la rva l m orta lity  of 52% and 43% occurred  for the  f ir s t  and 

second generations, respective ly  (Table 10); m o rta lity  was evenly  d is tribu ted  

betw een the second and th ird  in s ta r s tages. In 1979 sim ilar values of to ta l larval 

m o rta lity  occurred ; how ever, m ost m o rta lity  occu rred  during the  second in s ta r 

s tag e . The p resence of D yfonate in 1978 may have led  to  g re a te r  th ird  in star 

m o rta lity  during both generations.

A m ajor d isparity  was evident betw een the two years when pupal m o rta lity  

was exam ined. In 1978, m o rta lity  of less than  zero  was ob tained  for pupae of the  

f irs t and second generation  (second and th ird  generation  pupae). (For cases 

where th e  m o rta lity  is less than  zero , e rro r is o ften  a ttr ib u te d  to  sam ple e rro r 

and in accu ra te  calcu la tion  of developm ental tim es (H elgesen and Haynes 1972). 

Such values o ften  ind ica te  th a t  m o rta lity  of th e  previous class was ov eresti­

m ated  and th a t n a tu ra l m o rta lity  is a t  som e minumum value above zero .) In 

1979, 35 and 71% pupal m orta lity  occu rred  for th e  f ir s t  and second generations 

respective ly . This high pupal m orta lity  was unexpected , since observations of 

OM pupae under labo ra to ry  conditions ind ica ted  a high survivorship.

All pupae co llec ted  during regu lar field  sam pling for im m ature  s tages were 

re tu rn ed  to  th e  labora to ry  for purposes of obtaining parasito id  and adu lt 

em ergence records. A staphylinid b ee tle , A leochara b ilin ea ta  (Gyll.) was 

observed in 1978 as having p arasitized  OM pupae la te  in the  season (Table 11). 

Maximum parasitism  observed fo r any one sam ple period was 2.9% (Figure 32A).
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Table 10 . Total production (TP) and survival (S^) of various life- 
stages of the OM from samples of 60 cm of onion row in the re­
search field during 1978-1979.

Year Stage
First Generation

TP/60cm Si

Second Generation

TP/60cra Si

1978 Second 44
Third 27
Pupae 21
Adult 22

1979 Second 35
Third 20
Pupae 20
Adult 13

.61

.78
1.04

.57
1 . 0 0
.65

39
31
22
28

57
25
24
7

.79

.70
1.27

.43

.96

.29



Table 11. Proportional mortality of OM pupae from samples of 60 cm of onion row in 1978.

DATE NUMBER
PUPAE

EMERG.
PLIES

EMERG.
PARAS.

TOTAL
MORT VAR PARASITE

MORT VAR UNKNOWN
MORT VAR

171 14 12 0 .1420 .0087 0.0000 .0000 .1420 .0087
173 27 24 0 .1111 .0037 0.0000 .0000 .1111 .0037
177 86 77 0 .1047 .0011 0.0000 .0000 .1074 .0011
180 69 58 0 .1594 .0019 0.0000 .0000 .1594 .0019
184 139 123 0 .1151 .0007 0.0000 .0000 .1151 .0007
191 109 101 0 .0734 .0006 0.0000 .0000 .0734 .0006
194 125 114 0 .0880 .0006 0.0000 .0000 .0880 .0006
199 229 108 0 .0917 .0004 0.0000 .0000 .0917 .0004
201 86 78 0 .0930 .0010 0.0000 .0000 .0930 .0010
207 84 76 0 .1071 .0011 0.0000 .0000 .1071 .0011
209 46 43 0 .1304 .0025 0.0000 .0000 .1304 .0025
213 18 14 0 .2222 .0096 0 .0000 .0000 .2222 .0096
220 59 47 0 .2033 .0027 0.0000 .0000 .2033 .0027
222 188 153 0 .1862 .0008 0.0000 .0000 .1862 .0008
226 95 82 2 .1368 .0012 .0211 .0002 .1158 .0011
229 139 126 4 .0935 .0006 .0287 .0002 .0648 .0004
236 117 105 1 .1025 .0008 .0085 .0001 .0940 .0007
238 259 214 4 .1583 .0005 .0154 .0001 .1429 .0005
241 98 81 1 .1735 .0015 .0102 .0001 .1633 .0014
243 151 126 4 .1655 .0009 .0264 .0002 .1391 .0008
249 72 62 1 .1250 .0015 .0139 .0002 .1111 .0014
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T otal pupal m o rta lity  ranged from  7.3 to  22.2% during th e  season w ith an 

av erage  m o rta lity  of 11% for the  second generation  pupae and 15.4% fo r th e  third. 

In 1979, higher OM pupal parasitism  by A. b ilin ea ta  was reco rded  (Table 12). Up 

to  20.8% o f the  OM pupae w ere p a rasitized  fo r any one sam ple d a te , and 

parasitism  was observed during m ost of the  second and th ird  pupal generation  

(F igure 32B). T o ta l pupal m o rta lity  ranged from  7.7% to 54.1% during the  

season, w ith an average  m o rta lity  of 29.8% fo r second generation  pupae and 

42.1% for the  th ird . H igher pupal parasitism  in 1979, how ever, did not com pletely  

account for th e  la rge  d iffe ren ce  in to ta l pupal m orta lity  betw een the  tw o years. 

Unknown m o rta lity  of 25 and 28% occurred  in 1979 for the second and th ird  

g enera tion  pupal populations. Only 11 and 14% unknown m orta lity  occurred  in 

1978.

Calhoun (1953) rep o rted  th a t 12-36 hours w ere necessary  for the  firs t in sta r 

A. b ilin ea ta  la rv ae  to  m ake an en tran ce  hole in the  roo t m aggot pupal case . He 

rep o rted  th a t  the  cu tic le  of the  host pupae is alw ays punctured  during this 

process, and the  hem olym ph flows ou t, coagula tes, and seals th e  en tran ce  hole. 

W adsworth (1915) described  en tran ce  holes as .08 to  .13 mm in d iam eter and 

c ircu lar in outline. The sea led  hole in itia lly  appears opaque w hite and la te r  turns 

dark  brown in color. Bromand (1980) exam ined cabbage m aggot pupae and 

rep o rted  superparasitism  by A. b ilinea ta  was com m on where 46 to  53% of the  

pupae con tained  m ore than one A. b ilinea ta  la rvae. He counted  the num ber of 

en tran ce  holes p resen t on the  pupae and rep o rted  th a t as the num ber of holes per 

pupae increased  from  1 to  5, p e rcen t em ergence of A. b ilin ea ta  decreased  from 

57.3% to  4.5%. No inform ation  was given about en tran ce  hole density  and host 

pupae survivorship. W adsworth (1915) rep o rted  th a t the  en tran ce  holes can allow



Table 12. Proportional mortality of OM pupae from samples of 60 cm of onion row in 1979.

DATE NUMBER
PUPAE

EMERG.
FLIES

EMERG.
PARAS.

TOTAL
MORT VAR PARASITE

MORT VAR UNKNOWN
MORT

VAR

164 26 24 0 .0769 .0027 0.0000 .0000 .0769 .0027
171 18 15 0 .1667 .0077 0.0000 .0000 .1667 .0077
173 6 5 0 .1667 .0232 0.0000 .0000 .1667 .0232
179 57 45 0 .2105 .0029 0 .0000 .0000 .2105 .0029
181 32 21 1 .3438 .0071 .0313 .0009 .3125 .0067
184 70 47 2 .3286 .0032 .0286 .0004 .3000 .0030
186 93 49 3 .4731 .0027 .0323 .0003 .4408 .0027
191 141 69 5 .5106 .0018 .0355 .0002 .4751 .0018
194 184 111 7 .3967 .0013 .0380 .0002 .3587 .0013
199 167 114 11 .3174 .0013 .0659 .0004 .2515 .0011
201 71 49 11 .3099 .0030 .1549 .0018 .1550 .0018
206 122 88 12 .2705 .0016 .0984 .0007 .1721 .0012
208 70 40 12 .4286 .0035 .1714 .0020 .2572 .0027
213 48 28 8 .4167 .0051 .1667 .0029 .2500 .0039
215 24 13 5 .4583 .0103 .2083 .0069 .2500 .0078
219 83 51 8 .3855 .0029 .0964 .0010 .2891 .0025
223 72 33 9 .5417 .0034 .1250 .0015 .4167 .0034
227 75 40 4 .4667 .0033 .0533 .0007 .4134 .0032
229 52 34 4 .3462 .0044 .0769 .0014 .2693 .0038
235 86 45 11 .4767 .0029 .1279 .0013 .3488 .0026
237 105 62 16 .4095 .0023 .1524 .0012 .3571 .0018
241 40 27 7 .3250 .0055 .1750 .0036 .1500 .0032
243 24 15 4 .3750 .0098 .1667 .0058 .2083 .0069
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nem atodes or fungi to e n te r the  pupae; th e re fo re , host m o rta lity  can resu lt.

All pupae co llec ted  in 1979 from the  com m ercial study  fields and D yfonate- 

tre a te d  and n o n -trea ted  a re a  of the  re sea rch  fie ld , were exam ined for presence 

o f en tran ce  holes m ade by A. b ilin ea ta . Some pupae w ere found with unsealed 

en tran ce  holes; o thers  w ere found w ith en tran ce  holes in various s tages of the  

sealing process (F igure 33). Most pupae w ere sup erp arasitized  (m ultiple en tran ce  

holes p resen t). Superparasitism  in the  n o n -trea ted  a rea  of the  research  field  was 

pa rticu la rly  ev iden t and up to  20 en tran ce  holes w ere observed fo r a single OM 

pupae. Pupal m orta lity  and p e rcen t parasitism  in this field  w ere sim ilar to  what 

had been rep o rted  during the  regu lar im m atu re  s tag e  sam pling (Table 13). 

A verage pupal m orta lity  over all d a tes  in the  D y fo n a te -trea ted  a re a  of the 

re sea rch  field  was 20.9%. Pupal m o rta lity  in com m ercial study  fields w here 

D yfonate and fo liar sprays had been applied ranged from  12.8% to  13.9%.

Analysis o f variance  and Duncan's m ultiple range te s t  w ere perform ed on 

the  pooled d a ta  for all fields excep t fie ld  3 (only tw o sam ple d a te s  w ere 

availab le  for field  3). B etw een-field  d iffe ren ces  w ere exam ined for p e rcen t 

parasitism  by A. b ilin ea ta , pe rcen t of pupae w ith en tran ce  holes, and percen t 

to ta l pupal m o rta lity . A lthough sign ifican t d iffe ren ces  in p e rc en t parasitism  

betw een  tw o groups of fields was ev ident, no sp ec ific  biological explanation  

could accoun t for the  groupings (Table 14a). When num bers of pupae w ith 

en tran ce  holes w ere exam ined, m ore s ign ifican t d iffe ren ces  w ere found (Table 

14b). Pupae from the  tre a te d  and n o n -trea te d  a reas  of the  re sea rch  fie ld  had 

significantly  m ore en tran ce  holes than  pupae from  the  com m ercial fields. 

P e rcen t to ta l m orta lity  of pupae was sign ifican tly  higher in th e  n o n -trea te d  a rea  

o f the resea rch  field  when com pared to  all o th e r fields exam ined (Table 14c).
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Figure 33A. Photograph of an OM pupa showing the entrance hole
made by A. bilineata, only a few hours after the
cuticle was penetrated.

Figure 33B. Photograph of entrance hole of A. bilineata in OM
pupa, showing the contents of the pupa protruding
from the hole.

Figure 33C. Photograph of the entrance hole of A. bilineata
partly sealed over.

Figure 33D. Photograph of the sealed entrance hole of A, bi­
lineata on an OM pupa.
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Table 13. Proportion OM pupal mortality and proportion of OM pupae with entrance holes made 
by A. bilineata from samples of 30 cm of onion row in commercial study fields of 
Grant, Michigan, in 1979.

DATE FIELD N PROP.
PARAS. VAR

PROP.
ENT.
HOLES

VAR
PROP.
TOTAL
MORT

VAR
PROP.

UNKNOWN
MORT

VAR

186 5 106 0 .0000 .0000 .0909 .0008 .1724 .0013 .0815 .0007
186 6 81 0.0000 .0000 .1320 .0014 .1618 .0017 .0298 .0004
186 7 396 .0152 .0000 .2800 .0005 .3150 .0005 .0350 .0001
186 7D 303 .0412 .0001 .6700 .0007 .4900 .0008 .1800 .0004
191 1 73 .0060 .0001 .1180 .0014 .1918 .0021 .0738 .0009
191 2 55 0 .0000 .0000 .0820 .0014 .1623 .0025 .0803 .0013
191 3 56 .0020 .0000 .1310 .0020 .2000 .0029 .0690 .0011
191 4 122 .0060 .0000 .1630 .0011 .2540 .0016 .0910 .0007
191 7 46 .0210 .0004 .3180 .0047 .2390 .0040 .0790 .0002
191 7D 235 .0520 .0002 .4820 .0011 .5021 .0011 .0201 .0001
200 1 41 0 .0000 .0000 .0900 .0020 .1463 .0030 .0563 .0013
200 2 80 .0040 .0000 .0880 .0010 .1250 .0014 .0370 .0004
200 6 24 .0080 .0003 .1140 .0042 .1820 .0062 .0680 .0026
200 7 60 .0310 .0005 .1489 .0021 .1200 .0018 .0289 .0004
200 7D 169 .1090 .0006 .3880 .0014 .4000 .0014 .0120 .0001
206 7 39 .0480 .0012 .0890 .0021 .1438 .0032 .0548 .0013
206 7D 168 .1160 .0006 .1600 .0008 .2619 .0012 .1019 .0005
222 1 65 0 .0000 .0000 .0910 .0013 .0923 .0013 .0013 .0000
222 2 100 .0010 .0000 .0760 .0007 .1200 .0011 .0440 .0004
222 4 113 0 .0000 .0000 .0410 .0003 .2000 .0014 .1590 .0012



Table 13. (continued)

DATE FIELD N PROP.
PARAS. VAR PROP.

ENT
HOLES

VAR PROP.
TOTAL
MORT

VAR PROP.
UNKNOWN
MORT

VAR

222 5 54 .0040 .0001 .0910 .0015 .1290 .0021 .0380 .0007
222 6 84 .0010 .0000 .0390 .0004 .0714 .0008 .0324 .0004
222 7 221 .0220 .0001 .0820 .0003 .1409 .0005 .0589 .0003
222 7D 170 .0890 .0005 .2730 .0012 .3200 .0013 .0470 .0003
229 1 100 0.0000 .0000 .0460 .0004 .0870 .0008 .0410 .0004
229 2 97 .0060 .0001 .0710 .0007 .1180 .0011 .0470 .0005
229 3 118 .0080 .0001 .0730 .0006 .1410 .0010 .0680 .0005
229 4 66 0.0000 .0000 .0420 .0006 .0700 .0010 ,0280 .0004
229 5 135 .0060 .0000 .0690 .0005 .1320 .0008 .0621 .0004
229 6 92 .0080 .0001 .0640 .0007 .0980 .0010 .0340 .0004
229 7 108 .0360 .0003 .1630 .0013 .2100 .0015 .0470 .0004
229 7D 181 .1420 .0007 .4260 .0014 .4760 .0014 .0500 .0003
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Table 14. One-way analysis of variance and Duncan's multiple range 
test for three observations on OM pupae collected from 
study fields in 1979. All percentages were transformed 
by arcsin square root before analysis.

a) Comparison of percent of OM pupae parasitized by A. bilineata.

Variable DF Sum of Squares Mean Square F

Percent parasitism 6 22,563.4 3,760.5 3.3*
Residuals 23 25,955.6 1,128.5
Total 29 48,518.9

*(p<.05)

Group Field % Parasitism^

1 7N 9.15a
2 7 2 .8ab
3 1 ,2b
4 2 . 3ab
5 4 .2b
6 5 . 3ab
7 6 . 4ab

b) Comparison of 
A, bilineata.

percent of OM pupae with entrance holes of

Variable DF Sum of Squares Mean Square F

Percent with Entrance Holes 6 18.5 3.10 5.74***
Residuals 23 12.4 .54
Total 29 30.9

***(p<.001)

Group Field % with Entrance Holes

1 7N 39.9a
2 7 18.Oab
3 1 8 .6bc
4 2 7. 9bc
5 4 8 .2bc
6 5 8.4bc
7 6 1 1.7c

Ameans followed by the same letter are not significantly different 
(“=.05)
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Table 14 . (continued)

c) Comparison of total percent pupal mortality.

Variable DF Sum of Squares Mean Square F

% Total mortality 6 6 .2 1.1 4.7**
Residuals 23 5.1 .2
Total 29 11.4

**(p<.01)

Group Field % Total Mortality^

1 7N 49.0a
2 7 20.9b
3 1 13.1b
4 2 13.1b
5 4 17.5b
6 5 14.4b
7 6 1 2.8b

means followed by the same letter are not significantly different 
(*=.05)
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To determ ine  if parasitism  or pe rcen t of pupae w ith en tran ce  holes

explained th e  variab ility  in to ta l pupal m orta lity  over these  da tes , leas t-sq u ares

regression  analysis was perform ed. Analysis of pe rcen t pupal parasitism  versus
o

p ercen t to ta l  m o rta lity  gave an r  o f .48. R egression of th e  num ber o f pupae 

w ith en tran ce  holes versus to ta l pupal m orta lity  for all fie lds gave an r of .87 

(F igure 34). From  these  resu lts  severa l conclusions w ere m ade. A lthough 

successfu l parasitism  by A. b ilinea ta  was low, considerable OM pupal m o rta lity  

s till occurred . Superparasitism  o ften  occu rred  and was expec ted  to  be m ore 

p reva len t when host densities w ere low com pared to  parasito id  population 

density . The im pact of A. b ilinea ta  on OM pupal populations needed to  be 

exam ined in te rm s of e ffe c tiv e  pupal m orta lity  ra th e r  than  being lim ited  to  

successfu l parasito id  em ergence. A granu lar app lication  of D yfonate insec tic ide  

sign ifican tly  decreased  p o ten tia l OM pupal m orta lity  by reducing parasitism  by 

A. b ilin ea ta . Fo liar app lications o f insectic ides could also have reduced  to ta l  

pupal m o rta lity  by decreasing  parasito id  densities.

E. D iapause and O verw intering M ortality

To e s tim a te  the  incidence of d iapause, th e  soil benea th  em ergence trap s  

was rem oved and s if te d  following a six week period from  tim e of tra p  p lacem ent. 

All recovered  pupae w ere re tu rn ed  to  th e  lab o ra to ry  fo r observation. A 

d issecting  m icroscope was used to  exam ine pupal eases. A ligh t beam  d ire c ted  

from  underneath  allow ed fo r easy exam ination  o f th e  co n ten ts  o f each pupae. 

Most dead pupae w ere found to  con tain  dried rem nan ts  o f tissue  which had 

tended  to  ag g reg a te  in one a re a  of th e  pupal case. For som e pupae no dried 

rem nan ts  w ere visible, but viable pupae could easily  be id en tified  due to  th e
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presence of a partly -fo rm ed  adu lt OM. The num ber of viable pupae recovered  

w ere divided by the num ber of em erged  adults to  obtain  a pe rcen t of viable 

pupae th a t did not em erge (Table 15). Following f irs t generation  adu lt 

em ergence, no viable pupae w ere observed to  rem ain  in the  soil in 1979. An 

average  of 3% viable pupae rem ained  following second and th ird  generation  adult 

em ergence in both 1978 and 1979. All pupae recovered  were kept in the  

labo ra to ry  a t  20°C under conditions of 100% re la tiv e  hum idity for records of 

em ergence. No em ergence during the  sum m er occurred . By la te  N ovem ber 1979, 

only tw o adu lt OM had em erged from  pupae originally described as viable.

The viable pupae recovered  from underneath  em ergence trap s  w ere 

assum ed to  have been in diapause or in qu iescence. A high percen tage  of 

em ergence from  diapausing pupae would no t have been ex p ec ted  la te r  in the  year 

s ince a period of low tem p era tu res  is necessary  fo r optim um  em ergence to  occur 

(Workman 1958). Pupae in a  s ta te  of qu iescence, how ever, would have been 

expected  to  em erge  a f te r  a  delayed period of tim e. Diapause in the  OM can be 

described as a facu lta tiv e  process whereby a rre s te d  developm ent is due to  

environm ental conditions (Ellington 1963). Many authors have repo rted  diapause 

frequencies for the  OM in d iffe ren t a reas  of th e  world. An exce llen t review  of 

th ese  d a ta  was given by Ellington (1963) and Loosjes (1976). D iapause frequencies 

rep o rted  fo r the  OM in onion growing a reas  o f New York S ta te  may be the best 

s e t  of d a ta  to  com pare M ichigan records to , since c lim atic  conditions are  

s im ilar. Ellington (1963) repo rted  diapause frequencies of 0-4%, and 11% for New 

York S ta te  following f irs t and second generation  OM em ergence respective ly . 

The d a ta  fo r M ichigan and New York co n tra s t considerably w ith th a t of Quebec 

(Canada). Perron  and L aF rance  (1961) rep o rted  diapause frequencies of



Table 15. Percent of viable OM pupae retrieved from underneath emergence traps and buried OM 
larvae following eight weeks of adult.

Year
Emergence
Period

Collection
Site

Emerged
Adults

Total
Pupae

Viable Pupae 
Remaining

% Viable Pupae 
Remaining

1978 Second Emergence Traps 166 180 6 3.6 ± 1.4

Third Emergence Traps 151 162 3 1.9 ± 1.1

1979 First Emergence Traps 108 114 0 0

Second Emergence Traps 69 76 4 5.8 ± 2.8

Buried Larvae 421 443 9 2 .1 ± 0 .6

Third Emergence Traps 68 74 3 4.4 ± 2.4
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8, 67, and 99%, respec tive ly , for the  f ir s t , second and th ird  generation  fo r the  

sou thern  a re a  of the  province.

R esults o f stud ies on survival o f overw intering  pupae revealed  an average 

survival of 87.8% fo r ail co llection  d a tes , depths, field locations and years. 

Analysis of variance  revealed  no sign ifican t d iffe ren ces  in pupal survival 

betw een any of th e  conditions th a t w ere te s te d  for. All d a ta  for the d iffe ren t 

co llection  d a tes  in 1978 w ere pooled for each  depth, and the  d a ta  for 1978 and 

1979 w ere sum m arized  to  obtain  an average  overw intering  survival e s tim a te  

(Table 16). This inform ation  ag rees w ith Loosjes (1976) who repo rted  th a t pupae 

buried in the  field  in D ecem ber had a p e rcen tag e  em ergence  sim ilar to  th a t in 

th e  labo ra to ry . A biotic p a ram ete rs  during th e  w inter appear to  have l i t t le  

e ffe c t on pupal survival.

In 1978, a braconid parasito id , A phaere ta  pallipes (Say), em erged  from  an 

average  of 10% of the  overw in tering  pupae. B etw een 4 and 12 adu lt m ale and 

fem ale  parasito ids em erged  from  each  p a rasitized  pupal case . All pupae fo r the 

1978 overw intering  study w ere obtained  from  field  sam ples of th ird  in sta r la rvae  

and pupae. Sam ples consisted  of la rval in fested  cull onions from  the  resea rch  

field . The num ber o f overw in tering  pupae p a ras itized  was probably un d eresti­

m ated , because field  sam ples w ere conducted in O ctober, and add itional p a rasit­

ism may have occu rred  a f te r  th is d a te . R ecen t stud ies by Groden (1980, 

unpublished) rev ealed  a  high p ercen tage  parasitism  of OM larval populations in 

th e  fa ll by A. pallipes in a reas  w here in sectic ides had no t been applied. 

P arasitism  of OM la rvae  by A. pallipes, how ever, have only been rep o rted  as 

occurring  during th e  la s t la rv a l generation  (Salkeld 1959, Perron  1972, Loosjes 

1976).



140

Table 16. Overwintering survival of OM pupae placed at different soil 
depths and in various locations in 1978-1979.

Depth/location Overwintering Pupal Survival

1978 1979

Depth
Soil Surface — 93.5 + 5.4
3 cm 89.1 + A.5 85.7 + 5.8
8 cm 93.6 + 3.2 86.5 + 5.6

13 era 91.7 + 3.7 8 6 .1 + 5.7
18 cm 90.9 + 4.0 92.1 + 4.4
23 cm 82.2 + 7.2 —

28 cm 84.3 + 6 .6 —

33 cm 89.6 +  5.7 —

Location
Commercial fields — 87.8 + 2.1
Research Field-Treated — 88.0 + 3.4
Research Field-Non-treated — 89.3 + 3.4
Border Areas — 85.1 + 2.9

Avg: 89.2 + 1.8 8 6 .8 + 1 .2:

Overall Avg: 87.8 + .98
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In 1980, all pupae used in the  overw in tering  study w ere ob tained  from  a 

lab o ra to ry  cu ltu re . No records o f  pupal parasitism  or predation  w ere observed 

fo r any o f the  conditions exam ined. S ignificant predation  o r parasitism  o f field  

populations may have occurred  early  in th e  fa ll, how ever, before  study pupae 

w ere buried. Perron  (1972) rep o rted  an average  of 16.4% parasitism  of 

overw in tering  OM pupae by A. pallipes and A. b ilinea ta  during 1966-1970 in 

sou thern  Q uebec. R ecen t lab o ra to ry  stud ies by C arru th ers  (1981), how ever, have 

shown th a t  c u rren t pestic ides cause high m o rta lity  of n a tu ra l enem ies of th e  OM. 

R itcey  (1976, pers. com m ., Univ. of Guelph) s ta te d  th a t less than  10 parasitized  

pupae w ere  observed from  th e  thousands of fie ld  co llec ted  pupae recovered  in 

com m ercial fields of O ntario . P arasitism  and p reda tion  of overw intering  pupae 

may th e re fo re  be severe ly  lim ited  by p resen t onion production  p rac tice s .

F. D istribu tion  o f Onion P lan t D am age

Onion plots th a t  w ere "m apped" on a regu lar basis fo r onion plant dam age 

w ere analyzed  fo r 1) d istribu tion  o f dam age through tim e  and 2) th e  average 

tim e  th a t a  dam aged onion rem ained  in the  field.

From the  a cc u ra te  record ing  o f the  fa te  o f each  onion through th e  season, 

i t  was possible to  ca lcu la te  th e  d is tribu tion  o f dam age over tim e. R ecords of 

onion dam age for 1978 w ere sum m ed for each  d a te  and each  p lo t to  ob tain  th e  

ra te  of p e rcen t onion p lan t dam age for all dam age th a t  occurred  during the 

season (F igure 35). Two d is tin c t periods o f dam age w ere found. These dam age 

periods w ere found to  coincide w ith th e  f ir s t  and second generation  la rva l 

broods. Some th ird  g enera tion  dam age w as also  ev iden t a f te r  day 240. Up to  

65% of the  to ta l dam age th a t  o ccu rred  during th e  season was caused by th e  f irs t
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gen era tio n  brood. This inform ation agrees w ith Loosjes (1976) who rep o rted  th a t 

m ost dam age to  onion plants occurred  during f irs t generation  la rv a l a tta c k . High 

f ir s t generation  dam age is probably a re su lt of frequen t m igration by OM larvae 

in the  spring when onion p lan t volume is less. L a te r in the  season, when onion 

bulb volum e is g re a te r , OM larva l m igration  is less frequen t and as a  resu lt less 

onion plant dam age occurs.

Thirty  onions from  each  plot during both  years w ere random ly se lec ted  for 

the  purpose of determ in ing  th e  average  leng th  of tim e  an onion rem ained  in the  

field  following in itia l dam age. Since th e  condition of each  onion was recorded  a t 

each  m onitoring da te , and because m issing onions could be determ ined , the 

average  residency tim e of a  dam aged onion could be ca lcu la ted  by com paring 

subsequent record ing  periods. For m ost onions th a t w ere a tta ck e d , the  condition 

changed from  healthy  to  dam aged to  dead and, finally , to  missing. Early in the  

season, onions reco rded  as healthy  one week w ere found to  be m issing th e  nex t, 

th is ind ica ted  th a t th e  residency tim e  of th e  dam aged onion was less than  or 

equal to  a w eek. L east-squares regression  analysis of th e  logarithm  (base 10) of 

degree-day  period of in itia l dam age versus the  leng th  o f tim e  a  dam aged onion 

was s till p resen t revealed  a  lin ea r re la tionsh ip  (Figure 36) .O nions dam aged la te r  

in the  season rem ained  in the  fie ld  as dam aged onions much longer than  seedling 

onions dam aged early  in the  season. This would be expected , since th e  volume of 

a seedling onion is less and dehydration and so ft ro t would be expec ted  to  destroy 

the  onion quickly. An onion dam aged during the  second generation  (g rea te r than  

900 degree-days) would th e re fo re  be ex p ec ted  to  rem ain  in the  fie ld  longer than  

300 degree-days or two weeks. In m ost cases, onions dam aged during th e  second 

generation  would rem ain  in the  fie ld  up to  harvest.
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To investiga te  the  spa tia l d istribu tion  of dam age to  onions by the  OM, the  

p lots of onions th a t w ere m apped in 1978 and 1979 w ere analyzed. A com puter 

program  was used to  analyze the d istribu tion  o f resp ec tiv e  c lasses of onions 

using quad ra t sam pling techniques. The ''sam ple" com puter program  (D im off

1979) allows the  user to  se le c t any num ber or size  of quadra ts. Sam ple density 

and descrip tive  s ta t is tic s  a re  provided fo r sam ples taken  from an x, y coord inate  

file  of the  study organism . S ta tis tic s  provided by the  program  include the  

variance to  m ean ra tio  and M orisita 's index. These indices w ere se lec ted  for use 

in spa tia l p a tte rn  analysis because they  a re  w ell known and commonly used by 

biologists. V ariance to  m ean r a t i o ^  is equal to:

E ( x .  -  x ) 2 2
1 = Lrk . ______   4

x  ( n - 1 )  x

(a fte r E llio tt 1977). This index o f dispersion can be te s te d  fo r significant

2d epartu res from  unity  by re fe ren ce  to a  tab le  of X (chi-squared) values where:

9
if  the  X value is less than  expected , a reg u la r d istribu tion  is suspected; if 

g re a te r  than  expected , a contagious d istribu tion  is suspected . M orisita 's index 

(M orisita 1959) was ca lcu la ted  by:

n  _ n
2 ( x . )  -  E x .

t -  i = l  i = l  1
6 n  _ n

( E x •) -  E x .
i = l  1  i = l  1

D ep artu res  from  random ness are judged sign ifican t (P < .05) when:

n  n
x2 = I A ( E x . - l )  + n  -  E x .  

a ' n " 1 6 i = i  a- i = i  1
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o
are  outside 5% sign ificance levels for X (E llio tt 1977).

Each plot of x,y onion p lant coord inates was sam pled by fixing th e  x sam ple 

coord ina te  fo r a p a rticu la r row and random ly se lec tin g  th e  y coord inate . In this 

way, sam pling was conducted random ly down each  onion row (Figure 37A). 

C oord inates of d iffe ren t s t r a ta  of dam aged onions fo r sam pling purposes were 

se le c ted  by specifying the  onion condition desired. The w idth of th e  q u ad ra t 

se le c ted  was fixed  a t 8 inches (20 cm) and quad ra t lengths o f 6, 12, 24, and 48 

inches (15, 30.5, 61 and 122 cm) w ere se le c ted  fo r each  sam ple run. Five, ten  and 

fif te e n  quad ra ts  of each  s ize  w ere sam pled from  each  plot fo r both years.

A sum m ary of the  sp a tia l p a tte rn  analysis is p resen ted  fo r plot 1 in 1978 and 

1979 (Table 17). For both  plots sign ifican t dep artu re  from  random ness (tending 

tow ards contagious) was revealed  by I and lg (M orisita’s index) for d a tes  la te r  in 

th e  season. Early in the  1978 season (June 15), only the  24" (61 cm) and 18" (122 

cm) sam ple size  could be evaluated ; a random  sp a tia l d istribu tion  for p lan t 

dam age for this d a te  was ind ica ted . In 1979, plot 1 was not tre a te d  w ith a 

g ranu lar in sec tic ide  and dam age o ccu rred  much e a r lie r  in th is  plot over th e  

previous year. A random d istribu tion  of p lant dam age was revealed  fo r m ost 

qu ad ra t sizes for th e  f irs t tw o d a tes  during th is  year. In m ost instances, th e  

v a riance  to  m ean ra tio  and M orisita’s index in d ica ted  th e  sam e spatia l 

d istribu tion  for all p lo ts, da tes , and sam ple sizes, T here  w ere l i t t le  to  no 

d iffe ren ces  betw een  quad ra t s ize  and num ber fo r determ in ing  sign ifican t 

d ep artu re  from  a random sp a tia l d istribu tion  o f dam aged p lan ts. In som e cases, 

a  q u ad ra t leng th  o f 6" (15 cm) fa iled  to  sam ple any individuals, and indices could 

n o t be ca lcu la ted .

Several au thors have discussed the  problem s of using quad ra ts  fo r
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Figure 37A. Use of the Sample program for selection of quad­
rats of OM plant damage in onion mapping plots.

Figure 37B. Graphical representation of method used to obtain 
nearest neighbor measurements NORP and NN for 
calculation of Batcheler's Ratio B.

Figure 37C. Graphical representation of method used to obtain 
nearest neighbor measurements r^ for calculation 
of Clark and Evans' dispersion statistic.
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Table 17. Spatial distribution of OM plant damage determined from use of variance mean ratio (I) and 
Horisita's index (Ifi) for various quadrant dimensions, sample size and dates in 1978-1979.

Plot Date
No. of ■ 
Onions

I Is

8x 6 8x12 8x24 8x48 8x6 8x12 8x24 8x48

1-Dyfonate 06/15/78 4 c r __ c r
06/22/78 181 c c c c c c c c
06/29/78 218 c r c c c r c c
07/05/78 260 c c c c c c c c
07/11/78 301 r c c c r c c c
07/17/78 403 c r c c c c c c

1-no Dyfonate 05/30/79 34 _ r r r _ r r r
06/06/79 83 c r r c c c r c
06/13/79 235 c c c c c c c c
06/20/79 516 c c c c c c c c
07/04/79 722 c c c c c c c c
07/17/79 767 r r c c c r r c

r-random
c-contagious
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evaluation  of sp a tia l p a tte rn s  o f organism s (E llio tt 1977, Pielou 1977, L am pert

1980), If th e  quad ra t s ize  is too  large  or too sm all in re la tio n  to  the  size  of the 

clum ps of individuals, the  spa tia l p a tte rn  may be in co rrec tly  determ ined . As 

qu ad ra t s ize  increases, the  mean and variance  will also usually increase, and 

indices o f dispersion a re , to  som e ex ten t, alw ays a ffe c ted . To overcom e these  

problem s, nearest-neighbor techniques have been developed to  te s t  for dep artu re  

from  random ness for spa tia l p a tte rn s  of s ta tio n ary  organism s. These techniques 

have been used ex tensively  for m easuring the sp a tia l d istribu tion  of p lan ts 

(G reig-Sm ith, 1957).

Two com puter program s w ere used to take  nearest-ne ighbor m easurem ents 

of onion p lan t dam age in individual rows o f each  mapping plot (Appendix G). One 

m ethod (C lark and Evans 1954) finds the n earest neighbor (onion plant) to  a  point 

previously se lec ted . The d istance  from  a n eares t neighbor to  the  organism  is 

then  m easured such th a t:

R = r A/ r E

where: r ^  = mean d istance  of the n eares t neighbor 

to a random ly se lec ted  individual, and

r^  = onion d istance from random individuals to  th e ir n ea res t neighbor 

if the  population w ere d istribu ted  a t  random 

[1 /(2 /p), p=population density].

This index is judged sign ifican tly  d iffe ren t from random when:

C = r̂ A " r Ê  ^ SI*E

is g re a te r  than 1.96 (P < .05) 

where:

N = num ber of d istances m easured
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sr^, = s tan d ard  e rro r of r^  ca lcu la ted  by ,26136/[Np 

(p = population density)

The second m ethod involved the  use of B atchelor's  B index {Batchelor 1971)

as m odified by L am pert (1980). This m ethod also f ir s t  requ ires a  random point to

be se lec ted ; the  d is tance  from  this random  point to  a nearest-neighbor is

recorded . This value is squared  and divided by the  square d istance from  a

random  individual to  th e  n eares t individual such th a t:

n _ NORP 
b _ _ n n “

w here: NORP = the  m ean squared  nearest-ne ighbor d is tance  

to  a random point, and

NN -  the  m ean squared n ea res t neighbor d is tance  to  a  random  individual. 

S ignificant d ep artu re  from  random ness is ind ica ted  when B' is g re a te r  than

F w ith 2 and 2 degrees of freedom  (Moore 1954).
NORP NN

Individual rows within each p lo t w ere sam pled by th ese  tw o m ethods ra th e r  

than  a  com posite plot of five rows (Figure 37B-C). This procedure insured th a t 

row  e f fe c ts  w ere m inim ized. Dam aged onions w ithin the  row w ere se lec ted  for 

sam ple runs by f irs t specify ing  the  onion condition desired. Thirty , fif ty , and one 

hundred m easurem ents w ere tak en  for se le c ted  rows.

Pearson 's b iv a ria te  co rre la tio n  analysis (SPSS-Nie e t  al. 1975) was used to  

te s t  fo r sign ifican t co rre la tio n  betw een  onion p lan t density  and the  index being 

m easured. No significant co rre la tions w ere ind ica ted  for e ith e r index (Table 18). 

Lack o f co rre la tion  betw een  population density  and index o f dispersion for all 

sam ple sizes is desirable since an index o f d ispersion should not be influenced by 

varia tion  in sam ple size , num ber of sam ples, sam ple m ean, and to ta l  num bers in
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Table 18. Pearson's correlation coefficient of Batcheler's ratio (B1) 
and Clark and Evans statistic (R) with density for different sam­
ple sizes.

B' R

sample size 
coefficient r

O S

30
.009
.487

50
.264
. 1 1 1

100
.257
.115

30
.112
.312

50
.310
.194

100
.213
.185
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the  sam ple (E llio tt 1977). A sum m ary of the  spa tia l p a tte rn  described by these  

indices is given for tw o rep resen ta tiv e  row s in 1978 and 1979 in Table 19. In 1978, 

no onion p lant dam age had occurred  w ithin the row by th e  f irs t sam ple d a te  and 

the  sp a tia l p a tte rn  could not be described. In 1979, how ever, no sign ifican t 

d ep artu re  from  a  random  d istribu tion  was ind ica ted  early  in the  season by both 

indices. For both years, s ign ifican t d ep artu re  from random ness (tow ards 

contagious) was ind ica ted  la te r  in the  season.

C arru th e rs  (1979) rep o rted  th a t v a riab ility  in his resu lts  on sp a tia l p a tte rn s  

of onion p lant dam age may have been due to  pesticide-induced  m orta lity . He 

suggested  th a t in itia l oviposition and re su ltan t dam age quickly evolved from a 

random  d istribu tion  to  an agg regated  d istribu tion  in p e s tic id e -trea te d  fields 

because of higher survival ra te s  in a reas  w here the  pestic ide  was in e ffec tiv e . To 

te s t  this hypothesis, quad ra t and nearest-neighbor sam ples w ere taken  on onion 

rows in a D yfonate- and n o n -D y fo n a te -trea ted  plot in 1979. M orisita 's index of 

dispersion was ca lcu la ted  for sam ples of dam aged plants by tak ing  ten  quadrats 

of 8" (20 cm) by 24" (61 cm) for each  da te . B atchelor's  ra tio , B \ wfas ca lcu la ted  

for d istance  m easurem ents of dam aged onion plants by tak ing  100 sam ples from 

each  row of each  plot. Index values for each  sam ple m ethod w ere p lo tted  

against sam ple d a te  for both  areas (F igure 38). For both indices, a  value of 

g re a te r  than  one ind ica ted  sign ifican t dep artu re  from  random ness. The sp a tia l 

p a tte rn  of dam aged onion p lants in the D y fo n a te -trea ted  a reas  tended tow ards a 

contagious d istribu tion  a  w eek e a r lie r  than  dam aged p lan ts in the  non-D yfonate 

a rea . For both a reas, indices decreased  la te r  in the  season, approaching a 

random distribution .

Changes in th e  density  of a  population o ften  lead  to changes in the spatia l
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Table 19. Spatial distribution of OM plant damage determined from use 
of Batcheler’s ratio (B1) and Clark and Evans Statistic (R) for 
various sample sizes and dates in 1978-1979.

Row Date
No. of 
Onions

B* R

30 50 100 . 30 50 100

Plot 1-Row 2 06/15/78 0
06/22/78 39 c c c c c c
06/29/78 76 c c c c c c
07/05/78 95 c c c c c c
07/11/78 101 c c c c c c
07/17/78 120 c c c c c c

Plot 1-Row 2 05/30/79 5 r r r r r r
06/06/79 9 r r r r c r
06/13/79 41 c c c c c c
06/20/79 114 c c c c c c
07/04/79 155 c c c c c c
07/17/79 166 c c c c c c

r-random.
c-contagious
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Figure 38A. Morisita’s index of dispersion for quadrat samples of OM
plant damage in a Dyfonate and no-Dyfonate plot during
the 1979 growing season (*--- distribution is contagious
above this line).

Figure 38B. Batchelor*s ratio of dispersion for nearest neighbor samp­
ling of 0M plant damage in a Dyfonate and no-Dyfonate plot 
during the 1979 growing season {* distribution is con­
tagious above this line).
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d istribu tion . When a  population is sparse , the  d istribu tion  o ften  fits  a  random 

p a tte rn , since few  individuals occur in a  sam ple unit (Southwood 1978). The 

sp a tia l d istribu tion  of populations of organism s have o ften  been rep o rted  to 

in itia lly  appear random when low densities a re  p resen t and la te r  to  d e p a rt from  

random ness as the  density  increases (Finney 1941, Davis and Wadley 1949, Iwao 

1956, H arcourt 1961). This s itu a tio n  may also be tru e  for onion plant dam age. A 

random  distribu tion  was described  early  in the  season when in itia l p lan t dam age 

was low; the  sp a tia l p a tte rn  s ign ifican tly  d ep arted  from  random  la te r  in th e  

season as dam age increased .

C arru th e rs  (1979) rep o rted  sim ilar resu lts  when com paring the  spatia l 

d istribu tion  of in itia l cen te rs  of onion p lan t dam age to  the  sp a tia l d istribu tion  of 

dam aged onion p lants la te r  in the  season. He rep o rted  th a t in itia l p lan t dam age 

f it  a random  distribu tion , bu t as tim e progressed m ore highly-aggregated  

p a tte rn s  of dam age becam e apparen t. The highly ag g regated  p a tte rn  la te r  in the 

season is due to  adu lts  p re ferring  to  oviposit on previously-dam aged onions, such 

th a t  cen te rs  of dam age gradually  increase  w ith tim e. As the  density  of dam aged 

plants increases, th e  d istribu tion  may tend  tow ard Poisson again. This may be 

due to  clumps of dam age increasing  la te  in the  season such th a t th e  a reas  of 

th ese  clum ps begin to approach each  o th er.

G. E ffe c t of V olunteer Onions on the Spatial D istribution

of Onion P lan t Dam age

Since tw o of th e  "mapping" plots of onions w ere s itu a ted  over areas of 

vo lun teer onions, the  e f fe c t  of these  vo lun teer onions on the  sp a tia l d istribution  

o f onion p lan t dam age could be evaluated . The x,y coord inate  of each  volunteer
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onion was p lo tted  along w ith the  coord inates of each dam aged onion in the  plot. 

This p rocedure  was perform ed for each  sam ple d a te  and p lo t in 1979. A 

re p re se n ta tiv e  p lo t (plot 3) is an exam ple of w here the  location  of each  volunteer 

onion and ail dam aged or m issing onions a re  p lo tted  for each  m onitoring da te  

(F igure 39). It is obvious from  visual exam ination  th a t  onion p lant dam age 

occurred  m ore o ften  w here vo lun teer onions w ere p resen t. This was also th e  

case  for plots 1 and 2 which w ere lo ca ted  in th e  n o n -D y fo n a te -trea ted  a rea  of 

th e  re sea rch  field . In itial p lan t dam age prim arily  occu rred  in the vicin ity  of the  

vo lun teer onions, and continued m onitoring ind ica ted  th a t th ese  a reas  of dam age 

increased  in size through the  season. P lo t 4 on the  D y fo n a te -trea ted  side of the  

resea rch  fie ld  had no volunteers p resen t. Up to  2596 less OM dam age occurred  in 

th is plot when com pared  to  the  dam age on the  sam e side o f the fie ld  in p lo t 3.

In 1979, by random ly se lec tin g  points in the  field  and m easuring the 

d istances from  these  points to  vo lun teer or dam aged onions, severa l se ts  o f 

d is tance  m easurem ents w ere taken  in th e  resea rch  field. All m easurem ents were 

analyzed  for possible use in determ in ing  a te s t  s ta t is t ic  for quantify ing  the  

re la tionsh ip  of the  presence of vo lun teer onions and OM plan t dam age (Dim off 

1980, unpublished). A te s t  s ta t is t ic , "P" was arrived  a t  where:

P - D - A
D+A

w here D = d istance  from  a random  point to the  n ea res t dam aged onion, and

A = d istance  from  n eares t volun teer (to the random  point)

to  n eares t dam aged onion.

The value of P m ust lie  betw een -1 and 1, w here:

P < 0 ind ica tes  th a t the  A d istance  is g re a te r  than th a t of the D d istance,
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Figure 39. Graphical representation of progression of OM plant 
damage in plot 3 in 1979. Location of individual 
damaged onions (+) and volunteer onion plants (•) 
are presented. (A-June 6 , B-June 13, G-June 20, 
D-July 17, E-August 1, F-August 16).
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and th e re  is less probability  of onions close to volunteers being dam aged.

P = 0 A D istance is equal to  D d istance  and no e f fe c t  by vo lunteers may be 

assum ed.

P > 0 A d istance  is less than  D d istance , and th e re  is a  g re a te r  probability  

o f an onion close to  a  vo lun teer being dam aged.

T raditional m ethods of handling d is tance  m easurem ents requ ire  th a t the  

d istribu tion  of the  v a ria tes  be determ ined  (Pielou 1977). Any co rre la tio n  o r 

in terdependence betw een the  v a ria tes  also m ust be m easured and accoun ted  for 

if s tandard  p a ram e tric  s ta t is tic s  a re  to  be used.

To te s t  for independence betw een  d istances A and D, severa l te s ts  are  

availab le . Each te s t  has d iffe ren t assum ptions and techniques for de term ina tion  

of independence. Pearson 's product-rnom ent co rre la tion  te s t  (S teele and T orrie  

1960), Kendall's rank-o rder co rre la tio n  te s t  (Hollander and Wolfe 1973), and 

Spearm an's rank-o rder co rre la tion  te s t  (Hajek 1S69) w ere used to  determ ine  

co rre la tio n  co effic ien ts  for the  th ree  se ts  of m easurem ents taken  in the resea rch  

field  in 1979 (Table 20). A and D w ere shown to  be independent d istance varia tes  

by all th ree  independence tests .

Both A and D d istances for th ree  se ts  of m easurem ents w ere p lo tted  as a 

cum ulative density and resem bled a negative  binom ial d istribution , w hereas th e  

P s ta t is t ic  was found to  be close to  a norm al d istribu tion  (Figure 40). A 

Kolmogorov-Sm irnov te s t  revealed  no sign ifican t d ep artu re  from the  negative 

binom ial d istribu tion  for both A and D v a ria tes  or from the  norm al d istribu tion  

fo r the  P s ta t is t ic  (Table 21).

The usefulness of P, for te s tin g  against som e p redeterm ined  value of P or 

for te stin g  betw een plots of d iffe ren t densities o f vo lunteer onions, requires th a t



162

Table 20. Independence test statistics of distance measurements A and 
D for two densities of volunteer onions in a Dyfonate-treated 
field and for one density of volunteer onions in a non-dyfonate 
field.

Plot 
(No. Volunteers)

Pearson1s Corr. 
Coefficient

Kendall1s 
Tau

Spearman’s 
Rho

Dyfonate -.117 .076 .119
(low density) <*=.327 <*=.179

Non-dyfonate -.155 - . 0 0 1 -.048
(low density) <*=.193 <*=.983

Non-dyfonate -.079 -.058 -.062
(high density) <*=.548 <*=.35
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Figure 40. Cumulative density of the distance measurements 
A and D and test statistic P for 60 samples in a 
Dyfonate-treated area.
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Table 21 . Kolmogorov-Smirnoff test statistic and distribution of dis­
tance measurements A and D and the test statistic P for three vol­
unteer onion conditions.

Kolmogorov-Smirnoff Statistic

Varlate N
Dyfonate
(low)

No Dyfonate 
(low)

No Dyfonate 
(high) Distribution

A 1 60 .115 .054 .034 Negative binomial
D 1 60 .128 .086 .064 Negative binomial
P 2 60 .104 .145 .107 Normal

*Ho: fits negative binomial 
2Ho: fits normal
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robustness, accuracy , and precision be determ ined  and evaluated . Confidence 

lim its  and significance te s ts  fo r th is s ta t is t ic  a re  presen tly  being developed 

(D im off 1980, unpublished).

In 1980, a com puter program  was developed for determ in ing  values of P for 

onion plots th a t  contained  d iffe ren t num bers o f vo lunteers (Appendix G). The 

program  se lec ts  a  random point w ithin an onion row and m easures the d istance  A 

and D (previously described) to  de term ine  a  value of P for the  sam ple. Any 

num ber of sam ples may be chosen, and a  m ean value of P is re tu rned , along with 

the  num ber of onions p resen t and vo lun teer onion density.

Sample runs w ere m ade fo r th ree  d iffe ren t sam ple sizes (20, 60, and 100 

d istance  m easurem ents). Values of P w ere determ ined  for five vo lun teer 

conditions which included d iffering  num bers of single volunteers (2,5) and 

aggregates  of vo lunteers (1 of 3 and 2 of 3) per p lo t. Check plots w ere sam pled 

by random ly determ in ing  a  volunteer location  for the  d istance  m easurem ent A. 

Values of P and the  variance (th ree  rep lications) associated  w ith i t  a re  p resented  

(Table 22).

A value of P close to  zero  was re tu rn ed  fo r all check plots exam ined. This 

would be expected , where the  vo lunteer onion location  is picked a t  random and 

essen tially  a c ts  as ano ther random point. Values of P close to zero  were also 

re tu rn ed  for all p lo t conditions and sam ple sizes when the  closest (first) dam aged 

onion to  the  random point and volunteers w ere se lec ted . On firs t exam ination, a 

value o f P close to  zero  for the  n ea res t se lec ted  dam aged onion may not have 

been expected , if presence of vo lun teer onions was assum ed to a f fe c t  the  spatia l 

d istribu tion  of OM dam age. Onion p lan t dam age in these  plots, however, was 

m onitored la te  during the  firs t generation  of OM larva l a tta c k  and considerable



Table 22. Summary of P values for 20, 60 and 100 samples of the Nth nearest onion in plots of single 
and aggregates of volunteer onions. (1st line = value of P; 2nd line = Cl (.95))

Number o f  Samples

20 60 100

Nth Onion Ncli Onion Nth Onion

No. V o lun teers 1 5 10 20 25 35 50 1 1 10 20 25 35 50 1 5 10 20 25 35 50

- .1 1 .01 .02 .01 .04 .01 .02 - .0 3 - .0 1 .01 .09 - .0 4 - .0 2 .01 - .2 7 - .1 4 .02 .10 .05 - .0 5 .04
Check

.026 .02 .02 .02 .02 .02 .02 .02 . .0 2 .02 .02 .02 .02 .02 .0B .08 .02 .04 .02 .02 .02

.04 .14 .40 .34 .19 .14 .05 - .0 6 .29 .41 .31 .20 .13 .03 - .0 8 .30 .40 .31 .18 .12 .03
2 -S ln g le

.02 .08 .04 .08 .06 .10 .02 .02 .02 .02 .08 .10 .12 .02 .02 .02 .02 .08 .06 .02 .02

-.1 1 7 .18 .29 .16 .12 .06 .09 - .1 4 .21 .27 .20 .10 .05 .03 - .1 2 .20 .29 .18 .11 .05 .04
5 -S in g le

.02 .06 .02 .04 .04 .02 .02 .02 .02 .02 .10 .02 .02 .02 .02 .02 .02 .02 .02 .02 .02

.02 .37 .49 .57 .52 .37 .12 - .0 9 .36 .50 .53 .45 .36 .12 - .0 3 .31 .49 .54 .46 .36 .12
1-A ggregate

.02 .08 .10 .10 .10 .12 .02 .02 .06 .08 .10 .12 .08 .02 .02 .02 .06 .OB .10 .08 .02

- .0 9 .30 .43 .42 .29 .14 .05 - .0 5 9 .32 .42 .39 .30 .16 .05 - .0 7 .32 .42 .4 0 .31 .15 .05
2-A ggregate

.02 .02 .04 .02 .06 .02 .02 .02 .02 .04 .02 .04 .04 .02 .02 ,02 .02 .02 .02 .02 .02

167
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dam age had occu rred  in all p lo ts. A ggregates of onion p lan t dam age around 

areas of vo lun teer onions w ere found to  be p resen t, bu t dam age was also evident 

in a reas  where vo lunteers w ere not p resen t. By se lec tin g  only the  c losest 

dam aged onion to  a random  point or vo lun teer, it is now understandable  th a t the  

two d istances would be sim ilar due to  the  high density  of dam aged onions p resen t 

throughout the  plot. To overcom e th is problem , a  value o f P was determ ined  for
11.

m easurem ents of the  n n eares t onion where:

D + A n n
1 L

for the n n earest neighbor. The com puter program  was adjusted  to  allow the
X L

user to  se le c t th e  n n eares t onion for all sam ple runs. Values o f Pn w ere 

de term ined  for n being equal to  5, 10, 20, 25, 35, and 50 (Table 22). By 

increasing  the  value of the n ^  dam aged onion se lec ted , we e ffec tiv e ly  se le c ted
X L

for only aggregates of dam age. The higher value of P obtained  as the  n onion 

was increased  from 1 to  20 (single volunteers) or from  1 to  25 (aggregates) 

confirm s th a t agg regates  of OM p lan t dam age occurred  in the vicin ity  of 

vo lunteer onion p lan ts.

The value of P increased and then  decreased  as the n eares t onion d istance 

was increased  for all sam ple runs and plots. For p lo ts of single volunteers the
i. L .

value of P reached  a maximum when the  20 n eares t onion d istance  was
thse lec ted . For agg regate  plots, maximum value of P was reached  a t the  20 or

X L

25 n eares t onion d istance . A higher maximum value of P was obtained for the 

agg regate  p lots, and the  value decreased  slightly  as the num ber of agg regates 

was increased  from  one to  two per p lo t. Sim ilarly, the  maximum value o f P 

decreased  as single volunteers w ere increased  from  tw o to  five vo lunteers per
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plot.

To te s t  for s ign ifican t d ifferences betw een  plot conditions and the  n**1 

n e a re s t onion se lec ted , a  tw o way analysis of variance  was perform ed. For all 

p lo t conditions, sam ple s ize  had l i t t l e  e f fe c t  on the value o f P, so all sam ple 

sizes w ere pooled befo re  analysis. Analysis of variance  resu lts  w ere exam ined as 

a tw o way analysis of m ultiple observations per plot to  accoun t for m ultiple 

sam ples from  each  plot exam ined (S teel and T orrie  1960). H ypothesis te stin g  

rev ea led  sign ifican t d iffe ren ces  am ong plots and the  n ^  n ea res t onion se lec ted  

(Table 23). To te s t  for w here d ifferences occurred , a one-w ay analysis of 

variance  was perform ed  for th e  nth  n eares t onion se lec tio n  for each plot 

condition, Duncan's m ultiple range te s t  resu lts  revealed  no sign ifican t d iffe r­

ences betw een n tfl n ea res t onion se lec tio n  fo r check  plots of no volunteers, but 

sign ifican t d ifferences w ere determ ined  for all o th e r plots exam ined (Table 24).
i j .

A sign ifican t maximum value of P was obtained  for the  10 or 20 n eares t 

onion se le c ted  fo r a ll p lots exam ined. From th is in form ation , i t  appears th a t
i t .

d is tan ce  m easurem ents of the 10 to  20 onion may be best for determ in ing  a 

maximum P value for p lots o f d iffe ren t vo lun teer densities.
1 L  i l .

The 10 and 20 n eares t onion d is tances w ere se lec ted  to determ ine  

sign ifican t d ifferences betw een  plots for values of P. O ne-w ay analysis of
1  L

variance  and subsequent m ultip le  range te s tin g  fo r the  10 n eares t onion 

revealed  th a t  plots o f a  single agg regate  of vo lun teer onions had a s ign ifican tly  

g re a te r  maximum P value over all o ther p lo ts (Table 25). The maximum P value 

for tw o single-volunteers was th e  next h ighest and was equal to  th a t of the  tw o 

agg reg a te -v o lu n tee r plots. A sign ifican t group was revealed  for the  five single­

volun teer p lo ts which was less than  the tw o single volun teer p lots. P lo ts of no
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Table 23 . Two-way analysis of variance for values of P for plots of 
different densities of volunteer onions and different Nth onion 
selected.

Source of Variation DF Sura of Squares Mean Square F

Main effect 10 3.48 0.35 175***
Plot 4 2 .0 0 0.50 250***
Nth Onion 6 1.48 0.25 125***
2-way Interaction 24 0.95 0.04 20***
Explained 34 4.43 0.13 65***
Residual 280 0.76 0 .0 0 2

To tal 314 5.19 0 .0 2

***(p<.001)
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Table 24a, One-way analysis of variance and Duncan’s multiple range
test for values of P for the Nth nearest onion in plots containing 
one single volunteer onion.

Variable DF Sum of Squares Mean Square F

Nth Onion 6 1.43 .24 27.6***
Residual 56 0.48 .008
Total 62 1.91

***(p<.001)

Group Nth Onion p*

1 1 -.05a
2 5 . 28cd
3 10 .41e
4 20 . 3 2d
5 25 . 20bc
6 35 .14b
7 50 , 02a

*means followed by the same letter are not significantly different
(«=.05)
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Table 24b, One-way analysis of variance and Duncan's multiple range
test for values of P for the Nth nearest onion in plots containing
two single volunteer onions.

Variable DF Sum of Squares Mean Square F

Nth Onion 6 .99 .16 104.9***
Residual 56 .09
Total 62 1.08 .002

***(p<.001)

Group Nth Onion p*

1 1 -.13a
2 5 .19d
3 10 .28e
4 20 ,18d
5 25 .12c
6 35 .05b
7 50 ,03b

*means followed by the same letter are not significantly different
(“=.05)
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Table 24c. One-way analysis of variance and Duncan’s multiple range
test for values of P for the Nth nearest onion in plots containing 
one aggregate of three volunteer onions.

Variable DF Sura of Squares Mean Square F

Nth Onion 6 2.73 35,9***
Residual 56 0.71
Total 62 3.44

***(p<.0 01)

Group Nth Onion p*

1 1 -.02a
2 5 .35c
3 10 . 50d
4 20 . 57d
5 25 . 50d
6 35 ,36c
7 50 .12b

*means followed by the same letter are not significantly different
(*=.05)
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Table 24 d. One-way analysis of variance and Duncan’s multiple range
test for values of P for the Nth nearest onion in plots containing 
two aggregates of three volunteer onions.

Variable DF Sum of Squares Mean Square F

Nth Onion 6 1.95 .33 118.3***
Residual 56 0.15 .003
Total 62 2 .1 1

***(p<.001)

Group Nth Onion P*

1 1 -,07a
2 5 ,31d
3 10 . 42e
4 20 . 40e
5 25 j 31d
6 35 .15c
7 50 ,05b

*means followed by the same letter are not significantly different
(«=.05)
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Table 25. One-way analysis of variance and Duncan's multiple range
test for values of P for the 10th nearest onion selected in plots
of different densities of volunteer onions.

Variable DF Sum of Squares Mean Square F

Plots 4 2.49 .62 69.4***
Residual 40 0.36 .009
Total 44 2.85

***(p<.001)

Group Plot P*

1 0 .02a
2 2-single .40c
3 5-single .28b
4 1-aggregate . 50d
5 2-aggregate .42c

*means followed by the same letter are not significantly different 
(«=.05)
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volunteers had a sign ifican tly  low er P than  all o ther p lots exam ined. Analysis of 

variance  and m ultiple range te s tin g  for the  2G**1 onion se lec ted  revealed  sim ilar 

resu lts , ex cep t for id en tifica tio n  of a sep a ra te  group for tw o single-volunteers 

and tw o agg reg a te -v o lu n tee r p lo ts (Table 26). From th is in form ation  i t  appears 

th a t  a  single aggregate  of vo lun teers can lead  to  the g re a te s t num ber of onions 

being dam aged by OM in th e  vicinity  of th e  volunteers, when com pared to  plots 

of single volunteer onions. F u rth er com parisons rev eal the  follow ing order of 

m agnitude for num ber of dam aged onions occurring  in the  v icin ity  o f a  vo lunteer 

source: 1 ag g reg a te  > 2 ag g reg a te s  > 2 single volunteers > 5 single volunteers 

(F igure 41).

A decrease  in the  value of P as th e  num ber of ag g reg ate  or num ber of 

single vo lunteers per plot is increased  may be due to  the  lim ited  size of the  p lot. 

The OM adu lt may be using both  visual and o lfac to ry  cues when responding to  the  

presence o f a volun teer onion. The e ffe c tiv e  ground a re a  or a ir space around 

each  vo lunteer or aggregate  of vo lunteers th a t the  OM responds to  is not known. 

It is hypothesized th a t as the  density  or location  of vo lun teers for a fixed a rea  

increases, d isruption of these  signals or confusion by the  OM adults takes place, 

and oviposition does not occur only in the  im m edia te  vicinity  of volunteer onions. 

A sim ilar s itu a tio n  has been observed and rep o rted  in in sect pherom one research  

w here, in areas w here high concen tra tions of a sex  pherom one w ere re leased , 

m ating  disruption occurred.

For all plots where volunteers w ere p resen t, the  value of P decreased  from
1  u

a  maximum value as the  n n eares t onion se le c ted  was fu r th e r increased. For
t hm ost p lots, the  value of P decreased  to  a value close to  zero  when the 35 

n eares t onion d istance  was se lec ted . This inform ation  may be useful for
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Table 26. One-way analysis of variance and Duncan's multiple range
test for values of P for the 20th nearest onion selected in plots
of different densities of volunteer onions.

Variable DF Sum of Squares Mean Square F

Plots 4 2.34 .58 4 9,9***
Residual 40 0.47 .011
Total 44 2.81

***(p<.001)

Group Plot P*

1 0 . 04a
2 2-single .32b
3 5-single . 18c
4 1-aggregate . 55d
5 2-aggregate ,39e

*means followed by the same letter are not significantly different 
(°==. 05)
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determ in ing  the  size  of the  ag g regates of OM plant dam age around volunteer 

onion p lan ts. The size  of th ese  ag g regates  may in tu rn  provide inform ation  about 

th e  e ffe c tiv e  a re a  of influence by vo lun teer onions.

For th is  purpose, tw o vo lun teer conditions (aggregate  volunteers and single 

volunteers) w ere se le c ted  fo r fu r th e r sam pling to  obtain  values of P. The n^*1 

n ea res t onion was increm en ta lly  increased  by one for a single sam ple size of 60. 

P lo ts of the  value of P and n ^  n ea res t onion se lec ted  fo r m easurem ent, revealed  

tw o sign ifican t values of P for the  tw o vo lun teer conditions (F igure 42). It m ay 

be assum ed th a t  each  of these  peaks a re  due to  the  occurrence  of an aggregate  

o f dam aged p lan ts as we move out from  the  location  of the  vo lunteer onion. If 

th is is tru e , the  n n eares t onion value for the f irs t peak would describe the  

m ean clum p size  for an agg regate  o f OM dam aged p lants around the  vo lunteer 

onion. F u rth er peaks would describe th e  m ean clum p size  for o ther aggregates 

of O M -dam aged plants and th e ir  d is tance  from the  s ite  of the  vo lunteer onion. 

From these  resu lts , i t  appears th a t dam aged onion p lants consist of aggregate  

a reas  (which ag rees w ith th e  inform ation  already  p resen ted  on the spa tia l 

d istribu tion  of OM plan t dam age). Mean clump size  fo r th e  firs t aggregate  

around a single vo lun teer onion is approx im ately  34 onions, or a  radius of 32 cm 

(15 plants per 30 cm). The mean clum p size  for the f irs t ag g reg a te  of OM plant 

dam age around an ag g reg a te  of volunteers is approx im ately  37 onions, or a  radius 

of 35 cm . From  th is inform ation , i t  appears th a t  the  a rea  of dam age around an 

ag g reg a te  o f vo lunteers is only sligh tly  g re a te r  than  the  a re a  around a single 

vo lunteer.

The a re a  th a t a volunteer onion a ffe c ts , in te rm s of OM plan t dam age, may 

be g re a te r  than  th is inform ation  reveals. As we move aw ay from the  s ite  of the
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Figure 42. Values of P for the Nth nearest onion selected in plots containing single and 
aggregates of volunteer onions.
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volun teer onion, the  d is tance  betw een ag g reg a te s  of dam age m ay increase; 

th e re fo re , the  population of O M -dam aged p lan ts near s ite s  o f volunteer onions 

may consist of sev e ra l aggregates , where a la rg e  aggregation  of these  aggregates 

occur in the  vicinity  o f  vo lunteer onion plants.

F u rth er evalua tion  and in te rp re ta tio n  of th is technique is needed before  its 

use can be fully ju s tified  in sp a tia l p a tte rn  analysis. S im ilar techniques have 

been developed for analysis of sp a tia l p a tte rn s  in p lan t ecology through quad ra t 

sam pling (G reig-Sm ith 1957). M orisita (1959) developed a  technique fo r m easur­

ing clum p size by using d iffe ren t qu ad ra t sizes and his index of dispersion (I ). 

The index is de term in ed  for a num ber of qu ad ra ts  where the  quad ra t size  is 

doubled each  tim e. The ra tio  of I for one q u ad ra t size  and I for a quadra tb b

tw ice  th a t  size is p lo tted  against quad ra t size  and, w here peaks occur, m ean 

clum p size is assum ed.

H. 0?*I P lan t D am age Surveys

1. R egional Surveys

F irs t generation  OM plan t dam age was m easured weekly in the  study fields 

and re sea rch  fie ld  in 1979 and 1980 (Appendix F). P e rcen t dam age in each  field 

for each sam ple date during the  f irs t generation  OM a tta c k  was determ ined  by 

dividing the  m ean num ber o f dam aged p lants per 30 m sam ple of onion row by 

onion p lan t density  (1500 p lan ts per 30 m).

Onion p lants a re  o ften  in fec ted  by so ft ro t b ac te ria  and th e re fo re  

decom pose rapidly a f te r  being dam aged by CM larvae. A fte r com plete  

decom position, the  p lan t is o ften  no longer visible and will not be recorded 

during regular OM p lan t dam age sam pling. To insure th a t all OM dam age is
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recorded , i t  is necessary  to  sam ple dam age a t  tim e increm ents not m ore than  

th a t requ ired  for onion decom position. Sample in te rva ls  g re a te r  than  th is tim e  

may u n d erestim ate  th e  to ta l p lant dam age th a t has occurred .

The degree-day  period for onion p lan t decom position has been shown to  

depend upon the  degree-day  period of in itia l a tta c k . The average  leng th  of tim e 

for to ta l onion decom position in th e  spring was found to  be 155 degree-days. 

T h erefo re , sam ple in te rva ls  of approxim ately  one week (average of 20 deg ree- 

days per day) during th e  Spring w ere adequate  for record ing  OM plant dam age. 

To obtain the  am ount of to ta l dam age th a t occurred  for the  f irs t generation  of 

OM a tta c k , weekly e s tim ate s  of p lan t dam age w ere sim ply accum ulated .

T otal OM plan t dam age during the  f irs t g enera tion  was determ ined  fo r the 

com m ercial study fields and resea rch  field  for 1979 and 1980 (Table 27). The 

ex ten t of dam age d iffered  considerably betw een fields for each  year. Production 

p rac tices , soil type, and field  location  w ere probably m ore im p o rtan t than  fly 

density  in determ in ing  th e  am ount of dam age each  fie ld  received . All fields had 

been tre a te d  w ith a g ranular in sectic ide  (D yfonate) a t  planting, and fo liar 

insec tic ide  sprays w ere applied a t  various tim es to  som e fields during the  f irs t 

generation  a tta c k  by the  OM.

Up to  85% dam age occurred  in the a re a  of the  resea rch  field  in 1979 w here 

no granu lar insectic ide  was applied. In com m ercial fields considerable dam age 

was som etim es observed a t  the  ends of onion rows or along a  whole field  length . 

It was learned  th a t in these  cases, the g ranular in sec tic ide  had not been placed in 

th e  row due to  m achinery lim ita tions or m alfunction.

For severa l fields in 1979 and 1980, fo liar sprays of insectic ides w ere 

applied to  con tro l firs t generation  adults. It has already  been shown th a t where
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Table 27 . Total first generation OM damage and number of foliar sprays 
applied for study fields in Grant, Michigan, 1979-1980.

1979

Field
Number of 

Foliar Sprays N % Damage VAR SE Cl (.95)

1 4 20 .33 .25 .11 + .2 2
2 6 20 1 .6 8 .71 .18 + .37
3 5 20 1.80 1.28 .25 + .50
4 4 20 1.55 .53 .16 + .32
5 4 20 1.69 1.06 .23 +  . 46
6 5 20 3.95 2.83 .38 + .75
7 0 20 2.73 1.91 .31 + .62

1980

Number of
Field Foliar Sprays N % Damage VAR SE Cl (.95)

8 4 20 1.73 1.17 .24 + .48
9 4 20 2.91 1.62 .28 + .57

10 3 20 1 1 .1 0 11.43 .75 +1.51
11 4 20 5.48 2.09 .32 + .64
12 4 20 3.75 5.50 .52 +1.04
13 0 20 6.99 8 .2 1 .64 +1.28
14 7 20 7.33 9.77 .69 +1.39
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sprays w ere applied, adu lt populations did not decrease  significantly . To 

de term ine  if fo liar sprays applied in the  spring sign ifican tly  decreased  OM plant 

dam age, pe rcen t to ta l dam age for sprayed and non-sprayed fields were com pared 

a t  th e  end of the  f irs t generation . S tuden ts T - te s t  was used to  com pare the  

m eans of field  7 (non-sprayed) and fie lds 1-6 (sprayed) in 1979. For 1980, field  13 

(non-sprayed) was com pared to  fields 8-12 and 14 (sprayed). For both years, 

p e rcen t to ta l  dam age in non-sprayed fields w ere found to  be not sign ifican tly  

d iffe ren t from sprayed fields (a =  .05).

Field 13 and 14 in 1980 w ere se lec ted  specifica lly  to  de term ine  if OM plant 

dam age was decreased  by using fo liar sprays. These fields w ere ad jacen t to  each  

o ther and only field  14 was sprayed w ith fo liar in sectic ides of e ith e r Sevin or 

parath ion  during the  f irs t generation  o f OM ac tiv ity . P e rcen t OM plan t dam age 

for each fie ld  was com pared over the  season by p lo tting  bi-w eekly sam ple resu lts  

(F igure 43). Very few d ifferences in pe rcen t dam age occurred .

Second generation  OM plan t dam age was determ ined  by record ing  all 

dam age (recen t and old) a t  harvest. Since dam aged onions rem ained  in the  field  

g re a te r  than 270 degree-days or tw o to  th ree  weeks, i t  was expec ted  th a t to ta l 

OM dam age occurring  la te  in th e  season could be determ ined  by record ing  all 

dam age p resen t a t  the  end of second generation  OM a tta c k . To determ ine  if this 

procedure was adequate , second generation  dam age was recorded  each  week in 

fields 13 and 14. Since only recen tly  dam aged onions w ere recorded  during 

sam pling, the  sum of these  e s tim a te s  should be equal to  the  p e rcen t to ta l  

dam age (recen t and old) recorded  a t  harvest. Com parison of the tw o sam pling 

procedures revealed  th a t pe rcen t to ta l dam age recorded  a t  harvest was not 

s ign ifican tly  d iffe ren t from  cum ulative e s tim a te s  of dam age obtained by
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record ing  new dam age each week (Table 28). Based on these  resu lts , onion plant 

dam age reco rded  a t  h arvest was fe lt  to  be app ro p ria te  fo r determ in ing  to ta l  

second generation  dam age.

O ne-w ay analysis of variance  and a D uncan's m ultiple range te s t  revealed  

sign ifican t d iffe ren ces  in to ta l second g enera tion  dam age betw een fields for 

each  year (Tables 29-30). For bo th  years, non-sprayed fields were shown to  have 

no m ore sign ifican t dam age than  severa l sprayed  fields. F ield  1 (1979) and 8 

(1980) (same field) had the  low est pe rcen t onion plant dam age for both the  f ir s t  

and second generation ; w hereas, field  5 (1979) and field 10 (1980) had the  

h ighest. Each of these  fields was sprayed w ith fo liar in sec tic ides th ree  to five 

tim es during the  second generation .

Pearson 's B ivaria te  C o rre la tion  te s t  was used to  de te rm in e  if p e rcen t 

dam age during th e  f irs t generation  was c o rre la ted  to  p e rcen t dam age during the  

second generation . For 1979 no sign ifican t co rre la tio n  was ev ident, but for 1980 

co rre la tio n  betw een f irs t and second generation  dam age was s ign ifican t (Table 

31).

To determ ine  if p e rcen t OM dam age was co rre la ted  with OM population 

density , to ta l  adult incidence and to ta l seasonal production was de term ined  for 

each  field  and year by in teg ra tin g  the  a rea  under adult fligh t curves and dividing 

by adu lt developm ental tim e. Pearson 's b iv a ria te  co rre la tio n  analysis was used 

to  te s t  for sign ifican t co rre la tio n  for the  following pairs of values: a) firs t 

generation  a d u lts /f irs t generation  dam age, b) second generation  adu lts/second  

generation  dam age, c) f irs t generation  dam age/second  g en era tio n  adults, d) 

second generation  d am ag e /th ird  genera tion  adults, e) second generation



187

Table 28 . Total second generation OM plant damage for fields 13 and 14 
determined by summation of weekly damage estimates and final har­
vest assessment.

Field Date
% Damage 
(per week) Cl (.95) I

% Damage 
(harvest) Cl (.95)

13 211 1.28 + . 66 1.28
216 2.61 ±!. 56 3.89
225 1.69 + .93 5.58
232 ,30 + .20 5.88
238 0 .0 0 + 0 .0 0 5.88 5.00 + 2 . 0i

14 211 1.95 + .96 1.95
216 3.61 +2.60 5.56
225 1.48 + .50 7.04
232 1.40 + .42 8.44
238 0 .0 0 + 0 .0 0 8.44 6.57 + 2 .68
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Table 29. One-way analysis of variance and Duncan’s multiple range
test for percent total OM plant damage during the second genera­
tion for study fields in Grant Michigan, in 1979. All percentages 
were transformed by square root before analysis.

Variable DF Sum of Squares Mean Square F

Field 6 23.80 3.97 11.7***
Residuals 83 28.06 .34
Total 89 51.86

***(P<.001)

Field N
Number of 

Foliar Sprays
X OM* 

Damage SE Cl (.95)

1 5 3 . 62a .39 +1 .1 1
2 15 5 2.73cd .36 + .73
3 15 4 1.13ab .17 + .35
4 15 5 3.26cd .39 + .84
5 15 5 6.26e 1.16 +2.49
6 15 2 4.33de .54 +1.16
7 10 0 2.Olbc .57 + .73

*Means followed by the same letter are not significantly different. 
(a:=. 05)
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Table 30. One-way analysis of variance and Duncan's multiple range
test for percent total OM plant damage during the second genera­
tion for study fields in Grant, Michigan, in 1980. All percent­
ages were transformed by square root before analysis.

Variable DF Sum of Squares Mean Square F

Field 6 57.03 9.50 20.7***
Residuals 83 37.98 .46
Total 89 95.02

***(P<.001)

Field N
Number of 

Foliar Sprays
% OM* 

Damage SE Cl (.95)

8 10 3 1 .11a .24 + .55
9 10 4 5.49c .87 +1.99

10 10 4 17.53d 1.06 +2.43
11 10 3 4.89bc .76 +1.74
12 10 2 2 .86b .56 +1.28
13 20 0 5.00c .88 + 2 .0 1
14 20 3 6.57c 1.17 +2 .6 8

*Means followed by the same letter are not significantly different. 
(-=.05).
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Table 31. Pearson's correlation coefficient between first and second 
generation OM onion plant damage in 1979 and 1980.

Pearson's
Year N Coefficient cc

1979 7 .39 .191

1980 7 CO00* .004
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d am ag e /th ird  g en era tio n  adu lts up to  harvest, f) f irs t and second generation  

d a m ag e /firs t and second g en era tio n  adu lts , and g) f irs t and second generation  

dam age/second  and th ird  g en era tio n  adults. For both years, th e re  was signifi­

can t co rre la tio n  betw een  f ir s t gen era tio n  dam age and second g en era tio n  adults 

(Table 32). No o th er sign ifican t co rre la tio n s  were rev ea led  (a > .05).

The lack  o f s ig n ifican t co rre la tio n  betw een  ad u lt fly  populations and 

dam age for th e  sam e gen era tio n  may be due to  em igra tion  of flies following 

in itia l em ergence  or preoviposition. Loosjes (1976) rep o rted  th a t up to  50% of 

OM ad u lts  m ig ra te  to  o th e r fields following em ergence . C o rre la tio n  o f f irs t 

g en era tio n  dam age and the  following g en era tio n  of adu lts  may be expected , 

how ever, if p resence  of dam age ind ica tes  successfu l la rv a l a t ta c k  and develop­

m ent. The lack  o f co rre la tio n  betw een  second g en era tio n  dam age and th ird  

g en era tio n  adu lts  may have been due to  fie ld  production p rac tices . During th ird  

gen era tio n  adu lt a c tiv ity , onion fields a re  h arvested  and, in som e cases, a  cover 

crop  is p lan ted . These p rac tice s  could cause considerable m igration  or im m igra­

tion depending on individual field  conditions. Onion fie lds w here large  num bers 

of cull onions a re  le f t  behind a f te r  harvest may also, fo r exam ple, be much more 

a ttra c t iv e  to  ovipositing adu lts  than  fields w ith low num bers o f cull onions. 

F ields p lan ted  to  cover crops (rye grass), have also  been  shown to  have 

sign ifican tly  few er OM in fested  cull onions following ha rv est (Drum m ond 1979, 

unpublished).

2. S ta te  Surveys

The sam pling schem e o f C arru th e rs  (1979) was used to  e s tim a te  regional 

and fie ld  level onion plant dam age in th e  m ajor onion growing a reas  of the  s ta te . 

Both sam pling com ponents (field  and reg ional level) w ere designed so each  could
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Table 32. Pearson's correlation coefficient for various comparisons of 
total adult production and OM plant damage in study fields of 
Grant, Michigan, during 1979-1980.

A with B N
Pearson* s 

Coefficient OC

1979
2—  adult s-2—  damage 7 .26 .28
1”  damage-2^- adults 7 .92 .001***
2—  damage-3—  adults 7 -.24 .30
2——■ damage—3“—  adults (H) 7 -.06 .45
1—  and 2—  damage-2—  and 3 ^  adults 7 .34 .23

1980
1—  adults-1—  damage 7 -.09 .42
2—  adults-2—  damage 7 .32 .31
1—  damage-2—  adults 7 .74 .03*
2—  damage-3—  adults 7 .24 .31
2—  damage-3^- adults (H) 7 -.27 .27
1—  and 2—  damage-1—  and 2—  flies 7 .1 1 ,41
1—  and 2—  damage-2—  and 3 ^  flies 7 .47 .14

***(P<.001)
*(P<.05)

H-up to harvest 
a - alpha level



193

be used independent of one ano ther or in conjunction if desired . S im ilar m ethods 

of d a ta  co llec tion , im p lem enta tion , and analysis for fie ld  and reg ional e s tim a te s  

allow  for tw o sam pling levels  th a t  may be linked for an overall m onitoring 

system . The dam age e s tim a te s  provide a h is to rica l reco rd  for d iffe ren t fields, 

regions, and years. This in form ation  can be used to  evalua te  e ffe c ts  of changing 

m anagem ent decisions, spec ific  grow er production p rac tices , or chem ical con tro l 

m ethods. I t  also provides in fo rm ation  fo r crop loss assessm ent.

Sam pling procedures fo r de term in ing  dam age e s tim a te s  a re  usually c r i t i ­

c ized  as e ith e r being too general for adequate  decision-m aking or too in tensive 

for econom ic co nstra in ts . In tensive fie ld -level sam pling o f all onion fields in an 

a re a  may be prohib itive. However, m ore spec ific  in form ation  m ay be necessary  

for som e fields w here m anagem ent decisions a re  to  be m ade. In tensified  

regional sam pling can be used in itia lly  to  iden tify  fields above or below a 

specified  dam age level. By using a less com prehensive sam pling m ethod firs t, 

the  to ta l  a re a  can be divided in to  portions of variab le  in te re s t: a reas  needing 

im m edia te  ac tion  (ex trem ely  high dam age), a reas w here m ore in tensive field 

level sam pling is needed, or areas requiring  no fu r th e r ac tion  (ex trem ely  low 

dam age). The reg ional program  was conducted successfu lly  in m ost m ajor onion 

growing a reas  of M ichigan from  1977-1980 (Table 33). In som e cases, i t  was not 

possible to  obtain  com plete  d a ta  se ts  (all fields) for an a rea , but the  sam ple 

program  was robust enough to  to le ra te  a sign ifican t am ount of missing da ta . 

P est m anagem ent personnel and county agen ts  found the  program  to  be w orkable 

and useful. R ecords o f production p rac tices , co llec ted  a t  the  sam e tim e, have 

been used to  help explain som e anom alies or trends in the  resu lts .

P ercen t dam age es tim ates  provide a  re la tiv e  e s tim a te  of dam age a t  one 

point in tim e. To de term ine  how this e s tim a te  was re la te d  to  to ta l  dam age,
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Table 33. Regional estimates of first and second generation OM plant 
damage for the major onion growing areas of Michigan from 1977- 
1980.

FIRST GENERATION SECOND GENERATION
ONION MAGGOT DAMAGE ONION MAGGOT DAMAGE

Region 2 Regional Standard Regional Standard
and Year NF n Mean Error n Mean Error

19773
Bravo 21 6 3.30 1.34 4 3.51 2.48
Grant 20 6 1.48 .91 7 .36 .23
Jackson 23 10 2.60 .60 10 3.14 .44
Lapeer 15 13 .45 .23 15 .07 .03

19783
Bravo 20 12 .04 .0 2 12 3.90 .78
Grant 23 16 17.70 2.48 16 5.16 .58
Jackson 24 19 2.23 .38 19 2.24 .42
Lapeer 7 7 7,56 .98 7 .36 .07

41979
Bravo 20 2 5.70 4.18 — ---------- —

Grant 21 13 3.47 .67 10 .51 .13
Jackson 20 9 .32 .17 — ----------- —

Lapeer 8 7 4.02 .47 7 . 46 .09

19804
Bravo 20 8 1 1 .2 0 2.83 8 16.40 5.18
Grant 24 24 20.44 1 . 01 24 5.40 .24
Jackson 20 4 30.10 14.01 — ---------- —

Lapeer 8 8 7.15 .31 8 .30 .055

^Approximate number of fields per region (NF).
Number of fields sampled per region (n).

3Ten samples taken per field.
Twenty samples taken per field.



195

point e s tim a te s  of dam age from com m ercial study  fields w ere com pared to the 

ca lcu la ted  to ta l, f irs t-g en e ra tio n  dam age for 1979 and 1980. Point e s tim a te s  

w ere taken  on or about Ju ly  1 for both years. A second-order polynom ial curve 

was found to  give a  good f it  to  th e  d a ta  (Figure 44). The re liab ility  o f th is 

equation  cannot be determ ined  w ithout fu rth e r field  experim entation ; however, 

this re la tionsh ip  may be expec ted  to  change from year to  year.

Dam age e stim a te s  from  weekly sam ples of com m ercial study fields and 

the  resea rch  field  in 1979 and 1980 w ere transfo rm ed  to  p roportional e s tim a te s  by 

dividing each sam ple count of dam aged onions by th e  to ta l dam age th a t occurred 

in each  field . Although each  field  had a d iffe ren t density  o f dam aged onions 

p resen t a t  each sam ple da te , proportional e s tim ate s  fo r each  d a te  allowed 

com parison of dam age betw een fields independent of density . The cum ulative  

proportional e s tim ate s  describe the  ra te  of change of OM dam age during the 

f irs t g enera tion  of OM la rv a l ac tiv ity . For the  G ran t a rea , th is ra te  of dam age 

during the f ir s t  generation  appeared to  be the  sam e fo r all fields in a  year, 

regard less of the am ount of dam age.

Two-way analysis of variance was perform ed for each year to  te s t  for 

sign ifican t d iffe ren ce  in proportion dam age e s tim ate s  for da tes  and fields 

(Tables 34-35). D ifferences betw een  da tes  w ere expected  but d ifferences 

betw een  fields ind ica te  th a t although the  ra te  of dam age appeared  sim ilar fo r all 

fie lds, s ign ifican t d ifferences w ere present.

To determ ine  which fields w ere con tribu ting  the  most variance, tw o-w ay 

analysis of variance  was perform ed  on six fields w here for each  analysis a 

d iffe ren t field  was de le ted . No sign ifican t d ifferences betw een the  six fields 

w ere observed when field  1 in 1979 and field  10 in 1980 w ere d e le ted  from the
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T a b l e  3 4  . T w o -w a y  a n a l y s i s  o f  v a r i a n c e  f o r  p r o p o r t i o n  o f  t o t a l  f i r s t  
g e n e r a t i o n  d a m a g e  f o r  d a t e  a n d  f i e l d  i n  1 9 7 9 .  A l l  p r o p o r t i o n s  
w e r e  t r a n s f o r m e d  b y  s q u a r e  r o o t  b e f o r e  a n a l y s i s .

S o u r c e  o f  V a r i a t i o n Sum o f  S q u a r e s DF M e a n  S q u a r e F

M a i n  e f f e c t s 2 . 0 1 1 8 . 1 1 2 7 6 , 7 * * *
D a t e 1 . 9 7 1 2 , 1 6 4 1 1 2 . 7 * * *
F i e l d . 0 4 6 . 0 0 7 4 . 9 * * *
2 - w a y  i n t e r a c t i o n s . 7 2 67 .011 7 , 4 * * *
E x p l a i n e d 2 . 7 4 8 5 . 0 3 2 2 2 . 1 * * *
R e s i d u a l 2 . 3 9 1 6 3 2 . 0 0 1
T o t a l 5 . 1 6 1 7 1 7 . 0 0 3

* * * ( P < . 0 0 1 )

T a b l e  3 5 .  T w o -w a y  a n a l y s i s  o f  v a r i a n c e  f o r  p r o p o r t i o n  o f  t o t a l  f i r s t  
g e n e r a t i o n  d a m a g e  f o r  d a t e  a n d  f i e l d  i n  1 9 8 0 .  A l l  p r o p o r t i o n s  
w e r e  t r a n s f o r m e d  b y  s q u a r e  r o o t  b e f o r e  a n a l y s i s .

S o u r c e  o f  V a r i a t i o n  Sum o f  S q u a r e s DF M e a n  S q u a r e F

M a i n  e f f e c t s  1 . 6 2 15 . 1 0 8 7 1 . 8 * * *
D a t e  1 . 5 7 9 . 1 7 5 1 1 6 . 5 * * *
F i e l d  . 0 2 6 . 0 0 4 2 . 7 * *
2 - w a y  i n t e r a c t i o n s  . 3 0 53 . 0 0 6 3 . 8 * * *
E x p l a i n e d  1 . 9 2 6 8 . 0 2 8 1 8 . 8 * * *
R e s i d u a l  1 . 9 7 1 3 0 9 . 0 0 2
T o t a l  3 . 8 9 1 3 7 7 . 0 0 3

***(F < .001)
* * ( P < . 0 1 )
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analysis (Tables 36-37). F ield  1 bad the low est OM plan t dam age and field  10 had 

the  highest com pared  to  th e  12 o th e r fields exam ined. These resu lts  ind ica te  

th a t  the  ra te  of OM dam age in a  region may be th e  sam e fo r all fie lds only over 

a  lim ited  range o f d iffe ren t dam age densities. Dam age in som e fields may occur 

a t  a  d iffe ren t ra te , depending upon dam age in tensity . F ields w ith high am ounts 

o f dam age, for exam ple, may be m ore a t tra c t iv e  to  ovipositing adults than  fields 

w here l i t t le  dam age has occurred . P lacing  fields in to  d iffe ren t s t r a ta  of dam age 

density  may be advisable to  obtain  a  reg ional ra te  of OM dam age fo r the  season.

P roportional dam age e s tim a te s  of fields 2-7 (1979) and fields 8-9 and 11-14 

(1980) w ere accum ulated  and p lo tted  again st degree-days (4.4C ° base) (Figure 

45). For bo th  years, the  d is tribu tion  o f th ese  e s tim a te s  was found to not d epart 

sign ifican tly  from  th a t of a  negative  binom ial (Kolm ogorov-Sm irnoff te s t) . A 

cu rv linear line o f the  negative binom ial d is tribu tion  was f it  to  the  d a ta  based on 

th e  m ean and k value for each  year (mu = 698 degree-days, k = 22 for 1979; mu = 

741 degree-days, k = 20 for 1980). B ecause a  tw o-w ay K olm ogorov-Sm irnoff te s t 

revealed  sign ifican t d iffe ren ces  betw een the  m ean and k values for each year, 

re su lts  w ere not pooled. C urv ilinear lines or th e  negative  binom ial expression:

P(x) = (1 + £) (a f te r  E llio tt 1977) 

can be used to  determ ine  the  proportion  o f dam age (P) th a t  has occurred  a t  any 

degree-day  in te rv a l (X). The use of th is re la tionsh ip  was lim ited  to  fields w here 

.5 to  8 pe rcen t to ta l f irs t generation  dam age occurred . Its use m ust also be 

lim ited  to  the  onion growing a re a  of G ran t un til subsequent stud ies rev eal a 

general ag reem en t betw een regions.

To dem onstra te  the  use o f a  cum ulative  p roportion  dam age curve, point 

e s tim a te s  o f OM dam age fo r 19 fields in 1980 w ere exam ined. The regional
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T a b l e  3 6 .  T w o -w a y  a n a l y s i s  o f  v a r i a n c e  f o r  p r o p o r t i o n  o f  t o t a l  f i r s t  
g e n e r a t i o n  d a m a g e  f o r  d a t e  a n d  f i e l d  i n  1 9 7 9  a f t e r  o m i s s i o n  o f  
f i e l d  1 .  A l l  p r o p o r t i o n s  w e r e  t r a n s f o r m e d  b y  s q u a r e  r o o t  b e f o r e  
a n a l y s i s .

S o u r c e  o f  V a r i a t i o n Sum o f  S q u a r e s DF M e a n  S q u a r e F

M a i n  e f f e c t s 2 . 0 8 17 . 1 2 2 9 9 1 9 * * *

D a t e 2 . 0 7 1 2 . 1 7 2 1 4 1 . 0 * * *
F i e l d . 0 0 6 5 . 0 0 1 1 . 0  n s
2 - w a y  i n t e r a c t i o n s . 4 2 55 . 0 0 8 6 . 2 * * *
E x p l a i n e d 2 . 4 9 7 2 . 0 3 5 2 8 . 3 * * *
R e s i d u a l 1 . 6 9 1 3 8 5 . 0 0 1
T o t a l 4 . 1 8 1 4 5 7 . 0 0 3

* * * ( P < . 0 0 1 )

T a b l e  3 7 .  T w o -w a y  a n a l y s i s  o f  v a r i a n c e  f o r  p r o p o r t i o n  o f  t o t a l  f i r s t  
g e n e r a t i o n  d a m a g e  f o r  d a t e  a n d  f i e l d  i n  1 9 8 0  a f t e r  o m i s s i o n  o f  
f i e l d  1 0 .  A l l  p r o p o r t i o n s  w e r e  t r a n s f o r m e d  b y  s q u a r e  r o o t  b e f o r e  
a n a l y s i s .

S o u r c e  o f  V a r i a t i o n Sum o f  S q u a r e s DF M ean  S q u a r e F

M a i n  e f f e c t s 1 . 3 0 14 . 0 9 3 5 7 . 1 * * *
D a t e 1 . 2 9 9 . 1 4 3 8 8 . 1 * * *
F i e l d . 0 2 5 . 0 0 4 2 . 2  n s
2 - w a y  i n t e r a c t i o n s . 2 9 4 4 .0 0 7 4 . 1 * * *
E x p l a i n e d 1 . 5 9 58 .0 2 7 1 6 . 9 * * *
R e s i d u a l 1 . 8 2 1 1 1 9 . 0 0 2
To t a l 3 . 4 1 1 1 1 7 . 0 0 3

* * * ( P < . 0 0 1 )
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sam pling program  o f C arru th e rs  (1979) was used to  obtain  individual field 

e s tim a te s . All field  e s tim ate s  o f OM dam age w ere converted  to  p e rcen t dam age 

where each  e s tim a te  was a  m easure of th e  am ount o f dam age th a t  occurred  the 

w eek preced ing  the  sam ple da te . To obtain  the  proportion of to ta l  dam age (WY), 

m easured by th e  dam age e s tim a te , the  cum ulative proportion curve can be used, 

w here X is equal to  the  degree-day  in te rv a l (1 week) th a t  the  sam ple rep resen ted . 

T o tal dam age is obtained  by m ultiplying th e  pe rcen t dam age e s tim a te  by one 

over the proportion  m easured  (1/W Y) (Table 38).

Only 4 (23%) of the  19 fields had e s tim a te s  of to ta l dam age g re a te r  than  

th a t  allow ed fo r use of the  cum ulative proportion curve (.5-8%). One or tw o 

fields in th e  a rea , sam pled weekly, m ay th e re fo re  be adequate  fo r determ ining  

the  ra te  of OM dam age which can be used w ith p e rcen t e s tim a te s  of dam age for 

to ta l  dam age estim ation .

I. Seed Corn M aggot Com ponent

Seed corn m aggot (SCM) populations w ere m onitored in G ran t to  exam ine 

th e  phenology of the  lifes tag es  and th e ir  im pact on onion production. The fligh t 

behavior of the adults was exam ined during OM fligh t stud ies and was found to  

be very sim ilar to  the  OM. The tem p e ra tu re  ad justm en t procedure was used to  

ad just tra p  d a ta  for ab io tic  e ffe c ts  on fligh t a c tiv ity . T rap  counts fo r the 

research  field  and F ield  13 a re  p resen ted  befo re  tem p e ra tu re  ad ju stm en t as a  

proportion of to ta l flies trapped  in flig h t-in te rcep tio n  trap s  (F igure 46). A fte r 

tem p era tu re  ad justm ent, the  counts w ere again transfo rm ed  to  proportion of 

to ta l c a tc h  to  show the e f fe c t  of th e  tem p e ra tu re  ad justm ent. The pooled, 

tem p era tu re-ad ju sted , tra p  counts o f the  o th e r six com m ercial study  fields for
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Table 38. Predicted total percent first generation damage for fields 
in Grant, Michigan, by use of point estimates of damage and the 
cumulative proportional damage curve for 1980.

Field Number
Point Estimate 

of % Damage SE
Predicted 

Total % Damage

1* 1.84 .27 8.62
2 1.07 .35 7.42
3 .49 .1 0 2.18
4 .92 .29 4.09
5 .69 .34 3.07
6* 6 .6 8 .88 29.69
7* 4.43 .82 19.69
3 1.18 .28 5.25
9 .17 .06 .76

10 .26 .09 1.16
11 .61 .10 2.71
12 1.09 .23 4.84
13 .59 .14 2.62
14 1.43 .37 6.36
15 .24 .08 1.07
16 .65 .14 2.89
17 1.63 .32 7.24
18 .74 .25 3.29
19* 2.79 .47 12.40

*% damage estimate outside equation bounds.
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Figure 46. Proportion o£ total SC adult catch before (A-B) and 
after (C-F) temperature adjustment for flight inter­
ception traps in 1979 and 1980. Mean trap catch 
for field 7 (G) and field 13 (H).
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each  year a re  p resen ted  as proportion  of to ta l c a tc h  for com parison. T em pera­

tu re -ad ju s ted  tra p  d a ta  from  flig h t-in te rcep tio n  trap s  for a ll fields and both 

years a re  p resen ted  in F igures 47-48, Iden tical p rocedures and presen ta tions 

w ere done for stickyboard  tra p  counts in 1978-79 for the  re sea rch  fie ld  (Figure 

49).

For all trap s , fields, and years few  d iffe ren ces  w ere observed betw een 

m ale and fem ale  ca tch . Due to  the  num ber of overlapping generations, spec ific  

tim es of generation  a c tiv ity  w ere d iff icu lt to  de term ine . All th ree  years 

revealed  high densities  of adu lts  ea rly  in the  spring a t  100 to  200 degree-days. 

This was followed by ano ther peak of a c tiv ity  a t  degree-day  periods of 750 to  

850. A th ird  peak, usually low er than  the  preced ing  peaks, occurred  a t  d eg ree- 

day periods of 1150 to  1250. In m ost cases, a la rg e  fo u rth  peak was recorded  for 

degree-day  in te rva ls  of 1900 to  2000. These tim es of peak density  e s tim ate s  may 

only re f le c t  th e  num ber generations of a c tiv ity  on onions and not the to ta l 

num ber of generations o f th e  SCM. Seed corn m aggots a re  known to  feed  on 

over 100 p lan t species, and i t  may be expected  th a t a t c e r ta in  tim es during the  

season, crops o th e r than  onions m ay support o th e r generations not recorded  on 

the onion crop.

When OM la rvae  and pupae w ere lab o ra to ry -id en tified , th ird  in s ta r SCM 

larvae  and pupae w ere recorded  when p resen t (Appendix H). P lots of these  

im m ature  s tages described th ree  generations of la rval a c tiv ity  on onions during 

1978 and 1979 (Figure 50). The phenology of these  s tag es  was found to  closely 

resem ble the  adult SCM fligh t curves for the  s re sea rch  field  w here second to  

fourth  generation  adults lagged th e  f irs t to  th ird  la rv a l broods. An exam ination  

of adu lt fligh t curves for the resea rch  fie ld  and com m ercial study  fields revealed
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th a t  the  th ird  generation  of adu lts was very low. This fa c to r was not re fle c ted  

by th e  la rv a l or pupal density  of th e  second gen era tio n  brood in the research  

field; th e re fo re , high m orta lity  of adu lts  during this g en era tio n  or m igration of 

adults to  o th e r crops may have occurred .

Loosjes (1976) observed th a t SCM population densities w ere highly depend­

en t on OM population density. He suggested th a t SCM populations do not reach  

high densities w here OM density  is low. To exam ine this re lationship , the  to ta l 

seasonal production of OM adults de term ined  from  adu lt fligh t curves were 

com pared to  the  to ta l seasonal production of SCM adults for th e  com m ercial 

study fields in 1979 and 1980. Pearson 's Rank C o rre la tio n  analysis was used to  

te s t  for sign ifican t co rre la tions for each  year and the  pooled d a ta  fo r both years. 

S ignificant co rre la tio n  betw een to ta l seasonal production of OM and SCM adults 

for each  year was ev ident (Table 39). F or each field , to ta l seasonal adult 

production of th e  two species w ere sim ilar.

Seed corn m aggot populations may depend on OM density  or th e re  may be 

common fa c to rs  a ffe c tin g  both spec ies1 survival, developm ent, and h ab ita t 

p re fe ren ce . Seed corn m aggots in the  past have been prim arily  described  as 

secondary pests of onions and as only feeding on onion p lants previously inhabited 

by the  OM. To determ ine  if p resence of SCM larvae  was dependent on OM larval 

populations, the  ra tio  of th ird  in s ta r la rvae  for the  tw o species was com pared for 

each  sam ple d a te  (F igure 51). For both  years, f ir s t  sam ples taken  early  in the 

season revealed  th a t SCM la rvae  w ere the  prim ary  species p resen t on dam aged 

onions. In 1979 dam age to  onions was w idespread and SCM la rvae  w ere the 

prim ary  invaders up to  day 150 (May 30). OM larvae  w ere observed to  be the  

p rim ary  inhab itan ts of dam aged onions from  June 1 through the re s t of the  onion
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Table 39. Pearson's Correlation Coefficient for total OM and SC adult 
seasonal production for study fields in Grant, Michigan, in 1979- 
1980,

Year N
Pearson's 

Coefficient <x

1979 7 r*.CO* .006
1980 7 .97 .001

1979 and 1980 14 r-00* .001
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grow ing season. The ra tio  of SCM to  OM la rv ae  was higher for this period in 

1979 than  in 1978. I t appears th a t  ea rly  in th e  spring, SCM larvae  can be 

considered p rim ary  pests  of onions and th a t in itia l onion dam age m ay be the  

resu lt o f SCM a c tiv ity  ra th e r  than  th e  OM. Loosjes (1976) rep o rted  th a t dam aged 

onions contain ing  only SCM la rvae  w ere o ften  found especially  during the  f irs t 

generation  of dam age in th e  N etherlands.

Seed corn m aggot la rvae  m ay be very  suscep tib le  to  the  g ranu lar 

in sec tic ide  D yfonate; th e re fo re , th is chem ical could con tro l SCM la rv a l popula­

tions early  in the  spring. When a g ranular tre a tm e n t is not applied, successfu l 

SCM la rv a l a tta c k  may aecu r. B ecause the  OM p re fe rs  to  oviposit on previously 

dam aged onions, th e  in itia l a reas  o f dam age caused by th e  SCM m ay a c t as 

cen te rs  of OM a ttra c tio n . This re la tionsh ip  would explain th e  presence of 

dam age observed ea rlie r in the  non-D yfonate tre a te d  a re a  of the  resea rch  field  

in 1979. All la rval sam pling in 1979 was conducted  in the  non-D yfonate sec tion  of 

the  resea rch  field ; w hereas, in 1978 onions w ere sam pled in a  D y fo n a te -trea ted  

a rea . In 1978, SCM density  per 60 cm sam ple o f onion row was very low and 

in itia l onion dam age in the  fie ld  was very  sparse . In 1979, in itia l dam age was 

w idespread and SCM larva l densities per sam ple w ere high in com parison to  1978.

J . V alidation of the OM Submodel

Model perform ance fo r the  concep tual model was regarded  as accep tab le  

for the  ab io tic  inform ation  th a t  was used (see Section  III). A fte r th is f irs t phase 

of model concep tualization  and s tru c tu re , validation  te s tin g  of resu lts  were 

possible. Validation of a  m odel usually requ ires an independent s e t of d a ta  th a t 

has not been used in model form ulation . The agro-ecosystem  p ro jec t provided a
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se t of fie ld  d a ta  th a t  could be used to  va lida te  the  subm odel o f the  population 

dynam ics of the  OM. B ecause the  model was m ade up of severa l free  body 

models, the  subm odel o f the  OM could be run independently  o f the  o ther 

subm odels so resu lts  could be com pared to  field  d a ta .

The subm odel of the  OM provided e s tim a te s  of the  various life  s tages of 

the  OM through the  season. A com puter subroutine was added so soil and a ir 

te m p e ra tu re  d a ta  fo r th e  onion growing a rea  of G ran t, M ichigan, could be used in 

the developm enta l delays. O viposition was s e t to  zero  when the  cum ulated  

d eg ree-day  value in the  model was equal to  the  requ ired  degree-day  e s tim a te  for 

onion p lan t m a tu rity  in the  fie ld  (1550, base 4.4°C ). This p rocedure  allow ed 

oviposition and OM la rv a l developm ent only during the  regu lar onion growing 

season. O viposition or la rv a l developm ent on cull onions a f te r  onion harvest was 

not accoun ted  for. L isting and docum entation  of the  model a re  provided 

(Appendix G).

C um ulative OM em ergence  for the  1980 sim ulation  run was com pared to 

field  em ergence  ra te s  for th a t year (Figure 52). The p red ic ted  firs t generation  

em ergence of OM adults by the  model a cc u ra te ly  track ed  fie ld  e stim ates . 

Second and th ird  gen era tio n  em ergence  resu lts  revealed  a  lag  period of severa l 

days betw een fie ld  resu lts  and model p red ic tion . D eviation of model p red ic tion  

fo r the  th ird  g enera tion  em ergence was g re a te r  than  th a t of the  second 

g eneration . C arru th e rs  (1981) described  sim ilar resu lts  when he com pared the  

sam e fie ld  em ergence  d a ta  to  th a t o f p red ic ted  em ergence  from  com puter 

sim ulation .

A fte r  adding a  subm odel of E. m uscae in fec tion , he found th a t model 

resu lts  accu ra te ly  track ed  th e  second and th ird  g enera tion  OM em ergence. He
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suggested  th a t  a sh ift of the  p red ic ted  second and th ird  generation  em ergence by 

the  m odel occurred  due to  additional adu lt m o rta lity  caused  by E. m uscae.

Adult m orta lity  was adjusted in the model accord ing  to  field  d a ta  on 

in fection  levels of E. m uscae (C arru thers  1981). Model p red iction  of second and 

th ird  generation  em ergence of OM adults for 1980 was found to  tra ck  the  field 

em ergence  resu lts  accu ra te ly  (Figure 52). Based on these  resu lts , adu lt OM 

m orta lity  by E. m uscae was included in all proceeding model runs.

T em p era tu re-ad justed  trap  c a tc h  of flig h t-in te rcep tio n  trap s  for 1979 and 

1980 (field 7, 13) w ere com pared to  model resu lts  for the  sam e years. Counts 

w ere transfo rm ed  to  a proportion  of to ta l c a tc h  so resu lts  could be exam ined 

independent of density  (Figure 52). Model resu lts  w ere sim ilar to  field  resu lts  

for both years. In 1979 the  model p red ic ted  a higher peak proportion o f adults 

for the  second generation  when com pared to  the  field  data. The to ta l adu lt 

incidence for the  second generation , however, was the  sam e for the  model and 

the  field . For both  years, model and field  resu lts  described a sim ilar phenology 

of adu lt ac tiv ity .

Model runs w ere m ade fo r 1979 to  exam ine the  phenology of the  im m ature 

s tages of the  OM (Figure 53). F ield sam pling resu lts  and model predictions a re  

p resen ted  as a proportion of the to ta l so com parisons can be made independent 

of density. Only tw o generations of la rv a l a c tiv ity  on im m atu re  onions w ere 

revealed . These resu lts  agree  w ith in form ation  p resen ted  ea rlie r from  im m ature  

s tag e  sam pling in th e  field. The phenology of im m ature  s tag es  p red ic ted  by the 

model, do not agree  com pletely  w ith population e s tim ate s  from  field  sam pling. 

Such deviations in th e  phenology may be p a rtly  due to  the  use of only one 

developm ental base tem p era tu re  (4.4° C) in the model. D iffe ren t base tem p era-
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tu re s  fo r the  various life -s tag es  may ex ist, which, if  incorpora ted  in to  th e  model, 

would a f fe c t  p red ic ted  phenology considerably. D eviations betw een the  model 

and fie ld  resu lts  for p roportional size of th e  second and th ird  generation  a re  also 

ev iden t. This is probably due to  sam ple  location  and procedures used for 

ob ta in ing  e s tim a te s  of im m ature  s tag es  in the  field . F ield sam ples consisted  of 

dam aged a reas  of 60 cm of onion row. To m ore accu ra te ly  com pare field  and 

model resu lts, the  num ber of dam aged a re a s  in the  fie ld  for each  generation  

would need to  be included. From the  previous sec tion  on OM plan t dam age, it is 

ev iden t th a t  m ore dam age occurs early  in the  season and thus higher densities or 

a  higher proportion of f irs t genera tion  larvae  would be expected .

Model validation  w ith fie ld  d a ta  will be g rea tly  enhanced when an onion 

plan t com ponent is availab le . This com ponent is p resen tly  being investigated  for 

inclusion in an OM-E. m uscae population m odel (Pet 1982, M ichigan S ta te  

U niversity , p ro jec ted  d a te  of MS thesis com pletion). Inclusion of a  dynam ic 

plan t model will provide an opportunity  to  exam ine im m ature  and adult survival, 

e f fe c ts  of a  lim ited  food resource on survival and e ffe c ts  of onion p lan t sp a tia l 

d istribu tion  on both  the  adult and im m atu re  stages.
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V. Sum m ary and Conclusions

This re sea rch  has sought to provide in form ation  on the  sp a tia l and 

tem pora l d istribu tion  o f th e  OM in M ichigan and the  d istribu tion  and e x te n t of 

OM p lan t dam age. The phenology o f the  SCM was also investiga ted  and its 

im portance  as a  p est o f onions is evaluated . A subm odel of the OM population 

dynam ics is provided and model ou tpu t was com pared to  fie ld  resea rch  resu lts  on 

adu lt and la rv a l phenology. A concep tual m odel of the  onion agroecosystem  was 

designed to  illu s tra te  the  in te rac tio n s  of the  OM in the  system  and to show how 

the  various subcom ponents a re  linked and in teg ra ted .

R esults of adult em ergence  studies ind ica te  th a t OM em ergence each year 

may be p red ic ted  by accum ulation  o f e ith e r soil or air degree-days. D egree day 

values of em ergence updated  fo r G ran t, MI, m ay be used in p red ic tion  of OM 

em ergence  fo r d iffe ren t a reas  of the  s ta te . These values have been shown to  

closely ag ree  w ith degree-day  values rep o rted  for OM em ergence  in New York. 

B iotic and ab io tic  p a ram ete rs  o th e r than  tem p e ra tu re  can also influence OM 

em ergence . If g re a te r  accuracy  in pred iction  of OM em ergence  is needed, m ore 

study is necessary  to  identify  these  o th e r e ffe c ts  and how th ey  may be m onitored 

and used fo r p red ic tive  purposes. In this rep o rt, the  e f fe c t  of soil m oisture on 

OM em ergence  was in v estig a ted  by com parison of em ergence  and p rec ip ita tio n  

records. A lthough no defin ite  conclusions can be m ade, it appears th a t soil 

m oisture can a ffe c t adu lt OM em ergence  in the  spring.

Several asp ec ts  of OM fligh t behavior w ere investigated . Adults were 

observed to  fly  a t  or about the  height o f the  onion crop. H eight o f trap s  used for 

m onitoring adu lt a c tiv ity  and abundance should th e re fo re  be ad justed  during the  

season. A 100 cm tra p  height, how ever, should be adequate  if one height o f trap
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is desired  fo r trapp ing  adult roo t m aggots during th e  whole of the  season. It was 

also found th a t re la tiv e  trapp ing  devices worked b est when p laced  along field  

borders, and th a t  the  d irec tion  o f the  tra p  or the  fo liage type of the  border had 

l i t t le  influence on re la tiv e  c a tc h  size.

During night hours, th e  m ajo rity  of OM adults w ere observed to  re s t in 

border h ab ita ts  of grass or c a rro ts . High m oisture conditions and p ro tec tio n  in 

th ese  a reas  may accoun t fo r th is sp a tia l d is tribu tion  a t  night. A dult root 

m aggots in fec ted  by E. m uscae o fte n  a tta c h  to  foliage in these  border a reas  a t  

n ight in order to  sporu la te  (C arru th ers  1981). A ggregates of adults in these areas 

a t  n ight is th e re fo re  desirab le  for spore a tta c h m e n t and in fec tio n  by E. m uscae.

Studies w ere conducted w ith  fligh t in te rcep tio n  trap s  to  exam ine the  

w ithin-day ac tiv ity  o f OM adu lts . G rea te s t a c tiv ity  occurred  betw een  5:30-9:30 

a.m . and 5:30-8:30 p.m . Inform ation  from  the  lite ra tu re  on how ab io tic  fac to rs  

influence OM figh t w ere evalua ted , and a tem p e ra tu re -ad ju stm en t program  was 

w ritten  to  ad just trap  d a ta  for ab io tic  e f fe c ts  on OM fligh t a c tiv ity  and natu ra l 

diurnal rhythm . The program  app rop ria te ly  ad justed  tra p  d a ta  fo r e ffe c ts  of 

m ajor w eather d isturbances on adu lt ac tiv ity . A sim ilar technique was used to  

ad just a c tiv ity  trap  d a ta  of roo t m aggot adu lts  in the  N etherlands (Loosjes 1976). 

Inclusion of w ithin-day a c tiv ity  in trap  ca tch  ad justm en t enhanced the  technique 

by providing a  rea lis tic  tran sfo rm atio n  o f a c tiv ity  d a ta  such th a t negative  values 

w ere avoided.

Adult fligh t curves o f tem p era tu re -ad ju sted  d a ta  w ere p resen ted  for 

sev era l study fields each  year. T hree genera tions of adu lt OM fligh t w ere 

observed, w ith the  th ird  fligh t occurring  very la te  in the  season, o ften  a f te r  

onion harvest. Adult flight curves of all fields in the  region revealed  a sim ilar
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phenology of adu lt fligh t during the  season. B etw een-fie ld  d ifferences in adult 

density  w ere ap p aren t, how ever, and th is was a ttr ib u te d  to  severa l fac to rs  

influding d iffe ren t soil types and presence or absence of p ro tec tiv e  border areas. 

A pplications o f fo liar in sec tic ide  sprays had l i t t le  e f fe c t  on adu lt densities  and 

fa iled  to  s ign ifican tly  reduce populations of adu lt roo t m aggots in fields where 

they  w ere  used. Foliar applications of the  in sec tic ides m alathion, parath ion  and 

diazinon are th e re fo re  not recom m ended as a  con tro l for OM adults.

Phenology and occu rrence  of OM im m atu re  s tages w ere investigated . 

Only tw o generations of la rva l a c tiv ity  w ere observed during th e  onion growing 

season. The th ird  la rv a l brood occu rred  prim arily  on m atu re  onions a t harvest or 

cull onions le f t  in the fie ld  following harvest. M ature onions not harvested  until 

la te  in the  fa ll w ere observed to  be dam aged by the  th ird  la rv a l brood. Onions 

ready  for ha rv est th a t  had been "lifted" and physically d isturbed  w ere not 

dam aged by the  th ird  larval generation . The m ajor proportion of the th ird  larval 

brood occurs on cull onions which are m issed during harvest or dumped back into 

th e  field  following processing. Phenology of the  im m ature  s tag es  was found to  

depend on tim e of OM adu lt em ergence and ac tiv ity . T otal second and third 

in s ta r la rva l m o rta litie s  o f 52% for th e  f irs t and 43% and for the second 

generations w ere observed. Pupal m orta lity  d iffered  sign ifican tly  am ong areas 

w ith d iffe ren t con tro l program s. Superparasitism  by A. b ilineata  caused 

increased  pupal m o rta lity  during the  second and th ird  generation . Because 

parasitism  by A. b ilinea ta  was low w here a g ranu lar or fo liar in sectic ide  was 

applied, i t  follows th a t pe rcen t parasitism  and OM pupal m orta lity  was probably 

low er in com m ercial fields during the  onion growing season due to  w idespread 

use of th e  in sec tic ide  D yfonate and weekly app lications of fo liar insectic ides.
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These com pounds decreased  p o ten tia l OM pupal m o rta lity  by reducing  f irs t in s ta r 

parasitism  by A. b ilin ea ta . R ecen t stud ies have shown th a t  som e granular 

in sec tic ides used for roo t m aggot con tro l a re  less tox ic  to  A. b ilinea ta  than  the 

compounds (Finlayson e t  al. 1980). Compounds such as chlorfenvinphos may 

provide adequate  OM contro l and be less tox ic  to  n a tu ra l enem y populations. 

Fo liar applications o f insec tic ides m ay also reduce to ta l pupal m o rta lity  and 

parasitism  by decreasing  parasito id  populations. R educed use of these sprays in 

th e  fu tu re  would allow  n a tu ra l enem y populations to  increase.

Only 3% of OM pupae during the  second generation  w ere observed to be in 

diapause. This value is much low er than  pe rcen tag es  rep o rted  for Quebec and 

New York. O verw intering  m o rta lity  o f OM pupae was investigated , and d iffering  

ab io tic  conditions w ere found to  have l i t t le  e ffe c t . O verall m orta lity  of 

overw in tering  OM pupae was found to  be 12.2% fo r both years of th e  study. 

Parasitism  by A. b ilin ea ta  and A. pallipes was observed in overw in tering  OM 

pupae. A ctual pe rcen t parasitism  was not de term ined , bu t re c e n t studies 

ind ica te  th a t s ign ifican t parasitism  o f OM pupae by these  species has been low 

due to  p resen t onion production p rac tices . Studies by C arru th ers  (1981) have 

shown th a t many of the  c u rren t recom m ended m ate ria ls  including som e herbi­

cides can cause high m orta lity  of OM n a tu ra l enem ies.

The ex ten t and d istribu tion  of onion p lan t dam age by th e  OM was 

inv estig a ted  by "m apping" th e  condition and location  of individual onion plants 

throughout the  season. S ixty-five p e rcen t of th e  to ta l seasonal dam age was 

found to  occur during the f irs t generation  brood. A t this tim e, onion plants are 

sm all and frequen t m igration o f OM la rvae  to  nearby onion p lants occurs.

Onion plants dam aged early  in the  season w ere observed to  rem ain  in the 

fie ld  an average o f 155 degree-days. P lan ts dam aged la te r  in the  season
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rem ained  visible in the  field  over a  g re a te r  length  of tim e, since the s ize  of the 

onion p lan t is g re a te r  and dehydration  and so ft ro t do not lead  to  bulb 

decom position as quickly. A sam ple in te rva l of one week or less was necessary  

fo r d e term ina tion  o f OM plan t dam age in the spring to  ensure th a t m ost dam aged 

onions w ere availab le  fo r record ing  before  to ta l decom position occurred . T otal 

second g enera tion  dam age can best be assessed a t  harvest, since dam aged onins 

rem ain  visible in the  field  longer than  tw o weeks.

Onion plant dam age in the  spring was found to  be d istribu ted  in itia lly  in a  

random p a tte rn . S ignificant d ep artu re  from  random ness tow ard contagious was 

revealed  la te r  in the  spring as dam age progressed. The d istribu tion  of dam aged 

onions in p lots t re a te d  w ith D yfonate insectic ide  tended  tow ard a  contagious 

p a tte rn  a  w eek e a rlie r  than  th a t  observed for dam aged p lants in n o n -trea ted  

plots. For both  p lot conditions, the  d istribu tion  of dam aged plants approached a  

random p a tte rn  la te  in the  season as the  density  of dam aged p lants increased.

Volunteer onions w ere shown to  a f fe c t  the  sp a tia l d istribu tion  of OM plant 

dam age. A te s t  s ta t is t ic  was developed for com paring onion p lan t dam age in 

a reas  of d iffe ren t vo lunteer onion density . It was also used fo r estim ation  of 

average clum p size  o f dam aged p lants around vo lunteer onions. A ggregates of 

volunteer onions a ffe c ted  OM plan t dam age m ore than  single vo lunteer onion 

plants. The a rea  of onion p lan ts d irec tly  a ffe c ted  by vo lunteer onions was found 

to  be approxim ately  35-37 cm (radius). Onions close to  volunteer onion plants 

had a higher probability  o f being dam aged by th e  OM in th e  spring. This 

inform ation  may be useful for d e tec tio n -ty p e  sam pling of OM plant dam age early  

in the  season, by se lec tin g  fields where vo lun teer onions a re  p resen t for in itia l 

dam age surveys. When onion seedling dam age is f irs t observed in th ese  a reas
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close to  volunteer p lants, dam age surveys can be in itia ted  in all fields of the 

region.

P lan t dam age during th e  f ir s t  generation  o f the  OM was determ ined  by 

accum ulating  weekly dam age e s tim a te s  in th e  spring. Fo liar in sectic ide  sprays 

did not s ign ifican tly  reduce OM la rv a l dam age during the  f irs t or second 

generation . F irs t generation  OM plant dam age was s ign ifican tly  co rre la ted  w ith 

second generation  adult populations. P o st-h a rv est production p rac tices  m ight 

a f fe c t  th e  sp a tia l d istribu tion  o f the  th ird  g en era tio n  o f adu lts, since no 

co rre la tion  betw een second generation  dam age and th ird  generation  adults was 

evident.

Regional surveys of OM plant dam age w ere conducted  in M ichigan for 

both the  f irs t and second generation  over a  fo u r-y ear period. Most fields in four 

m ajor onion-growing a reas  w ere surveyed, and regional e s tim a te s  of dam age 

w ere determ ined . These surveys provided inform ation  on ex ten t of OM dam age 

in the  s ta te  and use and success of con tro l program s.

Onion p lan t dam age in all study fields in G rant was observed to  progress 

a t  the  sam e ra te  over a  lim ited  range of onion dam age density . Proportional 

dam age curves w ere determ ined  fo r the  G ran t region fo r two years. T otal f irs t 

generation  Om plan t dam age was determ ined  for 19 fields in 1980 by use of a 

proportional dam age curve. The r a te  o f dam age may be determ ined  each  y ear by 

sam pling a  lim ited  num ber of fields in the  a rea . D am age es tim ate s  from 

regional surveys (point e stim ates) can then  be used to  e s tim a te  to ta l p e rcen t OM 

plant dam age a t th e  end of th e  firs t generation  of dam age.

Adult fligh t curves of the  SCM w ere p resen ted  fo r severa l fields in the  

G ran t a rea . Four generations o f adu lt fligh t w ere observed and these  d a ta
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ag reed  w ith  resu lts  of im m ature  s tag e  sam pling. There was sign ifican t co rre la ­

tion  betw een  SCM and OM adu lt populations for a ll fields and y ears  exam ined.

SCM in the  past has been described  as e ith e r  a  secondary  p est of onions or 

as being p resen t only when OM la rv a l populations w ere also p re sen t. SCM larvae  

w ere observed  to  be the  prim ary  in hab itan ts  of dam aged onions early  in the  

season, especially  when no granular insec tic ide  was used. A reas of SCM onion 

p lan t dam age may, th e re fo re , a c t  as cen te rs  of a ttra c t io n  for OM oviposition 

la te r  in the spring.

A concep tual model of the  surv ival and developm ent of the  OM was 

p resen ted . Behavior o f th e  concep tual m odel was found to  be accep tab le  for 

known fe a tu re s  of OM biology. V alidation of the  OM population dynam ics 

subm odel was possible by com parison of model ou tpu t and fie ld  re sea rch  resu lts . 

S im ulation of adu lt em ergence revealed  a  lag  period of severa l days betw een 

field  re su lts  and model p red ic tion  of second and th ird  g en era tio n  em ergence. 

Incorporation  of ad u lt m o rta lity  by E. m uscae g rea tly  im proved model resu lts. 

The m odel a cc u ra te ly  track ed  second and th ird  in s ta r and pupal phenology when 

re su lts  w ere com pared to  field  data. Sim ulation re su lts  also p red ic ted  only tw o 

g enerations of la rv a l a c tiv ity  on onions before  harvest. A th ird  adu lt em ergence 

was p red ic ted  to  occur following onion havest in early  Septem ber. Several 

assum ptions and lim ita tions of th e  model w ere p resen ted , including the  need for 

an onion plant subcom ponent.
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Appendix A. Distribution of Hylemya spp. in Michigan

Figure Al. Counties and standard county codes for the state of 
Michigan for use with table Al.

Table Al. Distribution of Hylemya spp. in Michigan (codes refer 
to county codes in figure Al.),
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Species of the 
Genus Hylemya

TABLE Al.
Record of distribution in Michigan (codes refer to counties in figure Al).

abitibiennsis 55, 65
aemena 17, 19, 65, 79, 81, 85', 87, 111, 159
aestiva 33
alaba 7, 9, 13, 41, 53, 61, 63, 83, 97, 103, 111, 113, 127, 131
alcathoe 9, 17, 33, 41, 53, 61, 71, 87, 97, 111, 133, 153
antiqua 45, 65, 159
arnolitra 113
atomaris 51, 73, 111, 145
betarum 111
bicaudata 35, 111
brassicae 65, 73, 77, 87, 101, 111
bucculenta 97, 111, 123
cinerella 5, 11, 17-21, 31, 37, 45, 51, 59, 63-7, 73, 83, 87, 93, 97, 111, 123, 127, 143, 145.
cinerosa 17, 47, 123, 157
coensiaeformis 1, 17, 103, 153 
curipes 51, 57, 81, 111
depressa 1, 17, 19, 31, 81, 87, 93, 111, 125, 127
discreta
filicis 53
flavipennis 9, 19, 21, 27, 33, 47, 51, 69, 83, 111, 113, 133, 143, 159, 165
florilega 3, 11, 21, 31, 35, 45, 51, 63, 65, 75-9, 83, 93, 101, 107, 111, 113, 117, 121, 123,

141, 153-7
fugan 65, 67, 73, 77, 81, 107, 111, 133, 143, 155
hinei 35, 51, 97, 111, 143
inconspicua 51
inormata 131, 133
laevis 11, 21, 59, 79, 111, 121, 139
lasciva 29, 31, 45, 47, 51, 53, 61, 65, 79, 83, 93, 109, 111, 131, 153
latifrontalis 103
lineariventris 33, 41, 69, 103
longipalpis 37, 137
muscaria 111, 143, 145

149

133,

241



_ „ . Table Al. (continued)Species of the --------
Genus Hylemya
(continued) Record of distribution in Michigan (codes refer to counties in figure A l ),

octoguttata 79
parvaeformis 113, 123
pilifemus 21, 51, 73, 91, 111
platura 1, 3, 7-13, 17-21, 25-43, 51-63, 67, 71-85, 

137-45, 149, 153, 155, 159, 165
89, 91, 95, 9

pluvialis 3, 13, 33, 37, 39, 41, 51, 53, 67, 81, 101, 103, 111, 113
probpscidalis 49
profuga 5, 51, 81, 83, 95
pullula 69, 77, 111
radicum 45, 65, 111, 115, 133, 149
replicata 35, 43, 61, 143, 153
restorata 41, 53, 153
salicola 35
setigera 27, 81, 125
setitarsata 3, 29, 33, 41, 71, 73, 97, 111, 131, 153
spinosossima 111, 153
stratifrons 35, 69
trilinesta 85, 131
trivitata 25, 31, 37, 69, 81, 111, 113, 127, 149, 159
variata 15, 25, 35, 37, 41, 45, 49, 59, 65, 69, 71, 77, 111, 143
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Appendix C.

Table C l .

Table C2-3.

Air tem p e ra tu res  and Degree Day Accum ulation in F° (base 
4.4 C) for G rant, Michigan, in 1978-1980.

Soil tem p e ra tu res  and Degree Day Accumulation in F° (base 
4.4°C) for th ree  depths (3, 8, and 15 cm) for G ran t, Michigan, in 
1979 (C2) and 1980 (C3).

Table C4. Daily p rec ip ita tion  and accum ula ted  precip ita tion  for Grant, 
Michigan, in 1978-1980.

All d a ta  files are  located  on UP2017 and UP2018 dump tapes  a t  the  Michigan 
S ta te  University Com puter C en ter .

CDDA78GRANTTEMPMAXMIN
CDDA79GRANTTEMPM AXMIN
CDDA80GRANTTEMPMAXMIN
CDDA79CUMDDAY79SOIL
CDDA8QCUMDDAY80SOIL
CDDA7879GRANTPRECIP
CDDA80GRANTTEMPPRECIP
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TABLE Cl - CONTINUED
———----------. ————-----------------------■ ------------------ - - - - - - —

OAT! ACC. “ aj: M r t
OECTAT TEMP TEMP

7 / 1 5 / 7 9 1 8 3 0 . 0 88 64
7 / 1 6 / 7 9 1 8 5 7 . 5 8 2 53
* ' 1 7 / 7 9 1 8 8 1 . 5 76 52

1 3 / 7 9 1 9 0 1 . 5 80 40
7 / 1 9 / 7 9 1 9 2 4 . 0 84 41
7 / 2 0 / 7 9 1 9 4 8 . 5 8 6 43
7 / 2 1 / 7 9 1 9 7 6 . 5 3S 50
7 / 2 2 / 7 9 2 0 0 7 . 0 a s 55
7 / 2 3 / 7 9 2 0 3 9 . 5 99 56
7 / 2 3 / 7 9 2 0 7 1 . 0 79 64
7 / 2 3 / 7 9 2 1 0 4 . 0 76 70
7 / 2 3 / 7 9 2 1 3 2 . 0 7 9 57
7 / 2 7 / - » 9 2 1 6 1 . 0 97 51
7 / 2 8 / 7 9 2 1 9 3 . 0 83 61
7 / 2 9 / 7 9 2 2 2 0 . 3 35 50
7 / 3 0 / 7 9 2 2 4 9 . 5 82 56
7 / 3 1 / 7 9 2 2 8 1 , 5 80 64
9 /  1 / 7 9 2 3 0 9 . 0 74 6 1
9 /  J / 7 9 2 3 3 7 . 5 81 56
9 /  3 / 7 9 2 3 6 6 . 5 81 57
8 /  4 / 7 9 2 3 9 7 . 0 82 59
3 /  S / 7 9 2 4 2 6 . 0 8 2 56
8 /  3 / 7 9 2 4 5 2 . 0 79 S3
9 /  7 / 7 9 2 4 8 6 . 5 88 61
3 /  9 / 7 9 2 5 1 6 . 5 78 62
9 /  9 / 7 9 2 5 4 3 . 0 80 53
8 / 1 0 / 7 9 2 5 7 3 . 5 76 65
3 / 1 1 / 7 9 2 5 9 1 . 0 71 44
3 / 1 3 / 7 9 2 6 0 6 . 3 73 38
9 / 1 3 / 7 9 2 6 2 8 . 8 70 54
3 / 1 4 / 7 9 2 6 4 4 . 3 63 4B
3 / 1 5 / 7 9 2 6 6 0 . 3 70 43
9 / 1 6 / 7 9 2 6 7 4 . 6 73 11
3 / 1 7 / 7 9 2 6 9 1 . 1 63 50
a / i a / 7 9 2 7 1 6 . 6 76 5 5
8 / 1 9 / 7 9 2 7 4 2 . 1 77 54
a / 2 0 / 7 9 2 7 6 8 . 1 7 2 6 0
3 / 2 1 / 7 9 2 7 9 4 . 6 79 5 4
9 / 2 2 / 7 9 2 8 2 1 . 6 76 58
3 / 2 3 / 7 9 2 8 5 3 . 1 79 6 4
3 / 2 4 / 7 9 2 8 7 9 . 1 69 63
3 / 2 5 / 7 9 2 9 0 2 . 1 72 54
3 / 2 6 / 7 9 2 9 2 3 . 1 78 44
3 / 2 7 / 7 9 2 9 4 1 . 6 65 52
9 / 2 8 / 7 9 2 9 6 9 . 6 74 62
9 / 2 9 / 7 9 2 9 9 9 . 5 78 62
3 / 3 0 / 7 9 3 0 3 0 . 1 3 1 58
3 / 3 1 / 7 9 3 0 6 0 . 6 83 58
9 /  1 / 7 9 3 0 9 0 . 6 80 60
9 /  2 / 7 9 3 1 2 3 . 6 79 57
9 /  3 / 7 9 3 1 4 9 . 6 78 54
3 /  4 / 7 9 3 1 7 6 . 5 7a 56
9 /  5 / 7 9 3 2 0 4 . 1 83 52
9 /  6 / 7 9 3 2 3 2 . 1 82 54
3,- 7 / 7 9 3 2 4 7 . 6 59 52
3 /  3 / 7 9 3 2 5 7 . 5 6 4 33
9 /  9 / 7 9 3 2 7 2 . 1 7 0 19
9 / 1 0 / 7 9 3 2 9 7 . 6 73 53
9 / 1 1 / 7 9 3 3 2 0 . 1 7 5 50
9 / 1 2 / 7 9 3 3 5 0 . 1 84 56
3 / 1 3 / 7 9 3 3 7 7 . 6 7 1 64
9 / 1 4 / 7 9 3 3 9 4 . 1 64 49
9 / 1 5 / 7 9 1 4 0 5 . 5 6 6 35
9 / 1 6 / 7 9 3 4 2 3 . 1 7 7 38
9 / 1 7 / 7 9 3 4 4 2 . 6 7 7 42
9 / 1 6 / 7 9 1 4 6 7 . 6 7 6 54
9 / 1 9 / 7 9 1 4 7 7 . 0 6 5 27
9 / 2 0 / 7 9 3 4 9 3 . 7 7 5 18
3 / 2 1 / 7 9 3 5 1 3 . 7 68 52
9 / 2 2 / 7 9 3 5 2 4 . 1 57 28
3 / 2 3 / 7 9 3 5 3 4 . 9 5 7 30
9 / 2 4 / 7 9 3 5 5 0 . 1 7 2 33
3 / 2 5 / 7 9 3 5 6 6 . 6 73 40
3 / 2 6 / 7 9 3 5 8 4 . 3 7 9 15
9 / 2 7 / 7 9 3 6 0 4 . 4 8 1 19
9 / 2 6 / 7 9 3 6 2 4 . 9 8 0 41
3 / 2 9 / 7 9 3 6 5 2 . 4 3 3 52
3 / 3 0 / 7 9 1 6 7 6 . 9 7 7 52

1 0 /  1 / 7 9 3 6 9 1 . 2 7 4 31
1 0 /  2 / 7 9 3 7 1 0 . 2 6 4 54

OATS ACC. MAX MIN
DECDAY TEMP TEMP———-  ——————------- ————————

1 0 /  3 / 7 9 3 7 2 3 . 2 ■52 44
1 0 /  4 / 7 9 3 7 3 1 . 2 60 33
1 0 /  5 / 7 9 3 7 3 8 . 3 59 30
1 0 /  6 / 7 9 3 7 4 7 . 3 55 43
1 0 /  7 / 7 9 3 7 5 2 , 8 51 40
1 0 /  9 / 7 9 3 7 5 8 . 1 54 33
1 0 /  9 / 7 9 3 7 6 3 . 4 51 36
1 0 / 1 0 / 7 9 3 7 6 6 . 4 49 32
1 0 / 1 1 / 7 9 3 7 6 7 . 4 44 32
1 0 / 1 2 / 7 9 3 7 7 0 . 3 47 38
1 0 / 1 3 / 7 9 3 7 7 2 . 0 45 36
1 0 / 1 4 / - 9 1 7 7 4 . 4 49 25
1 0 / 1 5 / 7 9 3 7 3 4 . 4 64 33
1 0 / 1 6 / 7 9 3 7 9 0 . 5 55 35
1 0 / 1 7 / 7 9 1 8 0 5 . 5 6 0 50
1 0 / 1 8 / 7 9 1 8 1 8 . 0 6 0 4 S
1 0 / 1 9 / 7 9 3 8 3 9 . 5 66 55
1 0 / 2 0 / 7 9 3 8 6 0 . 5 70 54
1 0 / 2 1 / 7 9 1 8 9 0 . 0 73 56
1 0 / 2 2 / 7 9 1 9 2 0 . 5 75 56
1 0 / 2 3 / 7 9 3 9 2 4 . 0 45 42
1 0 / 2 4 / 7 9 3 9 2 5 . 7 45 36
1 0 / 2 5 / 7 9 3 9 2 5 . 7 38 32
1 0 / 2 6 / 7 9 3 9 2 6 . 7 44 22
1 0 / 2 7 / 7 9 3 9 2 9 . 3 50 29
1 0 / 2 8 / 7 9 3 9 3 5 . 3 51 41
1 0 / 2 9 / 7 9 3 9 4 0 . 7 55 2 6
1 0 / 3 0 / 7 9 3 9 4 7 . 5 57 24
1 0 / 3 1 / 7 9 1 9 6 4 . 3 72 4 2

4 /  1 / 8 0 2 . 1 4S 26
4 /  2 / 8 0 1 0 . 9 61 34
4 /  3 / 9 0 1 1 . 0 41 23
4 /  4 / 8 0 1 2 . 4 45 32
4 /  5 / 8 0 1 8 . 7 57 11
4 /  6 / 9 0 2 8 . 9 64 24
4 /  7 / 8 0 4 1 . 4 59 46
4 /  9 / 9 0 5 4 . 4 59 47
4 /  9 / 9 0 5 5 . 0 42 36
4 / 1 0 / 8 0 5 5 . 0 38 32
4 / 1 1 / 3 0 5 6 .  2 44 35
4 / 1 2 / 8 0 5 6 . 7 42 16
4 / 1 3 / 9 0 5 7 . } 45 29
4 / 1 4 / 8 0 5 7 .  J 37 20
4 / 1 5 / 8 0 5 8 . 3 42 12
4 / 1 6 / 9 0 6 0 . 0 47 24
4 / 1 7 / 8 0 6 3 . 5 52 24
4 / 1 8 / 8 0 6 3 . 5 37 16
4 / 1 9 / 8 0 7 5 . 4 66 27
4 / 2 0 / 8 0 9 0 . 3 7 4 2 j
4 / 2 1 / B O 1 9 6 . 9 7 2 40
4 / 2 2 / 8 0 1 3 3 . 3 94 £0
4 / 2 3 / 8 0 1 4 1 . 5 56 39
4 / 2 4 / 8 0 1 4 1 . 6 41 26
4 / 2 5 / 9 0 1 4 5 . 4 5 2 * m A 1
4 / 2 6 / 9 0 1 5 1 . 4 54 37
4 / 2 7 / 8 0 1 5 9 . 4 55 41
4 / 2 8 / 8 0 1 6 7 , 4 55 41
4 / 2 9 / 8 0 1 7 5 . 4 53 41
4 / 3 0 / 8 0 1 B 6 . 9 5 a 45
5 /  1 / 8 0 2 0 3  . 9 68 46
5 /  2 / 8 0 2 2 0 . 0 73 39
5 /  3 / 3 0 2 4 0 . 5 32 29
5 /  4 / 8 0 2 6 2 . 5 34 40
5 /  5 / 8 0 2 8 5 , 5 33 43
5 /  5 / 8 0 2 9 8 . 1 68 26
5 /  7 / 9 0 3 0 2 . 1 51 n
9 /  3 / 8 0 3 0 6 . 0 52 Z9
5 /  9 / 8 0 3 1 2 . 7 57 31
5 / 1 0 / 8 0 3 2 6 . 4 69 19
5 / 1 1 / 8 0 3 4 4 . 4 67 49
5 / 1 2 / 8 0 3 6 0 . 4 70 42
5 / 1 3 / 8 0 3 7 6 . 4 63 4 9
5 / 1 4 / 8 0 i e 4 . o 99 11
s / i s / a o 3 9 1 . 2 52 34
5 / 1 6 / 8 0 4 0 4 . 8 68 32
5 / 1 7 / 9 0 4 1 9 . 3 01 46
5 / 1 8 / 8 0 4 3 7 . 3 64 54
5 / 1 9 / 8 0 4 5 8 . 3 75 47
5 / 2 0 / 8 0 4 7 8 . 3 75 45
5 / 2 1 / 6 0 4 9 8 . 0 63 15
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TABLE cl CCKTISUED

D A T E A C C . MAX H I S
OE G D A Y T E M P T E MP

5 / 2 2 / 9 0 5 2 1 . 0 9 5 4 1
5 / 2 3 / 8 0 5 4 6 . 0 8 5 4 5
5 / 2 4 / 8 0 9 8 0 . 0 8 4 6 4
5 / 2 5 / B O 6 0 8 . 0 9 2 5 4
9 / 3 6 / B O 6 2 9 . 0 7 7 3 6
5 / 3 7 / B O 6 4 9 . 0 BO 4 0
5 / 3 1 / 9 0 6 7 0 . 0 9 0 5 0
5 / 2 9 / 8 0 6 9 9 . 9 T 3 5 8
5 / 3 0 / 3 0 7 2 3 . 5 7 9 3 7
5 / 3 1 / S O 7 4 7 . 5 7 1 5 7
6 /  1 / 6 0 7 6 0 . 0 5 8 4 7
6 /  3 / B O 7 8 2 . 5 7 3 5 2
6 /  1 / 3 0 8 0 6 . 5 7 3 5 5
4 /  4 / 3 0 9 2 3 . 5 7 4 4 0
6 /  3 / B O 8 4 1 . 0 7 1 4 4
4 /  5 / B O 3 6 7 . 9 7 8 5 5
4 /  7 / B O 8 9 5 . 0 7 9 5 6
5 /  3 / 8 0 9 0 5 . 0 5 3 4 2
5 /  3 / B O 9 1 7 , 3 6 4 4 0
5 / 1 0 / 3 0 9 2 4 . 0 5 9 2 9
5 / 1 1 / 3 0 9 2 7 . 1 7 2 3 0
4 / 1 3 / 8 0 9 5 5 . 2 7 7 3 9
4 / 1 3 / B O 9 7 6 . 7 8 0 4 3
6 / 1 4 / 8 0 1 0 0 5 . 2 9 1 5 6
4 / 1 5 / 9 0 1 0 3 6 . 7 6 3 5 0
6 / 1 4 / 8 0 1 0 4 1 . 2 6 9 4 0
6 / 1 7 / 9 0 1 0 9 4 . 5 7 1 3 3
6 / 1 8 / 8 0 1 0 7 8 . 0 7 7 5 0
5 / 1 9 / 9 0 1 0 9 4 . 0 9 7 5 5
6 / 3 0 / 8 0 1 1 1 0 . 2 7 4 3 8
6 / 2 1 / 3 0 1 1 3 2 . 7 7 8 4 7
6 / 3 2 / 6 0 1 1 6 1 . 7 8 2 < 6
6 / 2 3 / 3 0 1 1 9 2 . 2 3 7 5 4
6 / 3 4 / 9 0 1 2 3 5 . 7 a a 5 9
6 / 3 9 / 3 0 1 2 5 9 . 2 3 8 5 9
6 / 2 6 / 8 0 1 2 9 6 . 7 3 9 6 6
5 / 2 7 / 3 0 1 3 2 4 . 7 3 0 5 6
6 / 3 8 / 3 0 1 3 5 4 . 7 3 4 5 6
4 / 2 9 / 8 0 1 3 8 3 . 7 7 5 8 0
6 / 3 0 / 3 0 1 4 0 7 , 7 7 5 5 5
7 /  1 / 8 0 1 4 3 3 . 7 8 3 4 9
7 /  2 / 8 0 1 4 6 1 . 2 9 1 9 4
7 /  3 / 8 0 1 4 3 6 . 2 3 7 4 3
7 /  4 / 3 0 1 5 1 6 . 7 9 5 5 6
7 /  5 / 3 0 1 9 5 0 . 7 9 4 6 4
' /  6 / 8 0 1 5 7 4 . 2 7 9 4 8
7 /  7 / 8 0 1 5 0 6 . 2 9 3 5 6
7 /  3 / 3 0 1 6 3 8 . 2 9 5 5 9
7 /  3 / 8 0 1 6 6 5 . 7 9 3 5 2
7 / 1 0 / 8 0 1 6 9 6 . 7 9 9 5 3
7 / 1 1 / B O 1 7 3 5 . 7 9 3 6 5
7 / 1 2 / 9 0 1 7 7 2 . 2 8 5 6 3
7 / 1 3 / 8 0 1 8 0 5 . 7 8 9 5 8
7 / 1 4 / 3 0 1 8 4 3 . 7 9 4 6 2
7 / 1 3 / 8 0 1 9 B 2 . 7 8 6 7 2
7 / 1 4 / 8 0 1 9 1 5 . 2 8 6 5 9
7 / 1 7 / B O 1 9 4 7 . 2 8 0 6 4
7 / 1 B / 8 0 1 9 7 5 . 7 8 6 3 1
7 / 1 9 / 3 0 2 0 1 4 . 7 9 2 6 6
7 / 2 0 / 3 0 2 0 5 7 . 7 9 6 7 0
7 / 2 1 / 8 0 2 0 8 9 . 2 7 5 3 8
7 / 2 2 / 8 0 2 1 1 9 . 7 7 9 6 2
7 / 2 3 / 8 0 2 1 4 9 . 7 8 0 5 2
7 / 3 4 / 8 0 2 1 7 0 . 2 3 3 4 7
7 / 2 9 / 8 0 2 1 9 9 . 3 3 6 5 2
7 / 3 6 / 8 0 2 2 2 8 . 2 7 3 6 6
7 / 3 7 / 8 0 2 2 5 7 . 2 7 6 6 3
7 / 2 8 / 8 0 2 3 9 2 . 2 8 3 6 7
* 7 2 9 / 9 0 2 3 2 3 . 3 3 2 6 0
7 / 3 0 / 8 0 2 3 4 5 . 7 7 6 4 9
7 / 3 1 / 8 0 2 3 7 6 . 7 8 4 5 8
8 /  1 / 8 0 2 4 1 1 . 2 8 7 6 2
9 /  2 / 8 0 2 4 3 8 . 2 7 5 5 9
1 /  3 / B O 2 4 6 8 . 7 3 3 5 8
8 /  4 / 8 0 2 4 9 5 . 2 8 6 4 7
8 /  9 / 3 0 2 5 2 5 . 2 9 3 5 7
3 /  6 / 3 0 2 5 5 6 . 7 8 7 5 6
3 /  7 / 8 0 2 9 9 3 . 2 8 7 5 6
8 /  3 / 8 0 2 6 2 7 . 7 3 6 6 3
8 /  9 / 8 0 2 6 6 2 . 7 8 4 6 6
9 / 1 0 / 8 0 2 6 9 7 , 7 8 4 5 6

D A T E A C C .
OE O D A Y

MAX
T E M P

H I S
T E MP

8 / 1 1 / 3 0 2 7 2 4 . 7 7 3 6 1
8 / 1 2 / 8 0 2 7 5 1 . 2 7 6 5 7
8 / 1 3 / B O 2 7 7 1 . 2 7 2 4 8
8 / 1 4 / 8 0 2 9 0 0 . 2 8 1 3 7
8 / 1 5 / 8 0 2 8 2 3 . 2 7 6 5 0
8 / 1 6 / 8 0 2 8 4 1 . 2 7 4 4 2
8 / 1 7 / 8 0 2 8 6 5 . 7 5 7 6 2
8 / 1 3 / 8 0 2 8 9 7 . 7 8 1 5 3
8 / 1 9 / 8 0 2 9 2 5 . 2 8 6 4 9
8 / 2 0 / 8 0 2 9 5 6 . 7 3 6 3 7
3 / 2 1 / 8 0 2 9 9 0 . 2 8 1 6 6
3 / 2 2 / 8 0 3 0 1 6 , 7 8 1 5 2
8 / 2 3 / 8 0 3 0 4 2 . 7 3 7 4 5
8 / 2 4 / 8 0 3 0 6 8 . 2 3 4 4 7
8 / 2 5 / 8 0 3 0 9 6 . 2 7 5 6 1
8 / 2 6 / 8 0 3 1 2 9 . 7 9 5 6 2
8 / 2 7 / 8 0 3 1 6 3 . 2 3 7 6 0
8 / 2 8 / 8 0 3 1 9 7 . 7 8 4 6 5
8 / 2 9 / 8 0 3 2 3 4 . 7 3 9 6 5
8 / 3 0 / 8 0 3 2 6 8 . 2 3 2 6 5
a / 3 i / s a 3 2 9 8 . 7 7 4 6 7
9 /  1 / 8 0 3 3 2 7 . T 7 4 5 4
9 /  2 / 8 0 1 3 5 8 . 7 7 6 6 6
3 /  3 / 8 0 3 3 8 1 . 2 3 0 4 9
9 /  4 / 8 0 3 4 1 0 . 2 3 2 5 2
9 /  5 / 8 0 3 4 3 2 . 7 7 8 4 7
9 /  5 / 8 0 3 4 5 7 . 7 9 0 5 0
? '  7 / 9 0 3 4 8 3 . 7 3 1 i  *

9 /  9 / B O 3 5 1 2 . 2 8 4 5 3
9 /  9 / 8 0 3 5 3 4 . 7 7 1 5 4
9 / 1 0 / 8 0 3 5 4 9 . 2 7 0 3 9
9 / 1 1 / 8 0 3 5 6 6 . 7 7 3 4 2
9 / 1 2 / 8 0 3 5 8 4 . 2 6 5 5 0
9 / 1 3 / 8 0 3 6 1 4 . 2 8 1 5 9
9 / 1 4 / 8 0 3 6 4 1 . 2 7 4 6 0
9 / 1 5 / 8 0 3 6 5 8 . 7 6 2 5 3
9 / 1 6 / 8 0 3 6 7 6 . 7 6 4 5 2
9 / 1 7 / 8 0 3 6 9 0 . 2 5 1 4 6
9 / 1 3 / 8 0 3 7 0 2 . 9 6 8 3 6
9 / 1 9 / 8 0 3 7 1 9 . 9 7 2 4 2
9 / 2 0 / 8 0 3 7 4 7 . 4 ■ 5 6 0
9 / 2 1 / a o 3 7 7 6 . 9 7 5 6 4
9 / 2 2 / 8 0 3 7 9 5 . 4 6 9 4 8
9 / 2 3 / 8 0 3 8 0 6 . 4 6 1 4 1
9 / 2 4 / 8 0 3 8 1 7 . a 6 5 3 7
9 / 2 5 / 8 0 3 S 3 1 . B 6 6 4 2
9 / 2 6 / 8 0 3 8 3 8 . 8 5 6 3 7
9 / 2 7 / 8 0 3 8 4 9 . 0 6 4 3 4
9 / 2 8 / 8 0 3 8 6 2 . 5 6 3 4 4
9 / 2 9 / 8 0 3 8 8 0 . 5 7 3 4 3
9 / 3 0 / 8 0 3 9 0 0 . 0 7 6 4 3

1 0 /  1 / B O 3 9 2 0 . 5 7 3 4 B
1 0 /  2 / 3 0 3 9 3 3 . 5 6 4 4 2
1 0 /  3 / 8 0 3 9 3 6 . 1 4 6 3 9
1 0 /  4 / 8 0 3 9 3 7 . 6 4 5 3 4
1 0 /  5 / 8 0 3 9 4 1 . 1 4 9 3 6
1 0 /  6 / 8 0 3 9 4 7 . 4 5 7 3 1
1 0 /  7 / 8 0 3 9 5 7 , 6 6 6 2 9
1 0 /  3 / 8 0 3 9 6 2 . 2 5 3 3 2
1 0 /  9 / 8 0 3 9 6 9 . 3 5 9 3 0
1 0 / 1 0 / 8 0 3 9 7 9 . 5 6 4 3 4
1 0 / 1 1 / 8 0 3 9 8 3 . 0 4 9 1 8
1 0 / 1 2 / 8 0 3 9 9 4 . 5 S 3 4 0
1 0 / 1 3 / 8 0 4 0 0 2 . 2 6 0 3 1
1 0 / 1 4 / 8 0 4 0 0 2 . 6 4 2 3 3
1 0 / 1 5 / 8 0 4 0 0 5 . 9 4 ? 3 5
1 0 / 1 6 / 8 0 4 0 1 7 . 9 6 3 4 1
1 0 / 1 7 / 3 0 4 0 3 4 . 9 6 7 4 7

1 O / 1 S / B 0 4 0 4 2 . 9 SO 4 6

1 0 / 1 9 / 5 0 4 0 4 9 . 9 5 2 4 2
1 0 / 2 0 / 8 0 4 0 5 3 . 2 4 8 4 0
1 0 / 2 1 / 8 0 4 0 5 7 . 9 5 0 3 6

1 0 / 2 2 / 8 0 4 0 6 1 . 4 5 2 2 5
1 0 / 2 3 / 9 0 4 0 6 8 . 0 5 5 3 7

1 0 / 2 4 / 8 0 4 0 7 7 . 9 6 2 3 7

1 0 / 2 5 / 8 0 4 0 7 9 . 9 4 3 4 1

1 0 / 2 6 / 8 0 4 0 7 9 . 9 3 9 3 6

1 0 / 2 7 / 8 0 4 0 8 0 . 0 4 1 2 8
1 0 / 2 8 / 8 0 4 0 8 0 , 1 4 1 2 5
1 0 / 2 9 / 8 0 4 0 8 1 . 3 4 6 1 6

1 0 / 3 0 / 8 0 4 0 8 3 . 5 4 9 1 9

1 0 / 3 1 / 8 0 4 0 8 8 . 8 5 2 1 8
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TABLE C 4 •

DATE UAILX
PRECIP

ACCUUULATIDH DATE DAI LX 
PAECIP

4 /  i m e . o o 0 . 0 0 6 / 2 0 / 7 9 0 . O B
4 /  2 / 7 d *86 *86 6 / 2 1 / 7 9 0 . 0 0
4 /  3 / 7 8 1 . 6 0 1 . 0 6 6 / 2 2 / 7 8 0 . 0 0
4 /  4 / 7 B 0 . 3 0 1 . 0 6 6 / 2 3 / 7 8 0 . 0 0
4 /  5 / 7 3 . j . * I . jfc 6 / 2 4 / 7 8 0 . 0 0
4 /  6 / ? d . 5 9 1 . 9 5 6 / 2 5 / 7 9 1 . 8 0
4 /  7 / 7 U 0 , 6 0 1 . 9 5 6 / 2 6 / 7 8 d . 0 0
4  /  8 / 7 8 0 . 6 0 1 . 4 5 6 / 2 7 / 7 8 0 . 0 0
4 /  9 / 7 8 . 3 7 2 . 3 2 6 / 2 9 / 7 8 0 . 0 0
4 / 1 0 / 7 8 . 4 4 2 . 7 6 6 / 2 9 / 7 8 0 . 0 0
4 / 1 1 / 7 8 . 3 2 2 . 7 8 6 / 3 0 / 7 9 4 . 0 0
4 / 1 2 / 7 2 . 0 2 2 . 3 0 7 /  1 / 7 B . 5 0
4 / 1 J / 7 d 0 . 0 0 2 . JO 7 /  2 / 7 8 SJ.D0
4 / 1 4 / 7 3 0 , 0 0 2 *83 7 /  3 / 7 9 0 . 0 0
4 / 1 5 / 7 3 0 . 0 0 2 . 8 0 7 /  4 / 7 8 0 . 0 0
4 / 1 6 / 7 8 0 . 8 0 2 * 3 0 7 /  5 / 7 8 0 . 0 0
4 / 1 7 / 7 3 0 . 8 0 2 . 8 0 7 /  6 / 7 8 0 . 0 0
4 / 1 3 / 7 3 . 1 2 2 . 9 2 7 /  7 / 7 0 0 . 0 0
4 / 1 9 / 7 8 . 8 3 2 . 9 5 7/  d / 7 0 0 . 0 0
4 / 2 0 / 7 3 . 0 3 2 . 9 8 7 /  9 / 7 0 . 21
4 / 2 1 / 7 3 O . 0 0 2 . 9 8 7 / 1 0 / 7 0 0 . 0 0
4 / 2 2 / 7 8 0 . 0 0 2 . 9 3 7 / 1 1 / 7 0 0 . 0 0
4 / 2 2 / 7 8 . 15 3 . 1 3 7 / 1 2 / 7 8 . 01
4 / 2 4 / 7 3 3 . 0 0 3 . 1 3 7 / 1 3 / 7 8 . 01
4 / 2 5 / 7 8 0 . 0 0 3 . 1 3 7 / 1 4 / 7 0 0 * d 0
4 / 2 6 / 7 3 0 . 0 0 3 . 1 3 7 / 1 5 / 7 0 O.Ort
4 / 2 7 / 7 8 0 . 8 0 3 . 1 3 7 / 1 6 / 7 8 O. 0O
4 / 2 3 / 7 3 0 . 0 0 3 . 1 3 7 / 1 7 / 7 8 0 . 0 8
4 / 2 9 / 7 3 0 . 0 0 3 . 1 3 7 / 1 8 / 7 8 O. H0
4 / 3 0 / 7 d 0 . 0 0 3 . 1 3 7 / 1 9 / 7 8 0 . 0 0
5 /  1 / 7 8 0 . 3 0 3 . 1 3 7 / 2 0 / 7 8 . 2 0
5 /  2 / 7 8 0 , 0 0 3 . 1 3 7 / 2 1 / 7 0 . 0 9
3 /  3 / 7 6 0 . 8 0 3 . 1 3 7 / 2 2 / 7 8 . 0 5
5 /  4 / 7 8 . 0 6 3 . 2 2 7 / 2 3 / 7 8 4.0C,
5 /  5 / 7 8 0 . 0 0 3 . 2 2 7 / 2 4 / 7 8 0 . 0 0
5 /  6 / 7 6 0 . 8 0 3 . 2 2 7 / 2 5 / 7 8 0 . 0 0
5 /  7 / 7 3 .1 1 3 . 3 3 7 / 2 6 / 7 5 .1 3
5 /  a /  78 , 0 7 J . 4 0 7 / 2 7 / 7 9 0 . 0 0
5 /  9 / 7 8 . 01 3 . 4 1 7 / 2 0 / 7 0 . 0 4
5 / 1 0 / 7 3 0 . 3 0 3 . 4 1 7 / 2 9 / 7 b 0 . 0 0
5 / 1 1 / 7 0 . 4 0 3 . d l 7 / 3 0 / 7 0 0 . 0 0
5 / 1 2 / 7 8 • 6S 4 . 4 6 7 / 3 1 / 7 8 0 . 0 0
5 / 1 3 / 7 8 . 5 5 5 . 0 1 0 /  1 / 7 8 0 . 0 0
5 / 1 4 / 7 0 . 0 5 5 , 0 6 9 /  2 / 7 8 . 0 4
5 / 1 3 / 7 6 0 . 0 0 5 . 8 6 0 /  3 / 7 8 0 . 0 0
5 / 1 6 / 7 0 0 . 0 6 5 . 3 6 0 /  4 / 7 0 0 . 0 3
5 / 1 7 / 7 8 8 . 0 0 5 . 0 6 a /  5 / 7 d 0 . 0 0
5 / 1 0 / 7 0 0 . 8 0 5 * 3 6 8 /  0 / 7 0 0 . 0 0
S / 1 9 / 7 3 0 . 3 0 5 . 0 6 0 /  7 / 7 8 0 . 0 3
S / 2 0 / 7 B . 13 5 . 1 9 d /  9 / 7 0 . 2 2
5 / 2 3 / 7 8 0 . 0 0 5 . 1 9 d /  9 / 7 0 0 , 0 0
5 / 2 2 / 7 6 0 . 0 0 5 . 1 9 d / 1 0 / 7 0 0 . 0 0
S / 2 3 / 7 6 O . J O 3 . 1 4 d / 1 1 / 7 8 0 . 0 0
S / 2 4 / 7 6 8 . 0 0 5 . 1 9 8 / 1 2 / 7 8 O. 0U
5 / 2 5 / 7 3 0 . 0 0 5 . 1 9 a / 1 3 / 7 0 0 . 0 0
5 / 2 6 / 7 8 0 . 0 0 5 . 1 9 d / 1 4 / 7 0 0 * 0 0
5 / 2 1 / 7 8 0 . 0 0 5 . 1 9 d / 1 5 / 7 8 . 9 7
5 / 2 8 / 7 6 0 . 0 0 5 . 1 9 d / 1 6 / 7 0 . 0 3
5 / 2 9 / 7 8 0 . 0 0 3 . 1 9 d / 1 7 / 7 8 0 . 0 0
5 / 3 0 / 7 8 0 . 0 0 5 . 1 9 d / I B / 7 0 4 .  dO
5 / 3 1 / 7 8 0 . 0 6 S .  19 3 / 1 9 / 7 8 0 . 0 0
6 /  1 / 7 8 0.110 5 . 1 9 9 / 2 0 / 7 0 0 . 0 0
6 /  2 / 7 8 0 . 0 0 5 * 1 9 d / 2 1 / 7 8 0 . 0 0
6 /  3 / 7 8 0 . 0 6 5 . 1 9 9 / 2 2 / 7 8 0 . 0 0
6 /  4 / 7 0 .11 5 . 3 0 0 / 2 3 / 7 9 . 0 9
6 /  5 / 7 0 0 . 0 0 5 . 3 0 8 / 2 4 / 7 8 0 . 0 0
6 /  6 / 7 6 0 . 0 6 5 . 3 0 0 / 2 5 / 7 8 0 . 0 0
6 /  7 / 7 0 . 3 0 5 . 6 0 d / 2 6 / 7 9 0 . 0 0
6 /  3 / 7 0 3 .  on 5 . 6 0 3 / 2 7 / 7 3 . 7 0
6 /  9 / 7 0 3 . 0 0 5 . 6 0 3 / 2 0 / 7 3 . 0 3
6 / 1 0 / 7 6 6 . 0 0 5 . 6 0 8 / 2 9 / 7 8 0 . 0 0
6 / U  / 7 a . 4 9 6 . 8 9 0 / 3 0 / 7 8 n . a u
6 / 1 2 / 7 8 0 . 0 6 6 . 0 9 0 / 3 1 / 7 3 0 . 0 0
6 / 1 3 / 7 3 6 . 0 0 6 . 0 9 9 /  1 / 7 0 3 * 3 0
6 / 1 4 / 7 0 0 . 8 0 6 . 0 9 9 /  2 / 7 8 0 . 0 0
6 / 1 5 / 7 6 . 11 6 . 2 0 4 /  3 / 7 9 ( 1 . 00
6 / 1 6 / 7 3 . 4 0 6 . 6 0 9 /  4 / 7 0 a . o n
6 / 1 7 / 7 8 1 ,4** 8 . 0 4 4 /  5 / 7 B 0 . 0 0
6 / 1 9 / 7 0 0 . 0 0 d . D 4 9 /  6 / 7 8 0 . 0 0
6 / 1 9 / 7 8 8 . 0 0 U . 0 4 9 /  7 / 7 8 3 . 0 0

ACCUMULATION LATE OAJLK ACCUUULATIOU
PREC1F

0 * 3 4 9 /  8 / 7 8 0 . 0 0 1 7 . 6 6
9 . 0 4 9 /  9 / 7 8 0 . 0 0 1 7 . 6 6
9 . 3 4 9 / 1 8 / 7 3 0 . 0 0 1 7 . 6 6
3 . 0 4 9 / 1 1 / 7 8 1 *0 0 1 8 . 6 6
9 . 0 4 9 / 1 2 / 7 8 . 4 6 1 9 . 1 2
9 . 8 4 9 / 1 3 / 7 d . 6 7 1 9 . 7 9
9 . 8 4 9 / 1 4 / 7 8 . 6 7 2 0 . 4 6
9 . 8 4 9 / 1 5 / 7 3 0 . 0 0 2 0 . 4 6
9 . 8 4 9 / 1 6 / 7 3 0 . 0 0 2 0 . 4 6
9 . 8 4 4 / 1 7 / 7 8 . 7 0 21 . 1 6
9 . 8 4 9 / 1 3 / 7 8 . 0 2 21 *18

1 0 . 2 4 4 / 1 9 / 7 8 0 , 0  0 21 . l a
10.3*4 9 / 2 0 / 7 6 . 1 5 21 . 3 3
1 0 . 3 4 9 / 2 1 / 7 3 0 . 0 0 21 . 3 3
1 0 . 3 4 4 / 2 2 / 7 3 0 . 0 0 21 . 3 3
1 0 . 3 4 9 / 2 J / 7 3 t>.0k) 21 . 3 3
1 0 * 3 4 9 / 2 4 / 7 6 0 . 0 0 21 . 3 3
1 0 * 3 4 9 / 2 5 / 7 8 ■3.00 21 *33
1 0 . 3 4 9 / 2 6 / 7 8 0 . 0 0 21 . 3 3
1 0 . 5 5 9 / 2 7 / 7 3 . 2 8 21 . 61
1 0 . 5 5 9 / 2 6 / 7 8 . 0 3 21 . 6 4
1 0 . 5 5 9 / 2 9 / 7 8 0 . 0 0 21 . 6 4
1 7 . 5 5 9 / 3 0 / 7 9 . 01 21 . 6 5
1«* 5 7 1 0 /  1 / 7 3 0 * 0 0 21 . 6 5
1 0 . 3 7 1 0 /  2 / 7 0 . 2 4 21 . 8 9
1 0 . 5 7 1 0 /  3 / 7 0 . 4 0 2 2 . 2 9
1 0 . 5 7 1 0 /  4 / 7 8 . 1 3 2 2 . 4 2
1 0 . 5 7 1 0 /  5 / 7 8 . 8 0 2 3 . 2 2
1 . 7 , 57 1 0 /  6 / 7 6 0 . 0 0 2 3 . 2 2
1 0 . 5 7 1*1/ 7 / 7 B 0 . 0 0 2 3 . 2 2
1 Ti . 7 7 1 0 /  3 / 7 3 0 . 0 0 2 3 * 2 2
1 0 . uC 1 0 /  9 / 7 6 . 1 0 2 3 . 3 2
1 0 , 9 1 1 0 / 1 0 / 7 6 0 . 0 0 23 . 3 2
1 0 . 9 1 1 0 / 1 1 / 7 8 a . n » 23 . 3 2
1 0 . 9 1 1 0 / 1 2 / 7 8 0 . 0 0 23 . 3 2
1 0 . 9 1 1 0 / 1 3 / 7 8 0 . 0 0 23 . 3 2
11 .04 1 0 / 1 4 / 7 8 9 . 0 0 23 , 3 2
11 . 0 4 1 0 / 1 5 / 7 6 . 5 2 2 3 . a 4
11 . 0 8 1 0 / 1 6 / 7 8 0 . 0 0 23 . 8 4
11 . 0 6 ! 0 / 1 7 / 7 6 *01 23 . a S
11 . 0 8 1 0 / 1 6 / 7 8 . 0 2 2 3 . 8 7
11 . 0 8 1 0 / I 9 / 7 8 0 . 0 0 2 3 . 8 7
11 . 0 8 1 0 / 2 0 / 7 8 0 . 0 0 23 , d 7
1 1 , 1 2 1 0 / 2 1 / 7 8 0 . 0 0 23 . 8 7
1 1 . 1 2 1 0 / 2 2 / 7 8 . 0 4 23 , 91
1 1 . 1 2 1 0 / 2 3 / 7 8 0 . 0 0 23 , 91
1 1 . 1 2 1 0 / 2 4 / 7 9 O . 0 0 23* 91
1 1 . 1 2 1 0 / 2 5 / 7 6 . 4 6 2 4 . 3 7
11 . 1 2 1 0 / 2 6 / 7 6 . 0 4 2 4 * 4 1
11 . 3 4 1 0 / 2 7 / 7 8 0 . 0 0 2 4 , 4 1
11 . 5 4 1 0 / 2 6 / 7 8 0 . 0 0 2 4 . 4 2
11 . 3 4 1 0 / 2 9 / 7 6 0 . 0 0 2 4 . 4 1
11 . 3 4 1 0 / 3 0 / 7 8 0 . 0 0 2 4 . 4 1
11 . 3 4 1 0 / 3 1 / 7 6 0 . 0 0 2 4 . 4 1
13 . 3 4 4 /  1 / 7 9 . 2 9 ,29
11 . 3 4 4 /  2 / 7 9 0 . Q 0 . 2 9
1 2 . 2 3 4 /  3 / 7 9 0 . 0 0 . 2 9
1 2 . 2 4 4 /  4 / 7 9 . 0 3 . 3 2
1 2 . 2 4 4 /  5 / 7 9 . 2 3 . 55
1 6 . 8 4 4 /  6 / 7 9 0 . 0 0 . 55
1 6 . 8 4 4 /  7 / 7 9 0 . 0 0 . 55
1 6 . 3 4 4 /  8 / 7 9 0 . 0 0 . 5 5
1 6 . 8 4 4 /  9 / 7 9 0 . 0 0 . 55
1 6 . 6 4 4 / 1 6 / 7 9 0 . 0 0 . 5 5
1 6 . 9 3 4 / 1 1 / 7 9 . 2 7 . 82
1 6 . 9 3 4 / 1 2 / 7 9 . 1 7 . 9 9
1 6 . 9 3 4 / 1 3 / 7 9 0 . 0 0 . 9 9
1 6 . 9 3 4 / 1 4 / 7 9 0 * 0 0 ♦ 99
1 7 . 6 3 4 / 1 5 / 7 9 0 . 0 0 . 9 9
1 7 . 6 6 4 / 1 6 / 7 9 6 . 0 0 .94
1 7 * 6 6 4 / 1 7 / 7 9 0 . 0 0

1 7 . 6 6 4 / 1 8 / 7 9 0 . 0 0 . 9 9
1 7 . 6 6 4 / 1 9 / 7 9 0 . 0 0 ♦ 49
1 7 . 6 6 4 / 2 0 / 7 9 0 . 0 0 . 9 9
1 7 . 6 6 4 / 2 1 / 7 9 0 . 0 0
1 7 . 6 6 4 / 2 2 / 7 9 0 . 9 0 . 9 9
1 7 , 6 6 4 / 2 3 / 7 9 0 . 0 0 , 9 9
1 7 . 6 6 4 / 2 4 / 7 9 . 2 5 1 .2**
1 7 . 6 6 4 / 2 5 / 7 9 . 7 6 2 . 0 i ‘
1 7 . 6 6 4 / 2 6 / 7 9 . 6 0 2 . 6 0
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TAfiLC C4 * CQMT1UU&D

CATE UM1.* PREC2P ACCUfllfLATlUU DATE DAILYPREC1P ACCUHULATK/H DATE DAILYPAECZP ACCUrtULATlOU
4 2 7 / 7 9 0 . 0 0 2 * 6 8 7 / 1 6 / 7 9 0 . 0 0 1 2 . 6 7 1 0 /  4 / 7 9 0 . 0 0 1 9 . 6 5
4 2 8 / 7 9 0 . 0 0 2 . 6 0 7 / 1 7 / 7 9 0 . 0 0 1 2 * 6 7 1 0 /  5 / 7 9 *86 19 * 7 1
4 2 9 / 7 9 . 3 3 3 . 4 3 7 / 1 8 / 7 9 0 . 0 0 1 2 . 6 7 2 0 /  6 / 7 9 . 1 6 1 9 . d ?
4 2 0 / 7 9 □ . 0 0 3 . 4 3 7 / 1 9 / 7 9 0 . 0 0 1 2 . 6 7 1 0 /  7 / 7 9 0 . 0 0 1 9 . 8 7
5 1 / 7 9 . 0 2 3 . 4 5 7 / 2 0 / 7 9 0 . 0 0 1 2 * 6 7 1 0 /  6 / 7 9 *30 2 0 . 1  7
5 2 / 7 9 . 9 4 4* 29 7 / 2 1 / 7 9 0 . 0 0 1 2 * 6 7 1 0 /  9 / 7 9 . 0 2 2 0 . 1 9
5 2 / 7 9 0 . 0 0 4 . 3 9 7 / 2 2 / 7 9 0 . 0 0 1 2 . 6 7 1 0 / 1 0 / 7 9 . 0 4 2 0 . 2 3
5 4 / 7 9 0 . 0 0 4 . 3 9 7 / 2 3 / 7 9 0 . 0 0 1 2 . 6 7 1 0 / 1 1 / 7 9 . 3 9 2 0 . 6 2
S 5 / 7 9 . 0 5 4 . 4 4 7 / 2 4 / 7 9 . 4 0 1 3 . 0 7 1 0 / 1 2 / 7 9 . 4 4 2 1 . 0 6
5 6 / 7 9 0 . 0 0 4 . 4 4 7 / 2 3 / 7 9 0 . 0 0 1 3 . 0 7 1 0 / 1 3 / 7 9 0 * 0 0 2 1 . 0 6
5 7 / 7 9 U . 0 0 4 . 4 4 7 / 2 6 / 7 9 0 . 0 0 1 3 . 0 7 1 0 / 1 4 / 7 9 0 . 0 0 21 . 0 6
5 0 / 7 9 0 . 0 0 4 . 4 4 7 / 2 7 / 7 9 . 9 7 1 4 * 0 4 1 0 / 1 5 / 7 9 0 . 0 0 21 . 0 6
5 9 / 7 9 0 . 0 0 4 . 4 4 7 / 2 8 / 7 9 0 . 0 0 1 4 . 0 4 1 0 / 1 6 / 7 9 . 0 7 2i  *13
5 1 0 / 7 9 0 . 0 0 4 . 4 4 7 / 2 9 / 7 9 0 * 0 0 1 4 * 0 4 1 0 / 1 7 / 7 9 0 . 0 0 21 . 1 3
5 1 1 / 7 9 O . 0 0 4 . 4 4 7 / 3 0 / 7 9 *20 1 4 . 2 4 1 0 / 1 9 / 7 9 . 3 7 21 . £ 0
5 1 2 / 7 9 0 . 0 0 4 . 4 4 7 / 3 1 / 7 9 0 . 0 0 1 4 . 2 4 1 0 / 1 9 / 7 9 *23 21 . 7 3
5 1 3 / 7 9 . 3 8 4 . J 2 8 /  1 / 7 9 0 . 0 0 1 4 . 2 4 1 0 / 2 0 / 7 9 8 . 0 0 21 . 7 3
5 1 4 / 7 9 0 . 0 0 4 . 8 2 3 /  2 / 7 9 0 * 0 0 1 4 . 2 4 1 0 / 2 1 / 7 9 0 . 0 0 2 1 . 7  3
i 1 5 / 7 9 0 . 0 0 4 . 8 2 8 /  3 / 7 9 0 . 0 0 1 4 * 2 4 1 0 / 2 2 / 7 9 *35 22 . 0 8
5 1 6 / 7 9 0 . 0 0 4 . 6 2 8 /  4 / 7 9 * 50 1 4 * 7 4 1 0 / 2 3 / 7 9 . 3 5 2 2 . 4 3
5 1 7 / 7 9 0 . 0 8 4 . 8 2 8 /  5 / 7 9 0 . 0 0 1 4 . 7 4 1 0 / 2 4 / 7 9 *35 2 2 . 7 6
5 J 3 / 7 9 0 . 0 0 4 . 8 2 3 /  6 / 7 9 0 . 0 0 2 4 . 7 4 1 0 / 2 5 / 7 9 0 . 0 0 22  * 76
5 1 9 / 7 9 . 1 3 5 . 0 0 8 /  7 / 7 9 0 . 0 0 1 4 * 7 4 1 0 / 2 6 / 7 9 O. O0 2 2 . 7 8
S 2 0 / 7 9 0 . 0 0 5 . 0 0 3 /  0 / 7 9 0 * 0 0 1 4 * 7 4 1 0 / 2 7 / 7 9 0 . 0 0 2 2 * 7 8s 2 1 / 7 9 0 . 0 0 5 . 0 0 8 /  9 / 7 9 1 . 0 7 I S *81 1 0 / 2 8 / 7 9 .1 3 2 2 . 9 1
5 2 2 / 7 9 .01 5 . 8 1 a / 1 0 /7 9 0 . 0 0 1 5 . 8 1 1 0 / 2 9 / 7 9 G. 0 O 2 2 . 9 1
5 2 3 / 7 9 3 . 0 0 5 . 0 1 8 / 1 1 / 7 9 0 . 0 0 15 . 81 1 0 / 3 0 / 7 9 0 . 0 0 2 2 . 9 1
* 2 4 / 7 9 0 . 0 0 5 . 8 1 6 / 1 2 / 7 9 . 0 2 1 5 . 8 3 1 0 / 3 1 / 7 9 . 2 9 23 . 2 0
5 2 5 / 7 9 0 . 0 0 5 . 0 1 6 / 1 3 / 7 9 . 0 2 1 5 . 8 5 4 /  1 / 6 0 *02 . 0 2
5 2 6 / 7 9 3 . 0 0 5 . 0 1 8 / 1 4 / 7 9 0 . 8 0 15*  d5 4 /  2 / 8 0 0 * 0 0 . 0 2
5 2 7 / 7 9 3 . 0 0 S . d l 6 / 1 3 / 7 9 0 . 0 0 2 5 . 8 5 4 /  2/60 . dO . 8 2
5 2 3 / 7 9 0 . 0 0 5 . 0 1 6 / 1 6 / 7 9 . 3 6 1 6 . 2 1 4 /  4 / 8 0 0 . 0 0 . d 2
5 2 9 / 7 9 0 . 0 0 5 . 0 1 8 / 1 7 / 7 9 . 3 0 1 6 . 5 1 4 /  5 / 8 0 0 . 0 0 . 8 2
5 3 0 / 7 9 0 . 0 0 5 . 0 1 d / 1 9 / 7 9 0 . 2 0 1 6 . 5 1 4 /  6/8*3 . 0 4 ■ dt)
5 3 1 / 7 9 . 4 6 5 . 4 7 d / 1 9 / 7 9 . 2 9 1 6 * 8 0 4 /  7 / 6 0 . 3 2 1 . 1 6
6 1 / 7 9 0 . 0 0 5 . 4 7 d / 2 0 / 7 9 . 3 9 1 7 * 1 9 4 /  8 / r i 0 1 . 0 7 2 . 2 5
6 2 / 7 9 0 * 0 0 5 . 4 7 a /  2 1 / 7 9 0 . 0 0 1 7 . 1 9 4 /  9 / a o .10 2 . 3 5
6 3 / 7 9 0 . 0 0 5 .**7 8 / 2 2 / 7 9 1 . 3 5 1 3 . 5 4 4 / 1  d / 8 0 0 . 8 0 2 * 3 5
6 4 / 7 9 0 . 0 0 5 . 4 7 3 / 2 3 / 7 9 *25 1 8 . 7 9 4 / 1 1 / 8 0 . 3 1 2 . 6 6
6 5 / 7 9 0 . 0 0 5 . 4 7 8 / 2 4 / 7 9 0 . 0 0 1 8 . 7 9 4 / 1 2 / 6 0 0 . 0 0 2 . 6 6C 6 / 7 9 0 . 0 0 5 . * 7 8 / 2 5 / 7 9 Q *00 1 8 * 7 9 4 / 1 3 / 8 9 .31 2 . 9 7
6 7 / 7 9 .44 5 . 9 1 d / 2 6 / 7 9 0 . 0 b 1 6 . 7 9 4 / 1 4 / 8 0 . 4 9 3 . 4 6
6 0 / 7 9 0 . 0  0 6 . 9 1 d / 2 7 / 7 9 . 2 7 1 9 . 0 6 4 / 1 5 / 8 9 0.00 3 * 4 6
a 9 / 7 9 0 . 0 0 5 . 9 1 d / 2 6 / 7 9 . 27 1 9 * 3 3 4 / 1 6 / 8 0 0 . 0 0 3 . 4 6
6 1 0 / 7 9 . 6 2 6 . 5 3 6 / 2 9 / 7 9 0*00 1 9 . 3 3 4 / 1 7 / 8 0 . 01 3 . 4 7
tj 1 1 / 7 9 0 . 0 0 6 . 5 3 » / 3 0 / 7 9 0 . 0 0 1 9 . 3 3 4 / 1 8 / 8 0 9 . 0 0 3 . 4 7
6 1 2 / 7 9 0 . 0 0 6 . 5 3 a / 3 1 / 7 9 0 * 0 0 1 9 . 3 3 4 / 1 9 / 6 0 0 . 0 0 3 . 4 7
6 1 3 / 7 9 0 . 0 0 6 . 5 3 9 /  1 / 7 9 . 0 9 1 9 . 4 2 4 / 2 0 / 6 0 0 . 0 0 3 * 4 7
6 1 4 / 7 9 O. O0 6 . 5 3 9 /  2 / 7 9 0 . 0 0 1 9 * 4 2 4 / 2 1 / 6 0 0 . 0 0 3 - 4 7q 1 5 / 7 9 0 . 0 0 6 . 5 3 9 /  3 / 7 9 0 . 8 D 1 9 . 4 2 4 / 2 2 / 0 0 0 . 0 0 3 . 4 7
6 1 6 / 7 9 0 . 0 0 6 . 5 3 9 /  4 / 7 9 0 * 0 0 1 9 * 4 2 4 / 2 3 / 0 9 *24 3 . 71
6 1 7 / 7 9 0 . 0 0 6 * 5 3 9 /  5 / 7 9 . 0 2 1 9 . 4 4 4 / 2 4 / 9 0 .02 3 , 7 3
6 1 0 / 7 9 0 . 0 0 6 . 5 3 9 /  6 / 7 9 0 . 0 0 1 9 . 4 4 4 / 2 5 / 8 0 a . d o 1 . 7 1
6 1 9 / 7 9 . 0 9 6 * 6 2 9 /  7 / 7 9 0 . 0 0 1 9 . 4 4 4 / 2 6 / 8 0 0 . 0 0 3 . 7 3
6 2 0 / 7 9 4 . 0 2 1 0 . 3 4 9 /  8 / 7 9 8 . 0 0 1 9 . 4 4 4 / 2 7 / 3 9 . 0 9 3 . 8 2
6 2 1 / 7 9 4 . 0 0 1 0 . 6 4 9 /  9 / 7 9 9 . 0 0 1 9 * 4 4 4 / 2 8 / B O . 2 6 4 . 0 84 2 2 /  7y 3 . 0 0 1 0 . 6 4 8 / 1 0 / 7 9 0 * 0 8 1 9 * 4 4 4 / 2 9 / 0 9 . 1 9 4 - 2 7
6 2 3 / 7 9 0 . 0 0 1 0 . 6 4 9 / 1 1 / 7 9 0 * 0 0 1 9 . 4 4 4 / 3 0 / 9 O 4 . 0 0 4 . 2 7
6 2 4 / 7 9 0 . 0 0 1 0 . 6 * 9 / 1 2 / 7 9 0 . 0 0 1 9 . 4 4 5 /  1 / d O B.aa 4 . 2 7
6 2 5 / 7 9 0 . 0 0 1 0 . 6 4 9 / 1 3 / 7 9 0 . 0 0 1 9 . 4 4 5 /  2 / 3 0 . 0 6 4 - 3 3
6 2 6 / 7 9 0 . 0 0 1 0 . 6 4 9 / 1 4 / 7 9 0 . 0 0 1 9 * 4 4 5 /  3 / 8 0 0 * 0 0 4 . 3 3
6 2 7 / 7 9 0 . 0 0 18  * 64 9 / 1 5 / 7 9 0 . 0 0 1 9 . 4 4 5 /  4 / 8 0 0 . 0 0 4 . 3  J
6 3 0 / 7 9 . 2 9 1 0 . 9 3 9 / 1 0 / 7 9 0 . 0 0 1 9 . 4 4 3 /  5 / 3 0 0.00 4 . 3 36 2 9 / 7 9 0 . 0 0 1 0 . 9 3 9 / 1 7 / 7 9 0 . 0 0 1 9 . 4 4 5 /  6 / 6 0 0 . 0 0 4 . 3 3
6 3 0 / 7 9 . 9 0 11 . 6 3 9 / 1 8 / 7 9 0 . 0 0 1 9 . 4 4 5 /  7 / 3 0 0 . 0 0 4 . 3 3
7 1 / 7 9 8.00 11 . d 3 9 / 1 9 / 7 9 0 . 0 0 1 9 . 4 4 5 /  d / 8 0 o.ue 4 . 3 3
7 2 / 7 9 0 . 0 0 n .83 9 / 2 0 / 7 9 0 * 0 0 1 9 . 4 4 5 /  9 / b 0 0 . 0 0 4 . 3 3
7 3 / 7 9 . 41 1 2 . 2 4 9 / 2 1 / 7 9 0 . 0 0 1 9 . 4 4 5 / 1 0 / 6 0 0 . 0 0 4 . J J
7 4 / 7 9 0 . 0 0 1 2 . 2 4 9 / 2 2 / 7 9 0 . 0 0 1 9 . 4 4 5 / 1 1 / 3 0 . 0 9 4 . 4 2
7 5 / 7 9 0 . 0 0 1 2 . 2 4 9 / 2 3 / 7 9 0 . 0 0 1 9 . 4 4 S / 1 2 / 3 0 . 3 9 4 . 7 1
7 6 / 7 9 0 . 0 0 1 2 . 2 4 9 / 2 4 / 7 9 . 0 6 1 9 * 5 0 5 / 1 3 / 8 0 *03 4 . 7 4
7 7 / 7 9 0 . 0 0 1 2 . 2 4 9 / 2 5 / 7 9 0 , 0 0 1 9 . 5 0 5 / 1 4 / 9 0 .Ob 4 , 8 0
7 0 / 7 9 0 . 0 0 1 2 . 2 4 9 / 2 6 / 7 8 0 . 0 0 1 9 . 5 0 5 / 1 3 / b O 0 . 0 0 4 ,  dt)
7 9 / 7 9 . 4 2 1 2 . 6 6 9 / 2 7 / 7 9 0 . 0 0 1 9 . 5 0 5 / 1 6 / 3 0 0 . 0 0 4 . 8 0
7 1 0 / 7 9 . 0 1 1 2 . 6 7 9 / 2 6 / 7 9 0 * 0 0 1 9 . 5 0 5 / 1 7 / 0 0 . 8 8 5 . 6 6
7 1 1 / 7 9 a .  0U 1 2 . 6 7 9 / 2 9 / 7 9 0 . 0 0 1 9 . 5 0 5 / 1 8 / 0 0 0 . 0 0 5 * 6 6
7 1 2 / 7 9 0 . 0 0 1 2 . 6 7 9 / 3 0 / 7 9 0 . 0 0 1 9 * 5 0 5 / 1 9 / 8 0 . 0 3 5 . 7 1
7 1 3 / 7 9 0 . 0 0 1 2 * 6 7 1 0 /  1 / 7 9 . 0 3 1 9 . 5 3 5 / 2 0 / 8 0 0 . 4 O 3 . 7 1
7 1 4 / 7 9 0 . 0 0 1 2 * 6 7 1 0 /  2 / 7 9 0 . 3 0 1 9 . 5 3 3 / 2 1 / 0 0 0.00 5 , 7 1
7 1 5 / 7 9 0 . 0 0 12 * 6 7 1 0 /  3 / 7 9 . 1 2 1 9 * 6 5 5 / 2 2 / C O 0.00 5 . 7 1
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t 'A8L£ C4 * CONTINUED

DATE DAILY ACCUMULATION DATE CMLY ACUUHULA1
PKEClP PR£Clf>

5 / 2 3 / d O >03 5 . 7 4 3 / 1 1 / 8 0 , 7 9 1 4 . 6 0
5 / 2 4 / 0 0 0 . 0 0 5*74 3 / 1 2 / 6 0 0 . 0 0 14 . 60
5 / 2 5 / 3 9 0 . 0 0 5 . 7 4 8 / 1 3 / 8 0 0 . 0 0 1 4 . 6 05 / 2 6 / 0 0 0 . 0 0 5*74 3 / 1 4 / 8 0 0 « HO 14*60
5 / 2 7 / 8 0 0 . 0 0 5 . 7 4 8 / 1 5 / 8 0 0 . 0 0 1 4 . 6 05 / 2 9 / 0 0 0 . 0 0 5*74 8 / 1 6 / 8 0 . 0 2 14*625 / 2 9 / 6 0 . 02 5*76 8 / 1 7 / 6 0 0 . 0 0 1 4 . 6 2
5 / 3 0 / 6 0 .51 6 . 2 7 8 / 1 6 / 6 0 0 . 0 0 1 4 . 6 2
5 / 3 1 / 8 0 0 . 0 0 6 . 2 7 3 / 1 9 / 8 0 3 . 9 9 18. 61
6 /  1 / 8 0 .11 6 . 3 8 8 / 2 0 / 8 0 *26 1 8 . 8 7
6 /  2 / 8 6 . 45 6 . 8 3 8 / 2 1 / 3 0 0 . 0 0 1 8 . 8 7
6 /  3 / 9 0 0 . 0 0 6*d3 8 / 2 2 / 8 0 0*00 l b . 87
6 /  4 / 8 0 0 * 9 0 6 . 8 3 8 / 2 3 / 6 0 0 . 0 0 1 8 . 8 7
8 /  5 / 8 0 0 . 0 0 6 . 8 3 d / 2 4 / 8 0 0 . 0 0 1 8 . 8 7
6 /  6 / 8 0 0 . 0 0 6 . 8 3 8 / 2 5 / 8 0 0 . 0 0 16*87
6 /  7 / 0 0 1 . 00 7 , 8 3 8 / 2 6 / 6 0 0 . 0 0 1 8 . 8 7
6 /  8 / 8 0 0* 00 7 . 8 3 a / 2 7 / 0 0 0 , 0 0 1 6 . 6 7
6 /  9 / 8 0 0 . 0 0 7 . 6 3 0 / 2 8 / 3 0 0 . 0 0 18*87
6 / 1 8 / 8 0 0 . 0 0 7 . 6 3 8 / 2 9 / 8 0 0 . 0 0 18*07
6 / 1 1 / 0 B O . 0 0 7 . 6 3 3 / 3 0 / 8 0 0 . 0 0 1 3 . 6 7
6 / 1 2 / 6 0 0 . 0 0 7 . 63 B/ 31 / BC . 1 9 1 9 . 0 6
6 / 1 2 / 8 0 . 63 3 . 4 6 9 /  1 /Q0 . 4 5 19. 51
6 / 1 4 / 8 0 0 . 0 0 3 . 4 6 9 /  2 / a e 1 . 7 0 21 .21
6 / 1 5 / 8 0 . 0 2 3 . 4 8 9 /  3 / 8 0 0 . 0 0 21 .21
6 / 1 6 / 8 0 0 . 0 0 9 . 4 6 9 /  4 / 0 0 0 . 0 0 21 . 21
6 / 1 7 / 8 0 O.O0 6 . 4 8 9 /  5 / 8 0 0 * 0 0 21 .21
6 / 1 8 / 8 0 0 *r)0 3 . 4 8 9 /  6 / 6 0 p .  on 21 *21
6 / 1 9 / 6 0 . 3 5 S . 63 9 /  7 / 0 0 0 . 0 0 21 .21
6 / 2 0 / 6 0 0.00 9 . 6 2 9 /  0/BO . 3 3 21 . 34
6 / 2 1 / 6 0 0 . 0 0 6*83 9 /  9/BO 0 . 0 0 2 1 . 5 4
6 / 2 2 / 6 0 0 . 0 0 d . 83 9 / 1 0 / 8 0 0 . 3 0 2 1 . 3 4
6 / 2 3 / e 0 0 . 0 0 3 >j 1 9 / 1 1 / 8 0 . 05 2 1 . 5 9
6 / 2 4 / 6 U 0 . 6 0 6 . 63 9 / 1 2 / 6 0 1 . 0 4 2 2 . 63
6 / 2 5 / 6 0 3 . 6 0 a . <*3 9 / 1 3 / 8 0 *04 2 2 . 67
6 / 2 6 / 8 0 0 .617 9 . 6 3 9 / 1 4 / 8 0 . 02 2 2 . 6 9
6 / 2 7 / 6 3 . 2 2 4 . 0 5 9 / 1 3 / 0 0 a .  j o 2 2 . 6 9
6 / 2 6 / 8 0 0 . 0 0 9 . 0 5 9 / 1 6 / 8 0 1 . 61 2 4 . 3 0
6 / 29 / dk ) 0 . 0 0 9 . 05 9 / 1 7 / 8 0 0 . 8 0 2 4 . 3 0
6 / 3 0 / 8 0 0 . 8 0 9 . 0 5 9 / 1 8 / 8 0 J . 0 0 2 4 . 30
7 /  1 / 9 0 0 . 0 0 9 . 9 5 9 / 1 9 / 8 0 . 3 9 2 4 . 6 9
7 /  2/BB 0*00 9 . 0 5 9 / 2 0 / 8 0 . 0 9 24 * 7u
7 /  3 / 6 0 .61 9 . 6 6 9 / 2 1 / 6 0 . 7 0 2 5 . 4 8
7 /  4 / 8 0 0 . 0 0 9 . 6 6 9 / 2 2 / 0 0 *72 2 6 . 2 8
7 /  5 / 6 0 0 . 0 0 9 . 6 6 9 / 2 3 / 8 0 0 . 0 0 2 6 . 2 0
7 /  6 / 9 0 0.00 9 . 6 6 9 / 2 4 / 8 0 0 . 0 0 26*20
7 /  7 / 9 0 0 . 0 8 9 . 6 6 9 / 2 5 / 8 0 . 3 4 2 6 . 5 4
7 /  8 / 9 0 0 . 0 0 9 *66 9 / 2 6 / 8 0 0 . 0 0 2 6 . 5 4
7 /  9 / 8 0 0 . 0 0 9 . 6 6 9 / 2 7 / 6 0 0 . 0 0 26*54
7 / 1 0 / 8 0 0 . 0 0 *̂66 9 / 2 3 / 8 0 0 * 00 2 6 . 5 4
7 / 1 1 / 0 0 0 . 0 0 9 . 6 6 9 / 2 9 / 8 0 0 . 0 0 2 6 . 5 4
7 / 1 2 / 6 0 . 03 9 . 6 9 9 / 3 0 / 8 0 0 . 0 0 2 6 . 5 4
7 / 1 3 / 8 0 0*0 0 9 . 6 9 1 0 /  1 / 6 0 *07 26. 61
7 / 1 4 / 8 0 . 0 4 9 . 7 3 1 0 /  2 / 6 0 . 2 4 2 6 . 85
7 / 1 3 / 8 0 .01 9*74 10/  3 / 8 0 • 02 2 6 . 37
7 / 1 6 / 9 0 0.00 9 . 7 4 1 0 /  4 / 6 0 0 . 0 0 2 6 . 87
7 / 1 7 / 8 1 ) 0*0 0 9 . 7 4 1 0 /  5 / B0 0 . 0 0 2 6 . 87
7 / 1 8 / 9 0 0 . 0 0 9 . 7 4 1 0 /  6 / 8 0 0 . 8 0 26*67
7 / 1 9 / 9 0 0 . 0 0 9 . 7 4 1 0 /  7 / 8 0 0 . 0 0 2 6 . 87
7 / 2 0 / 9 0 1 . 02 J 0 . 7 6 1 0 /  a / a a 0 . 0 0 26*37
7 / 2 1 / 9 0 *11 10 . 87 1 0 /  9 / 8 0 0 . 0 0 2 6 . 37
7 / 2 2 / 9 0 0 . 0 0 1 0 . 8 7 l u / i a / a a 0 . 0 0 2 6 . 67
7 / 2 3 / 9 0 0 . 0 0 1 0 . 8 7 1 0 / 1 1 / 0 0 0 . 0 0 2 6 . 67
7 / 2 4 / 9 0 0 . 0 0 1 0 . 8 7 1 0 / 1 2 / 8 0 0 * 0 0 26*67
7 / 2 5 / 9 0 0 . 0 0 If}, a ? 1 0 / 1 3 / 8 0 . 03 2 6 . 90
7 / 2 6 / 9 0 . 7 2 n  . 5 9 1 0 / 1 4 / 8 0 . 3 7 27 . 27
7 / 2 7 / 8 0 0.00 11 . 5 9 1 0 / 1 5 / 8 0 . 7 5 26 * 02
7 / 2 8 / 9 0 0 . 0 0 11 , 5 9 1 0 / 1 6 / 8 0 . 27 2 8 . 29
7 / 2 9 / 6 0 0.00 11 . 5 9 1 0 / 1 7 / 6 0 . 11 2 3 . 4 0
7 / 3 0 / 9 0 0 . 0 0 11 . 5 9 1 0 / 1 6 / U 0 . 0 2 2 6 . 42
7 / 3 1 / 8 0 0.00 11 . 5 9 1 0 / 1 9 / 6 0 0*00 2 6 . 4 2
9 /  1 / 9 0 0 . 0 0 11 . 59 1O/ 2 0 / U0 . 15 2B.S7
8 /  2 / 6 0 . 11 11 . 7 0 1 0 / 2 1 /B B 0 . 0 8 2 8 . 5 7
8 /  3 / 8 0 0 . 0 0 11 . 70 1 0 / 2 2 / 8 0 0 . 0 0 2 6 . 5 7
6 /  4 / 6 0 0 . 0 0 11 ,7{5 1 0 / 2 3 / 8 0 0 * 00 2 6 . 5 7
0 /  5 / 8 0 . 0 3 1 1 . 7 3 1 8 / 2 4 / 6 0 . 5 2 2 9 . 0 9
d /  6 / 6 0 . 0 3 11 . 76 1 0 / 2 5 / 6 0 0 . 0 0 2 9 . 0 9
6 /  7 / 6 9 1 *55 13*21 1 0 / 2 6 / 6 0 0 . 0 0 29*09
9 /  6 / 6 0 . 5 0 13. 81 1 0 / 2 7 / 6 0 0*00 2 9 . 0 9
8 /  9 / 8 0 0 . 0 0 13*81 1 0 / 2 3 / 6 0 0 . 0 0 2 9 . 0 9
8 / 1 0 / 6 0 0 * 0 0 13 . 81 1 0 / 2 9 / 8 0 0 . 0 0 29*09

DATE DAILY
PRECIP

ACCUMULATION

1 0 / 3 0 / 8 0
1 0 / 3 1 / 8 0

0.000.00 29.0929.09
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Appendix D.

Tables D l-3 . Summary of f irs t ,  second and third generation  em ergence  in 
1978-1980.

Raw d a ta  of male and fem ale adult ca tch  for OM and SC by trap  and da te  are  on 
dump tapes UP2017 and UP2018 a t  the  Michigan S ta te  University C om puter 
C en te r .

CDDA78EMGRANT2 
CDDA78EMGRANT3 
CDDA79EMGRANT1 
CDDA79EMGRANT2 
CDDA79EMGRANT3 
CDDA80EMGR ANT 1 
CDDA80EMGRANT2 
CDDA80EMGRANT3
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TABLE Dl. Surrmary o f  f i r s t  and second g e n e r a t io n  emergence in  1978.

DATE TOTAL 
MALE OM

TOTAL 
FEMALE OM

TOTAL 
MALE SC

TOTAL 
FEMALE S<

1 9 8 25 16 0 5
2 0 0 32 31 0 2
2 0 2 62 36 5 9
2 0 6 75 52 1 3
2 0 9 45 24 1 3
2 1 2 45 39 2 1
2 1 4 17 3 8 0 1
2 1 6 4 8 0 0
2 1 8 21 18 5 14
221 7 12 2 9
2 2 3 4 12 2 14
2 2 7 8 24 10 9
2 3 5 4 13 0 5
2 3 7 13 9 1 3
2 3 2 0 0 0 0
2 3 5 30 12 0 1
2 3 7 30 22 0 2
2 4 0 39 4 0 1 5
2 4 3 56 63 47 42
2 4 8 93 135 50 55
251 66 90 54 88
2 5 4 70 68 36 25
2 57 58 57 52 70
261 57 63 31 29
2 6 4 14 11 8 8
2 6 8 2 3 5 4



DATE

1 3 0
1 3 2
1 3 9
1 4 4
151
1 5 4
1 58
1 60
1 64
167
173
1 7 8
1 85
1 86
187
1 8 8
1 9 4
195
1 9 8
1 9 9
200
201
202
205
2 0 6
207
2 0 8
2 0 9
2 1 2
2 1 3
21 4
215
217
2 1 9
220
221
2 2 9
2 3 0
233
2 3 4
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Sumnary o f  f i r s t ,  second and t h i r d  g en era t io n  emergence 
in 1979.

TOTAL TOTAL TOTAL TOTAL
MALE OM FEMALE OM MALE SC FEMALE SC

0 0 0 0
1 0 6 4
8 13 7 7

12 17 4 4
34 21 3 4
22 26 2 3
6 6 43 11 1 4
23 2 9 7 8
27 3 8 1 6 7

5 9 11 4
7 1 0 20 10
0 2 0 2

16 6 7 8
2 2 0 0
0 2 2 0

14 8 6 6
7 12 2 1

13 17 1 3
2 9 31 2 7
1 0 1 2 4
15 1 0 3 9

8 1 4 9 5
7 7 3 1

29 21 11 13
3 6 6 1
9 9 5 3

12 7 2 3
9 16 4 4

19 25 6 8
9 11 0 0
1 3 0 0
4 7 0 0
3 1 0 0
5 4 0 4
0 1 1 0
0 1 0 0
0 0 0 0
0 3 1 2
7 11 0 2
3 5 2 0
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TABLE D 2 • CONTINUED

DATE TOTAL 
MALE OM

TOTAL 
FEMALE OM

TOTAL 
MALE SC

TOTAL 
FEMALE Si

235 5 4 0 0
2 3 6 2 3 0 1
2 3 7 5 3 0 0
2 4 0 4 6 0 0
241 4 4 1 1
2 4 2 0 4 0 2
243 0 0 1 1
2 4 4 1 8 0 0
2 4 8 21 8 2 0
2 4 9 13 15 0 2
2 5 0 8 11 0 0
251 2 3 0 0
2 5 4 11 15 1 6 4
25 5 5 7 1 7 12
25 6 17 14 23 15
25 7 18 15 1 0 18
2 5 8 1 1 7 5
2 62 12 21 6 10
271 10 13 0 0
27 6 0 0 0 0



e  D3.

DATE

1 3 0
1 3 4
135
1 3 6
1 3 7
1 4 0
141
1 4 2
1 4 3
1 4 4
1 4 8
1 4 9
1 5 0
151
1 5 4
155
1 5 6
157
1 58
161
162
163
1 6 4
165
1 6 8
169
17 0
171
172
17 4
182
183
1 8 4
185
1 90
191
192
193
1 9 6
197

2 6 8

Surrmary o f  f i r s t ,  second and th ir d  g en era tio n  emergence 
in  1979.

TOTAL 
MALE OM

TOTAL 
FEMALE OM

TOTAL 
MALE SC

TOTAL 
FEMALE SC

0 0
1 4 6
13 7

0 0
10 10
16 31
4 0 35
35 37
41 40

9 23
1 2 0 103

10 31
13 15

6 9
5 10
2 4
2 2
0 3
0 0
2 2
1 7
0 0
0 2
0 0
2 4
0 0
0 0
0 0
0 0
0 0
6 4 3 1
4 3 0 0
7 2 0 0
8 8 2 0

83 4 8 5 3
11 9 0 1

3 6 0 1
11 10 4 1
34 15 8 2
24 9 1 1
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TABLE D3. CONTINUED

DATE TOTAL 
MALE OM

TOTAL 
FEMALE OM

TOTAL 
MALE SC

TOTAL 
FEMALE S«

1 9 8 9 7 0 2
199 12 18 8 2
2 0 4 55 45 7 8
20 5 0 6 0 1
20 6 2 4 3 1
207 2 6 0 0
2 1 0 4 9 0 0
211 0 3 2 0
213 3 4 0 0
2 1 7 0 1 0 0
2 1 8 2 1 0 0
221 1 2 0 0
223 1 2 0 0
2 2 4 0 0 0 0
225 0 0 0 0
231 28 14 0 7
232 22 20 0 0
233 6 0 43 0 0
2 3 4 42 42 6 12
235 33 26 9 11
2 3 8 3 1 3 2 2 0 56 72
23 9 1 7 5 1 3 9 23 24
2 4 0 2 0 0 1 4 3 18 22
241 301 2 2 9 16 30
2 4 2 3 1 0 233 12 21
246 362 355 55 55
2 4 9 301 291 21 26
253 4 2 0 3 4 6 26 27
2 5 4 39 4 9 4 12
255 39 38 6 2
256 69 74 10 10
262 143 1 1 8 5 12
265 15 1 5 13 9
26 8 3 1 1 3
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Appendix E.

Table El .  Adult male and female  ca tch  of SC and OM by stickyboard t raps  in
1978.

Table E2. Adult male  and female  c a tc h  of SC and OM by stickyboard traps  in
1979.

Table E3. Adult  male  and female  ca tch  of SC and OM by activi ty  traps  in
1978.

Table E4. Adult  male and female  ca tch  of SC and OM by activ ity  traps  in
1979.

Table E5. Adult male and female  ca tch  of SC and OM by flight interception 
t raps  for all fields in 1979 and 1980.

All d a ta  files are located on UP2017 and UP2018 dump tapes  a t  the Michigan 
S ta te  University Compute r  Center .

CDDA78STICKYBOARD
CDDA79STICKYBOARD
CDDA78 ACTIVITY
CDDA79ACTIVITY
CDDA79INTERCFIELDR
CDDA79INTERCFIELD1
CDDA79INTERCFIELD2
CDDA79INTERCFIELD3
CDDA79INTERCFIELD4
CDDA79INTERCFIELD5
CDDA79INTERCFIELD6
CDDA80INTERCFIELD8
CDDA80INTERCFIELD9
CDDA80INTERCFIELD10
CDDA80INTERCFIELD11
CDDA80INTERCFIELD12
CDDA80INTERCFIELD13
CDDA8 OINTERCFIELD1 k



1 39
1 39
1 39
1 39
1 39
1 39
1 39
1 39
1 39
139
1 39
1 39
1 39
1 39
139
1 39
1 39
1 39
139
139
139
139
139
139
139
139
139
139
139
139
1 39
139
139
139
139
139
139
139
1 39
1 39
139
139
139
139
139
139
139
1 39
1 39
1 39
1 39
139
1 39
1 39
1 39
1 29
1 39
1 39
139
139
1 39
1 39
1 39
139
139

0
a
a
a
a
a
a
o
a
aio
o
9
a
l*1
Q
30001
3
alo
al
a
o
2
2000
2
40I0II0
305101
210
o
402
Q10D0
9
a
2010
300
9
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TRAP ON
FEH A lS

ON
HALS FENALI

SC
HA

OATS TRAP ON
TZHALZ

ON
NALC

I 4 1 4 1 139 61 0 0
2 L2 5 1 1 139 83 0 0
3 0 0 1 1 1J9 03 0 0
4 2 1 2 Z 139 84 0 0
9 3 0 4 1* 139 85 0 0
6 I 1 10 t*  139 86 a 0
7 0 1 4 7 139 97 a 0
8 0 1 17 » 139 86 0 0
9 1 I 0 Z 139 89 0 0

10 1 1 12 14 139 90 0 0
11 0 a 7 <3 143 1 0 0
12 1 a i z 16 U 3 2 2 2
13 0 a 4 3 143 3 3 6
14 2 a i s 16 143 4 0 2
IS 0 1 4 6 143 5 4 10
16 2 0 21 13 143 6 a I
17 0 1 4 1 143 7 l 5
IS L 2 13 9 143 8 i 1
19 a a o 0 143 9 2 1
20 a 0 7 1 143 10 2 0
21 l 1 0 0 143 11 0 0
22 4 1 4 1 143 12 6 3
23 1 0 5 0 143 13 2 14
24 4 2 10 0 143 14 0 3
23 0 0 0 2 143 15 5 3
26 0 0 I 3 143 16 I 6
27 4 1 7 < 143 17 I 3
26 7 8 7 6 143 18 1 0
29 0 0 15 6 143 19 1 0
10 0 0 9 6 143 20 Q 0
11 4 0 10 6 143 21 4 4
22 2 :  l i 7 143 22 0 2
33 0 1 3 12 143 23 2 4
34 2 0 12 6 143 24 0 3
35 7 1 2 12 143 25 0
16 1 0 6 10 143 26 0 0
17 2 2 4 1 143 27 0 0
18 I 1 4 3 143 28 0 0
19 1 0 3 0 143 29 I 2
40 0 0 2 0 143 30 1 2
41 0 1 5 i  143 31 I 4
42 0 1 2 ]  143 32 0 0
43 1 0 4 !  162 33 0 1
44 4 0 16 2 143 34 0 0
45 I 0 3 I  143 35 3 0
46 1 2 4 I  143 36 2 0
47 0 1 1 5 143 37 Q 4
48 2 Q 1 3 143 38 2 1
49 0 0 1 } 143 39 3 2
50 0 0 15 . 143 40 9 4
51 0 0 z . 143 41 0 1
52 0 0 4 f  143 42 4 3
S3 0 0 1 J 143 43 1 0
54 2 0 25 !  143 44 3 2
S5 1 0 1 i  143 45 0 2
56 2 0 2 S 143 46 3 7
57 0 1 3 I  143 47 0 1
59 2 Q 10 ;  143 48 2 2
59 2 0 4 2 143 49 0 2
60 0 2 2 2 143 50 0 1
61 1 2 1 143 51 2 1
62 0 2 10 L? 143 52 0 0
63 0 1 2 1 143 53 a 0
64 1 0 6 } 143 54 2 7
65 0 0 7 :  143 55 0 2
66 4 2 12 » 143 56 2 5
67 0 1 3 * 143 57 1 4
66 0 1 8 7 143 56 0 0
69 0 0 2 k 143 S9 1 t
70 0 Q 14 I 143 60 1 1
71 0 2 4 ?  143 61 1 2
72 0 a a ;  143 62 0 4
73 0 0 7 2 143 63 0 1
74 0 1 2 2 143 64 2 0
75 0 0 I 2 143 65 » 0
76 4 1 0 * 143 66 0 0
77 0 0 I S 143 67 1 3
78 1 0 12 !  143 68 0 0
79 Q 1 5 * 143 69 0 *
60 1 1 7 3 143 70 1 3
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TABLE E l COST INUCD

D M t TRAP OH 
8 CH A U

OH
HALE

SC
rc H A U

sc
HALE

1 41 71 1 0 l a
143 71 1 2 l i
141 73 1 5 0 l
143 74 1 1 0 a
141 7 5 0 8 0 4
143 76 1 2 0 2
143 77 1 1 0 0
143 78 0 1 0 1
143 79 0 1 0 0
143 aa 3 4 0 0
143 81 1 2 0 3
141 61 0 8 0 0
143 S3 0 0 0 a
143 84 0 1 1 2
143 85 3 2 0 0
143 86 1 2 1 2
143 87 1 1 1 5
143 as 1 1 0 1
143 89 1 0 0 0
141 90 1 3 0 0
1 4 6 1 0 a a 0
1 46 1 1 2 a 0
146 3 1 0 0 0
146 4 1 5 0 0
146 5 1 1 a 0
146 6 0 3 0 0
146 7 1 7 1
146 6 1 1 l 0
146 9 0 3 l 0
146 10 0 1 0 0
1 46 11 2 a a 0
146 11 1 0 0 a
146 13 a 3 1 0
1 46 14 l 1 0 i
1 4 6 IS l 1 a l
146 16 a 0 0 a
146 17 0 3 0 i
146 19 i 2 1 0
146 19 0 0 0 0
146 10 0 0 0 0
146 11 1 1 0 0
1 4 6 11 1 0 a 0
146 13 0 0 0 a
146 14 0 1 0 0
14 6 15 0 0 a a
146 16 0 0 0 a
14 6 17 0 a 0 0
14 6 18 0 0 0 0
146 19 0 l 0 0
1 4 6 30 0 i a 0
1 4 6 31 1 6 2 1
146 1 1 0 0 a 0
146 33 0 1 a 0
1 4 6 34 0 1 i 0
146 35 0 a l a
14 6 36 0 0 0 0
146 37 0 a a i
1 4 6 38 1 i t l
1 4 6 19 0 0 0 i
1 4 6 40 5 18 1 3
1 4 6 41 0 1 0 0
146 41 1 0 0 0
1 4 6 43 0 0 0 0
1 4 6 44 3 1 0 0
146 45 0 2 1 0
1 4 6 46 0 1 0 0
1 4 6 47 a 1 a 0
146 48 1 6 0 a
14 6 49 0 2 2 2
1 4 6 50 1 1 0 3
146 51 1 0 a a
1 4 6 51 1 3 3 a
1 4 6 5} a 0 0 0
1 4 6 54 i 7 2 6
1 4 6 55 2 3 0 0
1 4 6 56 a I 0 3
1 4 6 57 7 7 1 2
146 58 0 5 0 2
1 46 59 1 1 0 3
1 4 6 60 4 0 1 0

DATE TRAP ON 
rSHALE

I 1 
K

*
1 1

s c
fCKAL£

s c

146 61 1 I 2 i
146 62 1 I 1 0
146 63 3 3 0
146 64 0 I 1 a
146 65 0 t 0
146 66 0 2 2 l
146 67 6 5 9
146 68 a X 0
146 69 l 3 I
146 70 0 2 2 0
146 71 1 2 a i
146 72 0 J 0 1
146 73 0 c 2
146 74 0 I 0 0
146 75 2 3 0 1
146 76 1 0 I 2
146 77 0 1 0 0
146 78 0 0 0
146 79 0 2 0 1
146 80 0 0 0
146 81 4 2 1 7
146 32 2 1 9 0
146 83 0 0 0
146 84 0 S 0 1
146 85 3 1 Q 9
146 86 0 1 0 a
146 a? 1 X 0 L
146 88 1 0 0
146 39 0 0 0
146 90 0 7 0 1
151 1 0 0 0
153 2 0 3 9 0
153 3 0 G 0
153 4 0 S 0 0
153 5 0 0 0 9
151 6 1 9 0 0
153 7 0 9 0 0
153 3 1 S 0 0
153 9 0 9 0 a
153 10 0 0 a X
151 11 0 0 0 0
151 12 0 0 0 a
151 13 0 0 0 0
111 14 2 j a 9
151 15 a 0 a 0
153 16 0 I 0 0
151 17 0 3 0 ' 0
153 18 a 9 9 0
153 19 0 9 9 G
153 20 0 0 9 0
153 21 0 1 0 0
153 22 0 9 0 a
153 23 0 I 0 l
153 24 0 0 0 a
111 25 0 2 c L
153 26 a 9 0 0
153 27 0 1 0 0
151 28 0 0 0 a
153 29 0 2 0 0
153 10 0 a 0 a
151 11 1 0 9 2
151 32 a 0 0 G
153 33 0 9 0 0
153 34 0 i 0 0
153 15 0 2 0 a
151 36 0 9 0 0
153 37 0 a 0 Q
153 38 0 0 0 a
153 39 0 a 0 0
151 40 a j 0 0
153 41 0 0 0 a
153 42 0 2 0 0
151 42 0 a a 0
151 44 a l a a
151 45 0 0 9 a
151 46 0 0 0 0
151 47 0 0 0 0
153 48 0 0 9 D
1 5 ] 49 0 0 a 9
151 50 0 a 0 9
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T A IL *  E l *  CONTINUED

DATE TRAP OH
FEMALE

o n
MACE

s c
FEMALE

s c
MALI

133 31 0 0 0 0
133 S I 0 0 0 0
133 33 0 2 0 0
133 54 1 1 0 0
133 33 1 3 0 0
133 56 a 0 0 0
133 37 3 I 0 0
133 30 0 0 0 0
133 59 0 D 0 a
153 60 0 0 a 9
133 61 0 9 0 0
133 61 0 0 0 0
133 61 1 2 0 0
133 64 a 0 0 9
153 6 3 0 0 a 0
133 6 6 a 0 0 a
153 67 3 2 G 0
153 6 0 0 1 0 G
133 69 0 J 0 a
153 7 0 0 Q a 0
133 71 1 3 G 0
133 7 1 0 0 0 9
153 73 0 0 0 9
133 74 1 2 0 0
133 7 3 0 a 9 0
133 76 2 i a a
153 7 7 0 a 0 0
153 70 0 0 a Q
153 79 0 a Q 0
153 00 2 2 0 9
153 01 1 0 0 9
133 02 1 0 0 0
133 93 0 2 9 0
1 33 04 a 0 0 G
1 33 95 0 1 0 0
133 06 a 1 0 1
1 53 07 i 2 0 G
153 09 i 4 1 0
1 33 09 0 a a 0
133 90 0 3 0 0
137 1 L 1 u 1
137 2 1 0 a 0
137 3 1 0 a 0
137 4 9 1 l I
137 3 0 1 l 2
157 6 L 3 0 1
137 7 0 0 9 0
157 9 0 0 2 0
137 9 1 0 0 a
137 10 0 1 9 G
137 11 0 0 9 a
137 12 0 0 0 0
137 11 0 9 0 0
137 14 0 9 0 0
157 13 0 2 0 l
137 16 0 9 0 0
137 17 2 0 0 a
137 IS 0 0 0 0
137 19 0 9 0 0
137 20 0 9 0 0
137 21 4 0 1 0
157 22 2 2 1 9
137 21 2 1 a 0
137 24 1 0 0 9
137 25 0 0 9 0
157 26 2 0 0 0
137 27 0 0 0 0
137 28 0 a 0 0
137 29 9 a 0 0
137 30 0 Q 9 a
137 31 0 a 0 a
137 32 0 0 0 0
137 31 0 0 0 0
157 34 0 a 9 a
137 35 9 0 0 0
137 16 0 0 9 a
137 37 1 0 0 0
137 30 0 1 0 0
137 39 L 0 i 0
157 40 1 0 0 a

DATE TRAP ON
FERALX

on
MALE

5C
FEMALE

s c
HALE

1ST 41 0 0 0 a
157 42 2 0 0 a
157 43 2 0 2 a
157 45 0 0 a 0
157 48 0 0 a 0
157 47 I 1 0 a
157 49 0 0 Q a
157 49 0 a 0 a
157 50 0 0 a a
157 51 9 l a 0
157 52 1 G 0 a
157 53 1 0 Q 0
157 54 9 1 0 a
157 55 0 2 Q 0
157 58 0 0 a 0
157 57 0 0 0 0
157 59 3 0 G 0
157 59 1 0 0 3
157 40 0 0 0 0
157 81 0 1 1 0
157 42 0 1 a 9
LS7 83 0 1 0 9
157 44 0 0 0 0
157 45 0 0 0 9
137 46 0 1 0 0
L57 67 0 2 0 9
137 48 0 0 0 9
137 69 0 0 0 9
137 70 0 0 0 0
137 71 0 0 0 9
137 72 0 0 0 0
157 73 0 2 0 a
157 74 0 a 0 a
137 73 2 l 0 a
157 76 1 l a l
157 77 0 0 0 0
137 78 1 0 a a
157 79 0 0 0 0
157 80 0 0 G 0
137 31 9 a 0 0
157 32 0 0 0 a
157 83 0 0 0 9
157 34 0 0 0 Q
137 85 a 0 9 0
157 96 Q 1 0 0
157 97 0 0 0 0
157 98 l Q 0 0
137 89 0 0 0 a
157 90 1 0 0 a
157 434 1 0 0 0
159 1 G 3 a a
158 2 0 3 0 9
158 3 1 0 0 0
158 4 2 0 a a
158 5 0 I a 0
13B 6 0 I 0 0
138 7 0 0 0 0
135 8 1 0 0 0
138 9 0 2 0 0
138 10 0 2 1 0
158 11 1 0 0 0
158 12 1 0 G 9
158 13 0 0 a 9
158 14 0 0 0 0
138 15 0 0 0 0
159 16 0 0 0 1
158 17 0 t 0 0
159 18 Q 2 0 i
159 19 0 0 0 0
159 20 0 Q 0 a
158 21 0 5 0 9
158 22 2 1 0 i
158 23 0 9 0 l
158 24 0 a 0 0
158 25 1 2 0 I
158 26 1 0 0 a
138 27 0 0 7 0
158 28 a 0 0 0
158 29 7 2 1 3
158 30 0 1 0 a
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T M U  E l  • CO NTINUED

GATE TRAP OH
rEHALE

OH
HALS

SC
FEMALE

s c
HALE

i s a 31 2 5 1 0
i s a 31 2 3 1 1
L58 33 1 1 0 g
i s a 34 0 0 0 a
i s a ' 35 0 0 0 0
i s a 36 0 2 0 0
138 37 0 a Q 0
158 30 1 3 1 0
158 3 0 1 2 1 1
LS8 4 0 4 4 0 0
158 4 1 0 0 1 a
158 4 2 2 0 0 0
158 4 3 1 2 2 0
158 44 0 0 0 i
158 45 1 1 0 i
i s a 46 0 1 0 0
1 58 47 1 0 a 0
158 48 0 5 0 0
1 50 49 1 1 0 0
150 SO 0 0 0 a
1 58 31 1 0 0 0
158 32 0 0 0 l
150 33 0 0 0 0
158 54 0 0 0 0
158 35 0 0 0 1
138 56 0 0 0 1
158 57 0 0 0 0
158 50 0 0 0 0
158 59 1 0 L 0
158 60 0 1 0 0
15B 61 1 3 0 0
158 62 0 0 0 0
150 63 2 3 0 1
158 64 0 0 0 0
158 65 3 2 0 2
158 66 1 0 0 0
156 67 1 5 9 0
158 68 0 0 0 0
158 69 0 2 0 <3
158 70 0 0 0 0
150 71 0 0 0 0
1 58 72 0 0 a 0
LS8 73 0 0 0 0
150 74 5 10 a 1
158 75 1 0 0 0
150 76 0 2 i 0
158 77 1 0 0 0
130 78 0 0 0 0
158 79 1 1 0 0
130 80 L 2 1 1
158 81 0 0 I 1
158 82 0 0 0 0
150 83 2 0 1 0
ISO 84 3 3 Q 2
1 5 8 05 0 0 0 1
1 50 86 0 0 0 I
158 37 a 0 0 0
156 98 3 4 0 I
156 89 0 1 0 0
158 90 0 0 0 0
160 1 1 3 0 0
ISO 2 1 2 0 0
1 60 3 0 0 0 0
1 60 4 0 2 0 0
1 60 5 0 0 0 0
1 60 6 0 0 0 0
1 60 7 0 0 0 0
1 60 0 0 0 0 0
160 9 0 0 0 0
160 10 a 1 0 I
160 11 i 4 2 1
160 12 i 0 0 0
160 13 0 2 a 1
160 14 0 0 0 0
160 IS 0 0 0 0
1 60 16 0 0 0 0
1 60 17 0 0 0 0
1 60 IB 0 2 a 1
L60 19 0 0 a 0
160 20 L Q 0 0

DATS TRAP OKFEMALE OHMALE scFEMALE SCHALS
16Q 21 0 4 1 a160 22 1 5 1 2160 23 0 0 0 0160 24 0 0 0 0160 25 0 2 Q 0160 26 0 0 0 a160 27 0 0 0 0160 28 0 0 0 0160 29 0 0 0 0160 30 0 0 0 0160 31 0 0 0 a160 32 0 0 0 0160 33 0 0 0 0160 34 0 0 0 a160 35 0 0 0 0160 36 0 0 0 a160 37 0 0 0 0160 30 0 0 0 a160 39 0 0 9 0160 40 0 0 9 0160 41 0 0 0 a160 42 0 0 a 0160 43 0 0 a 3160 44 0 0 0 3160 45 0 0 3 0160 46 1 2 a 1160 47 0 z 0 1160 48 0 1 0 1160 49 0 1 0 9160 50 0 9 0160 51 0 1 0 0160 52 1 I J 1160 53 0 2 0 0160 54 0 0 0 0160 55 0 0 3 0160 56 3 0 0 0160 57 I 4 9 0160 58 0 0 0 0160 59 1 0 3 0160 60 0 0 0 0160 61 0 0 0 0160 62 0 0 a 0160 63 0 1 0 0160 64 0 0 0 a160 65 2 7 0 2160 66 0 0 0 0160 67 0 2 0 0160 68 0 0 0 0160 69 1 0 0 1160 70 0 1 0 1160 71 2 0 i 0160 7 2 0 0 0 0160 73 0 0 9 0160 74 3 8 1 1160 75 0 0 0 9160 76 0 0 0 0160 77 0 0 0 0160 78 0 2 0 1160 79 1 1 0 1160 00 0 1 0 3160 01 0 0 0160 02 0 I 0 1160 03 1 1 0 0160 04 0 4 1 I160 a s 0 0 0160 86 0 L 0 ;160 87 1 1 0 0160 08 0 1 1 0160 09 0 a 0 0160 90 Q 0 0 0163 1 0 a a Q163 2 0 0 0 0163 3 a a 0 a163 4 0 0 0 0163 5 0 0 0 0163 6 0 0 0 0163 7 0 0 0 a163 a 0 0 0 0163 9 Q 0 9 0163 10 0 0 9 0
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TABU E l .  COMTIHUED

DATE TRAP ON ' 
FEMALE

OH
HALE

SO
FEMALE

s c
HALE

162 U 0 2 0 1
161 12 0 0 0 0
163 13 0 1 0 0
L63 14 0 0 0 0
163 16 1 1 0 0
163 16 0 0 0 0
163 17 0 0 9 0
163 18 0 0 0 0
163 » 19 I 0 9 0
163 20 0 0 a 0
163 21 0 3 a p
163 22 1 7 0 4
163 23 0 0 a a
163 24 0 3 a l
163 25 1 1 a 0
163 26 0 1 a 0
163 27 0 0 a 0
163 26 0 0 0 0
163 29 0 0 0 0
163 30 1 0 0 0
163 31 0 0 0 0
163 32 0 0 0 0
163 33 0 0 9 0
163 34 0 9 0 0
163 35 0 0 0 9
163 36 0 I 0 0
163 37 0 0 0 0
163 38 0 9 0 0
163 39 0 0 0 0
163 40 0 9 0 0
163 41 0 0 0 2
163 42 0 0 0 a
163 43 0 0 0 0
163 44 0 0 0 0
163 45 0 0 0 0
163 46 0 0 0 0
163 47 0 0 0 0
163 49 0 0 0 0
163 49 0 0 1 1
163 SO 0 0 0 0
163 51 0 9 0 0
163 52 1 2 0 0
163 53 0 9 0 0
163 54 0 1 3 0
163 55 0 0 0 0
163 56 0 1 a 0
163 37 0 0 I 1
163 s a 1 2 1 1
163 59 0 0 0 0
163 60 0 2 0 2
163 61 0 0 a a
163 62 1 a a 0
163 63 0 2 a 1
163 64 0 0 0 a
163 65 0 0 0 0
163 66 0 0 0 0
163 67 0 0 0 0
163 68 I 1 1 1
163 69 0 a 0 0
163 70 0 0 0 0
163 71 0 a 0 0
163 72 0 Q 0 0
163 73 0 0 0 0
163 74 0 0 0 0
163 75 1 0 0 9
163 76 Q 0 0 0
163 77 0 0 0 0
163 78 0 2 0 0
163 79 0 0 0 0
163 00 0 0 9 9
163 61 0 0 0 0
163 92 1 0 0 0
163 93 0 0 9 0
163 94 1 4 1 0
163 95 0 L 0 0
163 96 0 1 1 2
163 97 0 0 0 a
163 38 3 4 1 9
163 99 3 5 0 2
163 90 0 0 0 0

DATE TRAP OH
FEMALE

OH
HALE

s c
FEMALE

s c
HALE

165 1 3 14 1 3
165 2 3 5 2 3
165 3 0 2 i 1
165 4 1 3 1 1
165 5 a * I 0
165 6 3 2 0 1
165 7 0 0 0 0
165 9 0 1 0 2
165 9 2 3 a 0
165 10 1 1 a 1
165 U 1 1 l 3
165 12 1 1 2 0
165 13 3 2 3 0
165 14 2 8 2 5
165 15 a 2 0 2
165 16 i 1 L 1
163 17 3 1 0 0
165 18 1 1 1 1
165 19 7 4 3 1
165 20 0 Q i 1
165 21 1 0 1 1
165 22 2 0 1 2
165 23 2 2 1 0
165 24 0 0 0 L
165 25 0 0 2 0
165 26 0 0 2 2
165 27 0 0 0 0
165 28 4 I 7 3
165 29 0 1 0 0
165 30 3 2 0 0
165 31 0 Q 1 0
165 32 I 0 0 1
165 33 0 0 0 0
165 14 1 3 1 0
165 35 0 2 0 0
165 36 3 1 0 2
165 37 7 2 2 0
165 36 0 3 a a
165 39 0 a i 0
165 40 0 0 0 0
163 41 0 i 0 i
165 42 0 0 Q l
165
165

43
44

0
0

1
2

0 
* 1 i

165
165

45
46

0
5

I
9

0
7 4

165 47 0 0 0 1
165 48 3 3 0 1
165 49 4 0 0 ;
163
165

50
51

1
2

0
1

1
L l

165 52 6 2 a i
165 53 0 2 l l
165
163

54
55

2
12

5
10

L
3 3

165 56 1 5 L 2
165 57 3 1 0 1
165 59 2 4 1 1
165
163

59
60

0
0

2
1

0
0 2

165 61 2 2 2 L
165 62 0 0 1 1
165 63 I 3 1 1
165 64 5 2 0 2
165 65 1 0 0 1
165 66 0 0 0 0
165 67 0 1 0 0
165 68 0 0 Q 0
165 69 0 0 0 0
165 70 0 0 0 0
165 71 0 0 0 0
165 72 0 0 0 1
165 71 2 I 1 1
165 74 L 1 0 0
165 75 0 0 0 0
165 76 0 0 0 0
163 77 0 1 0 0
165 76 0 0 0 0
165 79 0 0 3 Q
165 60 0 1 0 *
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TAB L I  E l  .  CONTINUED

OATS TRAP OM
FEMALE

OM
MALE

SC
FEMALE

s c
MALE

163 81 0 0 a 0
1 6 ! 82 7 4 1 0
165 83 0 2 0 1
163 84 2 a 0 0
165 85 0 l 0 0
163 36 1 2 1 1
165 37 0 ‘ 1 Q 0
165 38 0 1 1 0
165 39 1 1 Q 0
165 90 0 I 0 0
167 1 1 1 a 0
167 2 1 0 0 0
167 3 1 1 0 0
167 4 0 0 1 0
167 3 0 2 1 0
167 6 0 0 0 0
167 7 0 a 0 0
167 3 0 0 0 1
167 9 0 l 9 0
167 10 1 2 0 0
167 11 2 2 0 0
167 U 0 1 0 1
167 13 1 4 0 1
167 14 0 4 0 0
167 IS I 3 2 0
167 16 * 2 1 1
167 17 i 0 0 0
167 18 0 2 0 0
167 19 1 6 0 1
167 20 0 0 0 0
167 22 2 2 2 2
167 22 0 0 0 2
167 23 0 0 0 2
167 24 0 1 0 0
167 25 1 2 0 0
167 26 0 0 0 0
167 27 0 1 a 0
167 28 0 2 l 1
167 29 0 0 0 1
167 30 a 0 0 0
167 31 0 0 0 0
167 32 a 0 0 0
167 33 0 0 0 0
167 34 l 0 1 0
167 35 L 0 0 0
167 36 1 1 a a
167 37 1 2 l l
167 38 1 1 a 0
167 39 0 0 0 0
167 40 0 1 a 1
167 41 0 0 0 0
167 42 1 0 0 0
167 41 0 0 Q 0
167 • 44 1 1 1 1
167 45 1 0 0 0
167 46 2 1 0 1
167 47 1 3 0 2
167 48 0 2 0
167 49 2 0 0 1
167 50 1 1 0
167 51 1 2 1 1
167 52 2 1 0
167 53 1 1 I
167 54 1 1 1 1
167 55 6 9 1
167 56 0 1 a
167 57 0 1 i 1
167 58 0 4 0 1
167 59 1 3 l 1
167 60 1 6 0
167 61 1 2 0 3
167 62 1 3 2 1
167 63 1 0 0 0
167 64 0 0 0 0
167 65 0 1 0 0
167 66 Q 0 a 0
167 67 1 2 i 0
167 68 a 0 i 0
167 69 2 2 0 L
167 70 0 1 0 0

DATE TRAP OM
FEMALE 1

o 
<

 
1 

X
 11J

SC
FEMALE

SC
MALE

167 71 1 2 0 1
167 72 2 3 2 2
167 73 0 1 2 0
167 74 0 1 0 0
167 75 1 0 1 1
167 76 0 1 1 1
167 77 0 1 1 1
167 78 3 I 0 0
167 79 0 0 a t
167 80 0 0 2 1
167 81 0 0 0 0
167 82 2 5 2 4
167 83 2 4 2 2
167 84 1 1 0 0
167 85 7 6 0 3
167 86 0 1 a 0
167 87 0 0 i 0
167 86 2 3 0 0
167 89 2 5 2 0
167 90 2 0 2 0
170 1 1 2 0 0
170 2 2 3 0 3
170 3 4 3 3 2
170 4 1 0 0 0
170 5 1 0 0 0
170 6 2 0 0 0
170 7 0 4 1 3
170 8 0 2 0 2
170 9 1 0 0 0
170 10 3 9 2 1
170 11 5 2 2 0
170 12 0 9 5 2
170 13 4 3 1 3
170 14 8 13 2 1
170 15 4 3 0 0
170 16 0 0 0 0
170 17 2 1 2 1
170 18 1 2 0 0
170 19 5 9 5 4
170 20 5 3 t 2
17 a 21 a 2 0 2
170 22 3 19 3 7
170 23 1 2 0 1
170 24 1 7 1 1
170 25 1 4 1 1
170 26 1 3 1 3
170 27 0 0 0 0
170 28 4 1 1 0
170 29 0 0 a 0
170 30 2 4 0 1
170 31 1 1 0 0
170 32 0 1 0 0
170 33 0 0 0 0
170 34 0 a 0 0
170 35 0 l 0 0
170 26 5 7 4 3
170 17 0 3 0 0
170 38 2 2 1 0
170 39 1 0 0 a
170 40 0 a 0 0
170 41 2 i 0 0
170 42 0 0 1 0
170 43 0 0 0 i
170 44 1 t 0 a
170 45 0 0 2 i
170 46 22 20 LO 9
170 47 1 2 1 0
170 48 7 9 0 5
170 49 0 5 2 2
170 50 t 2 0 1
170
170

51
52

0
9

4
7

0
1 4

170 53 0 0 1 1
170 54 20 19 6 i ;
170 55 6 IS a i
170 56 2 4 l 2
170 57 7 9 0 4
170 58 0 Q 0 0
170 59 1 0 1 0
170 60 IS 9 3 2
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T A B U  E l  .  COMTINUCD

DATS TRAP o n  
r  d i a l s

091
MALE

3C 
7 SHALE

SC
MALE

1 70 61 0 1 0 2
1 70 62 4 12 2 2
170 63 3 7 1 2
170 64 4 0 2 0
170 65 4 1 0 0
1 70 6 6 0 0 0 0
1 70 67 0 1 o 0
170 66 2 1 l 1
170 69 0 0 0 0
170 70 0 0 0 0
170 71 0 0 0 0
170 7 2 4 0 c 1
170 7 3 1 0 0 0
170 7 4 3 2 2 0
170 73 0 0 Q 0
170 7 6 1 1 0 0
170 7 7 0 1 0 0
170 76 7 4 2 2
170 7 9 0 0 0 0
170 8 0 3 0 0 3
170 8 1 0 0 0 1
170 8 2 8 17 6 10
1 70 63 3 7 4 3
1 70 84 3 3 5 4
1 70 6 5 4 5 3 5
1 70 8 6 2 2 0 1
1 70 67 0 0 0 0
1 70 66 3 3 1 3
1 70 89 2 2 1 1
1 70 90 6 6 2 2
1 72 1 1 6 3 0
1 72 2 1 1 2 2
1 72 3 0 0 1 0
1 72 4 4 3 2 0
1 72 5 0 2 0 0
1 72 6 1 0 0 0
1 72 7 0 3 0 0
1 72 8 1 0 2 0
1 7 2 9 3 5 2 0
1 72 10 6 3 L 2
1 7 2 11 0 2 0 0
1 7 2 12 3 4 0 1
1 7 2 13 5 2 1 0
1 7 2 14 1 7 1 0
1 72 13 1 1 0 0
172 16 1 0 1 0
172 17 2 1 0 0
1 7 2 IB 4 L2 3 2
1 72 19 1 3 L 1
1 72 20 0 2 1 0
1 72 21 2 0 1 0
1 72 22 0 5 : 1
1 72 23 1 0 i 0
1 72 24 t 0 i 0
172 25 4 2 0 1
172 26 2 I l 0
172 27 0 1 0 0
1 72 26 2 0 0 0
1 72 29 0 0 1 0
1 72 30 0 1 0 0
1 72 31 0 1 0 0
1 72 32 0 0 0 0
1 72 33 0 1 0 1
172 34 0 0 0 1
1 72 35 0 0 0 0
1 72 36 3 1 1 0
1 72 37 1 ‘ 1 1 0
1 72 36 0 0 0 a
172 39 1 0 a l
172 40 0 0 0 0
1 72 41 0 0 0 0
1 72 42 0 2 0 0
1 72 43 0 1 0 0
1 72 44 0 1 0 1
1 72 45 2 2 0 1
1 72 46 2 2 0 t
1 72 47 0 2 0 0
1 72 46 Q 0 0
1 72 49 2 3 0 0
1 72 50 1 1 0 0

E TRAP OM OM SC SC
FEMALE . MALE FEMALE MALE

51 0 1 0 0
52 2 7 1 0
53 0 L 0 0
54 7 0 1
55 2 2 2 0
56 0 2 0 3
57 0 2 I 0
68 0 1 L i
59 0 0 0
60 a 2 1 0
61 0 3 1 0
62 5 4 a 1
63 4 10 1
64 1 1 a 9
65 0 0 9
66 0 0 9
67 a 1 0 1
66 l 1 0 0
69 l 1 0 0
70 0 0 1
71 2 1 9 1
72 4 7 1 1
73 1 1 0 0
74 0 1 9 0
75 0 9 9
76 0 0 0
77 0 0 9 0
78 0 2 9 a
79 3 a a
30 0 3 a 0
31 2 0 0
32 1 1 l 0
33 1 5 0 9
34 2 2 0 1
35 0 9 0
86 0 0 0
97 0 1 0 0
98 0 3 3 2
B9 3 3 0 9
90 3 4 0 2

1 0 0 0 0
2 0 1 a 1
3 0 9 0 0
4 0 9 0 0
5 0 0 0 9
6 0 0 0 a
7 0 0 9 0
6 0 1 0 l
9 0 t 0 9 0

10 1 1 3 L 0
l A 1 0 0 0
12 0 0 0 0
L3 a 0 a 0
14 0 2 0 1
15 0 0 0 0
16 i 0 0 9
17 i 9 0 9
18 2 2 ; 9
19 0 9 0 L
20 1 L 0 0
21 0 0 0 0
22 5 4 3 1
23 0 0 1 9
24 a 0 0 1
25 1 1 a 0
26 0 0 a 9
27 0 0 a 0
28 0 1 9 9
29 0 1 0 9
30 0 1 0 9
31 0 0 0 L
32 a 0 0 a
33 i 1 0 L
34 l 0 0 0
35 0 a a 9
36 1 6 0 2
37 0 l 0 :
36 9 0 a 0
39 0 0 0 9
4 0 9 0 0 9
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T A B U  E l  .  CO NTINUED

OATS TRAP OM
rC H A U

OH
K A U

174 41 0 0
174 42 0 0
174 43 a 1
174 44 1 0
174 43 0 0
L74 4« 3 0
174 47 0 0
174 4 8 0 0
174 4 9 1 J
174 5 0 0 3
174 5 1 1 0
174 52 1 3
174 53 1 1
174 54 4 4
174 55 0 0
174 56 0 Q
174 57 0 1
174 58 0 0
174 59 0 1
174 60 0 0
174 6 1 0 0
174 6 2 0 I
174 63 0 1
174 64 0 a
174 65 Q i
174 6 6 a 0
174 6 7 i 0
174 68 0 0
174 6 9 0 0
174 7 0 0 0
174 71 0 0
174 7 2 0 1
174 7 3 0 0
174 74 a 1
174 75 0 a
174 76 0 0
174 77 0 L
174 78 0 0
174 79 0 0
174 90 0 1
174 91 0 0
174 82 1 0
174 93 0 0
174 84 0 3
174 8$ 0 0
174 86 I I
174 97 1
174 38 2
174 69 1 2
174 90 2
179 1 2 3
179 2 3 2
179 3 0
179 4 1 2
179 5 1 a
179 6 0
179 7 1 0
179 9 i
179 9 L 0
179 10 3
179 11 1 2
179 12 1
179 13 3 Q
179 14 1 3
179 15 1 0
179 16 2 9
179 17 1
179 10 4 5
179 L9 2 1
179 20 2 2
179 21 2
179 22 3
179 23 5 5
179 24 5 2
179 25 3 I
179 26 3 a
179 37 I 0
179 28 0
179 29 4 s
179 JO 1 2

SC SC DATE T M P
fEMALC KALE

0 0 179 31
0 0 179 32
0 0 179 13
0 a 179 34
0 a 179 35
1 0 179 36
O l L79 37
Q l 179 38
0 0 179 39
a a 179 40
0 0 179 41
l 2 179 42
a 0 179 43
0 0 179 44
0 0 179 45
a 0 179 46
Q 0 179 47
0 0 179 48
0 0 179 49
0 0 179 50
0 0 179 51
0 1 179 52
0 0 179 53
9 0 179 54
0 0 179 55
0 0 179 56
0 0 179 57
0 0 179 58
0 1 179 59
0 0 179 60
a I 179 61
0 0 179 62
a 0 179 63
0 0 179 64
a 2 179 65
0 1 179 66
0 0 179 67
0 1 179 68
9 1 179 69
O 9 179 700 u 179 71
0 0 179 72
0 0 179 730 0 179 740 0 179 750 0 179 760 0 179 770 1 179 78

1 1 I 179 790 0 179 802 0 179 911 2 179 820 0 179 831 0 L79 842 1A 179 650 a 179 660 0 179 87
0 0 179 88Q 0 179 890 01 179 900 1 181 12 1 181 21 1 181 31 2 181 40 0 181 52 0 181 61 0 181 7
1 2 181 8
I 2 181 90 D 181 101 1 181 113 2 181 122 9 181 139 1 181 140 0 181 150 0 101 161 L ISL 170 0 101 18
1 9 101 191 Q 181 20

OH OH SC SC
FEMALE MALE FEMALE HALE

1 1 1 1S 1 O SI 1 0 1
a o  o o
0 0 0 0
3 S 1 0
i l  l o
I  0 0 1
0 0 0 0
1 0  1 0
S 0 0 0
0 0 0 0
0 0 1 0
0 1 0 0
0 0 0 0
)  4 1 0
0 1 0  0
1 0 1 1
1 1 0  0
0 1 0  1
0 0 1 0
1 1 0 10 0 0 0
0 4 1 3
0 0 0 0
2 1 0 0
0 0 0 0
0 1 0  0
0 0 0 0
1 1 1 0
0 1 0 0
1 5 1 0
1 5 0 0
o o o o
0 0 0 0
0 o o o
1 0 0 0
0 1 0 0
0 0 0 0
0 a o a
0 0 0 0
1 4  I I
0 1 0  0
t o o i
1 0 0 0
1 0 1 00 0 0 1
S 6 0 0
o a  o o
o l  o a
0 o o o1 1 0  0
1 3 0 0
1 4  1 1
3 1 0 0
4 3 0 0
0 o o o
o a  o i
1  i  o a
a  6  o a
0 0 3 1
0 a o o
a o i o
4 1 0 1
a o i o
1 l o o
0 0  o o
1 0  0 1
1 3 0 0
1 1 2  1
0 0 1 0
1 0  2 30 0 0 0
3 3 1 2
o t o o
2 0 0 0
0 a 0 4
a 2 0 1
1 0 0 0
2 2 1 3
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TABU E l ,  COVTIHUED

DATS TRAP OH 
r  SHALE

OH
HALE

SC 
P EH A L I

SC
HALS

DATS TRAP OH
F SHALE

CH
HALS

s c
F SHALE

s c
HALE

191 21 1 0 0 0 194 11 0 3 0 0
161 22 3 4 1 2 184 12 0 0 0 0
i l l 29 0 2 0 2 194 13 3 4 2 3
111 24 2 i 1 a 184 14 0 0 0 0
111 2S 1 0 3 i 184 15 0 0 1 0
111 26 2 1 0 0 184 16 0 0 1 0
i n 27 2 1 2 i 164 17 2 0 0 0
161 28 1 0 0 164 18 1 2 3 2
181 29 1 1 0 0 164 13 0 0 2 0
161 3Q 2 0 0 1 164 20 0 3 0 0
181 31 0 Q 2 184 21 2 1 2 4
181 32 3 0 0 184 22 5 0 3 1
181 33 2 0 0 1 194 23 2 2 3 2
181 34 1 0 0 0 194 24 4 3 2 1
181 35 0 0 2 194 25 0 0 0 0
U l 36 1 3 1 0 194 26 0 0 0 0
181 37 1 0 0 1 194 27 1 3 1 1
181 38 3 1 0 0 184 28 a 2 0 2
181 39 0 Q 0 194 29 i 1 0 0
181 40 4 G 1 0 194 30 0 1 a 3
191 41 1 0 2 0 184 31 4 6 6 11
181 42 I Q 1 0 184 32 2 1 1 2
181 43 2 0 0 0 184 33 3 4 3 2
161 44 0 0 0 184 34 0 0 0 a
181 45 1 0 0 184 35 0 0 0 2
181 46 1 0 1 2 184 36 0 a 2 2
111 47 1 4 0 0 194 37 2 4 1 3
181 48 0 0 0 184 36 3 0 2 0
131 49 3 a 0 0 184 39 0 0 0 0
181 50 1 0 0 1 194 40 1 0 2 3
181 51 7 0 0 0 164 41 1 s 5 2
181 52 1 0 * 3 184 42 4 1 4 1
181 S3 0 1 0 0 184 43 1 a 3 G
161 54 0 4 1 0 184 44 0 0 0 G
131 55 1 1 1 184 45 1 4 0 0
161 56 0 2 0 0 164 46 0 0 3 0
181 57 0 1 1 1 194 47 3 1 9 1
111 56 0 1 L 194 48 0 0 0 0
181 59 0 1 a 0 184 49 3 1 a T*
181 60 0 a 0 194 50 2 1 i Q
181 61 1 1 0 0 194 51 a 0 a 0
181 62 0 1 0 1 184 52 a 0 0 3
191 63 2 4 0 0 184 S3 0 0 0 0
181 64 , i I 2 0 184 54 l 0 l 1
181 65 3 2 0 184 55 7 2 0 2
161 66 4 1 G 0 184 56 0 a i 0
161 67 I 3 0 0 184 57 1 0 i 4
161 68 3 3 0 0 194 56 0 0 4 2
181 69 1 1 4 a 194 59 0 0 G 3
181 70 0 1 0 l 194 60 0 i G 0
1 6 1 71 2 1 0 a 194 51 0 0 0 a
161 72 3 2 0 0 184 62 Q 0 0 a
181 73 1 I 2 i 194 63 2 1 1 2
181 74 G 1 0 0 164 64 2 4 2
181
181

75
76

1
3

2 1
0

1
0

184
164

65
66

4 4
G

4
2

1
0

181 77 3 2 0 0 164 67 2 I 1
181 78 1 1 0 0 184 61 4 0 4 0
181 79 1 3 0 184 69 2 1 1 L
181
181

80
81

0
5

2
5

a
2

2
0

194
184

70
71

1 1
0

G
I

181 82 0 1 0 0 194 72 2 3 4 Q
181 33 2 2 0 0 194 73 3 2 1
181 84 1 3 0 1 164 74 5 1 1 0
181 85 1 2 0 0 164 75 5 2 3 3
181 86 1 0 0 164 76 1 1 2 0
181 67 6 6 0 1 104 77 5 5 2
181 88 0 0 0 184 70 1 0 1 2
181
131

89
90

0
0

2
2

0
0

1
Q

184
164

79
00

3 0
0

3 1
4

134 1 7 10 1 2 194 91 4 0 2 4
184
194

2
3

2
0

2 7
0

4
9

164
184

82
93 5

0
Q

3
0

194 4 3 2 0 4 184 84 0 4 3
184 5 4 2 1 104 85 4 1 3 2
194 6 2 4 3 2 184 86 2 0 4 2
194 7 0 I 2 0 194 87 12 3 1 3
164 9 0 3 2 1 194 98 Q 0 0 4
164 9 a € 1 2 194 9 9 1 0 0 D
164 10 0 2 0 3 194 90 1 0 0 0
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T M L E  E l  .  CONTINUED

□a t e TRAP OH
PEHALE

ON
MALE

3C
PEHALE

s c
HALS

SATE TRAP ON
fENALX

ON
HALE

s c
PEMALE

SC
MALE

l a c 1 1 0 1 1 1 8 6 01 3 4 0 0
i a e 1 1 0 0 1 196 9 2 1 1 0 1
186 3 0 2 2 1 19* 93 0 0 2 0
186 4 1 0 0 0 196 94 0 0 0 1
186 3 0 0 0 Q 1 96 90 2 0 1 0
186 6 0 0 L a 186 96 0 L 1 0
1 86 7 0 0 2 X 186 97 0 2 1 X
186 3 1 I 0 2 186 98 0 0 0 X
186 3 I I 3 2 186 99 0 0 1 X
186 10 1 0 4 1 186 90 3 0 0 2
186 11 0 I 9 0 188 X 0 0 0 0
186 11 0 0 0 a 188 2 0 0 0 0
186 13 9 L 1 0 188 3 0 0 0 X
IBS 14 0 X 3 3 188 4 0 0 0 0
186 IS 1 3 3 I 188 8 a 0 0 0
186 IS 0 9 1 3 188 6 0 I 0 0
186 17 1 0 0 4 188 7 0 0 0 0
186 18 0 a 0 2 188 9 0 0 0 Q
166 19 5 i 3 0 168 9 0 0 0 0
186 10 3 i 2 I 188 10 0 0 0 0
186 11 1 3 1 L 186 11 0 0 0 0
186 11 6 5 X 4 188 12 0 0 0 0
186 13 1 3 1 I IBB 13 0 0 1 0
186 14 1 2 2 S 188 14 0 0 0 0
186 IS 4 0 1 4 188 15 0 0 0 0
186 16 0 0 0 0 188 16 0 0 1 9
146 17 1 1 0 0 188 17 0 0 0 0
186 18 0 2 4 2 108 18 0 0 0 0
186 29 3 1 1 2 188 19 2 X 0 1
186 30 5 6 3 2 188 20 0 I 0 X
136 31 5 5 9 I S 198 21 0 0 0 9
186 31 4 L 1 3 188 22 0 0 9 0
186 33 0 1 2 5 108 23 0 0 0 9
186 34 1 0 2 a 188 24 0 0 a 0
186 35 0 0 2 2 188 20 0 0 a X
186 36 0 0 0 0 188 26 0 0 X 0
186 37 i 0 3 9 188 27 X 2 0 1
186 36 3 0 Q 2 189 29 X 0 a 9
186 39 a 1 9 1 108 29 1 0 0 »
186 40 9 0 Q 9 108 30 0 2 0 a
1 86 41 1 0 7 5 168 31 0 0 0 0
166 41 1 1 0 0 188 32 0 0 0 9
186 43 1 0 2 X 108 33 0 X 0 0
186 44 0 0 X 0 10B 34 0 0 0 0
186 45 2 1 X X 108 35 0 0 0 0
186 46 1 2 1 9 106 36 0 X 0 0
186 47 2 0 0 9 IBS 37 0 2 0 2
136 46 9 0 0 0 188 38 0 0 0 0
136 49 1 9 Q X 188 39 0 0 0 a
186 50 S 1 2 X 198 40 0 0 0 0
186 S I 1 L 0 0 198 41 0 0 0 a
186 S I 0 a 9 Q 198 42 0 0 0 l
136 S3 0 a 9 a 198 43 a 0 0 0
186 54 1 2 Q a 188 44 a 0 0 a
186 SS 0 1 4 2 X98 45 0 0 0 9
186 56 a a 3 1 188 46 0 2 0 0
136 57 l 0 I 0 108 47 X 3 0 9
186 58 a i 3 0 108 49 0 0 0 0
136 59 0 9 3 0 108 49 0 9 0 0
136 60 l 0 1 0 109 SO 0 X 1 0
186 61 0 0 138 s x 9 X 0 0
1B6 61 2 0 Q 186 52 0 0 0 0
186 63 0 X I 0 189 S3 1 9 0 a
186 64 0 0 1 a 196 54 0 0 0 l
186 65 1 2 2 3 196 SS 2 9 0 3
136 66 Q 9 I 0 198 56 0 2 X 0
186 6 7 X 0 4 2 X96 57 0 1 0 0
186 68 4 1 I 0 188 58 3 0 5
186 6 9 2 9 X 0 186 59 0 0 0 1
1 86 7 0 I 0 a 188 60 0 0 L 0
186 71 0 2 X x X 06 61 0 0 0 9
186 7 1 a 0 3 0 108 6 2 0 1 0 0
186 73 I I 3 2 188 63 0 0 X 9
186 74 0 1 2 a 188 6 4 3 0 9 0
186 75 3 2 I X 188 6 5 0 0 9 0
186 76 1 I 0 3 189 6 6 0 0 9 0
186 77 2 9 0 1 196 6 7 0 0 9 0
136 78 2 2 X X 186 60 1 0 9 9
186 79 L 1 a X 196 6 9 0 0 9 9
136 80 0 0 0 9 188 70 0 X 9 9
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TABLE E l  .  CONTINUED

DATE TRAP OH
FEMALE

OH
HALE

s c
FEMALE

s c
HALE

DATE TRAP OH
FEMALE

OH
HALE

s c
FEMALE

s c
HALE

l a a 71 0 0 0 1 191 01 0 1 0 1
i a a 72 0 2 1 1 191 62 0 0 1 1
188 73 0 0 0 0 191 63 0 0 1 2
188 74 0 1 0 0 * 191 64 0 2 0 0
188 75 0 0 0 0 191 65 0 0 0 0
188 76 0 0 0 0 191 66 0 1 0 0
108 77 2 0 0 0 191 67 0 0 1 2
IBB 78 0 0 0 0 191 68 0 0 0 2
168 79 0 0 a 0 191 69 0 0 0 0
IBS ' 80 0 0 a 0 191 70 0 0 2 I
168 81 0 0 0 1 191 71 0 0 0 9
IBS 82 1 2 0 0 191 72 1 0 0 0
188 83 0 0 0 0 191 73 0 0 2 2
188 84 I a 0 0 191 74 0 0 0 0
188 88 1 0 0 0 191 73 0 L 0 0
188 86 0 1 0 0 191 76 I 2 0 0
188 67 0 0 0 0 191 77 0 2 0 0
188 88 1 a 0 0 191 78 1 1 0 1
168 69 0 0 0 0 191 79 0 0 0 0
188 90 0 0 0 0 191 80 0 1 0 1
191 1 0 0 a 0 191 81 0 0 0 0
191 2 0 Q 0 0 191 62 2 0 3 0
191 3 a Q Q 9 191 83 0 3 1 2
191 4 0 0 0 0 191 64 1 1 0 0
191 3 0 Q Q 1 191 65 0 2 0 2
191 6 0 0 a 0 191 86 a 2 0 2
191 7 a 0 a 2 191 87 0 0 0 1
191 8 0 0 a 2 191 98 0 0 a 0
191 9 I 0 0 1 191 09 a 0 0 2
191 10 l 0 0 0 191 90 i 0 0 1
191 11 l 0 a 0 193 1 i 1 l 1
191 12 l 0 0 1 193 2 0 1 i I
191 13 l 1 l 0 193 3 0 0 0 0
191 14 0 0 0 0 193 4 I 0 0 0
191 15 2 0 l 1 193 5 2 0 0 0
191 16 0 0 0 0 193 6 0 0 0 0
191 17 0 0 3 2 193 7 1 0 0 0
191 18 1 1 0 0 193 8 0 1 0 1
191 19 1 0 0 0 193 9 0 0 0 1
191 20 0 0 0 0 193 10 0 a Q q
191 21 0 0 1 1 193 11 I l 0 0
191 22 2 3 0 0 193 12 0 2 0 1
191 23 0 0 1 0 193 13 1 0 a 0
191 24 0 1 1 0 193 14 0 0 0 a
191 25 0 0 0 1 193 15 0 0 0 0
191 26 0 0 0 0 193 16 0 0 0 a
191 27 0 0  * 0 0 193 17 1 0 l a
191 28 1 0 2 0 193 18 0 a 0 l
191 29 0 0 0 0 193 19 0 0 2 0
191 30 0 2 0 0 193 20 1 2 2 2
191 31 0 3 1 5 193 21 0 2 1 3
191 32 0 0 0 1 193 22 1 2 1 3
191 33 0 0 1 0 193 23 9 2 1 0
191 34 0 0 0 2 193 24 0 0 0 0
191 35 1 0 0 0 193 25 0 0 0 0
191 36 0 3 0 1 193 26 0 0 a 0
191 37 1 0 0 0 193 27 0 0 0 0
191 36 1 2 I 1 193 28 0 0 a 0
191 39 2 0 2 0 193 29 1 3 * 2
191 40 0 2 0 0 193 30 1 1 2 2
191 4 1 1 1 0 0 193 31 0 1 1
191 42 0 0 2 2 193 32 0 2 0 0
191 43 0 0 1 0 193 33 0 0 0 0
191 4 4 0 0 1 - 2 193 34 0 a 0 0
191 45 0 a 1 0 193 35 0 0 0 0
191 46 0 l 0 0 193 36 0 0 0 0
191 47 4 i 2 2 193 37 0 2 2 2
191 48 1 i 0 2 193 38 0 Q 3 0
191 49 0 0 a 0 193 39 1 0 1 0
191 50 0 a l 0 193 40 0 0 0 0
191 91 0 G 0 0 193 41 1 2 3 2
191 52 Q a 0 0 193 42 0 0 0 0
191 53 1 a 0 1 193 43 0 0 0 0
191 54 1 2 a 0 193 4 4 0 0 0 q
191 55 1 i Q 0 193 45 0 0 a 0
191 56 0 a 0 1 193 46 0 0 q 0
191 57 1 0 Q 1 193 47 a 2 2 0
191 56 0 i 0 0 193 48 a 0 0 0
191 59 0 l 1 1 193 4 9 0 0 0 0
191 6 0 0 t 0 1 193 50 0 a 0 0
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TA V L f E l  - CO NTINUED

DATS TRAP OK
FEMALE

OH
KALE

sc
FEMALE

s c
HALE

1 93 51 0 0 0 0
1 93 52 0 0 0 0
1 93 53 0 0 0 0
1 93 54 0 0 0 0
1 93 55 1 1 1 2
193 56 1 0 0 0
193 57 Q 0 0 0
193 58 I q Q 0
193 59 0 l 0 1
193 60 1 l 0 1
193 61 0 0 0 0
193 62 1 0 1 0
193 63 0 0 0 0
193 64 2 1 0 0
193 65 0 1 a 0
193 66 0 2 l 0
193 67 1 4 i 2
193 66 0 0 0 0
193 69 0 0 a 0
193 70 0 0 0 0
193 7 1 0 0 0 0
193 72 0 0 a 0
193 73 0 1 2 2
193 74 0 0 1 0
193 75 1 3 I I
193 76 1 2 0 0
193 77 0 0 0 0
193 78 2 0 2 0
193 79 0 0 0 0
193 ao 0 0 3 0
193 81 0 0 0 0
193 82 1 2 2 1
193 33 0 1 1 0
193 84 2 2 1 2
L93 65 1 2 1 a
193 36 1 0 2 0
1 93 87 1 0 0 a
L93 86 0 0 0 a
193 39 0 3 0 0
193 90 0 0 a 0
L95 1 1 2 i Q
195 2 1 1 0 0
195 3 0 1 l 0
195 4 2 0 0 0
195 5 0 0 0 o .
195 6 0 0 0 0
195 7 2 1 I 1
195 9 0 0 1 0
195 9 1 0 a 0
195 10 1 0 0 1
195 11 0 0 a 0
1 95 12 0 0 0 0
195 13 1 L 0 1
195 14 1 1 q 0
195 15 0 0 q 0
195 16 0 0 a 0
195 17 1 0 0 1
195 19 1 1 0 0
195 19 1 2 2 2
195 20 0 0 2 2
195 21 1 I 2 2
19J 22 0 0 0 O
195 23 2 0 3 1
195 24 0 0 0 a
195 25 0 0 0 0
195 26 0 0 a 0
195 27 0 0 0 a
195 26 0 0 0 0
195 29 0 0 0 0
195 30 1 0 1 0
195 31 1 1 l 2
195 32 0 1 0 0
195 33 0 0 0 a
195 34 0 0 0 0
195 35 0 0 0 0
195 36 0 a 0 0
195 37 1 a 2 l
195 38 2 0 1 0
195 39 2 0 1 i
195 40 1 0 0 0

DATE TRAP OH
FEMALE

CH
HALE

SC
FEMALE

SC 
HA LI

1 95 41 a 3 2 0
195 4 2 0 0 a 9
1 95 43 0 0 0 0
195 44 0 0 0 0
195 45 0 0 a a
195 46 0 3 3 5
195 47 0 1 0 5
195 40 0 4 0 a
195 49 1 0 1 i
195 50 0 3 2 2
195 S I 0 0 0 0
195 32 0 0 0 q
195 S3 0 0 q 0
195 5 4 0 0 a 0
195 55 1 4 4 3
195 56 0 1 1 1
195 57 0 1 0 a
195 58 Q a 1 a
195 59 0 l 9 0
195 60 9 0 0 0
195 6 1 a 0 3 0
195 62 0 0 a 0
195 63 0 0 a 0
195 64 9 4 1 1
195 65 9 a 1 0
195 66 0 1 1 0
195 67 0 0 1 9
195 60 0 l 1 2
195 69 0 9 0 0
195 70 0 0 0 0
195 71 9 a 0 0
195 72 0 a 9 9
195 73 0 0 t 0
195 74 0 a 0 1
195 75 0 0 0 1
195 76 0 0 0 0
195 77 1 2 2 2
195 78 0 0 a a
195 79 0 0 0 0
195 00 0 0 a a
196 8 1 a 0 a a
195 8 2 0 1 3 a
195 8 3 0 0 0 a
195 8 4 a 1 2 2
195 8 5 0 0 2 7
195 8 6 1 4 1 0
195 8 7 0 0 0 0
195 8 0 0 0 0 0
195 0 9 0 0 0 0
195 9 0 0 0 a 0
190 1 1 1 i i
190 2 0 2 0 q
190 3 1 0 9 0
190 4 1 1 0 0
190 5 1 1 1 1
190 6 1 1 q
198 7 2 0 0 a
190 3 0 9 q
190 9 1 1 0 a
196 10 1 0 9 0
198 11 I 1 9 i
196 12 1 a 0 0
190 13 9 0 0
196 14 1 2 a 1
190 15 1 1 0 I
191 16 0 0 q 0
191 17 1 2 a 0
191 18 1 a 0 q
196 19 2 2 l 1
198 20 1 0 0 q
198 21 1 3 l q
190 22 0 l 1
190 23 0 0 1
196 21 I l 0 q
190 25 1 a 1 0
190 26 a q a
190 27 0 0 0
190 28 1 2 2 0
190 29 1 3 2 0
198 30 0 1 9 4
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DATE TRAP OM
FEMALE

OH
HALE

SC
FEMALE

s c
MALE

DATE TRAP OM
FEMALE

OM
HALE

SC
FEMALE

SC
MALE

19ft 31 2 8 a 0 200 21 2 6 0 0
199 32 3 0 0 1 200 22 2 2 6 a
L99 33 0 0 0 0 200 23 0 1 0 0
199 34 0 0 0 a 200 24 0 0 0 0
199 35 0 0 0 0 200 23 0 0 0 0
199 36 0 0 0 0 200 26 0 0 0 0
199 37 0 2 l 2 200 27 0 0 0 0
L99 36 0 1 0 0 200 28 a  * I 0 0
199 39 1 2 0 0 200 29 0 I 0 0
199 40 2 0 0 2 200 30 3 1 0 0
19B 41 1 1 0 1 200 31 5 3 0 0
198 42 0 0 0 0 200 32 0 0 0 1
198 43 0 0 0 0 200 33 0 0 0 9
198 44 0 0 0 0 200 34 0 a 0 0
199 45 0 0 0 0 200 35 0 a 0 a
198 46 0 0 3 2 200 36 0 0 a 0
199 47 0 0 0 0 200 37 0 3 0 0
199 40 0 1 1 3 2Q0 39 2 1 0 0
199 49 0 1 1 2 2 00 39 1 1 0 i
198 SO 1 0 2 0 2QO 40 3 0 a 9
199 51 0 0 0 0 2 00 41 0 1 0 9
199 52 Q 0 0 0 2 00 42 0 0 0 9
199 53 0 0 0 0 2 00 43 Q 9 0 0
199 54 0 0 0 0 200 4 4 0 0 0 a
199 55 0 6 3 1 200 45 0 a 0 a
199 56 a 0 0 3 200 46 1 6 2 0
199 57 1 0 1 0 200 4 7 1 0 0 0
198 58 Q 3 1 0 200 48 1 5 l 0
198 5 9 1 1 1 0 200 49 1 1 i 0
198 60 0 0 0 0 2 00 50 0 1 0 2
198 61 0 a 0 0 2 00 51 0 0 0 9
198 6 2 0 a 0 0 200 5 1 0 0 9 0
196 63 0 0 0 0 200 53 0 0 9 9
198 64 0 l 0 1 200 54 0 9 0 a
198 65 2 3 1 0 200 55 0 2 9 0
198 66 0 0 3 0 200 56 9 1 0 0
198 67 1 0 0 0 200 57 2 3 a 0
198 66 2 0 <3 1 200 58 0 0 a 0
198 69 0 0 0 3 200 59 1 5 9 0
198 70 0 0 0 0 200 60 9 0 0 0
199 71 0 0 0 0 200 61 0 0 0 0
199 7 2 0 0 Q 0 200 62 0 0 0 9
198 73 0 2 4 4 200 63 a a 0 0
198 74 0 0 0 0 200 64 l 0 9 0
198 75 1 1 2 3 200 65 a a 0 0
198 76 0 2 0 0 200 66 a a 0 0
198 7 7 0 3 2 1 200 67 2 2 0 0
198 78 0 0 0 a 2QO 69 0 a 9 9
198 79 0 0 0 Q 200 69 9 0 0 0
198 80 0 0 a 0 200 70 0 0 0 0
198 31 0 0 0 a 200 71 0 0 9 0
198 92 0 2 2 3 200 72 0 0 0 0
198 83 0 2 2 2 200 73 1 2 0 0
198 84 L 1 1 2 200 74 1 0 0 0
198 3 5 0 1 1 1 200 75 0 1 0 1
198 96 1 1 0 2 200 76 2 1 0 0
198 37 0 0 0 0 200 77 0 0 0 a
198 a s 0 0 0 0 200 78 0 0 0 0
198 89 0 0 0 0 200 79 0 0 0 0
198 90 a 0 0 0 200 80 0 0 0 0
206 1 2 1 0 0 200 6 1 <3 0 0 a
300 2 1 <3 0 0 200 82 0 2 0 0
300 3 Q 0 0 0 200 83 0 2 0 9
300 4 a 0 0 0 2QQ 94 3 2 1 1
200 5 1 1 0 1 200 35 0 I 0 0
300 € 0 1 9 0 200 36 2 3 1 1
300 7 1 0 0 L 200 87 I 1 0 9
200 a 0 1 1 0 200 88 L 0 0 0
200 9 1 0 0 0 200 99 0 0 0 0
300 10 1 1 0 0 200 90 0 0 0 0
200 11 0 0 0 0 202 1 2 3 0 9
200 12 0 0 0 0 202 2 5 4 2 9
200 13 1 2 0 I 202 3 0 4 0 3
200 14 1 0 0 0 202 4 4 9 0 0
200 15 0 0 1 0 202 5 4 6 2 0
300 16 1 0 0 0 202 6 8 12 0 9
300 17 0 0 0 0 202 7 3 17 0 0
200 19 0 0 0 0 202 8 15 1 0 1
300 19 0 3 0 1 2Q2 9 9 14 0 L
200 20 0 1 0 0 202 10 9 6 9 0
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DATE TRAP OM
FEMALE

OM
HALE

SC
FEMALE

SC
MALE

DATE TRAP OM
FEMALE

on
HALE

SC
FEMALE

SC
MALE

1 0 2 11 6 7 7 2 207 t 0 4 2 0
2 02 12 2 10 0 0 207 2 5 10 0 1
2 0 2 13 2 0 0 207 3 0 1 0 0
2 02 14 6 17 0 0 207 4 3 9 0 1
2 0 2 19 1 7 1 I 2 07 S 1 9 0 0
2 0 2 16 1 4 3 0 2 0 7 6 5 9 2 0
202 IT 7 1 0 2 0 7 7 17 25 6 0
202 IB 6 22 0 1 207 S 4 15 0 0
2 0 2 19 7 10 1 0 207 9 11 12 2 1
2 0 2 20 1 1 0 0 207 10 4 7 0 0
2 0 2 21 3 4 1 0 207 11 4 14 1 2
2 0 2 22 3 10 1 0 207 12 1 9 2 a
2 0 2 23 3 4 2 0 2 07 13 1 5 0 i
2 0 2 24 4 10 0 0 2 07 14 3 15 0 3
202 29 3 4 2 1 2 07 13 6 12 1 0
202 26 2 1 0 2 2 07 16 9 13 * 1
202 27 2 3 0 0 2 07 17 1 9 0 0
2 0 2 26 2 2 0 2 2 07 IS 7 16 0 0
20 2 29 3 4 1 0 207 19 9 25 9 3
20 2 30 3 0 0 207 20 10 21 3 3
202 31 4 20 2 1 207 21 14 17 1 2
202 32 1 3 L 1 207 22 5 3 1 1
202 33 3 14 0 0 207 23 5 5 1 1
202 34 6 1 0 207 24 11 * 5 2 3
2 0 2 33 7 1 0 1 1 207 25 5 7 3 0
2 0 2 36 4 " s 1 1 207 26 5 9 1
202 17 2 5 0 0 207 27 ; 0 1 1
2 0 2 38 1 3 0 1 207 36 i 0 2 0
2 0 2 39 1 3 0 0 207 29 7 10 4 0
202 40 1 2 0 0 207 30 19 19 3 1
2 02 41 1 3 2 1 207 11 10 13 7 2
2 0 2 4 2 1 3 0 0 207 32 9 10 1 0
202 43 3 0 a 2 07 32 5 6 0 0
202 44 3 12 0 0 2 07 34 7 11 0 a
202 43 1 2 0 a 2 07 35 2 7 9 a
202 46 6 2 0 0 207 36 4 9 0
202 47 1 4 0 0 207 17 2 5 1 i
202
2 02

48
4 9

3 5
I

I
0

0
0

207
2 07

36
39

3 6
12

1
2

l
i

2 0 2 30 2 4 3 0 207 41 4 IQ 0 0
202 31 1 9 Q 0 2 0 ? 4 2 11 9 1 2
202
202

32
S3

7
4

10 0
0

3
1

2 0 7
207

4 3
44

7 13
3

0
0

3
1

202 34 12 1 s 2 0 7 4 5 6 12 1 1
202 33 2 2 0 0 2 0 7 46 7 20 12 1
2 0 2 36 1 0 0 2 0 7 4 7 10 9 3 0
2 0 2 37 4 4 1 2 07 46 15 12 9 0
2 02 38 1 2 0 0 2 07 4 9 S 7 1 t
2 0 2 39 3 6 1 0 2 07 $0 1 13 0 2
202 6 0 6 0 2 2 07 S I 4 S 1 0
2 0 2 6 1 6 11 0 1 2 07 S2 5 12 0 1
2 02 6 2 2 0 1 2 07 S3 5 10 2 0
202 63 7 17 2 1 207 54 7 9 1 0
2 0 2 64 1 1 1 0 207 55 5 14 0 1
202
202

63
66 1

10 1
1

0
0

207
207

56
57

5 9
10

3
L

0
0

202 67 3 4 0 0 207 58 9 2 1
202 1 1 0 0 207 59 2 11 0 0
202 69 3 11 0 0 207 60 17 19 3 5
2 0 2 7 0 3 S 0 0 207 61 7 18 3 0
2 0 2
2 0 2

71
72

4 13
13

0
3

3
2

207
207

62
63

9 17
14

0
1

0
0

202 73 4 2 1 0 207 64 3 9 1 0
202 74 3 3 0 Q 207 65 2 7 0 0
202 73 1 3 0 0 207 66 3 6 0 1
202
202

76
77

1
2

7 0
0

1
0

207
207

67
69

3 14
4

1
L

0
0

202 78 3 5 0 0 207 69 9 S 1 0
20 2 79 1 3 0 0 207 70 10 12 3 2
202
20 2

80
81

1 9
$

a
0

1
4

207
207

71
72

3 8
5

a
i

0
1

20 2 82 1 3 0 0 2 0 7 73 4 6 l 0
202 83 3 3 l 1 207 74 8 2 a
202 84 3 3 l 1 207 75 7 5 1 a
202 S3 3 3 2 I 207 76 4 2 0 0
202 86 4 6 1 2 2 0 7 77 3 4 Q 3
202 87 7 B 2 I 207 78 7 7 0 1
202 88 4 10 2 0 207 79 0 3 1 0
202
2 0 2

89
90

2
5

4
6

0
1

0
I

207 80 2 7 3 1
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TABU Cl CONTINUED

OATS TRAP OH Off SC s c DATE TRAP OH OH SC s c
fEHALC KALE t  CHAU HALE FEMALE MALE FEMALE HALE

207 91 2 U 2 1 209 71 0 3 3 0
207 92 4 15 1 2 209 72 2 2 0 0
207 93 6 18 2 1 209 73 4 4 0 0
207 94 9 7 3 1 209 74 2 6 Q 0
207 99 6 0 0 209 75 3 0 1
207 96 4 5 G 0 209 76 2 2 0 0
207 97 0 0 0 209 77 1 0 0
207 96 4 1 1 209 78 2 8 0 2
20? 99 2 1 2 2 209 79 2 2 1 0
207 90 2 2 1 1 209 60 1 0 0
209 i 0 2 0 0 209 61 2 2 0 0
209 2 1 5 0 0 209 62 2 3 0 0
209 3 1 2 0 0 2Q9 63 1 5 0 1
209 4 1 1 0 0 209 64 3 9 1 0
2Q9 5 0 1 0 0 209 85 2 6 1 2
209 6 2 2 0 0 2Q9 66 3 4 0 0
209 7 5 2 0 0 209 67 1 2 0 0
209 3 2 0 0 209 98 T 7 0 0
209 9 2 4 0 0 209 69 2 0 1
209 10 3 I I 1 209 90 2 1 0 0
209 11 0 0 0 2 1 2 1 S 5 2 0
209 12 3 2 0 0 212 2 4 2 0 0
209 13 2 2 0 0 2 1 2 3 5 1 1
209 14 0 1 0 0 2 1 2 4 2 5 0 a
209 15 0 0 0 2 1 2 5 5 7 0 2
209 16 0 1 0 0 2 1 2 6 4 4 Q a
209 17 2 4 0 0 212 7 3 6 0 0
2Q9 19 2 1 Q 0 2 1 2 1 4 0 0
209 19 0 1 0 0 2 1 2 9 0 0
209 20 0 4 0 0 2 1 2 10 1 4 0 0
209 21 1 3 1 0 2 1 2 11 1 6 0 0
209 22 6 7 1 0 2 1 2 12 5 9 0 1
209 23 1 2 0 0 212 13 4 3 0 0
209 24 0 1 Q 0 212 14 2 ,6 0 0
209 25 Q 0 0 212 15 0 i ' 0 0
209 26 2 2 0 0 212 16 0 0 0
209 27 I 1 0 212 1? Q i 0 0
209 29 2 0 0 212 16 1 21 0 0
209 29 2 1 0 0 212 19 2 2 3 0
209 30 2 7 0 0 212 20 2 0 9
209 31 2 2 0 0 212 21 1 a 0
209 32 1 1 0 0 212 22 4 14 1 2
209 33 0 0 0 212 23 2 3 a 0
209 34 3 1 Q 0 212 24 3 6 l a
209 35 0 0 0 212 25 2 2 2 l
209 36 0 I 1 0 212 26 0 0
209 37 2 1 1 0 212 27 1 a 0
209 36 1 1 Q 0 212 26 11 2 0
209 39 0 1 0 0 212 29 5 4 1 a
209 40 0 5 0 0 212 30 2 5 0 0
209 41 I 0 0 212 31 3 0 i
209 42 1 4 0 0 212 32 1 3 0 l
209 43 0 3 0 0 212 33 2 7 0 Q
209 44 4 1 1 0 212 34 2 2 0 0
209 45 0 2 0 0 212 35 3 0 0 0
209 46 5 10 1 0 212 36 2 6 0 1
209 47 1 L 0 G 212 37 1 3 0 0
209 46 5 12 1 0 212 3B 0 1 0 0
209 49 3 1 0 0 212 39 7 16 L 0
209 50 3 3 0 0 212 40 10 I 0
209 51 1 3 0 0 212 41 5 6 0 0
209 52 6 4 0 0 212 42 3 10 0 0
2Q9 53 0 1 0 0 212 43 5 15 0 9
209 54 4 4 0 0 212 44 3 5 0 1
209 55 6 4 1 0 212 45 2 4 0 9
209 56 7 6 0 0 212 46 7 7 0 9
209 57 0 4 0 0 212 47 4 0 0
209 s a 1 3 1 0 212 48 5 9 0
209 59 1 2 0 0 212 49 2 2 0 0
209 60 1 2 0 0 212 50 5 0 9
209 61 3 4 0 0 212 51 2 6 0 0
209 62 2 L 0 0 21 2 52 2 3 0 0
209 63 3 4 0 0 212 53 4 2 a 1
209 64 2 4 0 0 212 54 2 l 0
209 65 2 L L 0 212 55 2 4 a 3
209 66 0 3 0 0 212 56 4 5 0 0
209 57 0 3 2 1 212 57 3 4 a 0
209 66 7 2 0 0 212 58 I 4 0 0
209 69 3 2 0 0 212 59 0 0 0
209 70 2 3 0 0 212 60 3 5 0 0
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T A B U  E l  .  CONTINUED

DATE TRAP CM OM s c SC DATE TRAP OM OM SC s c
FEMALE MALE FEMALE * MALE FEMALE MALE FEMALE MALE

11 2 61 2 4 0 0 214 51 5 S 1 0
212 62 2 5 0 0 214 52 6 4 1 1
11 2 63 2 9 0 0 214 53 1 4 0 3
112 64 1 4 0 0 214 54 4 Q 0 0
21 2 65 2 1 0 0 214 55 2 0 0
3 1 Z 66 Z 0 0 214 56 1 6 0 0
21 2 67 3 12 0 2 214 57 1 1 0 0
21 2 68 4 2 a 0 214 58 2 0 0
21 2 69 4 7 2 2 214 59 5 2 0 0
21 2 70 4 7 0 0 214 60 2 4 0 0
212 71 2 4 0 2 214 61 3 2 0 0
212 72 2 3 2 1 214 62 3 3 0 1
21 2 73 2 1 1 214 63 1 7 0 0
212 74 2 1 1 0 214 64 4 S 1 \
21 2 75 3 7 Q 1 214 65 4 0 0
21 2 75 4 3 Q 0 214 66 3 6 0 Cl
212 77 3 4 I 0 214 67 4 5 0 0
212 73 4 5 0 1 214 68 3 4 0 0
212 79 5 0 0 214 69 2 5 4 0
212 00 3 1 0 0 214 70 4 2 0 0
212 81 2 4 0 0 214 71 3 1 0
212 82 2 3 0 0 214 72 1 0 0
212 83 5 7 0 0 214 73 2 8 0 0
212 84 3 3 0 0 214 74 3 1 0
212 95 5 1 0 214 75 3 4 1 0
21 2 86 2 5 0 0 214 76 2 3 0 0
21 2 97 7 9 0 1 214 77 4 0 0 0
21 2 68 7 a 1 0 214 78 3 6 1 0
212 89 1 2 0 0 214 79 1 0 0
21 2 90 4 6 0 0 214 90 4 0 1 0
214 1 2 1 0 214 81 2 0 a
214 2 2 0 0 & 214 92 3 7 0 0
214 3 2 0 0 214 93 3 1 0 0
214 4 0 0 1 214 94 3 6 0 1
214 5 1 2 0 0 214 05 2 1 1 0
214 2 1 0 0 214 96 4 4 0 0
214 7 1 3 0 G 214 87 1 3 0 0
214 3 0 a 0 214 88 2 1 0 0
214 9 1 1 0 0 214 09 ’ 0 0
214 10 1 3 1 0 214 90 2 4 0 0
214 11 1 3 0 0 216 1 1 3 0 1
214 12 2 3 0 0 216 2 2 5 0 0
214 13 2 0 0 0 216 3 2 0 0
214 14 1 2 0 0 216 4 5 0 0
214 IS 2 1 0 0 216 5 1 0 a 0
214 16 1 0 0 0 216 2 0 0 0
214 17 5 0 1 0 216 7 4 1 a 0
214 18 0 5 a 0 216 1 l 0
214 19 10 9 l 0 216 9 0 a 0
214 20 0 0 0 0 216 10 2 2 0 0
214 21 4 1 0 L 216 11 3 1 0 0
214 22 3 2 0 0 216 12 1 4 a 0
214 23 0 a 0 216 13 0 0 0
214 24 4 3 0 0 216 14 3 6 l 0
214 39 4 9 a 0 216 19 3 1 a 0
214 26 3 4 0 0 216 16 1 1 0 a
214 27 3 7 0 0 216 17 1 2 0 0
214 28 3 6 0 0 216 18 1 7 0 0
214 29 1 3 0 0 216 19 4 5 a 0
214 30 3 0 0 216 20 1 4 0 0
214 31 2 3 0 0 216 21 2 0 0 0
214 32 2 0 2 0 216 22 1 1 0 0
214 33 5 4 1 0 216 23 I 0 a
214 34 44 2 0 0 216 24 2 2 0 0
214 39 1 1 0 0 216 25 2 1 3 0
214 36 1 1 0 0 216 26 3 1 0 0
214 37 4 2 0 0 216 27 0 0 a
214 38 4 0 0 216 28 2 4 a a
214 39 2 3 0 O' 216 29 3 0 0
214 40 1 2 1 0 216 30 2 1 0 0
214 41 1 0 0 216 31 1 0 0 0
214 42 1 3 0 0 214 32 1 1 0 0
214 43 3 S 0 0 216 33 2 2 0 0
214 44 3 2 0 0 216 34 i 0 0 0
214 49 3 6 1 0 216 35 1 0 0
214 46 2 9 0 0 216 36 l 3 0 3
214 47 3 2 1 0 216 37 l 0 0 0
214 49 7 6 1 0 216 33 0 0 0 0
214 49 1 3 0 0 216 39 0 L 0 0
214 5 0 4 7 0 0 216 40 1 3 1 3
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TASLC E l .  COHTXKUEO

DATS TRAP OH OH SC s c
rCNALS HAH TSHAL* HALS

214 41 0 3 0 0
214 42 5 16 0 0
214 42 2 1 0 0
214 44 0 2 0 0
214 44 2 3 0 0
214 46 L 6 Q 0
214 47 1 4 1 0
214 48 3 6 0 0
214 49 0 1 0 9
214 90 3 6 0 0
214 *51 0 0 0 3
216 52 0 2 0 0
214 53 0 3 0 9
216 54 5 3 0 0
216 55 2 2 2 0
216 56 2 2 0 1
216 57 1 3 0 0
216 SB 0 4 1 0
216 59 I 2 0 1
214 60 2 3 0 0
216 61 0 0 0 0
214 62 3 3 0 0
216 63 0 6 0 0
216 64 2 6 0 0
216 65 1 1 0 0
216 66 1 3 0 0
216 67 2 3 0 0
216 66 I I 0 0
216 69 2 2 0 0
216 70 0 0 0 0
216 71 0 0 0 0
216 72 3 2 0 0
216 73 1 4 1 0
216 74 1 1 0 0
216 75 2 3 0 0
216 76 3 2 9 0
216 77 1 1 0 0
216 79 3 2 1 0
214 79 3 6 1 0
216 80 3 0 0 0
216 81 3 3 0 0
216 82 4 10 I 0
216 83 3 a 0 0
216 84 I 2 0 0
216 63 3 1 0 0
216 66 0 0 0 0
216 67 1 9 0 0
216 88 2 1 0 0
216 69 1 0 0 0
216 90 0 4 0 0
2 2 1 L 0 1 1 0
2 21 2 3 2 0 0
221 3 0 3 0 0
221 4 1 0 0 0
221 5 1 2 0 0
221 6 1 3 0 0
221 7 0 0 0 0
221 8 0 0 0 0
221 9 0 1 0 0
221 10 3 4 0 0
221 U 0 1 0 0
221 12 4 5 0 0
221 13 0 1 0 0
221 14 4 1 3 0
221 15 1 2 0 0
221 16 1 1 0 0
221 17 0 0 0 0
221 IB 3 4 0 0
221 19 5 3 0 0
221 20 4 3 0 0
221 21 1 1 0 0
221 22 6 6 0 0
221 23 5 1 0 0
221 24 4 4 0 0
221 25 7 3 0 0
221 26 6 3 0 0
221 27 1 2 0 0
221 28 2 0 0 0
221 29 0 0 0 9
221 30 3 3 0 0

TRAP OH OH s c s c
FIHALX HALS fSMALS HALS

31 0 0 0 a
32 2 2 0 a
33 0 0 0
34 1 I 0 0
35 0 0 0
36 5 4 0 a
37 2 4 I l
38 3 0 0 0
39 1 0 0
40 2 I 0 0
41 1 5 0 0
42 2 1 0 0
43 4 0 0
44 0 0 0
45 0 Q 0
46 5 10 0 a
47 2 6 0 0
46 3 9 0 0
49 3 2 0 0
50 2 7 0 0
51 4 11 0 0
52 1 1 0 1
53 1 3 0 0
54 5 14 0 9
55 7 a 0 0
56 5 6 0 1
57 4 5 0 0
58 3 6 0 0
99 3 2 q 0
60 4 4 0 0
61 3 1 0 0
62 5 2 0 0
63 9 4 0 0
64 1 4 0 0
65 1 3 1 0
66 2 2 0 0
67 5 0 0
68 2 4 a 0
69
70
71

3
S
2

7
7
2

a

!

0

3
72 4 4 0 0
73 3 1 0
74 3 3 q 3
75 6 15 I 2
76 1 9 0 0
77 4 5 0 1
78 2 10 0 9
79 2 1 0
80 1 1 0 0
41 3 0 a
8 2 9 12 0 i
83 J 7 I 0
34 3 1 0
85 6 a 0 0
66 1 3 a 0
87 11 a 0
88 1 3 0 a
69 5 1 2 a
90 4 7 0 0

1 0 2 0 0
2 0 2 0 0
3 0 0 I 0
4 0 0 0 0
5 1 1 0 0
6 0 9 3 0
7 0 i 0 0
a 0 0 0 a
9 0 0 0 0

10 0 1 0 0
11 0 0 0 0
12 Q 0 0 0
13 0 3 0 0
14 a 0 0 0
15 0 1 0 a
16 1 0 0 0
17 I 0 0 a
18 0 0 0 0
19 0 2 0 0
20 1 0 0 0
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T A tL C  E l  .  CONTINUED

OATB

2 2 3
2 2 3
2 23
2 33
2 2 3
2 23
2 2 3
2 23
223
223
2 2 3
223
2 2 3
223
223
2 2 3
2 2 3
2 23
2 2 3
2 23
2 23
2 23
2 2 3
2 2 3
2 23
2 2 3
223
223
223
223
223
223
223
223
2 23
223
223
223
223
223
223
223
223
2 23
2 23
2 23
2 23
2 23
2 23
2 23
2 23
2 2 3
223
223
2 23
2 23
2 23
2 23
2 23
2 23
223
223
223
223
223
223
223
223
2 2 3
2 23
2 2 7
2 27
2 27
2 27
2 27
2 27
2 27
227
227
2 2 7

TRAP OH
FEMALE

OH
HALE

3C
FEMALE

s c
MALE

DATE TAA

21 0 1 9 0 227 11
22 1 1 0 0 227 12
23 0 1 9 0 227 13
24 1 0 I 0 227 14
23 0 2 9 Q 227 15
26 0 0 0 0 227 16
27 0 0 0 a 227 17
20 L 4 9 0 227 10
29 t 0 1 0 227 19
3Q 1 L 0 0 227 29
31 0 0 0 0 227 21
32 0 t 0 0 227 22
33 0 2 9 0 227 23
34 1 2 0 0 227 24
33 0 0 9 0 227 25
36 t 0 1 1 227 26
37 0 1 0 0 227 27
30 0 0 1 0 227 20
39 I 1 I 1 327 29
4G 1 0 L 0 227 30
41 0 1 0 0 227 31
42 0 0 0 a 227 32
43 I 3 1 0 227 33
44 0 1 0 3 227 34
43 0 0 0 1 227 35
46 2 2 0 1 227 36
47 0 0 a 0 227 37
40 1 2 0 0 227 38
49 0 0 i I 227 39
50 1 2 9 0 227 40
51 I 2 0 0 227 41
52 4 L 2 0 227 42
53 0 1 0 0 227 43
54 3 3 9 a 227 44
55 0 0 0 0 227 45
56 0 2 9 a 227 46
57 0 9 0 0 227 47
50 0 a 0 9 227 46
59 a l 0 0 227 49
60 i a a a 227 50
61 i 0 9 a 127 51
62 9 0 9 0 227 52
63 0 l 9 0 227 53
64 9 0 0 0 227 54
63 1 2 0 0 227 55
66 9 0 0 0 227 56
67 a 2 0 a 227 57
60 i 2 0 0 227 58
69 l 0 0 a 227 59
70 a 0 0 a 227 60
71 a 1 0 a 227 61
72 1 0 0 9 227 62
73 3 a a 0 227 63
74 a 0 0 9 227 64
73 2 i 0 9 227 65
76 0 i 0 0 227 66
77 a i 0 0 227 67
79 1 2 0 0 227 60
79 0 3 0 0 227 69
30 0 9 0 9 227 70
01 0 9 0 0 227 71
32 1 1 0 0 227 72
93 9 0 0 9 227 73
34 2 2 0 0 227 74
35 0 1 9 0 227 75
86 1 9 9 0 227 76
97 0 0 0 0 227 77
88 0 1 9 0 237 70
09 1 1 9 0 227 79
90 L 3 9 0 227 00

1 1 4 9 G 227 01
2 9 3 9 G 227 82
3 9 3 0 0 227 93
4 0 3 0 a 237 84
5 * 8 7 0 a 227 95
6 2 2 0 a 227 86
7 10 10 0 a 227 07
B 8 a 0 0 227 88
9 14 Q 0 Q 227 09

10 i 2 9 0 227 90

OH
FEMALE

CM
HALE

3C
K H A L I

00000
0
0
0
00
0
0
01
01 
0 
0 0 
0 
02 L 
0 2 
0 9 
0 
0 
0 3 
0 
0 
0 
0 3 
0 
0 9 
0 Q I 
0 
0 
0 
0 
0 I 
0 a
0 
9 
0 9 
0 
0 
01 L 
0 
0 
0 1 
0 
0 
0 
Q 
0 
0 
0 
0 
0 a 
o 
o 
0 
0 
0 a a

s c
HALE

0000
9000a0 0 0 01 0 
9 0 0 0 0 0 
Q 0 0 
2 0 
9 0 Qao
a00
9ag
a
a
a
9
9
a
aa00
9
Q
Q000000000000
2
9
900
Q0
aooo000G0
ao



230
230
230
230
230
230
230
2 3 0
230
230
230
230
230
230
230
230
230
230
230
230
230
230
230
230
230
230
230
230
2 3 0
230
2 3 0
2 3 0
230
2 3 0
230
230
230
230
230
230
230
230
230
2 3 Q
230
230
230
230
230
230
230
230
230
230
230
230
230
230
230
23Q
230
230
230
230
230
230
330
230

000000000000000000000ao00000aooaoaI000000000
1*0
a00I000
aaaao000000
20100a00
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C O B flN U E D

TRAP OH OH
FEMALE HALS

1 1 0
2 0 1
3 2 0
4 0 0
5 0 0
6 0 2
7 0 0
a 1 1
9 0 0

to 0 0
11 1 0
12 0 0
13 X 2
U 3 X
15 2 0
16 1 0
17 2 2
ia 4 1
19 0 0
20 1 1
21 0 0
22 2 4
23 2 1
24 3 1
25 0 0
26 0 3
27 0 0
26 1 0
29 2 0
30 0 2
31 0 0
32 0 0
33 0 0
34 0 1
35 1 0
36 1 1
37 0 1
33 1 1
39 0 1
40 0 0
41 1 1
42 0 1
43 1 2
44 3 1
45 1 0
46 0 1
47 0 1
46 2 4
49 0 0
SO 0 1
61 1 0
52 s 1
53 1 1
54 2 6
55 0 0
96 1 6
57 X 1
56 1 3
59 0 0
60 1 7
61 1 X
62 0 0
63 0 X
64 0 0
65 0 0
66 2 1
57 0 1
66 2 a
69 1 2
70 4 0
71 0 0
72 0 1
73 0 0
74 0 0
75 L I
76 0 2
77 0 1
76 2 2
79 0 0
90 1 0

3 0  3 0  DAT!
rC H A U  HALE

0 0 2 3 0
0 a 2 3 0
0 0 2 3 0
0 0 2 30
0 0 2 3 0
0 0 230
0 0 230
0 Q 2 3 0
0 Q 2 30
0 0 2 3 0
0 A 0 233
0 0 23 3
0 0 23 3
0 0 233
0 0 233
0 0 2 33
0 0 2 33
0 2 2 3 3
1 0 233
0 0 233
0 0 2 3 3
0 0 233
1 0 2 3 3
0 0 2 33
0 0 2 33
0 0 233
0 0 23 3
0 0 23 3
0 a 233
0 0 23 3
0 0 2 33
0 0 2 33
0 1 2 3 3
1 0 233
0 0 233
0 0 233
0 0 2 33
0 L 233
0 0 233
0 0 23 3
0 0 233
0 0 233
0 0 2 33
0 0 2 33
0 0 2 3 3
0 0 233
a 0 233
0 0 2 3 3
0 0 2 33
0 0 233( 0 2 3 3
a 0 2 33
0 0 2 33
0 0 233
0 Q 233
0 0 233
0 0 2 3 3
0 0 2 33
0 0 2 33
2 0 2 3 3
0 0 233
0 0 233
0 0 2 33
0 0 233
0 0 233
0 0 233
0 1 2 33
0 0 2 33
0 0 233
0 0 233
0 0 233
0 0 233
0 0 233
0 0 233
1 9 233
0 0 233
X 0 233
0 0 233
0 0 233
0 0 23 3

t r a p  oh  a n
FEMALE MALE

61 0 0
62 0 1
d3 2 5
64 1 :
65 X 2
46 2 0
67 2 0
66 X 2
69 1 9
90 0 1

I 0 0
2 1 0
3 0 X
4 L 0
5 X a
6 1 0
7 a 0
6 l 0
9 0 0

10 0 a
11 0 i
12 0 0
13 0 3
14 1 0
15 0 0
16 1 0
17 1 0
16 2 0
19 0 0
20 0 3
21 0 a
22 0 4
23 1 0
24 1 1
23 0
26 2 1
27 1 0
29 9 0
29 0 0
30 0 0
31 0 a
32 0 0
33 2 0
34 2 2
35 0 0
36 0 0
37 0 0
36 0 1
39 0 0
40 z 2
41 2 1
42 1 I
43 0 0
44 0 0
45 0 1
46 1 0
47 Q 1
46 X 6
49 0 0
30 0 0
51 2 1
52 S 0
53 2 3
54 2 2
55 0 0
56 0 3
57 1 0
58 2 2
39 0 1
60 2 2
61 0 2
62 1 X
63 X 0
64 0 2
65 0 9
66 9 0
67 1 1
68 1 1
69 2 0
70 1 2
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7MU EJ* COHTJHUED

TRAP OK
FEMALE

OK
KALE

s c
FEMALE

SC
KALE

BATE TRAP OM
TCHALE

OM
KALE

SC
fem a le

SC
KALE

71 2 Q 0 a 237 61 I 0 0 072 0 Q 0 0 237 62 0 0 0 0
73 0 a 0 Q 237 63 0 0 0 074 1 2 0 0 237 64 0 2 0 a
75 0 1 1 a 237 65 1 0 0 0
76 a 0 0 0 237 66 0 0 0 077 '0 0 0 0 237 67 a Q 0 0
7a 0 2 1 0 237 68 Q 0 0 0
79 2 0 0 a 237 69 0 0 0 0
ao 0 I 0 0 237 70 a 9 0 0
a i 0 0 0 0 237 71 a 0 0 0
82 0 0 0 0 237 72 0 0 0 0
93 0 0 0 0 237 73 3 1 0 0
84 0 1 L 0 237 74 3 2 0 1
85 0 0 1 0 237 75 a 0 0 Q
96 2 3 0 0 237 76 0 0 0 0
07 0 3 0 0 237 77 0 0 0 0
98 0 0 0 0 237 78 0 0 0 0
89 1 1 0 0 237 79 0 0 0 0
90 L 0 0 0 237 BO 0 0 0 0

1 6 s 2 0 237 81 0 0 0 9
2 2 0 0 0 237 82 a 0 0 0
3 1 0 Q 0 237 83 i 1 0 0
4 0 0 0 0 237 84 i 0 0
5 1 0 0 0 237 85 0 0 0 0

1 1 0 1 237 56 1 1 I I
7 0 0 0 0 237 87 2 0 0 0

0 0 a 0 237 88 0 0 0 0
9 0 9 0 0 23 i 89 0 0 0 0

IQ 0 I i 0 237 90 0 9 9 a
11 0 0 0 0 240 I a 20 1 0
12 2 a 0 0 240 2 9 16 0 9
13 1 l 0 0 240 3 20 22 I 0
14 0 0 0 0 240 4 4 13 L 0
15 0 0 Q 0 240 5 16 29 0 0
16 0 0 0 0 240 6 3 10 0 9
17 0 0 Q 0 240 7 11 28 0 7
lfl 1 1 0 0 240 8 5 20 9 0
19 0 0 0 0 240 9 27 65 1 1
2D 1 3 0 0 240 U 10 16 0 0
21 0 0 0 0 240 12 13 25 L 0
22 a 0 Q 0 240 13 13 33 0 1
23 0 0 0 0 240 14 30 1 0
24 0 0 0 0 240 15 9 37 0 5
25 0 0 0 0 240 16 4 16 a 0
26 0 0 0 0 240 17 28 25 0 0
27 0 0 0 0 240 18 12 45 i 0
28 3 2 0 0 240 19 2 6 9 0
29 1 3 0 0 240 20 13 I 0
30 0 0 0 0 240 21 13 a 0 0
31 0 0 0 0 24Q 22 15 42 0 2
32 0 0 0 0 240 23 16 11 0 0
33 0 0 0 0 240 24 6 7 0 0
34 0 0 0 0 240 25 10 12 0 9
35 0 0 0 0 24Q 28 L 11 1 0
36 Q 0 0 0 240 27 20 0 0
37 1 1 0 0 240 28 1 1 0 0
38 0 2 0 0 240 29 11 a 3
39 0 a 0 a 240 30 3 10 0 0
40 0 0 0 0 240 31 17 27 0 0
41 a 3 1 0 240 32 3 29 3 1
42 0 0 0 a 240 33 12 16 1 0
43 0 0 0 0 240 34 2 7 0 0
44 0 0 0 0 240 35 5 10 1 0
45 0 0 0 0 240 36 6 1 0
46 1 1 0 0 240 37 3 1 1 0
47 0 0 0 0 240 38 5 0 0
48 0 0 0 0 240 39 2 12 2 0
49 0 0 a 0 240 40 4 5 3 0
50 0 0 0 0 240 41 10 0 0
51 0 0 0 0 240 42 1 4 1 9
52 0 0 Q 0 240 43 6 5 1 0
53 0 0 0 0 24Q 44 6 5 1 13
54 0 0 0 a 240 45 3 29 0 1
55 2 L 0 0 240 <6 2 6 1 0
56 L 0 0 0 240 47 U c 0
57 0 0 D 0 240 48 5 IS i I
58 a 0 0 0 240 49 1 3 L 3
59 0 0 0 0 240 50 a 11 0 0
60 0 0 9 0



2 40
2 40
2 40
2 4 0
240
2 40
2 40
2 40
240
240
2 40
2 40
2 40
24Q
2 40
2 40
2 40
2 40
2 40
2 40
240
240
240
2 40
240
240
240
240
240
240
210
240
240
240
240
240
2 4 2
2 4 2
24 2
242
242
242
2 4 2
2 4 2
2 4 2
2 4 2
2 4 2
2 4 2
2 4 2
2 4 2
2 4 2
2 42
2 42
2 42
2 4 2242
24 2
242
242
242
2 4 2
2 42
2 4 2
2 4 2
2 4 2
2 4 2
2 4 2
2 4 2
2 42
2 42
2 42
2 42
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CONTINUED

TBAP OH
fC K A L I

OH
HACJC

SC
PtKALZ

s c
HALS

S I 5 5 L 0
52 1 2 0 0
53
54

1 12
16

1
0

0
0

S5 5 6 0 2
56 2 0 0 0
57 1 0 0 0
SB 1 6 2 0
59 3 9 0 0
60 28 0 0 0
51 3 10 0 3
<2
43

3 1
12

0
0

0
0

64 3 4 2 0
65 3 12 I 0
66 2 I  ’ 0 0
67 1 10 a 0
68 6 6 0 0
69 1 9 2 0
70 7 11 0 0
71 1 2 1 0
73 2 6 0 0
73
74

4 L3
23

2
0

0
1

75 11 19 0 1
76 3 7 0 0
77 3 6. 0 0
70 6 12 0 0
79 5 32 2 1
ao 4 LO 0 0
01 5 14 2 0
02 2 4 0 0
03
04

2 12
0

0
0

0
0

05 7 26 2 1
06 7 LO 1 0
07 2 16 2 0
SB 12 12 0 a
69 13 13 1 i
90 9 11 1 0

1 3 4 0 0
2 13 24 0 a
3 5 26 0 3
4 7 IS 0 2
5
6 
7

7 15
3
7

1
1
0

0
1
a

0 6 7 1 0
9 14 26 0 12

10 9 12 1 4
11
12

2 S
0

0
5

2
0

13 1 6 a 1
14 11 19 4 6
IS 7 12 1 0
16 4 13 2 0
17 4 11 1 0
19 24 46 3 4
19 1 3 1 1
20 I 10 0 0
21 2 2 0 0
22 9 26 2 0
23 1 S 1 0
24 9 14 3 1
25 6 9 0 1
26
27

13 21
3

0
0

0
0

26 2 5 1 0
29 I 0 0 0
30 4 6 0 Q
31 11 14 2 0
32 16 13 1 9
33 5 4 3 1
34 3 11 2 0
J5
36

2 3
14

0
1

a
l

37 1 3 0 a
38 1 IQ 0 l
39 1 1 0 9
40 2 10 0 0

DATE TRAP OM OM SC SC
FEMALE MALE FEMALE MALE

* 1 4  6 0 0
4 2  4 13 0 0
43 0 6 0 0
44 11 14 1 1
43 2 3 1 0
46 4 3 1 0
47 1 6 0 0
48 4 13 0 1
49 1 6 0 0
30 7 20 0 0
31 S 3 0 0
51 7 9 1 0
53 1 3 1 0
54 11 20 0 0
35 1 3 0 036 S 12 1 0
57 0 4 0 0
30 4 7 1 0
59 5 5 3 0
50 5 14 0 0
s i  4 a o o
62 2 9 4 0
S3 5 12 1 0
64 3 3 0 0
S3 1 2 2 0
66 5 9 0 1
67  1 4 0 0
s e  3 i o  o o
69 2 7 0 0
70 3 11 0 0
71 1 4 2 0
72 10 20 0 0
73 2 9 0 0
74 2 6 1 0
73 4 7 1 0
76 3 10 1 0
77 3 6 0 0
79 26 4 2  1 0
79 3 13 0 0
ao  13 36 1 181 2 10 0 0
82  3 5 0 0
83 4 17 2 0
84 12 33 3 0
83 4 7 0 0
85 8 19 0 0
87 2 16 0 0
88 10 41 1 1
89 10 13 0 0
90 20 29 2 0

1 0 4 0 0
2 3 I I  0 0
3 0 4 0 0
4 1 4 0 0
5 1 a o o
6 0 2 0 0
7 1 2 0 0
3 2 2 1 0
9 0 11 0 010 5 10 0 0

11 0 3 0 1
12 3 2 0 0
13 1 1 0 0
14  1 4 0 0
15 0 4 0 0

' 1 6  1 a o a
17 0 1 0 0
18 4 11 0 0
19 1 3 0 0
20 . o 3 a a
21  1 0 0 0
22 0 3 0 0
23 1 3 0 0
24 0 0 0 023 0 0 0 3
26 I  3 0 0
27 3 3 0 028 1 0 0 1
29 2 2 0 0
30 1 1 1 0
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T A B U  E l  .  CO HTIHUED

DATE TRAP OH
FEMALE

ON
HALE

SC
rtNALC

s c
HALE

144 11 1 3 0 0
144 11 1 6 0 a
144 11 1 1 0 a
144 14 a 0 0 0
144 19 l 1 0 a
144 IS a 6 1 0
144 37 i a 0 0
144 11 1 l 0 t
144 39 i a 0 0
144 40 1 a 0 0
144 41 i 1 0 0
144 41 a l 0 a
144 41 8 l 0 0
144 44 0 3 0 a
144 49 1 9 0 0
144 46 4 1 0 l
144 47 1 0 0 0
144 48 1 1 a a
144 49 1 0 0 0
244 SO 1 3 0 0
144 S I 1 1 0 0
144 91 3 0 0
144 SI 1 3 a 0
144 94 1 a 0
144 99 1 3 a 0
144 96 1 5 0 a
144 97 1 1 a 0
144 SB 3 6 a 0
144 99 1 a a
144 60 4 0 a
144 61 1 5 0 0
144 61 S 0 a
144 63 1 4 0 0
144 64 1 3 0 0
144 65 1 1 0 0
144 66 1 0 0 0
144 67 1 3 0 0
144 6B 1 a a
144 69 1 1 0 a
144 7 0 1 5 3 a
144 71 I a 0
144 71 3 0 0
144 73 1 1 0 0
144 74 9 9 l 0
144 75 1 11 l 0
144 76 1 9 a 0
144 77 1 a 0
144 78 1 6 l a
144 79 1 3 a a
144 30 9 8 a 0
144 31 1- 7 0 0
144 91 1 6 a 0
144 33 1 6 0 0
144 34 1 1 a 0
144 39 1 3 0 0
144 36 3 a a
144 87 1 8 0 a
144 38 1 4 1 0
144 89 1 1 1 0
144 90 1 a 0
147 1 1 0 0
147 1 1 11 0 1
147 1 1 18 0 0
147 4 1 13 l 1
147 5 1 8 i 0
147 6 1 9 0 0
147 7 1 7 0 0
147 8 1 IS I i
147 9 4 41 I 0
147 10 4 9 1 1
147 U 14 1 a 0
147 11 1 11 0 i
147 13 I 16 l 0
147 14 4 14 i 1
147 IS 1 18 0 a
147 16 3 11 0 0
147 17 9 0 0
147 18 3 18 0 0
147 19 1 3 a 0
147 10 1 4 0 0

OATS TRAP OH
FEMALE

ON
MALE

SC
TZHMZ

3C
KAU

147 11 2 9 1 1
147 12 4 20 9 0
147 13 1 6 2 a
147 14 1 18 I a
147 25 7 6 0 Q
147 26 11 0 3
147 27 1 9 0 0
147 28 I 4 0 a
147
147

19
10 1

1
2

0
0

0
0

147 11 6 14 I 4
147 12 1 19 0 0
147 11 1 8 2 0
147 14 1 10 1 1
147 15 1 7 1 1
147 16 6 16 0 L
147 37 1 S 1 a
147 18 1 9 Q 0
147 19 2 8 0 3
147 40 1 7 a 0
147 41 2 7 l T
147 42 6 4 0 2
147 41 1 14 a 1
147 44 4 23 0 1
147
147

45
46 1

9
11

0
0

0
0

147
147

47
48 I

4
6

0
0

0
a

147
147
147

49
90
51' 2

a
i s
10

0
I
0

0
i
0

147 52 I 4 0 i
147 53 2 3 0 a
147 54 1 11 0 2
147 55 L 5 0 a
147 56 2 10 a 0
147 57 2 4 0 i
147
147
147
147

SB
39
60
61 1

11
8

11
10

i
i
i
i

0
i
l
l

147 62 3 6 i a
147 43 1 12 0 0
147 64 5 6 i 0
147
147

45
66 1

1
3

1 0
0

147
147

47
68 4

5
19

0
0

0
0

147 69 0 * 10 a 0
147 70 5 17 2 0
147
147

71
71 5

3
15

0
2

0
O

147 73 5 13 1 I
147 74 1 7 3 0
147
147

75
76 4

4
2

a
0

0
a

147 77 1 1 l Q
147 78 0 30 0 a
147 79 1 9 3 i
147 80 3 17 0 a
147 81 2 11 0 i
147 82 3 2 (3 0
147 81 5 22 1 i
147
147

84
35 5

8
14

0
3

l
i

147 86 1 9 0 0
147 87 4 20 1 a
147 88 10 40 0 a
147 89 2 19 1 i
147 90 5 1 0 0
ISO 1 1 2 o a
150 1 0 3 3 a
150 1 2 3 D 0
150 4 0 5 0 0
250 5 0 0 a
150 6 0 0 2 i
150 7 0 3 3 2
150 8 0 1 0 0
150 9 L 15 0 0
150 10 1 8 0 0
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T A S L I  E l  ,  CONTINUED

DATE TRAP OH 0 H SC SC SATE TRAP OH OH SC 5C
FEMALE HALE FEMALE MALE FEMALE HALE FEMALE HALE

250 11 0 T 0 0 254 1 0 2 2 2
250 12 0 0 0 254 2 6 32 3 4
250 13 0 7 0 0 254 3 2 29 I 1
250 1 4 . 1 3 0 0 254 4 10 2 1
250 15 0 5 0 0 254 5 1 6 1 1
250 16 0 2 1 0 254 6 3 1 1
250 17 0 5 0 1 254 7 2 9 1 0
250 i e 0 5 0 0 254 8 10 1 2
250 19 0 3 0 0 254 9 14 1 2
250 20 4 6 0 0 254 10 3 22 2 1
250 21 0 1 0 0 254 11 4 12 0 1
250 22 2 17 3 2 254 12 3 11 2 3
250 23 1 1 0 0 254 13 2 9 0 1
250 24 2 1 2 254 14 1 8 1 1
250 25 1 5 0 1 254 15 4 13 2 3
250 26 2 1 3 Q 254 16 1 5 0 1
250 27 2 6 1 1 254 17 2 3 1 1
250 23 0 4 2 2 254 18 3 6 2 1
250 29 2 0 0 0 254 19 5 22 1 2
250 30 0 9 G 0 254 20 3 0 1
250 31 6 0 2 254 21 4 14 3 3
250 32 0 5 0 2 254 22 2 15 13 13
250 33 0 3 0 0 254 23 4 38 2 3
250 34 4 0 0 254 24 5 9 5 5
250 35 1 1 0 2 254 25 7 29 1 2
250 36 2 12 3 0 254 26 1 9 2 1
250 37 2 4 0 0 254 27 2 28 3 4
250 38 1 1 2 2 254 28 10 2 2
250 39 3 6 0 0 254 29 3 26
250 40 1 2 0 0 254 30 1 12 2 3
250 41 1 3 0 1 254 31 11 37 22 22
250 42 3 3 0 254 32 1 10 2 2
250 43 0 2 0 2 254 33 2 24 3 3
250 44 1 1 0 254 34 1 4 2 3
250 45 0 3 0 0 254 35 5 12 1 1
250 46 1 0 1 254 36 3 19 1 1
250 47 0 14 0 0 254 37 1 12 1 2
250 43 0 12 0 0 254 38 3 5 0 1
250 49 1 0 0 254 39 2 23 2 2
250 51 0 7 0 0 254 40 i 4 2 3
250 52 2 6 0 2 254 41 1 15
250 53 1 7 1 0 254 42 1 7 5 6
250 34 1 3 0 1 254 43 2 10 2 1
250 35 0 8 0 0 254 44 9 4 4
250 56 1 3 0 0 254 45 4 i'a 5 5
250 57 1 4 0 2 254 46 16 15 15
250 53 0 2 0 0 254 47 5 34 5 5
250 39 1 3 0 0 254 48 1 9 2 I
250 60 1 7 0 2 254 49 5 28
250 61 3 4 0 0 254 50 3 15 2 3
250 62 0 9 0 0 254 51 5 26 2 3
250 63 2 7 0 1 254 52 3 12 9 10
250 64 0 4 2 0 254 53 5 17 2 2
250 65 2 1 1 0 254 54 1 IS 0 1
250 66 2 1 0 0 254 55 1 18 2 3
250 67 1 10 1 0 254 56 2 27 G 1
250 68 1 1 0 0 254 57 17 4 5
250 69 0 2 0 0 254 58 3 22 3 4
250 70 0 0 0 254 59 3 19 2 3
250 71 0 1 0 0 254 60 2 22 3 3
250 72 1 4 1 0 254 61 5 28 7 a
250 73 0 2 0 2 254 62 20 8 a
250 74 2 3 0 1 254 63 2 100 5 6
250 ' 75 1 I 0 1 254 64 9 2 2
250 76 1 4 0 0 254 65 5 47 2 3
250 77 0 1 0 0 254 66 2 5 6
250 78 0 2 0 0 254 67 3 30 4 4
250 79 I 6 0 1 254 68 11 3 4
250 80 0 3 0 0 254 69 1 39 10 10
250 81 1 2 1 1 254 70 3 11 6 7
250 82 3 3 0 2 254 71 1 18 3 4
250 83 1 9 0 0 254 72 1 21 2 1
250 84 1 4 0 0 254 73 2 8 2 2
250 35 1 3 0 0 254 74 19 12 13
250 86 3 4 3 3 254 75 2 12 16 17
250 87 3 12 1 0 254 76 7 2 3
250 88 3 1 1 0 254 7 7 5 27 6 7
250 99 1 1 1 254 75 2 18 2 2
: s o 90 3 9 3 254 

254
79
30

2
1

17
12

7 8 
4 4
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TABLE C l .  CO NTINUED

DATE TRAP ON OH SC SC
fem ale HALE rEH AU HAM

234 81 4 16 7
234 82 0 18 10 10
234 81 12 21 12 13
254 84 0 10 7 7
234 83 3 25 18 18
234 88 0 14 5 4
234 87 4 10 16 17
234 83 4 23 5 3
254 89 10 43 3 4
234 90 0 14 4 5
237 t 1 9 5 5
257 2 2 6 1 2
237 1 2 6 3 4
237
237

4
5

0
0 4

0
4 4

237 6 1 2 3 4
257 7 8 5 I 2
237 a 1 3 1 1
137 9 4 13 2 2
157 10 2 4 0
237 u I 0 1
237 12 4 3 2 2
257 11 1 4 2 2
137 14 2 2 2
237 13 2 2 1 1
237 IS 0 1 1
137 17 0 12 1 2
237 18 3 1 1
157 19 4 11 11 11
257
157

20
21

0
2 1

0
2 2

237 22 0 2 4 4
237 21 1 1 1 2
237 24 4 1 1 2
157 23 7 11 4 4
237 28 3 I 3 4
157 17 4 2 3 4
257 28 3 4 0 I
137 19 0 2 3 1
237 30 0 0 1
237 11 2 3 18 19
237 12 0 1 1
237 33 0 2 2 3
257 34 0 1 0
237 35 l 3 1 1
137 38 l 3 1 1
237 37 13 14 15 15
237 38 2 5 7 7
257 39 4 3 6 7
237 40 2 7 8 8
257 41 3 7 6 6
237 42 1 4 3 6
237 43 6 3 a a
237 44 7 3 8 a
237 45 1 3 3
237 46 11 6 15 IS
237 47 1 3 10 10
237 48 2 19 7 7
237 49 1 10 13 15
237 50 0 5 8 9
237 51 9 11 11 11
257 52 2 5 6 6
157 53 11 14 11 11
237 54 3 9 10 10
237 55 12 5 44 43
237 56 4 7 14 15
237 57 0 4 6 6
237 58 3 3 18 28
237 59 1 4 12 12
1ST 60 5 3 13 i :
1ST 81 2 13 17 18
257 62 7 12 23 22
237 63 6 11 11 12
157 64 2 19 20
237 65 6 19 19
157 66 7 5 18 19
237 67 5 11 12 13
257 68 2 6 T 7
257 69 6 13 13
157 70 7 19 38 38

DATE TRAP OH OH SC SC
FEMALE HALE FEMALE HALE

257 71 3 8 12 12
257 72 3 14 9
237 73 3 16 14 14
257 74 0 1 1 I
257 75 0 1 5 4
257 76 1 2 1 2
257 77 2 4 4 3
237 78 3 4 3 4
257 79 2 8 3 5
257 BO 1 I 1 2
237 81 2 3 3 3
237 82 a 2 2 3
2ST 83 4 7 21 20
257 84 0 1 4 5
257 85 2 5 19 20
257 86 1 2 7 8
237 87 0 4 3 6
257 88 2 8 4 4
237 89 14 11 8
257 90 1 7 2 2
261 1 0 29 5 5
261 2 3 10 1 1
261 3 1 8 0 0
261 4 0 a 0 0
261 5 3 0 1
261 6 4 6 2 2
261 7 0 2 0 0
261 8 8 12 1 1
261 9 1 27 1 1
261 10 4 7 4 4
261 11 1 1 0 a
261 12 1 7 0 0
261 13 0 6 0 1
261 14 0 7 2 1
261 13 0 3 3 0
261 16 2 5 2 l
261 17 1 4 1 l
261 18 4 2
261 19 3 36 7 7
261 20 0 4 4
261 21 1 5 2 1
261 21 4 2 2
261 23 2 1 1
261 24 4 7 5 5
261 25 3 8 2 3
261 26 3 2 1 1
261 27 1 11 4 4
261 28 1 25 18 0
261 29 2 2 *1 1
261 30 2 4 3 4
261 31 6 21 21
261 32 3 9 2 2
261 33 4 7 7
261 34 3 13 2 1
261 33 2 4 2 2
261 36 5 6 2 1
261 37 1 41 16 IS
261 38 5 13 1 1
261 39 3 1 1
261 40 4 1 3 3
261 41 4 1 3
261 42 1 11 2 2
261 43 2 9 2 1
261 44 10 22 4 4
261 45 2 13 2 2
261 46 7 7 3 4
261 47 9 2 2
261 48 1 1 2 1
261 49 1 6 t
261 50 4 4 2 3
261 51 3 8 2 3
261 52 10 14 4 4
261 51 4 9 2
261 54 7 17 2 3
261 55 7 30 7
261 56 10 2 3
261
261

57
58 1

1
12 I

1
2

261 39 1 1 4 4
261 60 12 13 2 2



251
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
261
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C O NTtNU ZD

7 RAF o n
PCfULZ

on
MALE

SC 
fENALZ

s c
MALZ

61 3 16 a
62 10 13 4 4
63 2 • 8 2
64 3 45 3 4
65 2 16 6 6
66 1 4 3 4
67 0 2 L 1
69 a 25 3 4
69
70

l
9

14
34 5 5

71 2 0 5 5
72 7 10 2 2
73 2 47 10 10
74 5 12 s s
73 0 4 1 2
75 10 19 4 4
77 0 13 5
73 s 26 5 6
79 2 17 7 7
30
31

41
1

8
14 6 7

32 5 34 7 7
33 1 25 10 10
94 2 3 1 2
35 1 14 4 5
36 6 7 7
37 1 10 6
98 27 7 9
89 4 36 9 10
90 4 19 6 5



296

TA BLE E ?

T t TRAP OH OH 9C SC DATE TftAP QH OH SC SC
FEHALE HALE FEMALE HALE FEMALE HALE FEMALE HALE

1 L 0 12 6 1 3 2 81 0 0 0 1
2 2 0 12 12 132 82 1 0 0 0
3 2 0 0 5 132 6 3 0 0 0 0
4 0 0 0 0 132 6 4 0 0 0 0
5 0 0 0 0 132 8 5 0 0 a j
6 0 0 3 1 132 8 6 2 0 10 3
7 0 a 1 1 1 3 2 9 7 0 0 0 1
8 0 0 0 0 132 88 0 0 2 0
9 0 0 0 0 132 89 0 0 0 1

10 0 0 I 1 132 90 0 0 4 1
11 0 0 1 1 138 1 I 0 1 4
12 0 0 0 I 138 2 2 6 4
13 0 9 0 0 138 3 0  1
14 L 0 2 0 130 4 1 I 2 7
IS 0 0 0 a 138 5 0 1 4
18 0 0 0 0 138 6 2 1 3 I
17 0 0 0 0 138 7 3 2 3 5
18 0 0 1 2 138 0 L 1* 1 J
19 0 0 3 0 138 9 2 i* S 4
20 0 0 0 0 138 10 1 3 3
21 0 0 a a 138 11 0 2 2
22 0 0 0 0 138 12 1 0 1 3
23 0 0 0 0 138 13 1 1 1 0
24 0 0 0 9 138 14 2 0 9 2
25 0 0 Q 9 138 15 1 1 2 1
26 Q a 0 0 138 16 0 1 2
2 7  1 0 Q I 1 138 17 1 0 0 2
28 0 0 0 0 138 18 I 2 1 1
29 0 a 0 0 138 19 1 0 L 4
20 0 0 0 3 138 20 2 0 1 1
31 0 0 1 1 138 21 I 3 1
32 0 0 a 0 138 22 1 1 2 4
33 0 0 l L 138 23 1 1 3 1
34 0 Q l 1 130 24 2 1 4 2
35 0 0 l 1 138 25 1 I 2 1
36 0 0 3 1 130 26 I 0 5 1
37 3 3 7 4 138 27 I 1 I  3
38 3 5 6 6 130 20 I 0 4 1
39 0 9 0 3 138 29 0 2 1
40 0 0 2 0 138 30 1 1 8 2
41 0 0 I 0 130 31 L Q 1 2
42 0 0 4 0 138 32 1 k 4 1
43 0 9 a Q 136 33 I 1 2 1
44 0 9 5 1 136 34 1 a 1 1
45 0 0 0 0 13d 35 l 2 4
46 0 0 0 0 138 36 i 1 1
47 3 0 0 2 130 37 2 0 9 2
48 0 0 0 1 138 38 5 i 30  9
49 i 0 0 0 138 39 1 5 3
50 0 0 a L 130 40 i 2 4
S I 0 0 0 1 130 41 1 l 2 S
52 0 0 0 a 138 42 : 0 18 3
S3 0 0 0 0 138 43 3 1 14 9
54 1 1 3 2 130 44 3 30 11
35 0 0 1 0 138 45 1 1 4 0
56 1 1 4 1 138 46 1 9 3 2
57 0 0 1 9 136 47 1 1 2 2
58 1 0 4 0 136 40 1 0 3 1
59 Q 0 0 1 138 49 0 0 2 4
60 Q 0 1 0 138 50 1 0 2 3
61 0 0 0 0 1JB S I 0 0 1 2
62 0 0 0 0 130 52 0 1 7 1
63 Q 0 0 0 138 S3 0 0 1 L
64 0 0 1 1 136 54 0 0 5 2
65 0 0 0 L 136 55 1 0 6 2
66 0 0 2 0 136 56 1 I 9 1
67 0 0 2 0 136 57 1 1 2 3
68 0 3 1 3 136 56 1 I 9 1
69 0 a 1 0 136 59 1 2 1 1
70 9 0 0 0 138 60 3 2 2 2
71 3 0 3 138 61 3 1
72 3 2 9 3 138 62 1 1 4 I
73 1 1 4 i 138 $3 1 1 2 0
74 3 0 11 2 138 6 4 1 1 5 1
75 9 1 6 2 138 6 5 2 1 1 1
76 1 1 1 1 136 6 6 i 1 3 2
77 0 0 0 0 136 67 1 1 5 Z
78 I 1 I 1 138 66 1 3 2
79 0 a 0 0 138 69 0 2 3 i
00 0 0 2 9 130 70 1 1 7 1
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T A B U  E 2  . CO NTINUED

DATS TRAS ON
rCMLX

ON
KALI r m u

SC
male

DATE TRAP OH
FEMALE

OH
HALE

SC
FEMALE

3C
MALI

n a 71 1 1 3 2 153 61 3 2 I 1
u s 72 1 2 14 1 155 62 9 6 0 2
L38 73 1 1 5 1 135 63 4 3 1 013a 78 1 1 21 3 155 64 10 9 3 0
u s 75 1 3 5 3 135 65 11 I 0 0
138 78 3 a 10 4 135 66 15 7 3 1
138 77 1 2 3 1 155 67 10 • 2 2 0
13B 78 4 3 16 4 135 60 IT 10 12 3
138 79 1 0 I 155 69 5 a 0 0
138 80 1 0 4 1 153 70 23 7 9 1
138 81 1 a 4 7 155 71 3 1 2 1
138 82 1 0 7 6 155 72 16 3 4 0
138 83 0 l 3 1 135 73 4 1 1 2
138 84 0 0 7 1 155 74 9 3 2 0
138 85 4 3 2 I 155 75 4 I 3 1
138 86 0 0 1 6 155 76 23 a 9 a
138 87 1 1 5 L55 77 9 7 3 0
138 88 2 0 2 133 76 11 6 11 2
138 89 1 1 4 2 133 79 3 Q 1 0
138 90 1 1 10 2 133 30 13 i 0 0
155 1 7 0 1 155 31 S 2 4 0
155 2 4 2 1 135 92 33 11 a 4
155 3 4 3 4 3 135 93 12 2 3 1
155 4 18 1 3 2 155 34 10 6 5 , 2
155 5 2 0 1 155 35 5 3 2 1
155 6 5 4 2 1 155 96 9 9 2 1
155
155

7
a

a2 2
5 3 1 135

153
37
30

510 16 2
3

L1
155 9 7 5 2 1 153 39 9 s 2 1
155 10 4 1 1 133 90 11 4 3 2
155 11 4 4 1 3 166 I 5 0 2 0
155 12 11 2 1 2 1S6 2 3 0 4 0
155 13 1 2 1 166 3 3 0 1 0
155 14 7 11 1 3 166 4 3 0 0 3
155
155

15
16

7
16

38 2 1 166
166

56 0
2 0X 01 00

155 17 1 8 0 166 7 <J I 0 a
155 18 5 10 0 2 166 3 1 3 0 3
155 19 9 8 0 1 166 9 1 0 1 3
155
155
155

202122
18
2522

1420
19

t4 4
166
146
166

to1112
2
01

a00 &
Q

i0
155 23 11 3 3 166 13 0 0 Q 0
155 24 20 18 5 2 166 14 3 I 1 0
155 25 10 2 1 L66 15 0 0 0 0
155 26 19 10 3 2 166 16 4 0 2 *
135 27 16 6 1 1 166 17 0 0 Q 0
153 28 9 7 2 1 166 19 0 0 0 0
135 29 11 1. 2 2 166 19 0 0 0 0
155 30 26 9 4 L 166 20 0 0 0 a
155
155

31
32

4
13

2
9 3 3

166
166

2122 4
3

9
3

1
4

z0
155 13 4 1 2 2 166 23 2 1 1 1
153 34 2 a L 166 24 0 0 0 a
155 35 2 i 1 I 164 25 0 0 Q 0
155
133

16
37

1
7

i6 2 1 166
166

26
27

3
3

11 11 z1
155 38 7 0 I 166 28 4 5 6 1
133 39 4 2 1 L 166 29 0 a 0 a
133 40 12 1 12 12 166 30 2 1 1 z
155
153

41
42

312 26 2 L
166
166

31
32

4
7

212 26 i

153
155

43
44

14
19

2
7 4 2 166

166
33
34

1 22 1
7

i
z

155 45 9 1 2 1 166 33 0 0 3 0
15$ 48 13 13 2 2 166 36 3 3 a
155 47 2 3 2 I 166 3? 1 0 2 z
135 48 11 3 1 2 166 38 6 2 6 i
155 49 3 3 1 1 166 39 3 1 0 0
135 50 11 10 0 2 166 40 1 0 0 i
135 31 3 1 a 1 166 41 1 1 3 i
153 52 1 2 0 166 42 1 0 2 0
135 53 5 1 l 1 L66 43 0 a 1 i
155 34 27 6 3 1 166 44 1 2 2 1
135 35 14 12 0 0 166 45 3 1 2 I
153 56 16 6 3 2 166 46 0 0 3 I
153 37 6 2 0 0 166 47 Q 0 9 I
133 38 10 5 4 0 166 48 1 1 0 I
155 39 11 1 2 0 166 49 0 3 0 0
155 SO 12 3 t 2 166 50 1 2 0 0
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T J U L t  E l .  CO NTINUED

DATE TRAP OH
rtM ALE

OH
MALC

SC
rEHAEX

SC
MALE

1 66 S t 3 3 I 2
1 6 6 52 3 2 0 0
166 SI Q a 1 0
1 66 54 1 2 0 0
166 55 0 0 0 0
166 56 4 2 1 0
166 57 3 2 I 0
166 58 I 2 L 1
166 69 0 Q 0 0
166 68 0 1 1 0
166 61 1 0 0 I
166 62 4 L I 0
1 6 6 62 1 2 I 0
166 64 4 3 4 2
166 65 0 0 0 0
166 66 1 a 3 0
166 67 2 2 a 2
166 66 4 4 1 1
166 69 3 1 0 0
1 66 70 3 I i I
1 66 71 a 1 2 0
1 66 72 5 2 2 I
166 73 2 3 3 L
166 74 1 2 3 0
166 75 0 0 0 1
166 76 1 1 1 0
166 77 0 1 0 I
166 78 3 2 10 1
166 79 0 0 a 0
166 90 3 2 7 1
166 91 2 0 1 0
166 92 1 2 7 0
166 63 0 0 1 a
166 94 5 2 2 0
1 66 95 0 0 0 a
166 96 2 1 1 0
166 87 0 0 0 0
166 88 7 5 9 l
166 89 0 3 I 0
166 90 2 I 1 1
m 1 0 1 2
171 2 0 2 5 6
177 1 0 0 0 0
177 4 0 0 0 0
177 a 3 3 3 4
177 6 3 1 9 13
177 7 D 0 0 0
177 9 0 0 a 0
177 9 2 4 a 4
177 10 I 0 5 IS
177 11 0 0 a 0
177 12 0 0 a 0
177 13 1 I 4 3
177 14 4 3 4 14
177 15 0 0 0 0
177 16 0 0 Q a
177 17 4 4 9 8
177 18 3 3 13 12
177 19 6 3 6 4
177 20 1 2 5 13
177 21 3 0 0 0
177 22 0 0 0 0
177 23 3 8 4 7
177 24 2 1 3 5
177 25 0 0 0 0
177 26 0 0 0 9
177 27 7 12 19 16
177 28 5 4 15 13
177 29 0 0 0 9
177 30 a 0 0 0
177 31 l 7 1 6
177 32 6 7 8 11
177 33 0 0 0 0
177 34 0 a 0 0
177 35 2 s 4 4
177 36 3 0 4 6
177 37 5 2 Z 3
177 38 2 1 12 15
177 39 0 0 0 0
177 40 0 0 0 0

DATE TBAP OH
FEMALE

OH
HALE

s c
FEMALE

s c

177 41 1 1 4 I
177 42 3 3 6 6177 43 0 0 0 a
1 77 44 0 0 0 9
177 45 0 I 2 i
177 46 6 2 4 7
177 47 0 0 0 o
177 46 0 0 a o
177 49 2 0 4 1
1 77 SO 5 7 5 s
177 31 0 0 0 o
177 52 a 0 0 Q
177 33 2 0 4 4
177 54 2 S 12 18
177 55 13 12 10 9
1 77 56 1 6 10 13
177 57 0 0 0 a
177 36 a 0 a a
177 39 5 5 7 t i
177 60 2 1 4 7
177 61 0 0 3 0
177 62 0 a 0 0
1 77 63 3 2 3 2
177 64 3 3 4 10
177 65 0 a 0 0
177 66 0 9 0 a
177 67 4 2 1 o
177 68 2 0 4 5
177 59 0 0 a a
177 70 0 0 a o
177 71 4 1 3 i
177 72 1 2 6 14
177 73 3 0 0 0
177 74 0 0 9 9
177 75 0 0 0 0
177 76 0 0 0 a
177 77 0 1 2 a
177 78 3 6 7 18177 79 0 0 3 0
177
177 1! ft

2
n
2 3 3

177 6 2 9 2 13 s
177 33 0 0 0 0
1 77 94 0 0 0 0
1 77 35 1 2 0 3
177 86 9 9 13 20
177 87 0 a 3 a
177 98 0 0 a a
177 39 0 2 3 a
177 90 3 7 11 17
179 I 0 1 0
179 2 0 I 0 a
179 3 0 0 0 0
179 4 0 0 9 0
179 5 0 0 1 2
179 6 c 1 1 0
179 7 0 0 0 0
179 8 0 0 0 0
179 9 a 0 1 0
179 10 a L 0 I
179 11 0 L 9 0
179 12 9 a 0 9
179 13 0 0 a 0
179 14 0 I l 3
179 IS 0 0 0 Q
179 16 0 0 9 3
179 17 0 0 1
179 18 a o a a
179 19 0 a 3
179 20 l i i 9
179 21 0 0 a Q
179 22 0 a 9 0
179 23 1 0 1
179 24 3 2 a 0
179 25 0 9 0 0
1 79 26 0 0 9 3
1 79 27 1 1 L 3
179 28 0 1 1 1
179 29 0 a 0 3
179 30 3 0 a 3



nAL

09
4
4Q
Q

45
27

Q0
13
17000

40000
7

10009
u0Q
11

aoo3
7

29
1100
19

500
21t00

9
700
3

17
14
2300

9
1700

7
13909
210009

2
4
0
0
2
3
a
o
7
1
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COUTIHUCD

TRAP OH
rU IA L S

o n
HALS

SC
PEHALE

31 0 0 0
32 0 0 0
33 0 0 0
34 Q 0 a
35 0 0 0
36 0 1 i
37 0 1 0
39 0 0 4
39 0 0 0
40 a 0 Q
41 0 9 2
42 1 9 0
43 a 9 0
44 a 9 0
45 2 0 1
46 0 0 1
47 0 9 0
49 0 9 0
49 0 1 1
SO 1 I 2
51 a 0 0
52 0 9 a
S3 i 0 i
54 2 1 4
53 L 9 0
56 1 1 1
57 0 0 0
59 9 0 0
59 0 0 1
60 1 0 0
61 0 0 0
62 0 0 0
63 1 1 1
64 0 1 1
65 0 a 0
66 0 0 0
67 0 1 3
69 0 a a
69

71

0

?

a

3

0

«
72 0 0 l
73 0 0 0
74 0 0 0
75 0 0 0
76 0 0 0
77 1 0 9
79 1 2 7
79 0 0 0
9 0 0 0 0
91 0 0 2
92 0 3 1
93 0 9 0
84 a 0 0
85 0 9 2
96 0 4 4
87 0 0 0
99 Q a 9
99 0 a 1
90 1 i I

1 1 l 6
2 0 0 11
3 a 0 Q
4 0 0 0
5 i 0 a
5 5 2 15
7 0 0 0
a a 0 0
9 i 2 12

10 0 0 24
11 0 a 0
12 0 0 0
13 2 3 14
14 2 4 14
IS 0 Q 0
16 0 0 0
17 2 5 a
19 0 1 u
19 3 5 13
20 1 4 5

OATS TRAP oh
FEMALE

014
MALE

1 83 21 a 0
183 22 0 0
183 23 6 * 5
L83 24 1 I
183 25 0 0
1 83 26 0 0
1 83 27 7 7
183 29 7 7
1 63 29 0 0
1 83 30 0 0
183 31 I 5
183 32 2 2
183 33 0 a
183 34 a 0
183 35 3 2
163 36 1 1
183 37 0 a
193 38 0 a
183 39 0 a
193 40 0 0
183 41 2 2
193 42 2 0
163 43 0 0
193 44 0 0
183 45 2 2
163 46 1 2
183 47 0 0
193 49 9 0
1 83 49 2 1
183 50 2 5
193 51 3 0
l a s 52 0 0
193 53 4 2
183 54 2 4
193 55 6 6
183 56 2 3
183 57 0 0
133 58 0 a
183 39 s 2
183
1 93
163

60
61
62

&
0
0

I
0

183 63 1 7
1 93 64 4 1
1 93 65 0 a
193 66 0 0

' 183 67 2 4
193 68 i 1
193 69 0 0
193 70 0 0
193 71 2 3
193 72 0 6
193 73 3 4
193 74 2 I
183 75 0 0
193 76 0 0
193 7 7 1 0
193 79 0 0
183 79 0 0
193 80 0 0
193 61 0 0
193 92 4 1
193 8 3 0 0
113 94 0 0
183 65 2 1
193 96 2 3
183 87 0 0
183 69 0 0
193 99 0 0
193 9 0 0 0
190 1 0 0
190 2 2 0
190 3 0 0
190 4 0 0
190 5 I 0
190 6 3 a
190 7 0 0
190 9 0 a
190 9 5
190 10 1 0

SC
NA Lfi

0000
11t
I00
300000
0
0
0
0001
30100000
a
i2
00
20
0

10
a
ao9
3300
21001
400
2
a
4900
7

10009200015120
a

10
710
7



300

TA BLE C l  ,  CO NTINUED

DATS TRAP OH
r e K A U

OK
HALE

s c
FEMALE

3C
HALS

1 90 11 0 0 a 0
1 90 12 0 0 0 0
190 13 1 1 3 3
190 14 0 1 6 5
190 15 0 0 0
190 16 Q 0 0
190 1? 5 3 10 7
190 16 1 2 1 1
190 19 i 4 2
190 20 2 1 0 0
190 21 0 0 0
190 22 0 0 0
190 23 2 2 4 9
1 90 24 2 1 4 1
190 23 0 0 0
190 26 0 0 0
190 27 3 6 29 15
190 23 2 1 12 4
190 29 0 0 0
190 30 0 Q 0
190 31 3 2 9 3
190 32 0 3 7 2
190 33 0 0 0
190 34 0 0 0
190 35 1 7 6 5
190 36 1 2 2 2
190 37 I 0 6 7
190 33 1 3 9 6
190 39 0 0 0 0
19Q 40 0 0 0 0
190 41 0 0 I 2
190 42 0 0 0 4
190 43 0 0 Q 9
190 44 0 0 a 0
190 45 1 1 j 3
190 46 1 0 2 1
190 47 0 0 0 a
190 49 0 0 0 0
190
190
1 90

4 9
50
51

2
0
0

0

i

3

4

:

i
190 52 0 a a 0
1 90 53 1 2 5 6
190 54 1 0 4 3
190 55 0 0 0 0
1 90 56 a 0 0 0
190 57 a 0 0 0
1 90 59 0 9 0 0
190 59 l L 4 s
190 60 i I 4 4
190 61 a 0 0 0
190 62 0 0 0 0
1 90 63 a 0 6 2
1 90 64 3 0 1 1
1 90 65 0 0 0 0
190 66 0 0 0 a
1 90 67 0 0 0 0
190 69 2 L 4 4
190 69 0 0 0 0
190 70 0 0 0 0
190 71 3 0 4 3
190 72 2 3 9 0
190 73 5 7 22 5
190 74 1 S 9 7
190 75 0 0 0 0
190 76 0 0 0 0
190 77 2 1 5 I
190 78 2 3 3 0
190 7 9 0 0 0 a
190 30 0 0 0 0
190 a i 1 1 5 l
190 3 2 0 2 9 3
190 33 0 0 0 a
190 94 9 0 0 9
190 95 0 3 7 3
190 96 1 1 10 7
190 97 0 0 Q 0
190 93 0 0 0 a
190 99 2 1 2 2
190 90 0 1 1 2

DATE TRAP ON
FEMALE

OM
KALE

s c
FEMALE

SC
HALE

194 1 0 0 0 0
194 2 0 0 0 0
194 3 0 9 0 a
194 4 0 0 0 Q
194 5 1 0 0 a
194 6 1 0 I 0
194 7 0 0 a 0
194 9 0 9 Q 0
194 9 0 1 l 0
194 10 1 I 0 0
194 11 Q 0 0 Q
194 12 0 0 0 0
194 13 0 2 0 0
194 14 2 0 1 2
1 94 15 0 0 0 a
194 16 0 0 0 0
1 94 17 1 0 2 l
194 19 1 2 0 2
194 19 i 0 0 0
1 94 20 L 0 0 1
1 94 21 0 0 0 0
1 94 22 0 0 a 9
194 23 0 0 l 9
1 94 24 1 I 0 1
1 94 25 0 0 0 9
194 26 0 a a 9
194 27 2 1 2 1
194 29 2 l 2 2
194 29 0 0 0 9
194 30 0 0 0 0
1 94 31 4 0 0
194 32 1 1 0 0
194 33 0 0 0 0
194 34 0 0 0 0
194 35 0 a 0 0
194 36 0 3 0 0
194 37 3 0 0 0
194 3B 0 1 0 0
194 39 0 9 0 0
194 40 0 0 0 0
1 94 41 0 0 a 1
1 94 42 0 I 3 1
1 94 4 3 0 Q 0 0
194 44 0 a 0 0
194 45 1 0 0 2
194 46 6 0 0 0
194 47 0 0 9 0
194 48 0 0 0 0
194 49 2 2 2 0
1 94 50 6 1 2 2
194 51 0 0 0 0
194 52 0 0 0 0
194 53 2 2 1 1
194 54 5 2 3 1
194 55 2 1 4 1
194 56 4 0 2 2
194 57 0 0 0 0
194 50 0 0 0 0
194 59 t 1 1 2
194 60 2 2 4 3
194 61 0 0 0 a
194 62 0 0 0 a
194 63 2 2 I 4
194 64 3 0 2 1
194 65 0 0 a 0
194 66 0 0 Q 9
194 67 0 0 a 9
194 40 0 a 0 3
194 69 0 0 0 0
194 70 0 0 0 0
194 71 0 0 2 1
194 7 2 2 0 i 1
194 73 2 0 2 1
194 74 0 0 0 3
194 7 5 0 0 0 0
194 76 0 0 0 0
194 77 1 0 3 2
194 78 4 0 4 2
194 79 0 0 0 0
194 30 0 0 0 0



301

T A B U  E 3 ,  C O N TIN U ES

DATE TRAP QH
FEMALE

OH
KALE

s c
FEMALE

s c
MAH

194 91 1 0 0 3
194 82 0 3 4 3
194 82 0 Q 0 0
194 34 0 0 0 0
194 a s 1 0 3 0
194 86 0 5 3 1
194 87 0 0 0 0
194 38 0 0 0 0
194 99 2 0 1
194 90 4 0 4 2
194 1 1 0 0 1
194 2 0 0 1 0
199 3 0 0 0 0
198 4 0 0 0 0
198 S 1 0 1 3
198 6 2 2 0 0
198 7 0 0 0 a
198 9 0 0 0 0
194 9 0 0 0 0
198 10 0 0 1 0
198 u 0 0 0 0
198 12 0 0 0 0
198 13 2 2 2 2
198 14 I 1 : 0
198 IS 0 0 0 0
198 18 0 0 a 0
198 17 1 0 5 1
198 18 1 1 2 3
198 19 4 1 12 10
198 20 5 1 7 6
198 21 0 0 0 0
198 22 2 1 1 L
198 29 0 0 3 0
198 24 7 2 S 1
198 25 0 0 3 0
198 26 0 0 0 0
198 27 I 1 2 0
198 za 4 0 0 0
198 29 0 0 0 a
198 10 0 0 3 0
198 21 0 0 0 0
191 32 2 2 1 l
198 33 0 0 0 0
198 34 0 0 0 a
198 35 0 0 0 2
198 36 1 1 0 0
198 37 I 0 a 0
198 38 1 1 0 1
198 39 0 0 0 0
198 40 0 0 0 0
198 41 2 0 0 0
198 42 0 0 3 2
198 43 0 0 0 q
198 44 0 0 a 0
198 45 1 0 l 1
198 46 0 0 a 0
198 47 0 0 0 0
198 48 0 0 0 Q
198 49 1 2 t 0
198 50 1 0 i 1
198 51 3 0 0 0
198 52 0 0 0 0
198 53 J 1 4 2
198 54 } 1 1 t
198 55 4 3 7 7
198 56 6 4 5 1
198 57 0 0 0 0
198 58 0 0 0 0
196 59 2 0 1 2
198 60 5 0 1 2
198 61 0 0 0 0
198 62 0 0 0 0
190 63 1 0 0 1
198 64 1 1 i 1
198 65 0 0 0 a
198 66 0 0 0 0
198 67 1 0 0 0
198 68 0 0 0 0
198 69 0 0 0 0
198 70 0 0 0 0

DATE TRAP OH
FEMALE

OH
KALE

s c
FEMALE

SC
MALE

198 71 0 0 0 0
190 72 2 0 0 1
198 73 0 0 0 0
198 74 I a 1 0
198 7 5 0 0 0 0
198 76 0 0 0 0
198 77 2 i 1 0
198 78 3 2 1 1
198 79 0 0 0 0
198 90 0 0 0 0
198 81 1 a 0 0
198 82 2 i 1 2
198 83 0 0 0 0
198 84 0 0 0 0
198 85 1 i 1 2
198 86 4 3 4 4
198 87 0 0 a 0
198 90 0 0 0 a
198 89 1 1 5 4
198 90 a 0 3 2
2 01 I 0 1 1 0
2 01 2 l 0 0 I
201 3 0 0 9 0
201 4 0 0 0 0
201 5 3 0 1 0
201 6 0 0 0 0
2 01 7 0 0 0 0
2 01 3 0 0 0 a
2 01 9 0 0 1 2
2 01 10 0 0 0 1
2 01 11 0 a 9 0
201 12 a a 0 Q
201 13 0 0 0 2
201 14 0 a 3 3
201 15 0 0 0 3
201 16 0 0 0 0
201 17 0 0 6 5
201 18 2 0 9 7
201 19 0 2 5 6
201 20 2 4 3 4
2 01 21 0 0 0 3
2 01 22 0 0 0 a
201 23 1 2 4 3
2 01 24 1 I 1 1
2 01 25 0 0 0 0
2 01 26 0 0 0 0
2 0 1 27 2 2 0 0
2 01 28 0 1 2 0
2 01 29 0 0 0 0
2 01 30 0 0 0 0
2 01 31 1 I 0 0
201 32 1 I 2 0
201 33 0 0 0 0
201 34 a 0 0 0
201 35 0 a 0 0
2 01 36 l a 0 0
2 01 37 0 0 2 2
2 01 38 a 1 0 0
2 01 39 a 0 0 0
2 01 40 0 0 0 0
2 0 1 41 0 0 0 0
201 42 1 1 2 1
2 01 43 0 a 0 0
2 01 44 0 a 0 0
2 01 45 0 a 9 i
2 01 46 0 l 1 0
2 01 47 0 0 0 0
2 0 1 48 0 0 0 0
2 01 49 9 1 2 1
201 50 1 2 2 3
201 51 0 0 0 0
201 52 0 0 0 0
201 53 5 3 1 Q
2 01 54 0 1 2 1
201 55 3 2 4 3
2 01 56 1 2 2 0
2 01 57 0 a 3 0
2 01 58 3 a 0 0
2 01 59 2 a 2 0
2 01 60 4 i 1 0
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T A I L !  I I  .  CO NTINUED

SATE TRAP OK
FEMALE

a n
MALE

SC
PENALE

s c
MALE

20 1 61 0 0 0 0
201 62 0 0 0 0
2 0 1 63 0 0 0 0
2 0 1 64 a 0 0 0
201 66 0 0 0 0
201 66 0 a 0 0
201 67 1 a 0 1
201 68 2 i 0 0
201 69 0 0 0 0
20 L 70 0 0 0 0
2 01 71 0 0 1 0
2 01 72 1 2 2 0
2 01 73 0 1 1 0
2 01 74 0 2 2 I
2 01 75 0 0 0 0
20 1 76 0 0 0 0
201 77 0 0 1 0
201 7B 4 1 2 2
201 79 0 0 0 0
201 80 0 0 0 0
201 81 2 0 1 0
201 82 4 4 2 0
2 01 83 0 a 0 0
2 01 84 0 0 0 0
201 85 0 0 0 0
2 01 86 a 0 0 0
2 0 1 87 Q 0 0 0
201 83 0 0 0 a
20 1 39 0 0 0 0
201 90 0 0 0 0
204 1 1 (3 a 0
204 2 0 0 l 0
204 3 0 0 a 0
204 4 9 0 a 0
204 5 1 0 2 L
204 6 0 0 0 I
2 04 7 0 0 0 0
204 8 0 0 0 0
204 9 0 0 0 0
204 10 0 0 2 1
2 04 11 0 0 0 0
2 04 12 0 0 0 0
204 13 0 0 0 1
204 14 0 0 0 1
204 I S 0 0 0 Q
204 16 0 0 0 0
204 17 0 0 3 2
204 18 1 2 I 1
2 0 4 19 1 0 2 1
204 20 4 4 0 1
2 04 21 0 0 0 a
204 22 0 0 0 0
204 23 1 0 0 0
204 24 2 0 0 0
204 26 0 0 0 a
204 26 0 0 0 0
204 27 2 1 0 0
204 28 L 2 1 0
204 29 0 0 0 0
204 30 0 0 0 0
204 31 1 0 t 0
2 04 32 0 2 I 0
204 33 0 0 0 0
204 34 0 0 0 0
204 36 0 0 0 0
204 36 0 0 0 0
204 37 0 0 0 0
204 38 0 0 a 0
204 39 0 0 0 1
204 40 1 L 0 a
204 41 2 t 0 a
204 42 0 0 0 0
204 43 0 0 0 a
204 44 0 0 0 0
204 4 5 0 1 Q i
204 46 1 0 1 1
204 47 0 0 0 0
20 4 48 0 0 0 0
204 49 0 0 1 t•
204 SO 0 2 A 2

DATE TRAP o n
FEMALE

OM
MALE

SC
FEMALE

s c
MALE

2 04 51 0 0 0 0
2 04 52 0 0 0 0
204 5 3 0 0 1 1
204 54 1 1 0 0
204 55 0 0 0 1
204 56 0 1 0 2
204 57 0 0 0 0
204 58 0 0 0 0
204 59 1 2 2 1
204 60 2 0 1 1
204 61 a 0 0 0
204 62 0 0 0 Q
204 63 2 1 0 0
204 64 0 3 2 0
204 65 0 0 0 0
2Q4 6 6 0 0 Q 0
204 67 1 0 0 0
204 69 0 1 1 1
204 69 <3 0 0 0
204 70 0 0 0 0
204 71 0 0 0 0
204 7 2 0 0 2 L
204 73 0 0 0 a
2 04 74 0 0 Q 0
204 75 0 0 0 l
204 76 0 0 1 2
204 77 0 1 0 I
204 76 1 1 1 1
204 79 0 0 0 0
204 80 a 0 0 0
204 81 i 1 L 3
204 B2 0 0 0 3
2 04 83 0 0 0 0
2 04 34 0 0 0 0
204 85 4 3 2 3
204 96 0 0 1 0
204 87 0 0 0 0
204 88 0 0 0 a
204 39 0 0 0 0
204 90 a a 0 0
188 1 l 0 0 0
188 2 4 2 0 0
188 3 0 0 Q 0
188 4 0 0 0 0
188 5 2 0 1 0
188 6 5 2 1 0
188 7 0 0 0 0
188 6 0 0 0 0
188 9 1 1 0 2
188 10 5 2 2 2
188 11 0 0 0 0
168 12 0 0 0 0
188 13 0 1 0 0
138 14 1 1 2 0
186 15 0 0 Q a
138 16 0 0 0 0
188 17 0 1 1 0
186 18 2 0 3
188 19 0 0 0 3
198 20 0 0 0 0
188 21 0 0 0 0
188 22 0 0 0 0
168 23 6 3 1 1
188 24 5 1 4 0
188 25 0 0 0 0
188 26 0 0 0 0
188 27 0 0 0 0
138 29 9 3 1 I
188 29 3 0 0 0
188 30 0 3 0 0
188 31 4 2 1 0
I BS 32 1 7 2 0
188 33 6 3 10 I
188 34 8 2 0 1
189 35 3 0 0 0
188 36 5 2 D L
189 37 a 2 2 1
199 38 3 0 0 0
188 39 0 0 0 0
138 40 0 Q 0 Q
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TABLE Cl . CO NTIN UED

DATE TRAP OH
FEMALE

CM
HALE

s c
FEHALE

s c
MALE

189 41 5 0 1 0
188 42 5 2 3 a
188 42 0 0 0 0
189 44 0 0 0 0
18B 45 0 0 0 a
199 46 0 0 0 0
189 47 0 0 0 0
i a a 48 0 0 0 0
199 49 0 0 0 0
189 50 0 0 0 0
189 51 0 0 0 0
i a a 52 0 0 0 0
189 53 6 a 2 0
188 54 9 2 1 1
LflB 55 4 a 3 2
189 56 1 0 2 2
188 57 7 s 3 I
189 58 11 3 0 0
188 59 1 0 0 1
180 60 0 0 0 0
188 61 7 0 1 0
188 $2 9 3 0 1
188 63 6 2 0 0
188 64 5 1 2 0
100 65 0 0 0 0
180 66 0 0 0 0
188 67 0 0 0 0
188 69 0 0 0 0
IBS 69 0 0 0 3
188 70 a 0 0 0
180 71 4 1 3 2
18B 72 7 3 2
100 73 6 1 0 0
198 74 4 0 1 0
188 75 0 0 a 0
188 76 0 0 0 0
186 77 4 3 2 1
190 78 9 5 1 1
199 79 0 0 0 0
189 80 0 0 0 0
199 91 4 3 0 0
106 B2 3 4 1 3
189 93 0 0 0 0
183 34 0 0 0 0
188 85 2 1 0 0
168 96 0 2 1 1
190 87 0 0 0 0
196 09 0 0 0 0
188 69 0 0 a 0
109 90 0 0 0 0
211 1 1 1 0 0
211 2 3 2 0 1
211 3 0 0 0 a
211 4 G 0 0 0
211 5 2 0 0 1
211 6 2 2 0 2
211 7 0 0 0 0
211 8 0 0 0 0
211 9 2 0 0 1
211 10 1 2 1 0
211 11 0 0 0 0
211 12 0 0 0 a
211 13 2 1 1 0
211 14 3 2 2 2
211 IS 0 0 0 0
211 16 0 0 0 a
211 17 0 3 0 0
211 18 0 3 0 0
211 19 5 1 3 2
211 20 B 3 3 3
211 21 0 0 0 0
211 22 0 0 0 0
211 23 4 1 3 2
211 24 2 2 0 1

211 25 a 0 0 Q

211 26 0 0 0 0

211 27 l 0 0 1
211 20 4 2 1 3
211 29 0 0 0 0

211 30 0 0 0 0

SATE TRAP OH OH SC s c
FEMALE HALE FEMALE MALE

2 1 1  • 31 0 1 0
32 4 1 2 0
33 0 0 0 0

2 1 1 34 .0 0 0 a
35 5 5 0 i
36 3 4 0 L

2 1 1 17 3 2 1 1
2 1 1 38 2 a a 1

39 0 0 0 0
2 1 1 40 0 Q 0 0
2 1 1 41 2 0 0 0
2 1 1 42 3 0 0 0
2 1 1 43 0 0 0 a

44 0 a 0 0
4 5 4 l 1 a
46 5 3 3 4

2 1 1 47 0 0 0 0
2 1 1 40 0 0 0 0

49 5 i 0 3
50 9 2 5 5
51 0 0 0 0
52 0 0 0 0

2 1 1 53 6 3 0
211 54 6 2 2 2

55 3 3 2 2
56 7 7 4 1
57 0 a 0 0
58 0 a 0 0
59 1 3 0 0
60 3 3 2 1
61 0 0 0 0
62 0 a a 0
63 1 l 2 2
64 3 0 I i

2 1 1 65 0 0 0 0
66 0 0 0 0
67 3 0 0 0
60 3 2 0 0
69 0 0 a 0
70 0 3 0 0
71 3 3 0 1
72 5 5 l I
73 4 3 3 2
74 7 2 0 0
75 0 0 0 0
76 0 0 0 0
77 1 0 1 1
78 2 1 4 0

211 79 0 0 0 0
80 0 0 0 0

2 1 1 01 1 2 1
92 L 3 I 2
83 0 0 0 0

211 84 3 0 Q 0
85 0 0 0
96 5 s 2 3
07 0 0 0 0
98 0 0 0 0

211 99 5 2 4
90 5 4 1 3

1 0 a 0 0
2 4 0 3 2
3 1 0 0 0

2 1 4 4 0 0 0 0
5 3 1 a I
6 2 I l 2
7 0 0 0 0
8 0 0 0 3

2 14 9 1 3 0 a
10 3 3 0 2
11 0 0 3 0
12 0 0 0 0
13 2 0 0 0
14 5 0 0 0

214 IS 0 0 0 0
1 6 0 0 0 0
17 2 1 1 0

2 14 19 6 0 * 9
2 14 19 7 3 0 3
2 14 20 7 I 1 2
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TABLE E 2  .  CONTINUED

O A T S T R A P OH ON S C S C O A T S T R A P ON ON s c s c
r  D IA L S K A L E FEM A LE M ALE FE M A L E M A U FEM A LE MALE

2 1 4 2 1 0 0 0 0 2 1 8 1 1 0 0 0 0
2 1 4 2 2 0 0 0 0 2 1 8 1 2 0 9 0 0
2 1 4 2 3 1 0 t 1 2 1 9 1 3 2 2 0 1
2 1 4 2 4 5 1 0 0 2 1 0 1 4 0 1 0 1
2 1 4 2 5 0 0 0 0 2 1 6 1 5 0 0 0 0
2 1 4 2 6 0 0 a 0 2 1 8 1 6 0 0 0 9
2 1 4 2 7 0 0 0 2 2 1 6 1 7 4 t 0 I
2 1 4 2 0 9 3 0 1 2 1 6 1 6 3 1 0 1
2 1 4 2 9 0 0 0 9 2 1 0 1 9 2 0 1 0
2 1 4 3 0 0 0 0 0 2 1 6 2 0 2 1 0 0
2 1 4 3 1 9 4 1 1 2 1 6 2 1 0 0 0 0
2 1 4 3 2 2 0 0 2 2 1 0 2 2 0 0 0 0
2 1 4 3 3 0 0 0 0 2 1 a 2 3 4 0 1 0
2 1 4 3 4 0 0 0 0 2 1 0 2 4 0 1 0 0
2 1 4 3 3 2 3 0 Q 2 1 8 2 5 0 0 0 0
2 1 4 3 6 1 0 1 0 0 2 1 8 2 6 0 0 0 0
2 1 4 3 7 4 1 0 0 2 1 8 2 7 0 0 0 0
2 1 4 3 6 1 0 0 0 2 2 1 0 2 5 2 I 2 1
2 1 4 3 9 0 0 0 0 2 1 0 2 9 0 0 0 Q
2 1 4 4 0 0 0 0 0 2 1 6 3 0 0 0 0 0
2 1 4 4 1 4 2 0 9 2 1 8 3 1 3 0 0 0
2 1 4 4 2 2 2 0 0 2 1 9 3 2 1 0 0 0
2 1 4 4 3 0 a 0 0 2 1 9 3 3 0 0 0 0
2 1 4 4 4 0 0 0 0 2 1 6 3 4 0 0 0 0
2 1 4 4 3 0 0 0 9 2 1 6 1 5 6 2 0 0
2 1 4 4 6 0 0 0 0 2 1 8 3 6 2 1 0 9
2 1 4 4 ? 0 0 0 0 2 1 6 3 7 1 2 1 3
2 1 4 4 8 3 0 0 0 2 1 0 3 8 6 3 2 2
2 1 4 4 9 0 3 0 0 2 1 6 3 9 0 0 0 0
2 1 4 5 0 0 0 0 0 2 1 0 4Q 0 0 0 0
2 1 4 5 1 0 0 0 0 2 1 8 4 1 1 I 1 1
2 1 4 5 2 0 0 0 0 2 1 8 4 2 4 3 0 0
2 1 4 5 3 4 0 3 2 2 1 9 4 3 0 Q 0 0
2 1 4 5 4 3 3 0 3 2 1 9 4 4 0 0 9 0
2 1 4 5 3 6 2 3 2 2 1 0 4 5 4 0 1 0
2 1 4 5 6 1 4 4 0 1 2 1 8 4 6 9 4 2 1
2 1 4 5 7 9 1 2 L 2 1 0 4 7 0 0 0 0
2 1 4 5 0 3 1 0 2 2 1 6 4 9 0 9 0 0
2 1 4 5 9 0 1 0 1 2 1 6 4 9 2 2 0 ;
2 1 4 6 0 4 i 0 1 2 1 6 5 0 6 2 Q 0
2 1 4 6 1 0 0 0 a 2 1 9 5 1 0 9 0 a
2 1 4 6 2 0 0 Q 0 2 1 0 5 2 0 0 0 0
2 1 4 6 3 6 3 0 1 2 1 0 5 3 5 1 0 i
2 1 4 6 4 0 0 0 3 2 1 8 5 4 8 0 1 l
2 1 4 6 3 0 0 ’ 0 0 2 1 0 5 5 3 6 1 0
2 1 4 6 6 0 0 0 0 2 1 3 3 6 1 2 4 3
2 1 4 6 7 0 0 0 0 2 1 0 5 7 Q 0 0 a
2 1 4 6 0 4 0 0 1 2 1 6 5 8 0 0 0 0
2 1 4 6 9 0 a 0 0 2 1 6 5 9 2 0 1 0
2 1 4 7 0 0 0 0 0 2 1 8 6 0 2 1 a 0
2 1 4 7 1 2 l a 0 2 1 3 6 1 0 0 0 0
2 1 4 7 2 3 4 0 3 2 1 0 6 2 0 0 0 0
2 1 4 7 3 6 6 0 0 2 1 0 6 3 2 0 0 0
2 1 4 7 4 IQ 6 0 4 2 1 8 6 4 6 1 0 0
2 1 4 7 5 0 0 0 a 2 1 3 6 5 0 0 0 0
2 1 4 7 6 0 0 0 a 2 1 6 6 6 0 0 0 0
2 1 4 7 7 3 0 1 2 2 1 6 6 7 2 3 0 1
2 1 4 7 0 6 0 0 4 2 1 1 6 9 4 3 I 0
2 1 4 7 9 0 0 0 0 2 1 6 8 9 0 0 0 0
2 1 4 SO a 0 0 0 2 1 8 7 0 0 0 0 0
2 1 4 6 1 3 0 0 0 2 1 6 7 1 3 0 I I
2 1 4 6 2 5 1 1 2 2 1 8 7 2 3 2 0 0
2 1 4 9 3 0 0 0 0 2 1 0 7 3 I L 1 1
2 1 4 9 4 0 0 0 0 2 1 0 7 4 4 3 I 2
2 1 4 9 5 1 0 1 0 2 1 8 7 5 0 0 0 0
2 1 4 0 6 4 a 1 1 2 1 6 7 6 0 0 0 9
2 1 4 0 7 0 0 0 0 2 1 3 7 7 3 1 0 0
2 1 4 8 0 0 0 0 a 2 1 6 7 0 4 1 0 1
2 1 4 6 9 3 l 1 2 2 1 6 7 9 0 0 0 0
2 1 4 9 0 9 2 0 7 2 1 6 a o 0 0 0 0
2 1 6 1 Q 0 1 1 2 1 8 6 1 I 2 0 0
2 1 8 2 2 1 a 9 2 1 3 6 2 4 0 0 0
2 1 9 3 0 0 0 0 2 1 8 0 3 0 0 0 0
2 1 6 4 0 0 9 0 2 1 9 8 4 0 0 0 0
2 1 6 5 0 0 0 0 2 1 8 3 5 0 2 0 1
2 1 3 6 3 0 0 0 2 1 8 3 6 0 0 1 2
2 1 6 7 0 0 Q 0 2 1 6 3 7 0 0 0 0
2 1 6 a 0 0 a 0 2 1 0 0 8 0 0 0 0
2 1 8 9 1 2 0 0 2 1 0 0 9 4 0 1 9
2 1 3 1 0 3 2 9 0 2 1 0 9 0 4 1 1 2
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T A I L !  E l  .  CONTINUED

DATE TRAP OH
FEMALE

OH
HALE

s c
FEMALE

s c
HALE

E TRAP ON
FEMALE

OH
MALE

s c
FEMALE

s c
HALE

2 2 1 1 0 0 Q 0 91 1 1 0 0
2 21 2 3 1 0 0 82 0 0 0 0
2 21 3 0 0 0 0 33 0 0 0 0
2 21 4 0 0 0 0 94 0 0 0 0
2 21 5 0 0 0 0 85 0 0 0 0
2 21 6 2 0 0 0 86 0 1 0 0
2 21 7 0 0 0 0 97 0 0 0 0
2 21 9 0 0 0 Q 99 0 0 0 0
2 21 9 0 0 0 0 99 2 0 1 I
2 21 10 1 L 1 2 90 2 1 0 0
2 21 11 0 0 0 0 1 0 0 0 0
2 21 12 0 a 0 a 2 0 9 0 0
2 2 1 13 1 i 0 0 3 0 0 0 0
2 2 1 14 4 0 0 a 4 0 0 0 0
221 13 0 0 0 0 5 9 I 0 0
221 16 0 a 0 0 6 I 1 0 0
221 17 3 l 0 i 7 0 0 0 0
2 2 1 18 0 0 Q 0 9 0 0 0 0
221 19 1 0 1 0 9 1 0 0 0
221 20 2 1 1 1 10 2 2 0 0
221 21 0 a 0 0 11 0 Q 0 0
2 2 1 22 0 0 0 0 12 0 0 0 0
221 23 2 I 0 0 13 3 9 0 0
221 24 2 0 1 (3 14 0 1 0 0
221 23 0 0 a 0 IS 0 0 a 0
221 26 0 0 0 9 16 0 0 0 0
2 2 1 27 0 0 0 9 17 0 1 0 0
221 29 4 0 0 0 13 0 a 0 0
221 29 0 0 0 9 19 a l 0 0
221 30 0 0 0 0 30 l 2 0 0
221 31 2 1 0 0 21 0 0 0 0
2 2 1 32 2 1 a 0 22 0 0 0 0
2 2 1 33 0 0 a 0 23 5 0 0 a
221 34 0 0 0 9 24 1 2 0 1
2 2 1 35 1 1 0 9 25 0 0 0 a
221 36 0 1 a 0 26 0 0 0 0
221 37 1 I l 1 27 0 1 0 0
221 39 1 1 0 0 29 0 2 0 0
221 39 Q 0 0 0 29 0 a a 0
221 40 0 0 0 3 30 0 a o 0
2 21 41 0 a 1 1 31 0 l 0 0
2 21 42 0 2 2 0 32 0 0 0 a
2 21 43 0 0 0 0 33 0 0 0 0
2 21 44 0 0 0 0 34 a a 0 a
2 21 43 1 0 1 0 35 0 i 0 0
221 46 1 1 0 0 36 l 0 0 0
221 47 0 0 0 0 37 l 0 0 0
221 48 0 0 Q 0 39 2 0 0 a
2 21 49 2 0 0 0 39 0 0 0 a
2 21 SO 1 1 0 0 40 a 0 0 a
2 21 51 0 0 0 0 41 0 0 0 a
2 21 52 0 0 0 0 4 2 l 1 0 0
2 21 53 2 0 1 1 43 0 0 0 0
2 21 54 3 0 0 0 4 4 a 0 0 0
2 21 S3 1 0 0 0 4 5 : 1 Q a
2 21 56 0 2 1 0 46 9 0 0
2 21 57 0 Q 0 0 4 7 0 0 0 0
2 21 59 0 0 a 0 48 0 0 0 0
221 59 0 1 0 0 4 9 0 0 0 0
2 21 60 0 1 a 0 50 0 0 0 0
2 21 61 0 0 a 0 51 0 0 0 0
221 62 0 Q 0 0 52 0 0 0 0
2 21 63 1 3 0 9 53 3 2 1 0
2 2 1 64 2 0 0 0 54 4 1 0 0
221 65 0 a 0 0 55 4 1 I 0
221 66 0 a 0 0 56 1 0 1 0
221 67 0 i 0 1 37 0 0 0 0
221 68 1 0 0 0 59 a 1 0 0
221 89 Q 0 0 0 59 l 0 Q a
221 70 0 0 0 0 6 0 2 * 0 0
221 71 0 2 0 0 6 1 0 0 0 3
221 72 3 2 0 a 6 2 3 1 a 0
221 73 7 1 0 0 63 1 1 a 0
221 74 2 1 0 0 64 1 a 0 0
221 75 0 0 0 0 6 5 0 a 0 0
221 76 0 0 0 0 66 0 a 0 0
221 77 2 0 0 0 67 0 a a 0
221 78 5 2 0 0 69 0 a 0 0
2 21 79 0 0 0 0 6 9 0 0 a 0
2 21 80 0 0 0 a 70 0 0 a 0
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TABLS £2  . CDUTlHUtQ

OATS TRAP art
rEMALS

ON
HALS

s c
PCNALS

SC
HALS

S TRAP ON
PEMALS

229 71 1 1 a 0 61 a
229 72 0 1 L Q 6 2 Q
22S 73 0 0 0 0 63 3
229 74 0 0 0 0 64 0
229 75 0 0 9 0 65 0
229 76 0 0 0 a 66 4
22S 77 D 1 9 0 67 0
229 79 3 5 0 9 69 0
225 79 0 0 3 9 69 9
225 80 0 3 0 0 70 0
2 2 3  • 91 4 I 1 I  2 71 2
225 92 9 2 1 9 72 2
225 93 0 0 3 0 2 73 0
225 94 0 0 0 0 2 74 2
225 95 2 a 0 0 2 75 0
225 96 0 0 0 0 76 0
225 9 7 3 0 3 0 2 77 5
225 99 0 0 9 0 2 78 4
225 9 9 1 0 1 a 79 0
225 90 0 a 2 0 2 90 0
229 1 1 a 3 1 91 1
229 2 2 0 0 9 92 3
228 3 0 0 0 0 93 0
228 4 Q 0 a 0 2 84 0
228 5 0 1 0 1 95 0
228 6 2 1 a 9 2 96 1
228 7 Q 0 0 0 97 o
228 9 a 0 0 0 88 0
228 9 a 0 0 0 89 0
228 10 0 0 0 0 90 3
229 11 0 0 0 0 2 1 2
229 12 0 9 0 0 2 2 I
229 13 i 0 i 0 2* 3 0
229 14 0 0 0 a 4 0
22a 15 0 • Q 9 3 5 2
229 16 0 0 9 9 6 a
228 17 0 0 0 0 7 0
223 19 1 1 0 0 2 8 0
223 19 1 1 0 Q 9 0
229 20 1 3 9 1 10 8
229 21 a 0 0 0 11 0
229 22 0 0 0 0 12 0
228 23 2 2 I 1 13 1
228 24 0 0 3 % 14 1
223 25 0 0 0 a 15 0
229 26 0 0 0 a 16 0
229 27 3 2 0 o . 17 I
229 28 0 0 1 0 18 1
229 29 0 0 . 0 0 19 0
229 10 0 0 0 0 20 0
229 31 2 0 9 1 2 1 0
229 32 1 0 0 9 22 0
229 33 0 0 0 9 23 1
228 34 a 0 3 0 24 0
229 35 l 2 a 0 25 0
229 16 0 0 0 0 26 0
228 37 2 0 0 0 27 0
228 38 3 1 1 L 23 0
228 39 a 0 0 9 29 0
229 40 a 0 0 9 30 0
229 41 0 0 0 0 31 0
229 42 0 1 q 0 32 0
2 23 43 0 Q 3 3 33 0
2 29 44 a 0 a 9 34 9
229 45 l 0 0 9 35 4
229 46 0 0 a I 36 1
229 47 3 0 0 9 37 2
228 49 0 0 0 0 39 1
229 49 0 0 a 0 39 9
229 50 a 0 9 0 40 0
229 51 a 0 0 0 41 9
229 52 a 0 9 a 42 0
228 53 i 3 1 2 43 0
229 54 3 3 0 2 44 0
228 55 0 0 1 0 45 1
229 59 1 0 a 0 46 1
228 57 a 0 l 0 47 0
229 58 a 1 0 0 48 0
229 59 2 1 0 2 49 1
229 60 0 0 0 9 SO 3

o n
HA L I

0000
a
o
a
o
a
o0 0 01 
a 
a 
i  l 
o0
31 0 0 0 0 0 0
4 
4 0 1 9 0 
a0Cl00
2 
a 
a 
a
40
a1
o
2 
30
a
o
a
o
a
o
o0
Q1 0 0 0 05 1 1 0 0 1 0 0 0 0 1 0 0 1 3

SC
PEKALS

a 
o o 
a o 
a 
a a 
a 
o
0 
0 0 
0 
0 
01 
0 
0 
a 
o 0 
0 
0 
0 
0 
0 
a 
a 
2 
a 
o 
o 
a 
o 
a3
a 
a 
a 
a 
o 
a L Q
a 
o 
a 
o 
a 
o 
o 
o 
0 0 
0 
0 
0 0 
9 
0 
0 
0 
0 
0 
0 
0 0 
0 0 0 
a 
o 
o
01
0 
a 
o 
o

s c
HALS

0000
000000
a
o
a
3 
a0 
L 
Q 0 0 
21 
0 0 0 
1 0 a
412010000000000
11001
20
4090000
ai
o
o
o
a
o
a0 
a11 
3 0 0 0 
3
a2 
2 0 
a 
a 
o
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TABU e a  .  CO NTINUED

SATE TRAP OH OH s c SC O KIE TRA» QM o n s c s c
FEMALE KALt FEMALE MALE FEMALE MALE FEMALE MALE

2 3 3 51 a 0 0 0 2 36 41 1 1 a 1
233 52 0 0 0 0 2 3 6 42 3 0 0 1
233 53 0 1 0 1 2 36 43 0 0 0 0
233 54 7 0 0 5 2 36 44 0 0 0 0
2 33 55 1 1 Q t o 2 36 43 1 0 0 a
2 33 56 5 1 1 7 2 36 46 1 1 l l
3 33 57 0 0 0 0 2 36 47 0 0 0 0
2 33 5a 0 0 0 0 2 36 46 a 0 0 0
233 59 1 1 0 1 2 3 6 49 0 0 0 0
233 6 0 Q 0 0 0 236 ID l 1 0 1
333 6 1 0 0 0 0 236 I I 0 0 0 0
233 6 2 0 0 0 0 236 12 0 Q 0 0
233 6 3 Q i 0 Q 236 13 1 0 1 0
233 64 2 2 0 2 236 14 2 1 1 2
2 33 65 0 0 0 0 2 3 6 IS 1 0 0 t
2 3 3 66 1 2 2 1 2 3 6 IS 1 1 2 2
233 67 2 0 0 1 2 3 6 57 0 0 0 9
233 66 0 0 0 0 236 18 0 0 0 0
233 69 0 0 0 0 2 3 6 19 2 0 0 4
233 70 0 0 0 0 2 3 6 6 0 1 0 0 0
2 33 71 2 1 0 0 236 6 1 3 9 0 a
233 72 2 1 0 2 236 6 2 0 0 0 0
233 73 2 I 0 0 236 63 2 0 0 a
233 74 3 2 0 0 236 6 4 0 0 2 l
233 75 0 0 0 0 236 6 5 0 0 9 0
233 76 0 0 0 0 236 6 6 1 0 9 i
233 77 5 3 0 0 236 6 7 1 a 0 0
2 33 7fl 3 1 1 0 236 68 0 Q 0 0
233 79 0 Q 0 0 236 69 0 a 0 0
2 33 ao 0 0 0 0 236 70 0 a 0 a
2 3 3 6 1 s 1 0 4 2 3 6 71 0 0 0 0
233 62 5 Q 0 5 236 72 1 0 1 0
233 83 a 0 0 0 236 71 1 3 0 0
233 84 0 0 0 0 236 74 3 0 0 2
233 95 2 1 0 0 236 75 0 j 0 0 .
233 86 0 a 0 0 236 76 0 0 0 0
233 87 0 0 0 0 236 77 1 1 0 0
233 88 0 0 0 0 236 78 8 3 0 0
233 99 3 1 1 7 236 79 0 0 0 9
233
236

90
1

2
0

3
0

1
0

9
Q m 1! 0

0
0
0

0
0

0
0

236 1 2 3 a 0 2 36 82 9 2 0 2
236 3 0 a 0 0 211 83 0 9 0 0
236 4 0 0 0 0 226 84 0 0 0 • a
236 5 * 0 0 0 0 236 85 I 0 0 0
2 36 6 0 0 0 1 236 86 3 0 0 0
2 36 7 0 0 0 a 236 87 0 0 0 0
236 9 0 0 0 0 2 3 6 88 0 0 0 0
2 36 9 2 0 0 0 2 36 89 2 0 I 9
236 IQ 1 0 0 4 2 36 90 1 0 0 0
2 36 11 0 0 0 0
2 36 12 0 a 0 9
2 3 6 13 1 0 0 0
2 36 14 3 2 1 1
236 IS Q 0 0 0
2 36 16 0 0 Q 0
226 17 1 0 0 0
2 36 18 3 1 0 2
2 36 19 0 0 0 0
2 36 20 0 0 9 0
2 36 21 0 0 0 0
2 36 2 2 0 0 9 0
2 36 23 1 0 0 2
2 3 6 24 0 0 0 Q
2 36 25 0 0 0 0
2 36 26 0 0 0 0
2 36 27 0 0 0 0
2 36 26 3 0 0 0
2 36 29 0 0 0 0
2 36 30 0 0 0 0
2 36 31 2 0 Q 0
2 36 32 0 0 0 0
236 33 0 0 0 0
236 34 0 0 Q 0
236 35 3 I 0 0
236 36 2 0 9 0
236 37 2 0 9 0
236 38 5 0 0 9
236 39 0 0 0 0
236 40 0 0 Q a
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TABLE E 3

DATE TRAP OH
FEMALE

OH
HALE

s c
FEMALE

SC
HALE

DATE TRAP OH
FCKAL1

139 SO a 0 a T 1 49 67 6
1 39 S I 0 2 7 2 1 49 68 5
139 S2 2 2 S 2 1 4 9 69 3
139 53 1 6 12 6 1 49 70 9
139 54 0 0 1 1 51 50 5
L39 55 0 L 5 151 51 0
139 56 0 0 2 1 1 51 5 2 3
L39 57 2 0 7 13 151 53 7
139 58 0 0 I 151 54 5
139 59 0 1 1 1 151 35 2
139 60 1 2 I 1 1 51 56 10
139 61 0 0 4 9 1 51 57 4
139 42 I 4 4 5 151 S3 0
139 63 0 0 4 1 51 39 0
139 64 a 0 9 2 1 51 60 4
139 65 a a 8 1 51 61 12
139 66 Q 0 4 L 1 51 62 0
139 67 0 2 7 151 63 2
139 66 2 1 7 2 151 64 3
139 69 1 3 3 5 151 65 14
139 70 1 0 3 L S I 66 S
143 50 2 3 2 151 67 4
143 S I 1 1 3 5 151 68 2
143 52 0 3 2 151 69 1
143 S3 2 3 4 5 151 70 9
143 S4 L 2 2 153 50 9
143 55 1 0 2 2 153 51 5
143 56 0 153 52 1
143 57 4 4 9 4 153 33 25
143 58 2 0 2 3 153 54 5
143 59 1 3 1 1 1S3 55 0
143 60 4 1 7 153 56 14
143 61 4 4 8 4 153 37 4
143 62 0 153 58 4
143 63 2 3 4 3 153 59 1
143 64 1 3 153 60 8
143 65 5 3 153 61 2
143 66 4 5 9 10 153 62 a
143 67 4 J 1 4 153 63 l
143 68 2 2 7 L 153 64 3
143 69 1 0 3 153 6 3 5
143 70 4 2 9 9 153 66 7
146 SO 4 2 1 153 67 3
1 46 51 4 6 S 2 153 68 4
146 52 1 3 153 69 9
146 S3 1 1 1 2 153 70 11
146 54 0 4 1 3 156 SO 6
146 SS 3 7 4 2 1S6 51 3
146 56 13 9 2 1 136 52 4
146 57 5 2 2 136 53 8
146 S8 3 2 2 1 156 54 4
146 59 2 0 156 55 6
146 60 S 6 2 1 156 56 8
146 61 15 10 1 g 8 1S6 57 2
146 62 2 2 156 58 5
1 46 63 3 0 4 1 1 56 59 2
1 46 64 6 6 1 2 1S6 60 3
1 46 65 10 14 5 6 156 61 1
146 66 13 13 7 15 1 56 62 6
146 67 4 3 I 3 156 63 3
146 69 5 1 3 2 156 64 0
146 69 1 0 1S6 65 I
146 70 7 13 12 9 156 66 7
149 SO 4 4 1 156 67 3
1 49 51 3 3 1 156 68 2
1 49 52 3 S 2 156 69 4
1 49 S3 4 0 2 1 156 70 0
1 49 54 3 3 2 137 50 3
1 49 S3 7 4 3 2 157 51 5
149 56 10 17 3 2 157 52 6
149 57 4 0 1 157 53 10
149 58 3 2 2 157 S4 2
149 59 3 0 1 137 55 2
149 60 11 16 157 56 9
149 61 21 15 7 5 157 57 4
149 62 0 157 58 7
149 63 2 2 2 1 157 59 2
149 64 5 3 3 157 60 4
149 65 9 16 2 14 157 61 5
149 66 15 14 12 7 157 62 11

CM
HALE

SC
FEMALE

a
7
I191110
1 
ai
3
a1
2 
2 0 1 
2
3
4 0 2 
a3 1 1 141
a2 
31
ai0 
a1
1 
7 02 0 2 2 
L 
(3
5 0 1
3 1
4 0 0 
3 
L 0 
35 2 0 
2 2 0 1 
9 0
3 0 I
4 
3 
3 0
5

SC
HALE

000
20000
<31601163
3 5 0 0 0 L 0 1 
a 
o0
10 
0
1 
T *01
9I
70L000
9
a0
a
a1 9 0 
a 1 
a 
o 
a0
49
9
21 
a t
1
a10
2

1 
9 1 3 1 
2
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TABLE >3 . COMTINUED

DATE TRAP OH
TEMALE

OH
HALE

SC
FEMALE

30
HALE

157 63 2 2 1 0
137 64 0 1 1 2
157 65 7 12 0
157 66 6 7 7 2
157 67 1 4 2 1
157 68 1 1 1 0
157 68 10 1 4 0
137 70 16 18 4 1
155 50 6 4 1 2
155 51 3 1 1 0
155 52 5 1 2 1
155 51 11 2 0
158 54 5 2 0
138 53 6 I 4 2
158 36 11 7 1
138 37 3 3 2 0
135
155

58
58

6
2

4 3
0

135 60 8 3 2 8
158 61 2 1 3 0
158
135

62
63

6
2

3 1 I
a

138 64 1 2 I 0
158 65 S 4 0
138 66 11 13 } a
138 67 0 1 1 a
138 68 2 2 t 0
158 69 0 1 1 i
158 70 a 3 2 3
180 30 8 3 1 a
180 51 6 1 5 0
160 52 11 2 0
140 53 19 4 12 1
140
160

54
35

6
1

5 13 0
1

160 56 6 5 1
160 57 9 4 2 0
160 58 10 1 a 1
140 59 0 1 a
160 60 3 2 i
160 61 1 5 2 3
160 62 8 10 2 2
160
160

63
64

4
2

1 5 0
2

160 65 3 11 2 3
160 66 4 4 1
160
160

67
68

1
3

1 1 a
l

160 69 2 1 1 2
160 70 4 5 1 2
163 SO IS 4 7 9
161 31 0 0 0
161 32 0 0 0
163 53 0 0 0
161 34 3 1 1 2
141 35 12 2 2 5
161
161

36
37

26
0

10 7 5
a

163 58 10 4 5
161 39 3 1 3 2
161 60 11 9 5 7
161 61 0 0 0
161 62 0 0 a
163 61 7 6 2 0
163 64 4 4 4 l
161 63 a 13 21 10
161 66 14 L I 11 10
161 67 a 3 2 4
161 68 a 0 0
161 69 12 17 6 6
161 TO 20 27 17 14
165 30 1 0 1
165 51 2 0 3 1
165 52 2 0 2 2
163 31 9 6 2 1
165 54 7 1 2 0
163 35 a 0 0
165 56 a 1 3 0
165 57 a 1 2 1
163 38 2 0 1 0

DATE TRAP OM
FEMALE

ON
MALE

SC
FEMALE

SC
MALE

165 59 2 a 1 0
165 60 4 i 12 0
163 61 1 l 1 i
165 6 2 4 3 a
1 65 63 1 1 1 i
163 64 4 a 2 0
165 63 6 2 9 0
165 66 5 3 3 0
163 67 3 2 3 1
168 68 7 3 2 1
163 69 0 2 0
165 70 9 4 0 1
170 50 13 6 6 3
170 51 0 0 0 0
170 5 2 0 a 0 0
170 53 a a 0 a
170 54 u 2 17 7
170 55 2 2 6 5
170 56 23 13 12 12
170 57 0 0 0
170 38 4 0 9 5
1 70 59 10 3 1 1
170 6 0 16 11 IS 13
170 6 1 7 5 3 1
170 6 2 0 0 0
170 63 4 2 14 6
1 70 64 7 6 16 6
170 65 35 37 63 29
170 66 13 13 19 20
170 67 15 15 14 S
170 68 0 a G
170 69 3 I 19 8
170 70 47 39 46 26
172 30 3 2 1 0
1 72 51 3 1 1 0
172 52 2 5 1 1
172 53 12 9 1 1
172 34 4 a 1 1
172 55 1 3 1 0
172 56 7 6 3 1
172 57 4 4 5 I
172 38 3 10 4 2
172 59 1 0 0 0
1 72 60 8 0 1
1 72 61 2 6 2 2
172 6 2 2 0 0 0
1 72 ' 63 a 2
1 72 64 5 5 1 a
1 7 2 6 5 9 12 3 3
172
1 72

66
67

4 4 5
1

1
1

172 68 2 6 0 0
1 72 69 6 3 T 4
172
174

70
30

15 23 7
0

3
0

174 31 4 2 1
174 52 2 I 2 0
174 53 6 2 2 0
174 54 2 0 1
174 55 1 1 1 0
174 56 3 0 2
174 57 i 0 0
174 s a i 3 0
174 59 3 2 1 1
174 60 2 3 1 0
174
174

61
62

1 1 0
0

0
a

174 63 2 0 0
174 64 1 1 2 0
174 65 2 4 2 a
174 66 2 2 l
174 67 2 3 2 l
174 68 3 1 0 a
174 69 2 2 3 0
174 70 7 2 a
177 50 2 3 1
177 51 2 1 10 2
177 52 5 1 13 3
177 53 6 2 6 4
177 54 7 1 5 5
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T A B U  E l  .  CO M TIH U ID

DATE TRAP OH
FEMALE

OH
HALE

SC
FEMALE

SC
HALE

CATC TRAP ON
FEMALE

OH
HALE

SC
FEMALE

SC
HALE

177 55 3 1 0 2 196 51 1 1 1 0
177 56 15 0 0 6 196 52 0 1 1 4
177 57 4 7 2 3 196 53 4 2 5 3
177 59 0 0 0 0 196 54 5 3 4 2
177 59 2 2 0 1 196 55 5 4 4 2
177 60 3 I 4 6 186 56 5 1 I
177 61 6 3 7 6 196 57 2 1 4 Q
177 62 5 4 7 4 186 50 1 2 2 L
177
177

63
64

10
4

6
1

4
2

5
4

166
106

59
60

2
:

4 10 3
0

177 65 12 U 14 12 186 61 5 1 5 3
177 66 9 4 20 10 106 62 3 2 1 0
177 67 a a a 17 196 63 2 1 0
177 60 2 2 l 3 106 64 6 1 1 0
177 69 0 0 0 0 106 €5 1 2 1 0
177
179

70
SO

13
20

14
4

n
1

6
0

196
106

66
67

2
1

1 3 t
0

179 51 U 1 6 1 196 60 3 2 1 0
179 52 5 1 6 1 196 69 1 1 1 0
179 S3 11 4 6 1 106 70 10 17 2 I
179 54 3 1 7 0 190 50 0 0 0
179 55 5 3 1 0 100 51 0 3 2 0
179 56 14 5 7 5 108 52 0 0 1 0
179 57 2 1 2 2 198 53 0 3 3 0
179 sa 5 2 S 1 189 54 1 3 3 0
179 59 3 2 2 1 108 55 0 0 0
179 60 6 4 1 0 188 56 0 0 3
179 61 3 0 4 3 108 57 0 1 1 1
179 62 IS 3 2 2 108 50 3 1 3 1
179 63 2 1 3 2 L98 59 0 3 0
179 64 6 4 2 2 108 60 0 3 1 0
179 65 9 7 3 3 198 61 0 0 4 2
179 66 11 7 a 3 198 62 3 0 0
179 67 1 0 0 0 ia& 63 0 A. 1 0
179 60 5 1 2 2 198 64 2 0 1 2
179 69 12 13 10 1 108 65 1 2 2 0
179 70 26 26 6 6 130 66 3 3 4 0
i a i 50 2 0 0 0 198 67 3 0 0
l a i 51 3 1 9 3 190 69 3 1 1 3
191 52 0 2 5 2 190 69 0 3 3 1

181 53 3 4 1 3 108 70 1 2 4 2
101 54 1 2 14 2 191 50 0 3 1
191 55 3 6 0 0 191 51 2 2 *3 0
191 56 3 1 3 2 191 52 1 2 2 0
191 57 0 5 3 0 191 53 3 3 1 3
i a i 59 1 4 4 1 191 54 1 1 1 3
191 59 0 0 0 1 191 55 0 2 0
191 40 2 2 2 0 191 56 1 3 5 4
191 61 0 5 4 0 191 57 1 0 4 1
191 62 0 0 0 1 191 59 1 0 4 1
191 63 1 5 0 1 191 59 0 1 *
101 64 3 2 3 1 191 60 0 1 4 1
191 65 2 0 1 0 191 61 2 * 5 4
i a i 66 4 1 5 2 191 62 2 1 9 5
191 67 0 0 0 0 191 63 1 2 2 *
191 6S 2 1 0 2 191 64 0 0 2 0
101 69 0 0 0 0 191 65 2 3 3 3
101 70 10 20 4 1 191 66 I 4 7 0
104 50 3 2 9 6 191 67 1 3 1 0
194 51 5 0 9 10 191 60 0 1 0
184 52 3 0 4 0 191 69 i 0 1
194 S3 9 4 4 3 191 70 I 3 4 2
104 54 7 a 6 4» 193 50 0 0 0
104 55 4 2 4 4 193 51 2 3 3 1
104 56 4 1 10 4 193 52 0 2 I 3
104 57 L 1 4 1 193 S3 0 1 2 0
184 59 2 0 7 1 193 54 4 2 3
104 59 2 1 2 0 193 55 1 0 0 0
134 40 3 3 0 6 193 56 2 1 2 1
104 51 6 L 14 5 193 57 0 2 2 0
104 62 3 2 11 3 193 59 1 2 7 0
104 63 1 2 10 4 193 59 0 1 3 0
104 64 1 0 6 4 193 60 3 L I 0
194 65 0 2 6 5 193 61 1 1 4 1
134 66 0 2 9 0 193 62 0 1 0
134 67 1 2 5 6 193 63 0 2 T
184 6B 2 1 3 2 193 64 0 3 3 0
134 69 1 1 3 1 193 65 0 3 0
134 70 5 7 11 4 193 66 1 2 0
196 SO 2 0 1 2 193 67 1 L L 0
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T A I L !  E 3 COMTIHUEO

DATE TRAP o n o n SC SC DATE TRAP a n a n
f  CHALK HALE FEMALE HALE FEMALE HALE F

1 93 <6 0 2 0 0 2 0 2 64 10 5
193 69 0 1 0 2 0 2 65 11 7
193 70 I 1 1 1 202 66 7 4
195 30 6 9 9 2 0 2 67 13 4
L95 51 3 2 3 3 2 0 2 68 7 10
195 52 15 11 3 5 2 0 2 69 10 5
1 95 53 6 9 3 4 2 02 70 6 11
195 54 4 5 3 0 2 0 3 50 4
195 55 12 4 4 2 03 51 5 2
19S 56 2 2 0 0 2 03 52 3 1
195 57 0 0 0 2 03 53 5 1
195 56 44 9 8 2 03 54 6 1
195 59 9 5 4 11 203 55 10
195 6 0 9 4 11 L4 2 03 56 7 9
195 6 1 9 3 4 5 2Q3 57 1 2
195 6 2 10 5 2 2 03 56 5 I
195 6 3 27 19 9 2 03 5 9 9
195 6 4 12 10 7 5 2 03 6 0 13 5
195 6 5 3 2 7 4 203 6 1 9 6
195 6 6 to 7 7 6 203 6 2 11 2
195 6 7 9 1 5 5 203 63 6 1
195 68 14 9 13 3 2 03 64 1 4
195 6 9 7 12 7 4 2 03 65 4 4
195 70 17 16 4 4 2 03 66 2 2
198 50 3 2 0 2 03 67 4
194 51 2 3 4 0 203 68 7 9
194 52 1 1 0 203 69 7 16
196 53 5 3 1 0 203 70 0
194 54 3 2 4 a 206 50 5 7
194 55 3 2 1 3 206 51 9 7
196 56 1 2 1 206 52 14 13
194 57 4 2 4 206 S3 8
196 59 2 4 1 206 54 16 7
198 59 9 206 55 5 5
196 60 3 2 1 2 206 56 12 13
196 61 5 6 9 3 2 06 57 4 9
194 62 4 6 7 206 58 12 7
190 63 1 1 2 4 2 06 59 1 1
196 64 1 1 4 3 2 06 60 8 3
196 65 2 4 5 206 61 10 fcO
191 66 7 7 4 3 2 06 62 13 11
191 67 4 2 206 63 10 12
196 68 1 2 1 206 64 11
196 69 5 2 1 I 206 65 2
196 70 7 2 3 4 206 66 6 10
2 00 50 2 206 57 14
2 00 51 5 1 3 2 206 66 4 U
2 00 52 5 2 3 I 206 69 7 7
2 00 53 7 6 1 1 206 70 3 13
200 54 4 2 1 209 50 * 1 3
2 00 55 1 1 1 209 51 1
2 00 56 2 4 4 209 52 10 2
2 00 57 2 2 3 L 209 53 8 1
2 00 56 5 4 4 2 209 54 7 3
2 00 59 1 1 209 55 9 7
2 00 60 2 I 209 56 6 3
2 00 61 4 2 7 3 209 57 5 6
2 00 62 3 2 0 9 58 11 3
200 63 4 2 2 I 209 59 1
2 00 64 1 6 209 60 1 7
200 63 3 1 0 2 09 61 10 1
2 00 66 4 2 3 1 2 09 62 11
2 00 67 4 7 2 09 63 8
2 00 68 1 3 1 2 09 64 5 11
2 00 69 5 3 1 2 09 65 3 3
2 00 70 5 4 2 2 2 09 66 2 2
2 02 50 3 4 3 2 09 67 8 3
2 02 51 13 4 Q 2 09 68 2 2
2 02 52 14 17 1 1 2 09 69 2
2 02 53 10 14 7 2 09 70 7 3
2 02 54 7 2 2 2 12 50 6 3
2 02 55 6 5 4 1 2 12 51 6 2
2 02 56 11 7 6 1 2 12 52 U 5
2 02 57 12 1 2 12 S3 15 3
2 02 58 IS 3 11 1 2 12 54 6 4
2 02 59 3 3 1 2 1 2 55 11 3
2 02 60 4 4 1 2 1 2 56 11 4
2 0 2 61 12 7 1 212 5? 9 5
2 02 62 14 6 4 3 2 12 58 3 3
2 02 63 9 4 4 1 212 59 6 1

SC 3CHALE
212 Q 0 1 1 1 :22I1 
3 0 0 02 
3 1 
3 0 0 0 
a 
3 2 
a0 
Q 
3 3 0 0 0 0 3a
L0
1 Iac
i
a0l1 Q
a
3
Q30
312 0 
3 3 3 3 
a  o0 
3 
3 0 
3 0 0 0 0 31 0 G
a3
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TABU E3 * CDKTIHUCO

DATE TRAP OH OH SC s c DATE TRAP OH OH SC s c
fem ale MALE F t i l  ALE MALE FEMALE HALE FEMALE MALE

213 60 9 5 0 0 221 56 1 2 2 0
2 12 61 16 7 0 1 221 57 2 3 0 0
212 62 13 14 0 0 221 59 1 1 1 0
212 63 13 7 0 0 221 59 2 0 0
212 64 10 1 2 221 60 4 3 0 0
212 65 1 2 0 0 221 61 6 2 3 0
212 66 9 7 1 0 221 62 3 2 0 0
212 67 9 6 1 a 221 63 7 5 9 0
212 66 5 0 Q 221 64 0 30 0 0
212 69 6 9 2 i 221 65 3 1 0 0
212 70 5 10 0 0 221 66 2 5 1 0
214 50 4 1 0 0 221 67 1 2 3 0
214 51 4 2 0 0 221 68 3 3 1 9
214 52 9 1 1 0 221 69 0 3 2 0
214 S3 17 2 0 0 221 70 2 4 0 a
214 54 7 0 0 223 50 0 I 0 0
214 55 2 1 0 0 223 51 0 0 3 a
214 56 a 1 1 0 223 52 2 0 1 i
214 57 s 4 3 0 223 53 3 0 0 0
214 56 5 5 2 a 223 54 5 0 4 i
214 59 0 0 a 223 55 4 1 1 0
214 60 4 3 0 0 223 56 5 2 3 1
214 61 6 1 0 223 57 4 9 2 0
214 62 9 t 1 0 223 58 0 1 3 0
214 63 6 3 0 0 223 59 0 1 0 0
214 64 2 6 0 0 223 60 Q 3 0 3
214 65 3 1 0 0 223 61 6 0 1 1
214 66 0 6 6 223 62 0 0 0 9
214 67 4 1 0 0 223 63 0 0 0 0
214 69 4 2 1 0 223 64 0 0 0 0
214 69 2 3 2 0 223 65 0 0 3 0
214 70 2 1 2 0 223 66 6 4 1 9
216 50 3 2 0 0 223 67 1 2 0 0
216 51 6 2 I 0 223 68 3 5 0 9
216 52 1 1 0 223 69 2 4 1 0
216 53 7 1 0 223 70 1 2 2 L
216 54 4 2 0 Q 127 SO 3 I 0 0
216 55 4 1 1 0 227 51 2 3 I 0
216 56 7 2 0 0 227 52 6 4 3 0
216 57 2 0 0 227 53 2 5 3
216 56 2 1' 1 0 227 54 1 3 3 0
216 59 0 0 0 227 55 3 5 2
216 60 4 1 0 0 227 56 10 5 5 1
216 61 6 0 Q 227 57 15 4 2 0
216 62 3 1 0 0 227 59 4 3 0 0
216 63 7 1 0 0 227 59 0 0 0
216 64 2 2 0 0 227 60 3 3 2 0
216 65 7 0 0 227 61 9 2 0 1
216 66 1 5 0 0 227 62 5 7 2 9
216 67 4 I 0 227 63 2 4 1 4
216 69 1 5 0 0 227 64 2 2 2 2
216 69 1 I 0 0 237 65 4 I 2
216 70 0 4 2 0 227 66 3 1 L
21S 50 2 1 Q 227 67 0 1 0 1
210 51 6 3 1 1 227 68 2 1 1 1
219 52 4 0 0 227 69 4 1 2 *
219 53 15 1 0 a 327 70 3 2 1 0
219 54 13 1 1 9 221 50 3 2 1 1
219 55 7 3 0 a 2 21 51 0 1 0 0
219 56 6 2 1 l 2 21 52 0 1 0 0
219 57 2 2 1 0 2 28 53 0 0 9
219 59 5 0 I 0 229 54 0 1 0 0
219 59 I 0 0 229 55 1 0 0
216 60 3 2 0 0 229 56 2 3 0
216 61 7 1 1 Q 229 57 Q 2 0 0
219 62 6 2 1 0 229 59 1 0 0
216 63 7 4 1 0 2 21 59 0 2 0 0
219 64 3 3 0 0 228 60 0 1 0 0
219 65 6 2 2 0 2 21 61 0 2 0 1
219 66 9 10 1 1 221 62 a 0 0 0
219 67 2 6 a 0 221 63 a a 0 0
219 69 3 3 a a 228 64 i 0 0 0
219 69 0 4 a 0 221 65 0 0 9 0
219 70 4 5 3 0 228 66 0 5 0 0
221 50 3 0 0 221 67 0 0 0 0
221 51 2 1 0 0 228 69 0 2 9 0
221 52 0 2 0 0 228 69 0 2 0 0
221 S3 4 2 0 0 221 70 0 6 a 0
221 54 9 2 1 0 229 50 3 0 0 0
221 55 4 3 0 0 229 51 3 0 a 3
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TABLE E3 .  CONTINUES

DATE TRAP OH
FEMALE

OH
HALE FEMALE

SC
h a l e

OATE TRAP ON
rEHALE

OH
HALS

SC
FEMALE

SC
MALE

229 52 0 a X 0 2 40 60 3 12 0 X
22 9 51 0 0 9 0 2 40 70 4 2 i 3
229 54 1 0 X L 2 42 SO 1 1 0 0
229 55 2 2 X I 2 4 2 51 2 2 t 0
229 55 2 2 7 1 242 52 * 1 1 2 0
229 57 1 1 2 0 242 S3 1 2 0 D
229 38 0 0 0 a 242 54 1 0 a
229 59 2 0 2 9 2 42 55 4 Q a
229 50 1 1 9 0 242 56 5 5 1 0
229 51 1 1 I 9 2 4 2 57 1 3 0 0
22 9 6 2 4 1 Q 0 2 42 58 2 1 0 0
229 63 1 I 0 0 2 42 59 0 a 0
229 6 4 0 0 0 0 2 4 2 50 1 0 0
2 29 65 1 4 2 0 2 4 2 61 3 3 0 0
2 29 55 0 0 1 0 2 4 2 6 2 4 1 l 1
229 67 0 0 0 0 2 42 63 5 5 2 X
2 2 9 68 2 1 0 0 2 42 64 L I 0
2 29 69 0 6 a 0 2 4 2 65 5 7 1 0
2 29 70 5 6 0 9 242 66 5 3 0
2 3 3 50 8 3 2 0 242 67 3 2 0 0
233 51 1 2 2 0 242 68 2 3 i 0
2 33 52 6 2 0 0 2 4 2 69 4 0 0
23 3 53 7 4 2 0 24 2 70 3 4 a 0
233 34 5 2 5 0 244 50 1 4 0 0
233 55 7 4 a 0 244 51 1 0 0 0
2 35 56 12 11 14 a 244 62 0 0 0
233 57 7 5 2 0 244 53 0 0 0
235 58 2 5 4 l 2 44 54 1 L 0 0
2 35 59 6 5 I i 244 55 1 0 0 0
2 35 60 5 I 3 2 244 56 2 0 a
2 3 3 61 5 4 6 a 244 57 1 0 3
233 62 14 10 7 0 244 58 3 0 3
2 33 53 0 0 0 0 244 69 1 0 0
2 33 64 2 0 3 0 244 60 2 1 0 0
235 65 0 a o 9 Z44 61 I 3 9 0
235 66 4 9 s 1 244 62 1 3 1 3
235 67 3 5 a 9 244 63 5 1 0
235 68 2 2 2 9 244 64 2 L 1 1
235 69 6 5 U a 244 6S 3 3 3 3
235 70 3 8 6 2 244 66 1 0 a
2 3 7 50 5 6 0 a 244 6 7 L 0 0
217 51 3 0 0 a 2 4 4 68 2 0 a
2 37 ■ 52 2 4 0 o 2 44 69 2 1 1
2 37 53 2 a 0 0 244 TO 1 3 I 0
237 34 3 2 0 0 2 4 7 s o 2 2 I 0
237 55 3 2 X 0 247 51 4 0 0
2 37 56 5 6 3 9 2 47 51 X 0 0
2 37 57 1 a 1 0 2 4 7 53 3 7 1 0
2 37 s a 0 0 0 0 2 4 7 54 3 4 0 0
237 59 3 i 0 0 2 47 55 6 2 1 1
2 17 60 3 2 0 0 2 4 7 56 4 2 0
2 37 61 3 4 I 0 247 57 5 3 0 1
237 62 2 1 0 0 347 58 7 1 1
2 37 63 1 1 0 0 2 47 59 0 1 0 0
2 37 64 a 0 0 0 2 47 6 0 1 3 1 Q
2 37 65 2 2 0 0 247 61 8 4 3 0
2 37 66 3 7 6 o 247 51 2 4 a X
2 3 7 67 a 2 0 a 2 47 63 12 5 4 0
237 68 0 a 0 o 2 47 64 15 L 1
23 7 6 9 0 0 0 a 247 65 3 14 0 0
2 3 7 70 i 1 I i 247 66 9 10 0 0
140 50 12 6 2 3 247 67 6 7 0 a
240 51 3 1 i 2 2 4 7 68 I 2 0 0
240 52 6 1 0 1 247 69 4 13 0 0
240 51 3 4 0 9 2 47 70 5 7 0 X
240 54 5 1 I 0 2 50 50 2 0 0
2 4 0 55 4 5 a 0 250 51 2 I 0 0
240 56 6 11 3 Q 250 51 3 0 0
2 40 5 7 5 1 2 0 2 50 53 4 2 2 1
2 40 58 T 4 9 2 250 54 1 X 0 0
240 59 2 5 0 0 250 55 i 2 a
240 60 9 5 4 1 250 56 3 6 L 0
240 61 7 1 6 2 250 57 2 2 0 0
240
240

62
63

2
2

1
1

2
a

1
3

250
250

58
59

4 I
Q

3
0

240 64 4 1 3 Q 250 6 0 3 6 1 0
2 40 65 4 3 1 2 250 61 3 1 0 0
240 6 6 8 10 5 0 250 61 3 3 0 0
2 4 0 67 5 3 1 1 250 63 S 1 2 2
240 68 6 7 2 2 2 5 0 6 4 2 5 0 2
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TABLE E3 . CONTINUED

DATE TRAP 0)1
FEMALE

o n
MALE

s c
FEMALE

3C
MALE

2 30 55 2 4 0 0
2 50 66 3 4 0 0
2 50 67 I 2 0 0
2 30 55 3 3 0 0
2 50 69 4 7 1 2
2 50 70 I 5 0 1
2 54 50 25 18 4 1
2 54 51 10 I 3 0
2 5 4 52 17 11 4 1
2 54 53 5 5 0 1
2 5 4 54 a 6 0 0
254 55 IT 7 5 2
254 56 3 5 1 0
254 57 0 0 0 0
254 54 41 51 11 9
254 59 0 0 2 0
254 60 20 12 7 1
254 61 21 6 6 1
254
254

62
63

0
19

0
26

0
10 a

2 3 4 64 16 6 2 4
254 65 3 5 3 2
254
2 5 4

66
67

25
11

28
15

4
1 1

254 68 26 17 4 2
2 54 69 IT 11 4 4
2 54 70 12 15 4 2
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tA8L£ E4

CATE TJWP OH
PEKALI

OH
HALS

3C
PCHALZ

5 0  
HA L I

179 i 1 1 0 0
179 2 0 0 1 0
179 3 0 0 0 0
179 4 0 0 0 0
179 3 0 0 0 0
179 8 1 1 0 0
179 7 0 0 0 0
179 8 0 0 4 3
179 9 0 0 Q 0
179 10 0 L 0 0
179 11 2 12 5 2
179 12 0 Q 2 0
179 13 0 a 2 2
179 14 0 0 0 0
179 15 0 0 0 0
179 18 0 0 0 0
179 17 0 0 I 0
179 18 0 0 9 0
179 19 0 1 a 0
179 20 0 0 3 2
1 73 1 2 5 3 5
1 73 2 3 1 0 2
173 3 1 0 0 0
173 4 0 0 0 0
173 S 8 13 3 2
173 6 0 1 0 0
173 7 0 0 0 0
173 a 0 1 0 0
173 9 1 1 0 0
173 10 0 0 d 0
173 11 0 0 0 0
173 12 6 2 2 0
173 1J 1 1 0 0
173 14 3 5 0 0
173 IS 0 0 0 0
173 16 1 3 6 2
173 17 0 0 0 0
1 73 19 2 0 0 0
173 19 1 1 0 0
173 20 4 13 3 11
1 49 I 0 0 0 0
149 2 0 2 1 0
14S 3 1 0 0 0
145 4 0 1 1 1
149 S 1 0 I 0
149 6 0 0 0 0
145 7 0 0 0 0
1 45 a 0 0 0 0
1 45 9 0 0 1 I
143 10 0 0 0 9
1 45 11 t 1 0 3
145 12 0 1 0 1
145 13 0 2 2 1
1 43 14 1 1 0 0
145 15 0 0 Q 1
1 45 16 0 0 0 0
1 45 17 0 0 0 0
1 45 18 0 0 0 0
145 19 0 1 2 1
145 20 0 2 0 1
183 1 1 0 9 0
1 83 2 2 2 5 0
1 83 3 2 1 0 0
1 93 4 13 11 1 2
193 5 1 9 1 1
183 6 0 2 0 1
183 7 2 3 3 8
193 a 2 4 4 4
183 9 0 0 0 0
193 10 0 1 2 4
183 l i 9 0 2 1
183 12 2 0 4 3
183 13 2 3 4 10
193 14 0 9 1 0
193 15 1 0 9 0
183 15 2 1 0 0
193 17 0 0 2 1
183 19 2 2 0 0
183 19 1 t 0 9
183 20 a 1 1 4

0AT8 TRAP OH 
f  ENA L I

OH
HALE

s c
rEHALC

SC
HALt

1 70 1 0 3 0 0
170 2 2 1 0 1
1 70 3 1 0 0 0
1 70 4 3 0 3 2
170 5 6 1 a 0
170 6 1 4 0 0
170 7 5 13 0 0
170 a 5 5 0 0
170 9 0 4 0 0
170 10 0 0 0 0
170 11 0 0 Q 0
170 12 I 3 0 0
170 13 3 5 0 0
1 70 14 Q 2 a 0
1 70 IS 1 Q 0 0
170 16 0 1 a 0
170 17 0 0 0 0
170 18 0 1 0 0
170 19 0 0 0 a
170 20 2 3 0 0
1 59 1 5 4 a 0
1 59 2 3 2 i 0
1 59 3 1 2 0 0
159 4 U 5 3 2
159 5 6 5 0 2
159 6 2 1 0 0
1 59 7 7 3 1 4
159 9 4 4 0 0
1 59 9 3 7 0 a
159 10 a 4 1 i
159 11 9 8 0 l
159 12 2 1 0 0
159 13 2 2 0 3
159 14 2 1 1 I
159 L5 Q 1 3 0
159 16 1 1 0 0
159 17 1 1 0 0
159 18 1 0 0 0
159 19 0 0 0 0
159 a o 13 IS 2 0
177 t 0 3 0 1
1 77 2 0 0 0 a
177 3 0 2 1 2
177 4 1 0 1 a
177 5 0 3 1 1
177 6 1 a Q o
1 77 7 Q 0 1 o
177 a 0 2 0 0
177 9 2 0 1 o
177 10 0 0 0 a
177 u 0 0 0 o
177 12 0 0 1 0
177 13 0 0 1 o
177 14 0 0 a 2
177 15 0 0 0
177 16 0 0 2 2
177 17 0 0 0
1 77 18 0 0 0
177 19 0 0 0 2
1 77 20 0 0 2 4
166 1 6 4 1 S
166 2 2 1 1 ]
166 3 0 4 2 3
16 6 4 0 0 Q L
166 5 3 4 0 2
166 6 2 0 I
166 7 1 2 5 2
166 a 2 1 1 J
166 9 1 4 1 4
166 10 4 2 1 1
1 64 11 3 3 0 2
166 12 0 0 2 1
166 13 0 0 2 2
166 14 2 2 0
166 15 1 0 1 2
166 16 2 4 0 2
166 17 0 0 1 I
166 18 0 0 0 0
166 19 0 0 0 0
166 20 6 10 3 9
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T A B U  E 4  .  CONTINUED

9ATE TRAP OH
PEKALf

OH
MALE

SC
FEMALE

s c
MALE

DATE TRAP OH
FEMALE

OM
HALE

SC
FEMALE

SC
HALE

193 1 0 1 0 9 200 1 9 a 0 9
193 2 0 0 0 0 200 2 9 0 0 0
193 3 1 2 0 0 200 3 0 0 0 9
193 4 0 0 3 3 200 4 I 0 0 a
193 5 I I 0 0 200 3 9 1 a 9
133 6 0 0 0 0 200 6 9 1 a 9
193 7 0 4 0 2 2Q0 7 1 1 0 9
193 9 4 3 2 4 200 0 0 1 9 a
193 9 0 0 0 1 200 9 0 0 0 0
193 10 0 2 1 0 200 10 0 I 9 a
193 11 2 0 0 9 200 11 0 0 0 9
193 12 0 1 0 2 200 12 1 0 0 a
193 13 2 4 0 0 200 13 0 3 9 0
193 14 0 0 1 0 200 14 0 0 9 a
193 15 0 0 1 0 200 15 0 9 9 0
193 16 0 0 1 0 2QQ 16 9 0 0 9
L93 17 2 1 1 0 200 17 0 9 0 9
193 10 1 I a 0 200 10 0 9 0 9
193 19 0 0 0 0 200 19 0 G 0 0
193 20 3 7 i 0 200 20 0 9 6 9
IBS 1 2 0 * 0 204 1 9 0 0 0
193 2 2 1 0 a 204 2 0 a 0 0
195 3 0 0 0 0 204 3 1 2 0 9
193 4 1 4 3 2 204 4 1 0 a a
18S 5 0 0 0 0 204 5 2 l 0 a
195 6 0 0 a 0 204 6 3 2 9 0
195 7 2 ■ 0 l 9 204 7 3 Q 9
195 8 1 1 2 0 204 0 1 9 0 0
193 9 0 0 0 0 204 9 0 a a 9
195 10 1 1 0 0 204 10 0 9 0 9
195 11 0 0 0 9 204 11 0 i 0 9
133 12 1 1 1 2 204 12 0 0 0 9
135 13 a 1 2 I 204 13 1 2 0
195 14 0 0 0 9 204 14 1 0 a 9
195 15 0 0 0 0 204 15 9 0 0 0
195 16 0 0 0 0 204 16 0 0 0 9
105 17 0 0 0 0 204 17 0 0 0 0
IBS 10 0 0 2 3 204 19 9 0 0 0
195 19 1 0 3 1 204 19 0 0 0 0
195 20 1 2 0 0 204 20 1 6 0 2
190 1 1 1 0 9 207 1 1 0 a 0
190 2 1 0 0 0 207 2 1 1 0 L
190 3 2 1 0 0 207 3 0 0 0 9
190 4 3 0 0 0 207 4 0 1 1 9
190 5 0 1 0 9 207 5 2 1 a L
190 6 0 0 a 0 207 6 0 0 0 L
190 7 2 0 0 0 207 7 1 1 2 0
190 8 1 0 0 9 207 9 1 1 0 I
190 9 0 1 0 9 207 9 4 1 0 0
190 10 1 0 3 0 207 10 Q 2 0 a
190 11 a 1 1 1 207 11 4 6 a 9
190 i : l 1 0 T 207 12 a 0 0 0
190 13 2 1 1 0 307 13 1 0 I
190 14 i 0 9 9 207 14 0 a 0 9
190 15 1 0 9 0 207 15 l 0 0 0
190 16 0 0 1 0 207 16 0 0 0 0
190 17 a 0 a 0 207 17 0 i 0 0
190 19 9 0 0 0 Z07 19 0 l 0 0
190 19 0 0 a 9 207 19 0 0 0 0
190 20 2 2 l 1 207 20 1 3 0 9
197 1 0 0 0 a 211 ? 1 2 0 0
197 2 0 2 0 0 211 2 0 0 0 L
197 3 1 3 0 l 211 3 4 9 a
197 4 2 2 0 9 211 4 0 0 0 0
197 5 0 1 0 0 211 5 J 9 0
197 6 0 2 9 0 211 € 2 4 0 a
197 7 3 7 0 0 211 7 1 1 2 0
197 0 2 4 L 1 211 0 0 9 0 0
197 9 0 0 1 0 211 9 9 0 0 0
197 IQ 0 0 0 0 211 ia 0 0 3 0
197 11 2 1 1 1 211 u 2 1 0 1
197 12 0 1 0 9 211 12 L a a 9
197 13 0 2 0 1 211 13 3 l 2 4
197 14 0 0 a 9 211 L4 a 0 0 0
L97 15 0 0 0 0 211 IS l 0 0 0
197 16 0 0 0 9 211 16 0 0 0 0
197 17 0 t 0 9 211 17 0 9 0 9
197 i a 0 0 0 9 211 18 2 3 1 3
197 19 0 0 a 0 211 19 0 9 9 0
197 20 3 14 4 1 2 1 1 20 4 5 3 6
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T A B U  * 4  . CDHTINUIO

OATE TRAP art OH 3C s c DATE TRAP QH OH SC SC
FEMALE MALE FEMALE MALE FEMALE MALE FEMALE MALI

214 L 1 2 0 0 228 1 0 a 0 a
214 2 0 0 0 0 229 2 0 a 0 0
214 I 1 3 0 0 228 3 0 a a 0
214 4 1 2 0 2 228 4 - 0 0 0 0
214 5 1 0 0 0 228 5 a 0 0 0
214 6 0 2 0 0 228 6 a 0 9 0
214 7 0 a 0 0 22B 7 3 0 0 0
214 9 0 l a 0 228 8 0 0 0 0
214 9 1 7 0 0 228 9 a 0 9 0
214 10 1 0 0 0 228 10 0 a 0 0
214 11 0 2 * 1 1 228 11 9 a 0 0
214 12 0 0 0 0 228 12 9 a 0 0
214 15 3 4 0 2 228 13 0 a 0 0
214 14 0 1 0 0 228 14 0 0 0 0
214 15 I 0 a 0 228 15 a 0 0 0
214 16 0 0 a a 228 16 a 0 0 0
214 17 0 0 0 a 229 17 a 0 0 0
214 18 a 0 0 a 226 19 0 0 0 0
214 19 0 0 2 0 228 19 0 0 0 0
214 20 0 1 0 0 228 20 0 0 0 0
216 1 i 0 0 1 232 1 0 0 0 0
216 2 0 a 1 0 232 2 a 0 0 0
218 3 0 0 0 0 232 3 0 0 0 0
216 4 0 a 0 0 232 4 0 0 0 9
216 5 0 0 0 a 232 5 0 a a 0
216 6 0 2 0 0 232 6 0 0 0 9
218 7 a 0 2 0 232 7 0 1 9 0
219 6 0 0 a 0 232 6 0 0 0 0
219 9 0 I 0 a 232 9 0 0 0 a
219 10 0 0 l 0 232 10 0 0 0 0
213 u 1 2 0 a 232 11 0 0 0 0
219 12 1 1 0 0 232 12 0 0 0 0
218 t J 1 2 3 0 232 13 1 1 0 0
216 14 1 3 0 i 232 14 9 1 0 0
216 15 0 0 0 0 232 15 9 0 0 0
219 16 2 a 0 0 232 16 0 0 0 a
218 17 0 0 0 0 232 17 0 Q 0 0
219 16 0 i 0 0 23 2 19 0 0 0 0
219 19 1 i 0 0 232 19 0 0 2 0
219 20 0 0 0 0 232 20 0 1 9 0
221 L 0 1 I t 236 1 2 1 0 0
221 Z 1 0 0 0 236 2 0 0 0 0
221 3 0 0 0 0 236 3 0 0 0 Q
221 4 a 0 a 0 236 4 0 0 9 0
221 5 0 3 0 0 236 5 0 0 9 a
221 6 0 1 0 0 236 6 1 0 0 0
221 7 0 a 0 0 236 7 0 9 0 0
221 a Q 0 0 0 236 9 0 0 9 0
221 9 0 ** 0 0 236 9 0 I 0 Q
22L 10 0 0 0 0 236 10 0 9 9 0
221 u 0 i 0 0 236 11 0 0 0 a
221 12 a a 0 0 236 12 0 0 9 0
221 13 0 0 1 0 236 13 1 I 3 1
221 14 0 i 0 0 236 14 0 1 0 0
221 IS 0 i 0 0 236 15 a 9 0 0
221 16 1 0 a a 236 16 0 0 0 0
221 17 0 0 0 a 236 17 0 9 0 0
221 LB 0 0 1 0 236 16 0 9 9 0
221 19 1 0 0 0 236 19 0 0 0 a
221 20 9 0 0 0 236 20 0 0 9 0
225 1 0 1 0 0 240 1 0 4 0 0
lit 2 0 0 0 0 240 2 2 6 9 2I I I 3 2 a 0 0 240 3 0 9 9 0
225 4 0 0 a 0 240 4 0 9 0 a
225 5 1 0 0 0 240 5 0 9 9 a
225 6 0 0 0 0 240 0 0 1 o
225 7 0 0 0 0 240 7 0 0 t 2
225 9 a 0 0 0 240 9 0 9 0
225 9 0 a 0 0 240 9 1 0 0 0
225 10 0 0 0 0 240 10 0 4 1 0
225 11 0 i 0 a 240 11 0 1 9 0
225 12 0 l 0 0 240 12 0 9 9 9
225 L3 3 t a 0 240 13 1 9 3 0
225 14 a 0 a 9 240 14 0 2 9 I
225 15 0 a 0 0 240 15 0 0 0 0
225 16 0 a 0 0 240 16 0 9 9 0
225 17 0 0 0 a 240 17 0 0 0 0
225 18 0 0 0 Q 240 18 0 9 0 0
225 19 0 0 0 0 240 19 0 9 0 0
225 20 3 0 0 0 240 20 0 9 9 0
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T A B L E S * .  CONTINUED

DATE TRAP OH OH 5C s c
FEMALE HA LE FEMALE HALE

2 4 2 t 0 4 0 0
242 2 0 2 0 0
2 4 2 3 0 0 0 0
242 4 L L 0 0
242 5 0 0 0 0
242 6 I 0 0 0
242 7 0 1 0 1
242 8 1 2 0 a
2 4 2 0 0 0 0
2 4 2 10 0 0 0 0
2 42 11 0 1 1 1
2 42 12 1 0 0 0
2 42 13 0 1 0 0
2 42 14 I 0 0 0
2 42 t s 0 0 0 0
2 42 16 0 0 0 0
2 42 17 0 0 0 0
2 4 2 10 0 0 0 0
2 4 2 19 0 0 0 0
2 42 20 0 Q 0 9
2 46 1 1 0 0 0
240 2 0 1 0 0
240 3 0 1 0 0
248 4 0 0 0 0
240 5 0 3 0 0
2 43 6 0 0 0 0
240 7 0 1 0 0
240 a 1 0 0 0
2 46 9 0 0 9 0
24a 10 2 9 0 0
240 11 0 2 0 0
240 12 0 1 0 1
240 13 1 5 1 1
240 14 2 1 a 0
246 15 0 0 0 0
240 16 0 0 0 0
248 17 0 1 0 0
240 18 0 0 0 a
240 19 0 0 0 0
240 20 L 1 0 0
2 50  ' 1 1 0 0 0
250 2 0 0 0 a
250 3 0 0 0 0
250 4 0 0 0 0
250 5 0 0 0 a
250 6 0 0 Q 0
250 7 I 0 0 0
250 0 0 0 0
25 0 9 0 1 0 0
250 LO 0 1 0 0
250 11 0 0 0 0
25Q 12 0 0 0 0
250 13 0 0 0 0
250 14 1 0 1 0
250 IS 0 0 0 0
250 16 Q 0 0 0
250 17 0 a 0 0
250 10 0 0 0 0
250 19 0 2 0 Q
2 50 20 1 0 0 0
2 53 1 0 0 0 0
253 2 0 0 0 0
253 3 0 0 0 0
253 4 0 0 0 9
253 5 0 0 0 0
253 6 0 0 0 0
253 7 0 0 a . 0
2 5 3 0 1 a 0
2 53 9 0 2 0 0
2 53 10 0 1 0 0
2 53 11 0 0 0 0
2 53 12 0 0 0 0
253 13 0 1 0 a
253 14 0 0 0 0
253 15 0 1 0 0
253 16 0 1 0 0
253 17 0 0 0 0
253 10 0 Q 0 0
253 19 I 0 0 0
253 20 0 0 0 0

DATE TRAP OK
FEMALE 1 1 I > 

o
!K

*
i

SC
FEMALE

SC
HALE

129 1 0 0 1 3
129 2 0 0 1 2
129 3 0 0 1 0
129 4 0 0 3 4
u s 5 1 1 7 I
129 6 0 2 1 4
129 7 0 0 1 0
129 8 0 0 1 1
129 9 0 0 4 6
129 10 0 0 4 3
129 11 0 0 4 3
129 12 0 0 0 2
129 13 2 1 0 1
129 14 1 2 0 3
129 15 1 0 2 2
129 16 0 0 1 2
129 17 0 1 4 1
129 IS 0 0 1 a
129 19 0 Q 0 0
129 20 0 0 7 0
U 1 1 0 0 2 0
131 2 0 0 0 0
1 3 1 3 0 0 0 0
131 4 0 0 4 6
131 s 0 2 2 0
131 6 0 0 0 0
131 7 0 0 a 9
131 6 0 0 0 a
131 9 3 1 0 9
131 10 0 0 a 1
L31 11 2 Q 0 3
131 12 0 0 0 a
L31 13 0 0 i 0
131 14 0 0 0 0
131 IS 0 0 0 0
131 16 0 0 0 0
131 17 0 0 0 0
131 10 0 0 0 0
131 19 0 a 0 0
131 20 2 4 7 s
135 1 1 Q 0 0
135 2 0 2 1 0
135 3 0 1 0 0
135 4 0 0 1 1
L3S 5 1 0 L 1
135 6 a 0 0 0
135 7 a 0 0 1
135 a 0 0 0 0
135 9 0 1 Q 0
135 10 0 0 0 0
135 u 0 3 0 2
135 12 1 0 0 0
135 13 0 0 0 1
135 14 a 1 0 0
135 15 a 0 0 0
135 10 i 0 a 0
135 17 0 a 0 3
135 10 0 0 0 0
135 19 0 a i 0
135 20 1 s 4 6
138 1 a i 0 1
138 2 0 0 0 0
136 3 0 1 a 0
130 4 0 3 0 0
139 5 2 1 a a
138 6 0 0 0 0
130 7 0 0 0 0
138 6 0 0 1 0
138 9 0 0 Q 0
138 10 0 0 1 2
138 U 1 3 1 2
130 12 0 0 0 0
138 13 0 0 0 0
130 14 0 1 0 0
139 15 0 0 0 0
130 16 0 0 0 0
138 17 0 0 a 1
136 18 0 0 a a
138 19 0 0 0 0
130 20 4 4 4 1
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TABLE E 4 .  C W T tN U E D

DATE TRAP OH
FEMALE

1 62 1 3
162 2 21
162 3 2
162 4 12
162 5 7
162 7 7
162 8 2
162
162

9
10 15

162 11 31
162 12 4
162 13 3
162 14 a
162 15 2
162 16 2
162
162

17
IB 2

162 19 IS
162 20 7
162 20 14
149 1 1
149 2 0
149 3 0
149 4 1
149 5 0
149 6 0
149 7 Q
149 fl 0
1 49 9 0
149 10 1
149 11 0
1 49 12 0
149 13 0
149 14 3
1 49 IS 0
1 49 16 a
1 49 17 u
149 13 0
149 19 2
149 20 3
142 1 0
141 2 0
143 3 0
143 4 2
143 5 L
143 6 0
143 7 1
143 a 0
143 9 2
143 10 2
143 L I 7
143 12 0
143 13 0
143 14 L
143 15 0
143 16 2
143 17 2
1 43 18 1
1 43 19 2
143 20 16
156 1 4
156 2 0
156 3 5
156 4 6
1 56 5 9
156 6 0
156 7 3
156 9 9
156 9 L5
156 10 2
1 56 11 0
1 56 12 4
1 56 13 3
156 14 0
L56 15 0
156 16 4
156 17 0
156 i a 0
156 19 3
156 20 23

o n SC SC
MALT FEMALE HALE

7 1 3
10 2 1

2 1 1
7 3 2
4 1 2
a 0 0
3 4 0
5 0 3
7 0 0

17 1 2
1 0 0
2 0 1
6 4 0
0 0 2
3 1 0
4 3 X
3 2 2
a 1 2
5 2 3

24 2 3
2 0 0
0 0 0
0 0 0
1 0 0
0 0 0
0 0 0
0 0 0
0 9 0
0 1 0
0 0 1
0 0 a
0 0 0
3 0 0
0 0 0
0 0 0
0 0 0
a 2 2
0 0 0
4 0 0
0 0 0
2 a 0
2 i 0
1 ' 0 1
2 5 5
1 0 0
1 L 1
0 0 0
3 2 0
3 2 5
1 1 1
9 1 4
0 1 1
0 0 Q
2 0 a
2 0 0
3 1 i
1 3 0
2 0 0
0 0 0
9 2 4
5 0 0
0 0 0
4 0 0
2 0 0
7 1 2
3 0 0
3 0 0
3 1 2

U 1 0
5 a 0
0 0 0

10 0 0
3 a 0
1 0 0
4 0 0

l a 0 0
0 0 0
0 0 0
2 0 0

55 5 a

DATE t r a p  oh 
FEMALE

1 5 2 1 4
1 5 2 2 2
1 5 2 3 1
152 4 6
152 5 0
152 6 1
15 2 7 5
152 a 3
152
152

9
10

0
6

152 u 0
1 52 12 0
1 5 2 13 0
1 52 14 0
152 15 0
1 5 2 16 0
152 17 Q
152 i a 4
152 19 0
152 20 0

OH SC SC
HALE FEMALE HALE

: 0 02 0 00 0 02 1 10 o o
1 0 0
0 o o2 1 30 0 0a 0 2
3 1 10 0 00 1 1
a o o1 0 0
0 0 0
i  a a6 0 0
a o o0 0 0
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TABLE E3

TRAP
NUMBER

Lee1

date Ort
FEMALE

CM
MALE

s c
FEUALE

s c
MALE

TRAP
NUMBER

BATS OH
FEMALE

OH
MALE

SC
FEMALE

269 20 31 51 52 239 3 2 0
169 23 45 79 85 2 239 5 3 0
169 10 5 11 5 3 239 1 0 0
169 3 3 ft 4 239 ft 0 ft
172 O ft 1 1 242 ft 5 0
172 2 a 2 4 2 242 3 5 G
172 17 l a 01 55 3 242 1 1 ft
172 16 9 54 23 4 242 1 1 ft
176 11 13 37 20 247 13 1ft ft
176 11 1 61 S3 2 247 4 5 ft
176 4 2 1 i 3 247 0 1 n
176 1 ft i ft 247 0 ft pi
179 3 0 2 2 250 1 7 1
179 2 ft 2 a 2 250 5 6 9
179 2 ft 1 3 3 25ft 1 ft ft
179 !J 3 ft ft 4 25ft ft J ft
133 7 3 3S a 253 5 0
183 4 1 7 u 2 253 12 2
133 1 ft 5 3 3 253 ft ft
193 0 3 ft 4 253 ft ft ft
135 2 2 12 3 1 256 11 9
185 3 2 1ft 3 2 256 20 15 2
195 0 0 4 2 3 2 56 ft 2 0
195 0 9 0 ft 4 256 a ft 0
19ft 3 0 2 ft 261 17 12 1
190 3 1 0 4 261 18 11 O
190 0 3 1 3 3 261 a ft 2
190 1 0 "i ft 4 261 a 0
193 3 0 5 1 264 E 5 0
193 3 J 5 3 2 264 6 $ ft
193 3 ft 1 ft 3 264 3 ft
193 1 1 ft ft 4 264 ft ft ft
197 1 ft 1 ji 291 2 0 0
197 ft 0 ft ft 281 3 5 0
197 2 3 ft ft 3 291 * ft
197 St 0 1 ] 4 281 ft 0 1
200 it ft ft ft 293 2 ft a
200 3 1 ft ft 203 0 ft
z e e 0 a .1 3 263 3 a
200 0 ft ft .1 4 263 1 ft n

204 1 1 0 290 2 1 ft
204 3 G ft 1 2 290 PI 0 3
234 2 0 0 3 290 3 1 ft
204 2 0 ft 3 4 290 ft it 3
207 13 IS 3 295 3 2 ft
207 25 26 1 i 2 ?95 2 ft ft
207 9 13 1 2 1 295 1 3 0
207 3 1ft ft ft 4 295 ft ft ft
213 2 0 ft *3 298 J 1 3
213 5 2 2 ft 2 298 1 3
211 4 0 ;l n 3 293 1 ft ft
211 3 ft ft 7 4 298 ft .1 ft
214 5 n 3 * LOC 169 3 04 141 221
214 9 2 0 i 2 * 169 1 30 139 205
2 ) 4 ft d ft ft 169 49 27 45
214 1 ft 0 ? 4 169 90 10ft 68
217 9 3 ft ft 172 73 i d 121
217 3 3 ft 0 1 72 45 25 66
217 1 ft e 3 172 23 11 7
217 3 ft 0 3 4 172 50 38 TO
221 2 ft 3 0 176 Tt 69 31 3
221 1 3 1 3 2 176 93 83 j i a
221 1 ft ft 3 3 1 76 21 1 2 69
221 3 J G 0 4 176 70 70 M l
225 2 ft 4 1 1 179 20 4 54
235 3 2 ft 0 2 179 14 6 21
225 0 ft 0 3 179 3 2 7
225 9 ft 0 ft 4 179 24 19 22
228 ft ft 3 ft 1 133 26 ’.4 1 76
228 0 ft ft a 2 133 17 6 ? l
220 0 ft ft a 3 183 19 10 48
228 0 0 a a 4 163 7 3 47
232 ft 1 2 a 1 185 12 6 134
232 ft 2 a A 2 135 9 7 31
232 3 ii 0 3 185 1 1ft 27
232 ft ft 0 a 4 135 2 2 19
235 3 2 0 a 1 190 4 4 15
235 2 2 0 2 2 190 2 1 5
235 3 6 a 3 190 I 1 9
235 2 0 0 4 1 90 3 4 1

SC
MALE

*
:-3
2014*jfl
33 :j 

5 43 
241 3a? 

2b 
75 : 7 
14 2 
1 3 11 9 
3 ?  ] 2 

ft 
57

1E1 : 4 3 
5
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E 5  CO NTINUED

TRAP
HUMBER

DATE OM OM SC SC
FEMALE MALE f e m a l e MALE

1 9 3 7 3 2 9 7
1 9 3 9 5 2 7 S
1 9 3 7 3 21 3
1 9 3 2 2 2 5
1 9 7 4 2 0 0
1 9 7
1 9 7 1

6
1

2
0

a
3

1 9 7 1 0 1 0
2 9 0 7 4 3 0
: n a 4 3 4 2
2 0 0 5 1 2 0
2 0 4 O 1 0 1
2 0 4  
2 0 4 1 3

2
7

2
3

2
2

2 0 4 2 3 3 1
7 0 4 1 5 .7 3
2 0 7 0 0 1 1
2 0 7 0 9 0 0
2 0 7 0 0 0 0
2 9 7 0 0 0 0
21 1 1 0 6 1 0
21 1 9 15 1 1
21 1 9 1 3 2 il
211 2 5 0 0
2 1 4 4 3 9 o
2 1 4 2 6 21 a p
2 1 4 ] 1 1 4 4 0
2 1 4 <3 7 9 0
2 1 7 15 6 1 J
2 1 7 19 15 1 0
2 1 7 5 11 -7 0
2 1 7 1 3 0 0
2 2 1 9 0 ,1 n
221 1 2 5 3
22 1 3 5 3 ,1
22 1 S 2 0 .1
2 2 5 0 1 .1 ,7
2 2 5 3 3 J 0
2 2 5 1 6 0 1
7 2 5 6 2 'J ,i

2 2 6 1 0 0 3
2 2 6 1 0 0 4
2 2 B 1 6 0 3
2 2 B 0 1 0 3
2 3 2 0 I 9 a
2 3 2 0 3 1 3
2 3 2 0 0 0 2
2 3 2 1 0 0 p
2 3 5 2 1 p a
2 3 5 2 3 n i
2 3 5 0 0 0 <i
2 3 5 1 0 p a
2 3 9 ■J 1 1 4
2 3 9 4 3 o 1
2 3 9 9 2 0 5
2 3 9 0 0 <3 2
2 4 2 3 3 2 0
2 4 2 1 6 9 1 3
2 4 2 1 7 9 0 1
2 4 2 I d 1 0 2 4
2 4 7 6 3 0 0
2 4 7 27 15 0 3
2 4 7 2 3 6 3 0
2 4 7 1 8 5 0 0
2 5 0 2 4 0 0
2 5 0 3 7 13 .3 A

2 SO 11 9 0 0
2 5 3 9 4 2 3
2 5 3 3 7 1 J 2
2 5 3 2 12 a 2
2 5 3 3 4 3 1
2 5 3 2 2 0 9
2 5 6 2 1 2 1 0 12
2 5 6 2 2 3 5 >1 13
2 5 6 13 11 1 2 1 0
2 5 6 9 12 11 3
26 1 3 9 1 2 i a
26 1 33 5 3 1 1 3
2 6 1 2 2 1 5 1 0 a
2 6 1 1 8 1 3 9 13

LOG
J

TR AP
NUMBER

DATE UK
FEMALE

OK
MALE

SC
FEMALE

SC
MALE

1 2 6 4 4 1 6 5 5
2 2 6 4 1 6 3 0 1 5 31
3 2 6 4 S 9 4 4
4 2 6 4 7 15 1 1
1 2 8 1 3 4 0 0
2 2 8 1 0 0 0
3 2 8 1 3 0
4 2 9 1 2 0 0
J 2 8 3 1 3 0 0
2 2 8 3 1 0 0
3 2 8 3 0 3 0
4 2 8 3 0 7 03 2 9 0 4 T 0 0
2 2 9 0 2 0 0 1
3 2 9 0 2 ✓J 0 0
4 2 9 0 0 0
1 2 9 6 5 0 02 2 9 6 2 1 03 2 9 6 7 3 3 3
4 2 9 6 4 3 A
i 2 9 6 rl 2 J
2 2 9 8 1 d 1 1
3 2 9 6 1 0 0 0
4 2 9 6 2 1 9 01 3 6 9 23 5 232 1 6 9 2 9 1 0 4 5 33
3 1 6 9 2 6 9 36 4 5
4 1 6 9 27 1 2 3 8 4 3
1 1 7 2 1 5 1 0 8 8 4 4
2 1 72 3 6 13 6 9 35
3 1 72 22 1 1 6 2 3 6
4 1 72 3 6 15 7 3 4 9
1 1 7 6 1 8 1 2 6 9 29
2 1 7 6 I 2 13 31 2 9
3 1 7 6 1 4 7 1 7 14
4 1 7 6 n a 25 151 1 7 9 s 2 32 11179 2 1 1 9 H
3 1 7 9 9 2 25 5
4 1 7 9 6 4 13 4
1 1 6 3 3 0 2 6 42 1 3 3 1 7 6 91 37
3 1 3 3 2 2 6 Id
4 1 8 3 2 1 7 51 i  3 5 1 0 3 32 1 3 5 1 0 8 0
3 1 3 5 0 1 9 a
4 1 3 5 1 6 21 1 9 0 1 0 10 7190 4 0 9 1 5
3 1 9 0 3 0 I d 7
4 1 9 0 0 3 4 7
1 1 9 3 7 3 11 32 J 9 3 7 1 7 3
3 1 9 3 1 0 I 1 2 0
4 1 9 3 4 3 4 1
1 1 9 7 1 0 0 0
2 1 9 7 5 2 .1
3 1 9 7 1 r!» 1
4 1 9 7 a 0 0 0
1 2 0 0 2 5 ,T 12 2 0 0 5 7 1 4
3 2 0 0 4 7 1 .1
4 2 « 0 6 3 3 1
1 2 0 4 3 3 0 12 2 0 4 6 2 3 3
3 2 0 4 6 1 J. .7
4 2 9 4 9 2 J ■3
3 2 0 7 11 7 6 3

2 3 7 1 4 1 4 : 3 1
J 2 0 7 4 6 6 0
4 2 0 7 a 14 3 21 21 1 9 4 6 0
2 21 1 17 13 9 3
3 21 1 a 7 7 1
4 21 1 11 5 4 2
1 2 1 4 19 7 13 12 2 1 4 4 6 4 0 2 9 6i 2 1 4 2 7 2 4 2 5 0
4 2 1 4 3 6 19 24 2



DATE

2J 7
217
217
21 7
221
221
221
221
225
225
225
225
228
228
228
2 28
2 2 2
2 32
232
232
235
235
235
2 3 5
229
239
239
239
242
242
242
242
247
247
247
247
250
250
250
250
253
253
253
2532 58
256
256
256
261
261
261
261
264
264
264
264
281
261
281
281283
283
283
203
290
290
290
290
295
2 9 5
295
295
293
296
296
298
169
169
1 69
169

SC
MAJ

39
33
29
55

132
133

28
69
35
22
13) 1
i d
2 210
131 0
10J2
24
31
31

3
26
24
3 082

5
3
3
3
n
3
I5
4

2
4-

1
05
.1
28
7
32
A

I2
0
i
«»
5
0
.1
306211
31
1

300d
2
5
54

322

OH OH SC
FEMALE HALE FEU

13 15 1
27 45 1
20 33 4
12 24 2
14 A 12
23 19 14
19 13 14

9 5 3
21 4 12
35 13 26
21 7 U
10 3 5

2 4 0
5 9 0
3 5 0
1 5 0
3 2 0
3 5 0
2 3 0
0 0 0
0 5 0
0 3 0

5 0
2 3 0
6 5 ]
4 12 1
7 8 1
3 4 1
S 4 0
2 6 0
3 3 0
0 1 rl

12 7 7
29 25 IS
17 n 2

S 2 0
11 6 3
39 IS 12
13 10 4

4 1 4
14 7 a
53 25 5
17 11 0

5 3 0
11 14 t
67 52 0
25 26 I

4 4 T
1 7 17 5
33 53 i
13 16 0

6 7 a
4 6 0

29 14 1
12 9 0

7 6 0
2 4 0
0 2 0
5 2 0
4 3 0
3 2 O
2 J 0
4 « 0
2 1 3
a 2 0
9 3 0

11 3 0
7 1 1
4 1 0
7 3 0
4 2 0
5 1 0
5 2 0
9 4 1
7 3 0
5 1 0

98 44 291
52 35 272
59 36 238
58 65 275

TRAP DATE OH OH
SUtlBEA FEMALE HALE

172 37 19
172 49 17
172 33 12
1 72 64 2ft
176 33 29
176 . 53 23
176 15 15
I 76 34 23
179 10 4
1 79 2] 6
179 17 a
179 24 3
133 32 7
133 34 i
133 30 11133 21 9
165 16 3
135  12 1
135 15 1
165 3 4
190  14 11
190  17 Id
190  17 9
190  7 6
193 23 15
193 J0  29
193  17 14
193 10 10
197 19 12
397  32 6
197  35 9
197 3 0
2 00 2 5
200  5 12
200  3 3200 9 3
204 1 1 9
204 12 13
2 04  8 3
204 4 1
207  10 10
207 24 17
207  7 3
207  23 0
21 1 23 14
211 33 19
21 1 21 14
211 14 6
23 4 26 14
2 1 4  32 3
214  27 10
2 1 4  19 ?
217  18 7
217  33 16
21 7 3 9 3
23 7 14 1
221 13 7
221 14 o
2 2 1 12 7
221 26 3
225  19 5
225  12 10
225  19 2
225 17 6
228  1 4
228  4 2
228  0 1
228  4 5
23 2 0 0
232 O 2
232  2 7
232  2 2
235  0 t
235 1 1
235  0 O
235  2 2
239  4 S
239 1 5
2 39  5 6
239  5 9

SCHALE
0

14
12

3
I
5
100
1
121
56
526
910
4
3
■7
9

1 6
4
1
0
1
0
a
■a
9
32
7

10
9
0
1

3 3
4
A
22

1 6
3
1
3
0
0

3
1
0
00
0
00
0
0
0
3
0
a
0
8
rl
'5
3
02
3
0

319
3 5 4
229
327



DATE

242
242
242
242
247
2 4 7
247
247
2 i a
250
250
250
252
25 J
255
255
256
256
256
256
261
261
261
261
264
264
264
264
290
290
290
290
28}
231
281
291
2 33
2 35
283
2 9 5
295
295
295
295
298
298
2 9 9
298
169
169
1 6 9
169
172
172
172
172
376
176
3 76
176
1 79
179
179
179
135
133
183
132
185
185
1 35
i  a s
190
190
19 0
190
193
193
193
193

323

Of-t
FEMALE

QM
MALI

SC
FEMALE

SC
MALE

5 2 0 3
1 4 0 3
1 5 0 1
4 10 0 0
8 7 0 0
7 9 0 1

10 9 I 2
6 11 3 3
2 2 2 0
2 9 1 1
2 6 0 1
2 2 2 1
2 1 J n
0 0 0 r
1 5 0 •i
1 5 0 a
2 1 I fi 0
S 11 .1
0 5 0
0 10 0 0
3 15 0 <*
3 1 1 0 0
5 7 0 0
2 1 7 0 0
6 3 A 0
3 4 0 0
3 9 3 ,1
2 9 3 a
1 0 0 3
j 2 0 0
0 6 0 0
0 1 J 3
J 2 0 A
J 0 0 3
1 2 3 0
9 2 0 *3
3 0 0 A
1 2 0 0
3 1 8 -3

3 d .1
3 1 0 A
3 0 3 »l
1 0 <1 0
3 0 4 J
3 2 0 C
3 0 1 3
2 1 J 3
3 0 3 0

14 1 2 69 61
24 1 5 29 34
33 24 77 77
46 26 42 44
1 2 9 100 33
1 3 9 89 49

3 a 51 39
21 10 93 81
20 12 152 136

7 11 265 26?
2 3 54 56

14 6 72 69
3 19 13

0 6 23 21
1 1 1 3
2 ■1 6 0
3 1 1 2B 30
0 1 54 34
O 9 22 1 1
7 0 37 12
2 0 1 9 13
2 0 18 1 3
1 0 8
3 0 4 2
2 0 6 3
0 1 4 A
0 0 3 a
0 *7 5 3
5 4 5 2
2 2 4 n
1 d 3 3
2 1 3 2

DATE 0 « OH 50 SC
FEMALE MALE FEMALE MA

197 3 2 4 3
197
197 5

I
3

7
17

5
6

197 2 3 a 16
200 2 1 a 1
20P
200 1

1
4 2

1
ti

200 3 I 2 2
2 04 4 1 3 .1
204 5 A
204 3 » 3
204 1 0 4
207 11 2 A 0
207
207 i 3

t
■*

2
9

0
3

207 22 5 0 0
211 1 2 6 J
211 29 15 18 4
211 19 6 3
211 22 8 4 3
214 5 3 3 I
214 21 1 2 4 a
214 10 6 0 i
214 13 7 i
217 14 3 4
217 34 1 6 1 0 i
217 10 3 3
217 21 4 '•1 A
221 1 A 4
221 9 2 J
221 1 1 3 •i
221 4 5 0 'i
225 I 0 2 1
225 13 4 J 1
225 1 J i 1
225 10 3 1
228 a 2 0 1
228 2 0 i
228 a 8 ■1 3
228 0 1 3 J
232 1 d 3
232 3 a 3
232 2 6 0
232 0 1 0 0
23 5 a 1 ■3 I
235 ; 1 3 1
235 0 1 3 0
235 A t A ■7
239 7 3 n
229 2 2 0 13
239 2 3 8 3
239 1 3 1 1
242 i 3 0 i
242 9 17
242 1 2 0 a
242 2 4 0 1
24? 1 4 2 i
247 6 6 3 2
247 0 3 j
247 12 0 2 3
250 a 2 1 0 12
259 7 8 7 18
250 2 0 2 10
250 4 6 4 1 Q
253 10 10 20 : a
253 12 9 18 16
253 12 1 0 ; a 14
253 6 15 ; i 20
256 21 1 3 20 14
256 n 14 22 11
256 12 1 ? 10 ta
256 15 1 9 23 10
261 10 12 I  3 20
261 24 18 1 3 2
261 30 2 20 10
261 10 11 10 8
264 1 ] A
264 3 15 2 1
264 5 2 3 0
264 2 4 A .1



324

I S  CONTINUE

TRAP DATE OH CH SC SC TRAP DATE OH OM SC SC
SUKBCR FEMALE MALE FEMALE MALE tfJHBER FEMALE MALE FEMALE MALE

I 299 0 0 0 225 1 I 6 3 1
2 290 3 2 0 0 2 225 13 18 9 i
3 290 2 0 9 0 3 225 a 4 1
4 290 2 0 1 0 4 225 6 3 1 a
1 20] 0 0 0 226 fl 0 J ,7

2B1 3 4 0 0 228 9 6 0 3
3 231 3 1 0 0 3 228 2 4 0 0
4 261 2 1 «1 O 4 228 1 1 O
2 233 2 a 0 0 232 18 14 1 7
I 203 1 n 0 2 232 23 18 1 17
3 283 0 0 0 1 3 232 21 6 4 1
4 263 o 0 1 4 23 2 2 1 □ 2
1 299 3 0 I 3 235 7 9 4 19
2 299 2 i 0 0 235 30 24 1 9
4 299 i 0 0 3 235 7 9 1 3
3 299 2 0 0 0 4 235 2 6 n 1
1 J 69 60 31 140 121 239 31 19 3 25
2 169 51 24 1 56 1 54 2 39 59 51 2 34
3 169 37 a 46 40 3 2 39 32 14 0 1 3
4 169 30 21 59 49 4 239 11 a 0 ?
1 172 17 22 118 83 242 31 22 20 :-i
2 172 40 16 221 1 28 242 26 27 1? 18
3 172 16 9 73 49 3 242 29 32 1 0 23
4 172 17 11 43 22 4 242 11 1 2 16 19
2 176 21 12 1 20 96 1 247 65 26 12 6
1 176 43 31 63 59 247 115 47 13 : i
3 1 76 12 9 59 33 3 247 68 29 10 i 2
4 1 76 1 3 a 25 1 5 4 247 a 2 1 0 0
1 179 7 6 22 1 3 1 250 22 5 1 9
2 179 6 6 22 7 2 250 38 25 2 1
3 1 79 2 1 3 4 3 250 13 14 3 2
4 1 79 2 2 2 5 4 254 7 3 3 3
1 103 1 5 4 36 3 1 253 16 8 1 2
2 133 7 a 61 19 2 253 20 7 2 a
3 1 33 4 0 15 2 3 253 12 1 1 3 3
4 193 3 4 14 3 4 253 3 S 3 1
1 155 3 2 12 5 1 2S6 15 14 2 2
2 165 5 13 23 ] 3 2 256 26 30 3 2
2 103 d 2 4 2 3 256 30 24 0 1
4 1 95 6 1 10 7 4 256 9 14 1 2
1 190 4 5 15 4 1 261 17 11 ■l r?
2 190 a 9 16 9 261 16 15 0 0
3 190 2 3 6 2 3 261 23 25 •7 l?
4 190 4 4 12 4 4 261 7 13 0 0
J 193 12 6 7 2 1 264 4 3 2 1
2 193 16 1 3 i a 2 2 264 16 9 0 1
3 1 93 5 6 l 2 3 264 7 9 1 I
4 193 3 0 a 2 4 264 4 4 3 1
1 197 53 25 7 2 1 290 2 0 3 3
2 197 93 36 15 2 290 2 I 3 2
3 197 42 48 9 3 290 3 1 0 5
4 197 29 1 3 a 0 4 290 J ; 3 11 200 54 30 ] 3 3 1 291 3 a 3 3

200 44 36 17 10 2 291 0 6 3 0
3 2 00 13 19 1 2 4 3 291 a 2 0
4 2 30 12 13 1 3 P 4 291 i 2 .1
1 2 04 36 20 0 a 1 283 2 4 J
2 234 73 45 T 2 233 1 2 0
3 2 34 36 24 0 0 3 233 2 J ■■1 .1
4 204 29 12 5 0 4 293 3 1 O
1 207 33 19 0 0 2 296 5 1 3

207 55 28 6 1 1 296 5 1 i
J 207 36 33 0 0 3 296 3 0 £ .1
4 207 26 12 2 0 4 296 4 1 7 2
J 211 45 35 2 1 1 298 1 1 3
2 211 79 53 e 3 2 296 1 I 0 0
3 211 73 35 3 0 3 290 1 3 0
4 211 60 41 4 2 4 298 0 1
1 214

214
44
75

11
27

5
15

0
3

LOC. 1
7 2

156
156

30
73

29
79

11
45

7

3 214 25 10 13 O 3 156 166 354 53 63
4 214 30 9 3 1 A 1 56 1 27 1 94 6 9 66
I 217 40 19 14 6 156 191 9 9 42 28
2 217 76 37 14 4 156 122 166 59 35
3 21 7 32 9 7 3 7 156 313 167 213 1 33
4 217 n 14 1 1 156 1 36 124 69 43
] 221 11 7 5 0 156 i a ? 90 45 1 9
2 221 12 14 5 1 1 283 11 6 0 1
3 221 6 2 0 0 2 283 1 5 7 2 I
4 221 7 1 2 2 3 283 10 4 0 3
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ES CONTINUED

TRAP
ZlUMSSR

DATE OK
FEMALE

OH
KALE

s c
FEMALE

i C
KALE

4 233 4 9 ?
5 293 2 0 a J
6 233 4 2 3 3
7 293 5 3 3
0 29 3 0 ■•J 0
9 233 3 1 0 3

10 2 3  3 7 2 0 0
11 28 3 9 0
12 233 7 3 3 3
13 293 4 2 0 -3
14 233 4 3 3
IS 203 2 0 O 0
16 233 5 2 0 0
17 233 3 <3 0
16 233 2 0 h 0
19 283 3 0
2 0 293 3 0 J 0
21 283 3 1 0 0
22 283 1 2 n n

1 2 9 0 3 *i 0
2 2 9 0 1 0 a 0
3 2 9 0 0 3 0
4 2 90 1 3 0
3 2 9 0 4 2 0 0
6 290 0 3 e
7 2 9 0 0 0 o
B 290 1 2 0 3
9 2 9 0 3 9 9 3

lfl 2 90 4 3 1
11 2 9 0 5 •1 1 *
12 2 9 0 4 0 •1 <1
1 3 2 9 0 1 0 £1 3
14 3 9 0 4 fl 3 J!
15 290 2 0 0 T
16 290 3 0 3
17 290 1 0 0 1
13 290 1 0 3 3
19 290 0 1 3
29 290 A 0 Cl 1
21 290 0 0 0 1
22 290 0 0 1

1 297 6 0 0 0
2 297 2 G 0 0
3 297 10 3 fl 1
4 297 3 3 3
5 297 3 2 9 G
6 297 4 2 2 3
? 297 7 2 J 2
a 297 3 1 3
9 297 3 J 1 2

10 297 3 3 1
11 297 15 7 3 a
] 2 297 6 2 2 3
13 297 0 ,1 J 1
14 297 4 1 1
15 297 3 4 3 3
16 297 4 2 ,7 0
17 297 4 0 3
I d 297 1 0 3
19 297 5 2 1 1
20 297 3 0 0 1
21 297 2 a 0 a
22 297 0 1 3

1 2 9 9 O ■1 0 3
2 2 9 9 0 o 0 3
3 2 9 9 0 3 0 0
4 2 9 9 0 0 0 3
5 2 9 9 0 - 3 0 3
6 2 9 9 0 0 0 3
7 299 O .7 0 3
8 2 9 9 n 0 0 0
9 2 9 9 0 0 0 3

10 299 0 0 8 3
11 2 9 9 0 0 0 4
12 299 a 3 3 n
13 2 9 9 a G 0 n
14 2 9 9 0 0 9 9
IS 299 1 3 4 4
16 299 0 3 3 fi)
17 299 0 3 3 (1

TRAP
NUMBER

DATE o k
FEMALE

OH
HALE

s c
FEMALE

SC
MALE

I S 2 9 9 0 0 0 0
19 2 9 9 0 3 0 0
23 2 9 9 0 0 0 0
21 2 9 9 0 0 0 J
22 2 9 9 O 0 0 0

1 1B4 1 1 14 7
2 1 8 4 4 1 79 43
3 1 3 4 12 8 90 71
4 1 3 4 7 7 1 1 0 47
5 1 3 4 1 2 4 73 33
6 1 3 4 10 5 147 61
7 1 3 4 i a 6 1 57 92
a 1 3 4 19 7 156 69
9 1B4 20 4 71 33

10 1 3 4 9 3 100 57
11 1 8 4 6 6 32 9
12 1 3 4 1 ] 6 4

1 1 66 2 2 33 21
2 1 86 7 4 1 2 2
3 1 86 3 7 i 3
4 1 36 4 6 14 14
5 1 36 5 1 6 4
6 1 36 5 £ 21 16
7 136 3 5 14 2 5
a i a e 7 16 23 26
9 1 36 5 9 4 1 1

10 1 36 3 2 14 7
11 136 7 J 13 24
12 1 36 4 1 16 6

1 191 12 6 34 6
2 191 9 14 22 20
3 191 4 1 2 23 1 3
4 191 25 13 36 1 7
S 191 10 7 9 4
6 191 16 15 1 00 27
7 191 9 13 30 : 3
8 191 17 12 22 6
9 191 u 6 j t 9

10 191 a 4 13 6
11 191 19 1 2 22 14
12 191 16 14 43 1 J

1 194 4 5 2 J J J
2 1 9 4 14 14 1 5 14
3 1 9 4 7 1 9 40 16
4 1 9 4 9 26 63 19
5 194 6 12 10 8
6 194 21 27 3d 20
7 1 9 4 1 2 24 60 41
6 1 94 5 4 20 3
9 1 94 :  i 25 20 7

10 1 94 3 4 •7 2
I t 1 94 14 3 ] 6 4
12 1 94 21 1 4 46 26

1 1 98 6 2 2 0
2 1 90 37 29 1 6 4
3 1 38 22 26 13 3
4 1 98 28 37 1 9 13
5 1 9 8 11 22 53 26
6 1 3 8 15 9 Q 4
7 1 9 8 40 39 76 53
3 1 9 8 23 : * 54 2)
9 1 9 8 23 15 23 13

10 1 9 8 9 2 2 5
11 1 9 6 22 3 7 4
12 1 9 6 23 25 17 10

1 201 5 2 1 1
2 201 7 1 4 9 5
3 201 5 6 3 5
4 201 15 1 3 11 3
S 201 4 7 a 15
6 201 3 1 10 2
7 291 10 13 35 31
a 201 3 6 15 22
9 201 16 7 7 910 201 4 2 1 2

11 201 4 4 2 0
12 201 10 4 4 0
1 2 05 4 2 : 0
2 2 05 2 8 i a 7 4
3 2 0 5 3 15 4 3
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E9 COKTJWUED

T R A P
H U M B E R

DATE OH
F E M A L E

OH
H A L S

S C
SS H A L E

S C
H A L E

4 2 0 5 1 4 1 6 3
5 2 0 5 3 2 2 a
6 2 0 5 6 5 4 1
7 2 0 5 2 8 1 1 1 3 5
3 2 0 5 2 0 1 6 1 9 4
9 2 0 5 9 4 1 0

1 0 2 0 5 11 3 2 4
1 1 2 0 5 2 4 a 3
1 2 2 0 5 1 5 9 3 0

1 2 0 8 1 3 2 9
2 2 0 0 1 6 3 1 1 6 6
3 2 0 8 2 7 2 0 a 6
4 2 0 8 1 5 1 7 l o 2
3 2 0 8 3 2 a 1
6 2 0 0 2 0 2 1 2 3 6
7 2 0 0 16 1 2 9 5
8 2 0 8 11 7 3 3
9 2 0 8 11 1 3 J 3 4

1 0 2 0 8 1 8 2 2
1 1 2 0 8 9 7 1
1 2 2 0 8 2 5 9 9 3

1 2 1 2 8 4 4
2 2 1 2 4 5 3 9 2=> 7
3 2 1 2 1 7 2 3 2 8 1 2
4 2 1 2 3 4 4 0 3 1 2 5
5 2 1 2 1 0 1 1 1 1 1 3
6 2 1 2 6 3 3 9 7 1 1 1
7 2 1 2 6 8 2 6 1 2 7 2 0
a 2 1 2 2 3 2 2 4 0 7
3 2 1 2 2 9 3 3 22 7

1 0 2 1 2 1 9 4 1 7 2
1 1 2 1 2 2 2 i a 2
1 2 2 1 2 4 2 3 9 2 6 3

1 2 1 4 0 1 0 0

2 2 1 4 a 1 5 2 2
3 2 1 4 2 3 1 9 I 2 5
4 2 1 4 i d 1 1 5
S 2 1 4 2 2 1 1
6 2 1 4 ) 4 7 7 2
7 2 1 4 1 9 1 7 I B 3
8 2 1 4 5 1 3 1 6 4

9 2 1 4 1 0 4 4 0

1 0 2 1 4 4 2 1 1

11 2 1 4 4 2 1 0

1 2 2 1 4 2 0 4 7 1

1 3 2 J 4 0 1 1 0

1 4 2 1 4 2 a 0 0

1 5 2 1 4 3 2 j 0

1 6 2 1 4 2 1 0 0

1 7 2 1 4 9 1 3 1

I B 2 1 4 3 1 2 1

1 9 2 1 4 1 3 O 0

2 0 2 1  4 1 9 3 0

2 1 2 1 4 1 3 j El

2 2 2 1 4 2 2 1 0

1 2 1 9 1 3 7 4 4
2 2 1 9 1 7 3 6 2

3 2 1 9 33 3 2 J 0 4
4 2 1 9 7 1 2 6 2

S 2 1 9 1 6 3 2 2 2

6 2 1 9 3 2 2 6 2 9 0

7 2 1 9 5 9 2 6 2 1 1 0

3 2 3 9 1 7 1 7 11 a

9 2 1 9 1 9 1 0 1 0 2

1 0 2 1 9 2 0 7 1 3

1 1 2 1 9 3 7 7 2 ,T

1 2 2 1 9 2 6 4 6 3
1 3 2 1 9 1 8 1 1 4 3

1 4 2 1 9 i a 2 2 4

1 5 2 1 9 1 6 6 2 2

1 6 2 1 9 1 6 7 3 2

1 7 2 1 9 d 6 1 0 1

1 9 2 1 9 2 9 9 0 2

1 9 2 1 9 1 4 6 6 J
2 0 2 1 9 3 0 a 1

2 1 2 1 9 1 7 1 3 0 J
2 2 2 1 9 2 2 1 1 0 0

1 2 2 6 2 3 3
2 2 2 6 9 5 4 1

3 2 2 6 3 3 3 2 1 3 1 1

T R A P  D A T E  CM O H  SC S C
DUMBER FEMALE HALE FEMALE HA

4 226 10 5 3 4
5 226 3 2 4 2
6 226 IS 13 34 1 7
7 226 15 2 16 2
8 226 1 2 2
9 226 9 6 5 a

10 226 1 0 2 a
11 226 4 a j
12 226 4 0 2 0
13 226 1 6 2
14 226 2 0 0 J
15 2 26 1 2 0 1
16 226 2 0 2 2
1 7 226 a a 1
i a 226 l 0 0
19 226 2 0 a 0
20 226 1 1 1
21 2 26 1 d 1
22 226 0 4 0 ,1

1 229 1 a 0 1
2 229 3 7 0 1
3 229 6 5 0 1
4 229 2 0 0 4
5 229 1 * a 3
6 229 14 1 3 22
7 229 3 a • 41
8 229 0 l 0
9 229 2 3 0

10 329 1 ; 0 4
11 229 i 4 a 1
12 229 7 l 3
13 229 3 1 : 1
14 229 1 0 0 2
15 229 2 0 o •3
16 229 0 a a 2
17 229 0 1 0 2
• a 2 29 1 a a 0
1 9 229 0 a a 2
20 229 0 a e 1
21 229 0 l 3 .)
22 229 2 2 2 3

1 233 1 0 2
2 233 S 7 a 3
3 233 a 4 i 1"
4 233 0 7 2 9
5 233 f* 0 0 a
6 233 11 47 4 90
7 233 4 20 a 52
a 233 5 12 i 7
9 233 2 ; 4 5 17

10 232 2 2 I 0
11 233 2 1 0 <}
12 232 I 3 I 6
13 2 33 2 a 4
14 233 0 j
13 233 0 7 3 J
16 233 1 3 1 13
17 233 3 3 2
18 233 0 0 .1
19 233 1 2 0 7
20 233 2 2 0 a
21 233 0 0 3
22 233 2 1 a T

1 236 a 7 1
2 236 2 2 i 4
3 236 2 3 l 3
4 236 0 l 0
3 236 4 1 i 4
6 236 2 2 6 19
7 236 5 12 2 74
0 236 2 2 1 1
9 236 3 2 0 9

10 236 1 3 0 2
11 236 0 3 0 .1
12 236 0 5 rT 6
13 236 0 3 3
14 236 2 3 o 1
15 236 2 2 3 *1
16 236 0 3 3 1
J 7 236 2 1 a 4



DATE

2 3 6
2 3 6
2 3 6
2 3 6
2 3 6
2 4 0
240
2 4 0
2 4 0
240
240
2 4 0
2 4 0
2 4 0
2 4 0
2 4 0
2 4 0
2 4 0
2 4 d
2 40
2 4 0
24 0
24 0
2 40
2 4 0
2 4 0
2 4 0
2 4 3
2 4 3
2 4 3
2 43
243
24 3
243
2 4 3
2 4 3
2 4 3
2 4 3
243
2 4 3
243
243
243
243
2 4 3
2 4 3
2 43
243
243
2 4 ?
2 4 7
2 4 7
2 4 7
247
247
24 7
247
247
2 4 7
2 47
2 47
2 4 7
2 4 7
2 4 7
2 4 7
2 4 7
2 4 7
247
247
24 7
247
2 4 9
249
249
249
2 4 9
2 49
2 49
2 49
2 4 9

S C
MAJ

62
0
0fl
31
3
t
a
20
3

11
1 2
1 4
I 9i 2] 5
54
] 3
15
1 31 2
13

7
4
2
31
3
4
3
1
4

20
22
3629
23
27
6 5
36
4 0
23
21
201 ]
10
3

1 2
3

1 1
3 4
1 7ai23
26
20
26
21
2963
22
2 5
2622
2 ^
1 1
! 4

74
j
6
3

1 2
11

2
1 7

327

OM CM SC SC
FEMALE MALE FEMALE MALE

0 1 1 1  
0 3 1 2
1 4  2 2
1 1 0  9
2 2 0 3
0 4 1 2
4 5 0 9
7 9 3 1 3
1 12 2 1 2
9 4 1 9
1 3 4 25

11 2 9  52
2 4 1 9
4 11 3 9
3 4 3 7
4 2 0 43 5 0 3
1 5  1 0
0 2 1 1
2 4 0 2
0 11 1 3
1 4  1 40 1 0  2
4 0 2 21 3  0 3
0 1 0  4
0 4 0 0
0 5 0 0
1 13 0  7

10 16 7 9
5 6 2 3
1 4  0  2
2 5 0 3

IQ 5 10 10
5 9 1 2

12 13 1 3
3 5 0 6
7 4 0 2
4  6  O -.12 3 0 0
1 5  3 2
1 4  0 10 1 2  1
5 21 0 5
J  7  1 2
0  4  0  2
4 3 1 21 3  0 2
2 3 S 2
1 11 0 1
5 17 1 5

12 27 7 11
16 11 , 1 4

4 7 1 2
3 4 3 7

25 21 9 Id
6 3 2 7

33 21 6 13
5 15 6 15

16 12 5 2
2  7 0  4
2 3 0 6
1 5  7  2
5 6 0 4
2 14 6 4
a H  7  :
5 11  0 22 4 0 9
4 3 2 2
1 11 1 3
J A 2 4
1 1 2  1 2

11 27 I 1
11 2 0  7 7

7 15 JJ  4
2 5 2 1n 0 e 5

15 21 1 2  4
0 2 6 2

16 17  12 12

TRAP
DUMBER

DATE OH
FEMALE

OH
MALE

10 2 4 9 3 17
11 2 4 9 9 25
12 2 4 9 6 14
1 3 2 4 9 1 10
14 2 4 9 2 1 2
IS 2 4 9 1 3
16 2 4 9 1 10
17 2 4 9 4 10
I d 2 4 9 1 5
1 9 2 4 9 5
2 0 2 4 9 S 19
21 2 4 9 3 3
22 2 4 9 0 4

1 2 53 0 2
2 2 53 9 19
3 2 53 1 5 24
4 2 5 3 9 16
5 253 a 6
6 2 5 3 18 a
7 2 5 3 39 12
3 2 5 3 6 3
9 2 53 19 15

10 2 53 2 10
11 253 2 20
12 2 5 3 J 7
13 2 5 3 5 a
14 2 5 3 6
I S 2 5 3 2 2
16 253 3 7
1 7 253 16
i a 253 5 3
19 253 3 3
20 253 7 7
21 253 1 3
22 253 2 4

1 257 1 9
2 2 57 3 37
J 2 5 7 19 43
4 2 5 7 7 12
5 2 5 7 7 11
6 2 5 7 24 14
7 2 5 7 48 38
a 2 57 11 1 2
9 2 57 33 21

10 2 57 7 16
11 2 5 7 14 35
12 2 5 7 9 28
13 2 5 7 0 13
14 2 5 7 0 7
1 5 2 5 7 2 1 4
16 2 5 7 12 1 6
17 2 57 j 33
: a 257 9 4
19 2 57 9 12
20 2 5? 8 15
21 257 1 ?
22 257 6 12

1 261 3 21
2 261 3 42
3 261 22 38
4 2G1 11 31
5 261 5 10
6 261 7 6
7 261 29 26
6 261 a 7
9 261 23 41

10 261 11 25
11 261 a 34
12 261 20 33
1 3 2 q 1 10 11
14 261 1 13
I S 261 2 10
16 261 3 3
17 261 4 1 7
13 261 3 12
19 261 1 1 1
20 261 5 21
21 261 1 3
22 261 2 0

1 2 6 4 3 42
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E 3  CONTINUED

TRAP DATE n i OH SC SC TRAP DATE OH OM SC SC
NUMBER FEMALE MALE FEMALE MALE NUMBER FEMALE ;ia l e FEMALE MAL

2 264 9 28 in 10 22 278 2 4 1 3
3 264 14 34 13 14 6 27a 3 1 4 1
4 264 a 23 13 14 7 273 0 5 0 O
5 264 5 10 10 13 8 2?a 2 1 0 8
6 264 6 7 in 1 0 9 778 3 2 1 2
7 264 15 14 16 13 38 278 4 2 1 2
a 264 4 a 11 13 1 I 278 5 3 0 .1
9 264 19 38 15 5 1 138 21 32 60 91

10 264 2 25 10 11 2 n a 19 32 54 32
11 264 3 38 11 1 3 3 136 16 41 71 62
12 264 8 28 a 13 4 133 a 14 91 43
1 J 264 5 7 10 10 5 136 41 22 101 59
14 264 1 5 11 6 $ 1 38 17 21 6* 31
15 264 0 7 4 3 7 1 38 9 31 72 13
16 264 q 4 2 1 3 138 lo 8 91 14
17 264 3 16 3 2 9 3 38 7 19 21 5
Id 264 2 9 1 4 in 1 3 B 0 32 71 34
19 264 1 9 1 4 11 1 30 14 24 52 ; 9
20 264 3 8 2 3 12 1 38 19 41 16 13
21 264 1 1 1 6 1 1 30 0 >7 13 15
22 264 2 1 1 4 1 2 1 30 O 0 12 U

1 269 51 24 7 7 3 130 0 0 1 9 25
2 269 32 23 9 6 4 130 3 0 51 22
3 269 59 36 o 8 5 130 0 0 16 25
4 269 28 12 14 4 6 1 30 0 1 41 1 4
5 269 11 9 a 7 7 130 a 0 18 21
6 269 14 7 l i 7 8 130 0 0 20 35
7 269 13 9 9 6 9 130 0 0 42 19
3 26 9 10 1 3 o 11 10 130 O 0 18 21
9 269 16 U 10 7 11 130 0 0 16 30

10 269 21 1 b 1 1 7 12 130 0 ;» 14 14
11 269 1 9 16 14 3 1 135 0 a 81 70
J 2 269 29 19 6 8 2 1 35 ,7 1 6 159 1 3*1
13 2 69 16 0 7 9 3 135 4 1 101 J 20
14 2 69 1 3 7 4 3 4 135 15 21 1 6*7 1 50
15 269 1 1 3 2 5 5 135 21 10 110 160
16 269 21 11 2 0 6 135 14 19 88 1 no
17 269 19 15 1 a 7 135 13 23 35 11 2
19 269 9 6 2 0 8 1 35 16 41 1 20 70
19 269 14 9 3 j 9 135 8 19 52 161
20 269 14 10 2 0 10 135 11 32 11 a 1 70
21 269 5 1 jl 0 11 135 19 31 112 118
22 269 3 2 1 a 12 135 2 11 171 111

1 275 51 23 3 5 1 129 0 0 10 20
2 275 30 21 0 2 2 129 0 0 10 * 2"
3 275 47 33 4 6 3 1 29 0 0 5 40
4 275 26 21 2 3 4 129 0 0 16 18
5 275 16 18 8 2 5 129 kl 0 40 10
6 275 23 1 7 2 4 6 1 29 a n 30 5
7 275 39 36 5 7 7 129 0 20 J 0
a 275 16 15 2 4 8 1 29 n n 2 3 5
9 275 41 36 a 9 9 129 A 7 33 27

10 275 31 28 7 10 10 129 a .1 3 Ivl
i t 275 37 30 J 6 1 1 129 a n 10 t

1 2 275 68 4J 7 d 1 2 1 29 ,1 22 1 o
13 275 10 6 0 1 1 142 25 39 42 32
14 275 29 12 0 0 2 1 42 75 22 24 i  j

15 275 18 26 1 2 3 142 50 24 29 ; i
16 275 3d 36 5 J 4 142 76 55 23 3 3
17 275 29 27 4 6 5 142 92 24 46 d
19 275 23 29 3 5 6 142 1 39 CO 57 38
19 275 17 1 2 2 3 7 142 21 38 1 : 19
20 275 22 18 1 4 a 142 29 46 i 4 9
21 275 7 4 0 2 9 142 : 33 1 08 78 : i 7
22 275 14 7 3 0 10 142 33 24 29 38
12 278 17 5 1 0 11 142 54 45 52 35

1 278 24 7 0 1 12 142 70 79 i n 11
n 278 4 1 0 1 145 7 1 * 1 1 

1 114 278 5 2 a n 2 145 40 55 31
2 278 16 9 0 0 3 145 21 3 7 3

15 278 1 3 0 0 4 145 54 42 r ? 15
16 275 6 3 0 >7 5 145 40 7 H 7

3 278 4 2 <3 ,7 6 145 23 32 20 5
17 27R 8 2 0 1 7 145 12 1 '7 6 1
18 278 0 J <3 *1 8 145 24 24 11 10

4 278 5 1 0 (J 9 145 24 20 7 1
19 278 0 4 0 .*1 10 145 21 i4 16 13
2 ? 278 1 0 1 2 1 1 145 39 21 20 : 4

5 275 3 2 1 1 12 145 32 7 6 3
21 278 6 3 2 3 1 149 13 5 10 I /i
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I S  SCNT1S1UE0

TRAP
NUMBER

DATE OH
FEMALE

o;i
MALE

SC
fEHALS

SC
t'lALE

2 149 16 13 14 7
2 149 11 6 13 4
4 149 209 31 23 4
5 149 33 o 10 3
6 149 34 26 24 6
7 149 19 11 17 5
9 149 55 64 39 22
9 149 32 69 27 12

10 149 26 21 30 18
1 1 149 50 47 24 30
12 149 44 44 20 8
1 IS 1 6 3 irl 0
2 131 14 7 7
2 1 SI 31 27 9 i
4 151 60 90 3 a 21
5 1 51 92 45 24 13
o 151 53 52 21 ? \
7 J51 29 41 1 5 6
a IS] 60 74 20 5
9 151 43 33 a 2

10 1 51 31 20 16 i e
11 2 53 9 4 46 26 6
12 1 31 29 29 21 16
10 1 56 92 25 43 11
11 156 194 133 35 19
12 i 56 37 1 6 33 1 3
1 J 59 66 15 25 3
2 1 59 137 72 131 IDS
J 1 59 141 1 4 8 J 3 41
4 1 59 172 1 23 125 64
5 1 5 9 3 4 a s 43 25
6 1 S 9 134 1 64 114 7 5
7 159 i 3 1 7S 7 4 32
3 159 7 0 53 35 5
3 1 5 9 151 6 5 47 1 9

10 3 59 33 9 16 10
: i 1 59 i s a 73 49 27
12 1 59 66 42 82 9
1 162 17 3 7 j
2 3 62 67 6 4 2ft 21
3 162 107 67 31 11
4 162 93 77 46 33
5 162 60 57 17 9
6 162 103 109 55 30
7 162 1 SB 99 102 63
a 162 £4 51 27 17
9 362 60 54 49 23

1 0 362 28 6 19 7
l i 162 105 60 29 26
I 2 162 43 26 35 15
1 166 7 5 13 1 2
2 166 59 47 65 213
3 166 79 53 61 58
4 166 60 52 115 146
5 j 66 53 43 20 33
6 366 90 70 67 29
7 166 49 46 39 23
3 166 1 22 61 102 158
9 166 62 31 44 29

10 166 16 9 24 18
1 1 166 56 43 25 27
12 166 36 11 27 24
1 170 62 32 131 241
2 170 26 7 40 13
3 170 56 49 47 63
4 170 33 49 69 116
5 170 26 14 58 52
6 170 79 59 169 109
7 170 99 83 1 79 174
a 170 96 37 1 07 198
9 170 62 38 35* 77

10 170 25 22 32 35
11 170 73 33 44 39
12 170 38 13 23 1 2
1 173 27 :i 41 2 4
2 173 26 23 I B S 2 8 8

3 173 13 13 75 5 2

4 173 2 1 I S 7 6 573
5 173 6 6 3 3 2 2
6 173 29 2 9 139 8 7

TRAP
NUMBER

DATE OH
FEMALE

OH
MALE

SC
FEMALE

SC
MALE

7 173 39 39 190 127
8 173 14 14 120 7ft
9 173 46 19 60 51

10 173 27 15 61 42
11 173 40 27 4 4 38
12 173 23 17 79 42

1 177 5 2 14 3
2 177 12 11 41 26
3 177 7 7 37 16
4 177 8 5 32 24
5 177 a S 32 24
6 177 14 1 9 54 28
7 177 IS 7 55 19
6 177 7 6 67 26
9 177 8 6 24 1 7

10 177 9 2 2*1 24
1 1 177 6 4 8 8
1 2 177 8 j 1 9 9

1 180 2 6 2 0
2 180 16 9 98 1 24
3 183 2 33 7 10
4 180 10 10 30 93
5 160 3 3 10 1 0
6 188 6 10 32 1 6
7 180 4 5 1 2 1 1
a 180 4 8 6 16
9 180 3 1 1 3

10 180 ' 3 9 8 5
1 1 180 3 2 0 3
1 2 180 0 2 2

1 221 22 2 1 3
2 221 14 7 4
3 221 24 5 2 1
4 221 9 7 3 1
5 221 5 3 0 •1
6 221 23 3 1 2
7 221 31 3 8 2
a 221 1 6 2 1
9 221 10 3 2 3

10 221 a 2 1 I
11 221 18 4 2 2
1 2 221 16 2 2 3
1 3 221 18 6 9 4
1 4 221 a 5 3 0
15 221 a 2 1 ]
16 221 4 J 1 0
17 221 1 5 3 1 3
13 221 9 0 1 2
19 221 10 3 0 0
20 22! 13 6 i 3
21 221 4 S i 1
2 2 221 2 1 i 1

1 222 12 3 i .1
2 222 1 0 2 2 2
3 222 11 1 rl 3
4 222 1 7 S 2 4
5 22 2 14 4 5 rl
6 222 8 6 1 2
7 22 2 9 7 J 2
8 2 22 11 3 1 9
9 2 22 14 9 3 0

10 2 22 9 2 4 ■3
U 222 1 6 1 2 0
12 2 22 7 5 5 1
13 222 a 4 2 3
14 222 i s 3 1 2
15 222 13 7 a 0
16 232 11 2 3 1
17 222 3 2 1 2
l a 222 2 3 1 2
19 222 1 2 0 ft
20 232 3 4 1 1
21 222 3 3 1 2
22 222 3 1 2

1 2 20 1 5 3 1 ft
2 220 I 1 2 2 ft
3 220 1 7 1 1 1
4 220 9 1 0 *
5 2 20 2 2 2
6 220 5 0 1 3



2 20220
2 20
220
2 2 0
220
2 2 0
2 2 0
2 20
220
2 2 0
220
2 2 0
2 2 0
2 2 0
227
22 7
227
227
227
227
227
227
227
227
227
227
227
227
227
227
227
227
227
227
227
227
229
229
229
2 2 B
226
226
228
226
228
226
226
228
226
226
229
228
229
226
229
2 28
229
228
234
234
234
234
234
234
224
234
234
234
234
234
23 4
234
234
2 34
2 34
234
234
234
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OH s c s c TRAP DATE OH OH s c s c
■1ALE HALE FEKALE KALE SUHBER FEMALE HALS FEMALE HALE

5 2 3 J 21 2 3 4 3 1 1
3 3 a 0 22 2 3 4 1 2 1 1
3 8 1 4 I 241 2 2 1 a
2 0 0 9 2 241 1 0 i
9 4 1 3 241 3 2 2 2
2 4 a 3 4 241 2 3 1 l
6 n 2 0 5 241 1 2 2 i
3 a 0 1 6 2 41 3 1 0
6 a 3 0 7 241 1 3 0 2

a 1 2 a 241 2 2 1 1
0 1 1 9 241 6 4 2 3
3 2 0 10 241 4 0 0
0 0 2 11 241 0 J j 2
0 5 I 12 241 1 2 1 1
■3 A ] 1 3 241 3 2 3
& 1 ? 14 241 4 0 1
2 1 0 IS 241 1 5 1 2
1 2 0 16 241 4 4 3 a
0 J 1 17 241 0 2 1 1
a 0 2 1 8 241 3 3 0 l
g 1 5 19 241 2 1 2
0 1 1 20 2 4 ] 2 2 1 3
0 2 0 21 241 3 3 1
1 0 2 22 241 1 1
4 3 0  LOC 1 1 3 6 J ,4 1 6
1 1 i a 2 1 3 0 0 0 2 1
0 0 3 3 1 3 0 0 0 0 3
3 I 0 4 1 30 1 0 2 2
3 2 2 1 135 1 45 1 6
0 0 0 2 135 5 8 35 1 8
0 0 I 3 23 5 1 0 31 2 3
a 1 A 4 135 1 2 3 2
i 2 2 3 1 40 6 41 15 5
2 J 3 2 1 46 6 3 15 4
1 n 3 3 1 46 1 0 4 1
3 3 n 4 1 4 0 0 0 3 1
I 3 2 1 2 42 19 30 47 11
1 2 3 2 1 4 2 3 a 14 2
1 1 J 3 1 4 2 0 3 1
1 ] 3 4 1 4 2 0 0 1 7
2 2 1 1 J 49 30 6 4 26 19
0 0 3 2 1 4 9 5 21 9 14
I 1 2 3 1 4 9 2 3 6 0
a 0 2 4 1 4 9 0 0 a
l 2 e 1 1 50 16 37 4 a
9 0 l 2 1 50 5 17 1 3
a 3 0 3 1 5 0 1 A 0 3
i 0 i 4 1 5 4 0 fl 1 0
l 1 2 1 154 19 97 26 9
a 0 0 2 1 54 6 47 10 11
l 2 1 3 1 5 4 9 32 9 2 1
0 2 3 4 154 9 a 0 0
2 1 2 1 158 5d 129 29 1 1
a 0 A 2 1 5 6 43 77 16 7
a 0 i 3 1 5 6 6 5 3 kl
3 2 ,i 4 1 5 6 1 9 1 J
4 3 2 1 161 35 175 39 36
1 1 2 161 15 59 17 16
0 0 Li 3 161 5 6 3 2
2 2 1 4 161 J 0 1 a
3 (J 1 1 1 6 3 1 0 15 4 6
] 1 0 2 1 6 3 15 12 4 4
I 3 1 3 163 2 6 1 1
3 1 3 4 163 0 0 0 0
0 1 3 1 169 9 50 6 9
2 0 1 2 1 6 9 4 19 4 a
0 2 2 3 1 6 9 5 1 3 l
1 * 0 4 1 6 9 2 0 1 3
0 1 3 1 170 4 3 4 2
2 3 0 2 170 4 5 3 4
0 1 1 3 170 1 0 0 0
3 1 3 4 1 7 3 0 3 f) 0
I 0 2 1 1 7 5 4 7 0 3
1 2 3 2 1 7 5 3 14 1 2
0 6 3 3 175 1 4 0 a
1 3 1 4 1 7 5 1 0 1 a
2 1 3 1 177 5 7 5 3
0 2 3 2 177 1 1 2 4
i a 2 3 1 77 0 tf a 0
a j 0 4 177 1 n 0 0
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c s  TQOTIHUED

TR AP DATE OH OH
HUMBER FEMALE HALE

182 8 7
182 4 a
182 2 1
182 8 1
1 8 4  1 2
184 3 1
184 0 3
184 0 0
198 2 2
1 9 8  9 2
19 0  1 1
1 9 0  a  0
192 2 0
192 0 0
192 1 1
192 0 1
196 0 0
196 0 2
196 1 1
196 0 3
198 9 1
198 7 2
198 1 6
198 10 0
204 22 20
204 21 26
2 0 4  20  20
201 10  28
202  4 1205 2 1
2 0 9  3 1
2 0 9  0 6210 1 0210 2 2
2 1 0  3 0
2 1 3  0 0
2 1 2  2 0
212 0 0
212 0  0
2 1 2  0  0
2 1 7  1 0
2 1 7  0 0
2 1 7  1 0
2 17  0 3
2 19  0 0
2 19  0 0
2 1 9  0 0
2 1 9  0 0
2 2 4  0 9
2 2 4  0 1
2 2 4  0 3
2 2 4  3 0
2 2 6  0 0
22 6 0 9
2 2 6  3 0
2 2 6  0 3211 3 3
221  0  0
211 1 3
231 0  3
2 3 8  1 0
2 3 8  0 0
2 3 8  0  0
2 3 8  3 3
2 4 0  0 0
2 40 0 0
2 4 0  a  0
2 4 0  0 0
2 4 8  >7 0
2 4 8  3 2
2 4 8  0 0
2 4 8  0 0
2 9 2  0 0
292 1 3
2 9 2  0 0
252 a a
2 5 4  0  3
2 3 4  3  1
2 1 4  0  0
2 5 4  3  0

S C  SC TRAP DATE
FEMALE MALE NUMBER

4 1 LOC j  i 3 0
6  10  9  2 13 0
1 3 3 1 3 0
3 3 4 1 3 01 1 I 139
2 5 2 135
2 2 3 135
9 0 4 135
1 3  1 1 41
9 3 2 141
0 0 3 1 4 ]
3 0 4 141
0 0 1 14 3
0 2 2 14 3
1 0 3 1 43
3 3 4 14 3
1 0 1 149
1 0 2 14 9
0 0  3 149
9 0 4 1 4 9
3 0 1 150
1 1 2 150
1 0 3 150
3 J  4  190
0 0 1 155
5 1 2 155
0 0 3 155
0 0 4 155
0 0 1 157
0 0 2 1 57
0 7 3 157
0 0 4 197
0 0 1 162
0 0 2 162
0 a  3 162
0 0 4 162
0 n I 164
3 0 2 164
0 0 3 1 64
3 a  4 16 4
0 0 1 1 69
0 0 2 1 6 9
3 0 3 1 6 9
a  a  4  1 69
0 0 1 171
a  a  2 171
0 a  3 171
a 0 4 171
3 3 1 177
0 0 2 1 77
0 0 3 177
3 a 4 177
3 0 1 17 8
0 3 j  ] 7B
3 3 3 178
3 a  4  : ; a
3 0 1 183
0 0  2 133
■1 0 3 183
a 0 4 183
■1 0 1 185
0 3 2 1 85
0 0 3 185
0 0 4 185
0 0 1 192
0 3 2 192
0 0 3 192
0 3  4 192
3 O 1 1 9 3
0 3 2 19 3
3 0 3 193
0 0 4  193
0 9 1 197
0 3 2 1 97
0 O 3 1 97
3 3 4  197
0 4 l 1 99
6 3 2 199
3 0  3  1 9 9

0 3 4 199

L
MALS

0 H
HALE

SC
FEMALE

s c
MALE

0 0 0 0
0 0 1 3
0 0 1 2
0 1 2
2 2 5 4
1 1 a 6
3 1 15 1 3

2 9 1 0
3 5 1 3 2
•1 6 2 5
3 1 * 4 5
2 G 1 0 1 0
3 4 3 4
1 1 2 1 3
5 17 7 13
5 14 3 9

1 1 IB 5 7
4 l a 3 6

13 43 1 0 5
16 41 fi 4

9 1 1 1 1
4 14 3 1

1 2 16 7 2
6 14 4 1

3d 71 2 1 39
43 63 14 19
33 39 33 18
0 0 75 36 26
3 3 147 J 26 123
15 29 6 16
1 3 6 6 30 41
2 1 19 1 1 J

4 6 3 1
3 4 5 1
6 2 1J 5

19 53 6 6 6 6

3 9 3
5 3 2 6

3 6 1 1 2

31 7 1 1 3
1 1 3 8 24

3 1 2

2 5 3 3
13 13 3 4

1 3 5 3
3 3 1 1

3 1 0 6 5
3 4 3 6

1 1 2 14 15
13 7 6 9

13 1 1 i n
7 5 1 15

0 7 14
4 A 2 4
1 1 4 5
4 2 5 3
7 9 33 39
5 7 16 1 2

2 1 1 17 16
36 6 29 49

2 3 1 2 Q
3 2 3
3 J 2 1

2 13 3
1 1 G 1 0 13

5 1 0 «T 3
14 25 16 : 3

7 14 36 13
5 2 18 2 2

4 2 4 7
3 2 17 1 2

4 2 5 17
a 2 2 38

4 1 1 i a 23
4 1 2 16 2 1

4 23 1 0 29
13 3 6 2

2 16 6 3
14 15 4 0

6 9 5 7



2 0 3
2 0 3
2 03
2 0 6
2 0 6
2 0 6
2 0 6
2 1 1
211
211
2 1 1
2 1 3
2 1 3
21 3
21 3
2 10
2 18
2 19
2 1 8
221
2 2 1
221
221
2 2 6
2 2 5
2 2 5
2 2 5
2 29
2 2 0
2 2 0
2 2 0
23  2
2 3 2
23 2
2 3 2
2 3 4
2 3 4
2 3 4
2 3 4
2 3 9
2 3 9
2 3 9
2 3 9
24 1
241
241
241
2 4 6
2 4 6
2 4 6
2 4 6
2 4 0
2 4 6
24 8
2 40
1 30
1 3 0
1 3 31 39
135
1 3 5
1 3 5

3 3 2

OH OH SC
FEMALE MALE FEMALE MA

6 9 2 2
6 1 7 1 6

1 7 1 9 4 1
6 1 3 3 4

1 9 I d 1 2 1
1 6 21 5 1

8 2 3 4 1
1 6 2 7 3 2
14 5 2
16 1 0 2 3
29 2 0 7 6
27 2 3 11 4

1 6 1 0
7 4 2 0

3 0 0
1 0 1 0 4 1

2 J 0 3
3 a 0 O
1 3 0 O
7 1 2 0 0
4 I 1 0
3 3 1 0
1 4 0 0
5 2 1 0
1 3 ,7 3
2 4 tl

11 8 ,7 0
7 17 a 0
1 2 i 0
4 0 l 0
2 3 l 1
S 6 0 9
2 4 l 9
2 2 0 0
1 2 0 0
3 5 7 1
3 4 0 0

0 0 0
5 0 •)

1 4 I 1
2 5 1 1
1 3 0 9
3 1 0 a 3

6 3 4
1 0 0 fl
3 0 8 *>
1 2 0 0
1 3 0 0
7 1 2 2 5 14
1 6 2 0 1 0

1 9 2 2 5
4 9 1 1 21

7 5 5
2 2 6 4

7 1 2 0
7 0 6 1
0 1 3
0 0 0 J
0 1 a 0
1 l 3
2 3 9 13

0 8 I *
5 0 13 9
2 3 1 3 5
5 2 0 6

6 7 7
3 2 2 1 1
S 0 2 5 9
I 6 11 1 6
5 0 6 1 0
4 4 2 0 12
2 S 27 17

10 3 7 1 6 2 3

DATE QM
FEMALE

OH
MALE

SC
FEMALE

5C
MALE

— — ——

1 4 9 2 4 5 9 2 9 31
1 4 9 17 41 1 5 41
1 4 9 2 5 4 5 2 8 51
1 5 0 7 6 3 1
1 5 0 1 6 1 5 7 3
3 5 0 5 6 5 4
1 5 0 11 3 4 2
1 5 4 3 4 31 1 6 6
1 5 4 3 5 5 4 2 6 1 4
1 5 4 4 8 5 6 15 3
1 5 4 31 4 7 19 13
1 5 6 2 6 2 2 1 4 4
1 5 6 1 5 1 6 3 4
1 5 6 3 8 1 5 1 3 S
1 5 6 1 4 1 4 13 4
16 1 2 4 6 9 3 8 3 4
16 1 2 6 4 6 26 1 9
16 1 2 2 3 6 2 9 1 4
16 1 3 9 4 7 4 5 33
1 6 3 5 4 a 1
1 6 3 5 3 i 5
1 6 3 6 2 13 9
1 6 3 3 3 7 5 7
1 6 8 1 9 i d 9 6
1 6 8 2 2 1 8 6 6
1 6 8 3 8 ! a 1 9 9
1 6 3 2 0 21 1 7 1 3
1 7 0 S 3 6 4
1 7 0 s 7 5 4
1 7 0 5 3 a 1
1 7 0 4 1 i 2
1 7 5 1 3 9 4 i j
1 7 5 1 6 4 7 2*1
1 7 5 1 4 3 11 n
1 7 5 3 6 9 12
1 7 7 5 6 6 Zti
1 7 7 1 4 1 3 1 4 27
1 77 9 7 9 18
1 7 7 3 9 17 15
1 9 2 1 7 1 2 14 1 1
18 2 2 5 a 1 4 15
10 2 1 0 7 19 19
18 2 1 4 5 1 6 16
1 6 4 3 1 7 4
1 8 4 4 3 1 4
1 6 4 4 4 1 2 4
1 8 4 3 1 7 9
1 9 0 1 3 11 1 2 5
1 9 0 3 8 6 1 3
1 9 0 8 17 5 2 8
1 9 0 2 0 1 3 9 9
191 7 2 3 0
191 7 6 2 0
191 4 9 2 1
191 I S 1 8 1 2 4
1 9 5 5 1 2 4 6
1 9 6 1 0 21 3 9
1 9 6 1 3 2 8 6 5
J 9 6 1 i 1 6 1 0 4
1 9 0 1 7 2 4 1 9
1 9 8 1 3 1 9 4 6
1 9 8 1 4 1 9 4 1
1 9 6 1 9 2 6 5 6
2 0 3 3 0 2 7 0 4
2 0 3 3 4 4 5 1 2
2 0 3 21 2 2 9 2
20  3 11 2 0 2 7
2 0 5 16 6 1 1
2 0 5 9 1 3 0 1
2 0 5 1 2 1 0 2 1
2 0 5 2 2 2 0 2 1
21 0 1 3 1 6 1 *
2 1 0 1 4 1 5 3 0
2 1 0 1 6 2 2 0 3
2 1 0 3 2 31 t t

2 1 2 1 8 4 0 -1
2 1 2 1 5 3 3 J
2 1 2 1 0 4 4 <J
2 1 2 1 4 1 0 1 0
2 1 7 1 8 4 0 1

TRAP
NUMBER
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e s  c o w n s n j e o

TRAP OATS OK OK
NUMBER FEMALE MALE

2 2 1 7  U  5
3 2 J 7  16 10
4  2 1 7  2 4  29
1 2 1 9  2 S
2 2 1 9  2 3
2 2 1 9  9 15
4 2 1 9  16 9
1 2 2 4  7 4
2 2 2 4  2 1
3 2 2 4  9 10
4 2 2 4  I S  22
1 2 2 6  4 2
2 2 2 6  4 2
2 2 2 6  12  6
4 2 2 6  10  1
1 231  1 4  I S
2 231 7 3
3 131 13 20
4 231 27 30
1 2 3 3  2 2
2 2 3 3  2 0
3 2 2 3  4 4
4 2 3 3  16 11
1 2 3 3  16 9
1 2 3 9  6 9
3  2 3 3  9  3
4 2 3 3  32 61
1 24 0  3 1
2 24 0  0 0
3 2 4 0  1 0
4 2 4 0  14 5
1 247 23 29
2 2 4 7  14  9
3 2 4 7  3 0  19
4 2 4 7  123  149
1 2 4 9  3 6
2 2 4 9  11 13
3  2 4 9  5  7
2 2 4 9  11 13
1 262 7 10
2 262  12 16
3 262  3 10
4 262  12 39
1 2 64 12 10
2  254 9 6
3 254 16 3
4 2 6 4  17 39

LOC, 1 1 34 4 2
11 1 1 3 4  1 0

3 134  3 1
4 1 3 4  3 1
1 1 35 0 9
2 136  1 3
3 1 3 5  0 1
4 135 0 1
1 140  a  a
2 14 0  9 9
3 1 4 0  3 7
4  14 0  2 23
1 142 13 21
2 142 13 24
3 14 2  10  29
4  142  14 59
1 1 4 8  33 67
2 149  30  76
3 14 9  43  1 37
4  149 6 2  304
1 1 4 9  3 1
2 149  17 7
3 1 4 9  14  10
4 149 19 23
1 164  62  51
2 1 5 4  74  93
3 1 5 4  S3 111
4 1 5 4  1 1 0  136
1 156 i a  19
2 166  29 57
3 1 5 6  2 6  4 0
4 166  61 7 4
1 161 24 2 7

S C SC TRAP OAPE
FEMALE HALE NUMBER

1 0 2 161
2 0 3 161
2 1 5 4 16 1
1 0 1 1 6 3
0 0 2 1 6 3
0 0 3 1 6 3
0 0 4 1 6 3
a 0 1 1 5 6
A 0 2 1 6 3
) 0 3 1 6 3
J 0 4 1 6 3
1 4 3 1 7 0
0 0 2 1 7 0
a 0 3 1 7 0
0 0 4 1 7 0
o n 1 1 7 5
i 0 2 1 7 5
1 0 3 1 7 5
i 4 4 1 7 5
0 0 1 1 7 7
0 0 2 1 7 7
0 0 3 1 7 7
9 0 4 1 7 7
0 0 1 102
0 0 2 182
0 0 3 102
0 0 4 102
2 3 I 1 0 4
3 4 2 1 6 4
2 6 3 1 0 4
2 3 4 1 8 4

20 30 1 1 9 0
2 6 14 2 1 9 0
33 9 3 1 90
22 2 6 4 19 6

6 6 1 191
9 a 2 191
3 0 3 1 9 )
8 4 4 191

1 3 3 1 1 9 6
12 3 2 1 9 6
1 6 O 3 1 9 6
1 3 2 4 196

6 0 1 1 9 8
4 1 2 19 B
7 O 3 1 9 8
a 3 4 1 9 0
3 11 1 2 0 3

1 4 a 2 2 0 3
20 2 5 3 2 0 3
16 11 4 2 0  3

1 1 1 2 0 5
3 1 2 2 0 5
a 1 3 2 0 50 1 4 2 0 5

1 4 4 1 23 0
21 ; 4 2 210
3 5 2 4 3 210
36 1 3 4 210
24 1 9 1 21 2
41 32 2 212
4 4 70 3 212
41 35 4 212
1 9 25 1 2 1 7
3 7 30 2 2 1 7
5 2 4 0 J 2 1 7
4 5 35 4 21 7

1 1 1 2 1 9
3 1 2 2 1 9
4 0 3 2 1 9
3 1 4 2 1 9
9 4 1 2 2 4

10 6 2 2 2 4
2 4 1 4 3 2 2 4
2 6 2 3 4 2 2 4

7 3 1 2 2 6
20 a 2 2 2 6
21 1 4 3 2 2 6
15 4 4 2 2 6

7 i d 1 23 1

OM
FEMALE

OK
MALE

SC
FEMALE

SC
MALE

43 54 29 59
4 4 63 33 19
a a 8 4 26 8

3 0 16 2
10 0 36 26

6 12 21 11
21 12 6 0 1 a
25 13 94 32
50 25 1 7 9 79
27 4 7 68 1 54
6 4 14d 4 4 1 29

a 3 4 3
20 13 34 24

7 6 33 24
58 27 34 22
15 3 5 4
37 24 12 20
22 42 13 62
41 39 22 41

2 2 6 5
5 4 15 17
6 5 11 32
9 2 2 a

10 9 15 - i i
33 47 59 1 16
22 a 71 1 14
37 23 66 77

7 4 10 a
7 3 19 8
7 7 22 15

13 8 43 20
6 6 0 2

12 11 11 7
a 7 5 29

20 13 9 9
2 5 3 1
6 13 4 4
3 10 7 2
9 3 2 3
a 3 4 4

14 23 9 4
9 29 2 19
7 31 1 3
5 5 0 3

10 11 1 e
13 13 4 a

7 13 1 6
6 10 7 0
: 21 2 6
7 23 5 2
6 13 3 6
1 3 2 0
6 7 6 ■a
7 1 2 4 7

27 18 6 0
4 1 3
5 3 0 17

15 21 0 ]
5 6 1 3

a 0 0
7 4
5 6 l

6 10 0 1
10 5 3 0

S 5 3 0
3 9 1
3 9 0 4

3 O .7
4 1 0 7
0 2 O 1
2 1 0
5 6 0 0
7 5 5 -1
9 18 0

10 13 3 0
5 3 I

12 I S 5 34
1 J 20 1 4 6
23 26 23 2

1 27 1 3 6 0
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LOC
1 2

E5 CQtrriKUED

t r a p
n u m b e r

DATE OM
FEMALE

OH
JIALE

SC
FEMALE

SC
male

^ ̂  * V —
231 36 48 21 3
231 20 24 7 3
231 31 62 23 4
233 17 5 1 2
233 22 23 15 0
233 30 25 17 2
233 40 47 10 6
239 41 19 7 0
239 35 42 13 1
239 30 80 15 1
23d 23 88 16 7
240 10 3 1 0
240 17 5 0 0
240 13 16 0 0
240 25 18 0 0
247 51 32 12 8
247 76 50 47 2
247 56 47 35 18
247 76 104 22 9
249 a 9 5 1
249 26 17 6 5
249 22 16 11 4
249 31 47 16 2
252 9 8 2 0
252 35 31 2 1
252 26 26 4 2
252 19 50 0 2
254 6 3 0 0
254 31 14 6 6
254 i a 25 39 10
254 46 46 2 3
135 a 0 1 3
134 3 5 12 9
134 4 9 8 13
134 4 3 33 23
135 0 1 4 2
135 i 1 2 3
135 0 0 4 6
135 0 9 1 0
140 4 7 16 6
140 13 32 32 9
149 S 35 43 26
140 1 11 IB 1 3
142 3 7 4 6
142 14 11 7 10
142 30 43 17 21
142 25 60 16 22
148 11 57 11 6
148 29 130 37 59
149 122 189 44 30
148 64 161 41 23
150 7 10 2 2
1 50 50 47 4 6
ISO 28 45 12 J 1
159 24 31 3 3
154 34 33 10 7
a 54 61 50 15 6
154 102 64 32 11
154 37 4 4 10 a 3
138 13 5 5 o
156 12 16 4 2
156 65 26 32 7
1 56 14 14 1 3 4
162 43 a 30 44 86
162 93 55 23 26
162 46 47 4 1
162 194 135 78 65
163 2 0 0 0
163 8 0 0 3
163 1 0 0 1
163 0 0 0 1
169 40 37 53 33
168 9 4 10 14
168 12 22 17 33
io d 4 0 10 4
171 40 36 20 9
171 2 2 3 5
171 2 2 2 6
171 2 2 2 1
175 47 37 2 3 26

TRAP
NUMBER

DATE OM QM SC SC

1 75

FEMALE

6

MALE

4

FEMALE

13

MALE

30
1 75 7 13 2 4
1 75 4 9 5 4
1 77 15 9 a 6
J 77 0 3 4
1 7 7 3 4 11
1 7 7 1 2 3 10
182 6 7 35 74 ISO
182 16 a 29 39
1 8 2 IS 3 27 34
1B2 19 2 10 18
184 31 48 60 56
184 11 10 21 15
1 8 4 21 1 2 30 47
J 84 22 13 29 29
190 33 103 34 102
190 9 10 1 2 1 7
190 6 11 7 1 1
1 9 0 21 4 0 17 64
191 36 51 9 23
191 7 3 4 5
191 5 3 12
191 17 13 3 ] 1
196 6 6 9 7 a s
196 4 9 3 3
1 96 S 9 a 2
198 5 15 i 5
198 1 1 6 0 5
193 3 3 2 1
193 2 4 3 2
1 98 3 7 4 3
2 0 4 18 25 2 5
204 6 6 J 2
2 0 4 9 5 1 <i
2 0 4 0 1 0 rl
205 I 0 2 1
20S 5 0 0 1
205 2 1 1
205 4 3 1 7
2 1 0
2 1 0 2

2
3

a
0

.1
1

2 10 4 1 0 1
2 10 3 0 2 1
212 3 a 1 1
2 ) 2 2 5 0 1
212 3 3 1 0
21 2 1 o 0
2 17 a 2 9 0 0
2 17 5 4 1 1
217 7 3 1 3
2 1 7 3 0
219 J 3 0 0
2 1 9 3 0 3 0
2 1 9 2 0 0 1
2 1 9 I a n
2 2 4 13 9 0 0
2 2 4 0 5 •3 j
2 2 4 6 4 1 a
2 24 2 3 9 o
2 26 5 6 1 3
2 26
2 2 6 3

0
4

0
a

0
0

2 2 6 3 0 3
231
231 1

7 0
o

0
0

231 3 4 0 f)
231
2 4 0 14

0
13

0
0

3
d

2 4 0 1 3 a 2 0 3
2 4 0 15 17 0 n
2 4 0 13 1 4 0 0
246 13 19 20 l a
246 20 16 22 16
246 18 20 1 5 19
2 4 6 30 6 21 7
2 5 2 25 22 19 1 4
252 10 20 30 a
252 23 13 22 7
252 13 21 16 4
2 5 4 7 3 8 1



254
254
254no
130
130
130
130
130na
1 30136
136
1 36
236
136
2 36
136
136
141
141
141
141
141141
1 41
141
143
14 3
143
14 3
14 3
143
143
143149
14 9
149
14 9
149
1 49
149
1 4 9
150
150
150
150
15 0
150150150
155
155
155
15 5
155
15 5
155
155
15 7
157
157
157
15 7
157
157
157
162
162
162
162
1 62
162
1 62
162
1 6 4
1 6 4
164
1 6 4
1 6 4

S C;tA
ago0110020
3
10
1
00
0
0
00
3H
3
.1

2200111000
20
1
0

0
0
3
01
1
.1
0
0
00
10
0
,■»
1
00
01
2
A
3
1
0
0
0
4
2
4
3
0
0
3
3
0
0

0
J

3 3 5

OM OH S C  SC  T R A P  C M C  OH OH
f e m a l e MALE FEMALE HALE HUMBER FEMALE MALE

2 2 7 0 6 1 6 4 6 4
5 6 5 3 7 1 6 4 1 4 1 0
5 4 6 4 3 1 6 4 6 0
0 0 2 9 1 1 6 9 4 1
0 0 5 9 2 1 6 9 1 2 3
0 0 1 2 0 3 1 6 9 2 S
0 0 2 0 4 1 6 9 g 4
1 0 4 0 5 1 6 9 6 5
1 0 1 5 0 1 6 9 9 4
0 0 3 9 7 1 6 9 1 0 3
0 a 1 5 a 1 6 9 6 3
2 0 2 2 1 171 2 0
2 0 3 0 13 2 1 71 1 1
1 O 2 3 3 171 2 0
2 PI 9 5 4 171 0 0
2 3 0 S 171 2 2
6 0 6 6 10 6 171 4 9
0 0 6 a 7 171 7 2
3 4 7 2 17 171 1 1
0 2 6 5 1 1 7 6 1 0
3 2 1 3 6 2 1 76 3 7
9 4 7 7 3 1 7 6 1 1
1 0 4 0 4 1 7 6 1 3
9 0 6 2 5 1 7 6 4 0
3 3 11 1 6 1 7 6 4 a
1 1 4 3 2 7 1 7 6 S 3
1 6 1 0 5 1 7 6 . 4 2
3 2 0 2 1 1 7 3 0 1
1 2 7 3 2 J 7 9 1 1
0 4 0 3 1 7 S 3 1
0 0 0 2 4 1 7 3 2 3
1 1 2 2 5 1 7 8 1 0
a 3 0 1 7 8 3 2
3 2 6 3 7 1 7 8 2 0
2 0 9 2 1 7 3 0 1
1 1 1 0 1 13 3 2 1
4 9 9 3 2 1 6 3 0 2
1 1 0 0 3 1 8 3 1 J
1 1 1 0 4 1 8 3 0 1
2 3 0 0 S 1 8 3 3 3
7 5 7 2 6 1 6 3 1 2
5 2 0 16 6 7 1 8 3 0 2
5 6 9 4 1 8 3 3 1
1 0 0 0 1 1 8 5 0 &
1 3 0 0 2 18 5 0 1
1 0 3 1 3 1 6 5 0 0
2 1 fl a 4 1 6 5 a 0
5 1 3 0 5 1 8 5 l 3
4 3 1 4 18 5 2 0
6 11 I 0 7 19 5 0 1
4 2 1 3 1 1 9 5 1 0

12 2 0 4 Jl 1 1 9 0 0
37 2 5 7 3 2 1 9 0 2 2
12 11 1 2 3 1 9 0 3 O
1 3 9 1 4 1 9 0 2 ■>

13 1 0 1 1 5 1 9 0 0 3
2 4 1 4 7 2 6 1 9 0 0 2
27 9 5 1 2 9 7 1 9 0 3 4
1 2 3 0 4 3 1 9 0 1 1

0 4 1 1 19 2 1 1
7 6 0 1 2 19 2 5 0
6 6 ct 1 3 19 2 1 1
4 I i ? 4 1 9 2 0 1
3 1 j 0 5 1 9 2 0 3

1 0 1 0 0 4 6 1 9 2 2 a
12 3 2 4 ] 7 1 9 2 0 a

9 7 1 4 1 9 2 fl 0
7 4 5 1 1 9 7 0 2

2 9 21 1 0 4 2 1 9 7 2 9
7 1 4 7 3 J 1 9 7 0 1

1 9 a 3 2 4 1 9 7 2
12 1 3 5 5 5 1 9 7 3 ft
22 1 3 4 3 6 1 9 7 3 2
2 7 2 9 4 5 7 1 9 7 2 2
1 4 2 2 9 2 1 9 7 0 a

3 2 3 a 1 1 9 9 2 3
9 2 3 2 1 9 9 1 5
4 4 a a 3 1 9 9 3 7
e 0 6 a 4 1 9 9 0
4 3 0 0 5 1 9 9 9 3
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E S CD O TIilU ED

T R A P
H U M 0 S R

B A T E o n
F E M A L E

O H

H A L E

s c
F E M A L E

s c

M A L E

T R A P
H U M B E R

D A T E o n
f e m a l e

O H

m a l e

S C
F E M A L E

S C

M A L E

6 1 9 9 6 5 1 f t 6 2 3 2 a 0 f t 0

7 1 9 9 6 3 1 f t 7 2 3 2 0 o 0 0

1 9 9 2 2 0 f t a 2 3 2 l o 0 f t

J 2 f t ] 9 3 1 ft i 2 3 4 i o 0 ft
2 2 f t ] 2 6 2 1 2 2 3 4 i ft 0 0

3 2 f t ] 9 0 f t 3 2 3 4 a f t 0 f t

4 2 f t ] 4 5 J 2 4 2 3 4 j * 0 f t

5 2 f t l 1 2 1 f t 2 5 2 3 4 l f t f t

201 8 6 0 1 2 3 4 a o 0 9
7 2 f t ] 5 4 4 1 7 2 3 4 a f t a

2 f t ] 9 f t 2 2 3 4 2 a a o

i 2 * 4 1 2 7 1 f t 1 2 3 9 2 0 a

2 2 0 4 1 4 1 3 J 2 2 2 3 9 2 2 f t a

3 2 0 4 9 6 1 2 3 2 3 9 0 a ft f t

4 2 0 4 4 0 f t 4 2 3 9 0 0 ft 0

5 2 0 4 7 1 f t 1 1 5 2 3 9 3 0 ft f t

2 0 4 2 4 2 f t 2 3 9 a 0 f t 3
7 2 0 4 3 4 0 0 7 2 3 9 a 0 3

2 0 4 6 1 3 2 3 9 3 4 0 f t

1 2 0 6 7 5 a 0 1 2 4 1 f t * 3 0 f t

2 2 0 6 6 J 1 1 2 2 4 1 2 0 f t ft

1 2 0 6 1 3 o f t 3 2 4 1 f t a 0 0

4 2 0 6 2 a f t 4 2 4 1 0 a f t 0

5 2 0 6 f t f t 0 f t S 2 4 1 a a 0 a

2 0 6 1 0 9 0 f t 2 4 1 a a ft a

7 2 0 6 6 *p 9 0 7 2 4 1 o a a a

2 0 6 S 3 a f t 2  4 1 l 0 1 a

1 2 1 4 a f t 1 2 4 4 3 3 2

2 2 ] 9 2 0 f t 2 2 4 4 4 a 1 6

3 2 1 1 7 2 n 0 3 2 4 4 6 i 7

4 2 1 1 1 3 0 f t 4 2 4 4 2 4 6 3

5 2 1 1 5 4 f t f t S 2 4 4 3 2 7 1

2 1 1 5 2 f t f t 2 4 4 0 ft 2

7 2 1 1 3 2 f t 0 7 2  4 4 4 6 1 1 4

2 1 1 9 a 0 n 2 4 4 1 5 1 f t 3

I 2 1 3 2 a a 1 2 4 5 3 2 5 3

2 2 1 3 4 2 0 3 2 2 4 5 1 6 1 4
3 2 1  3 1 i 2 3 2 4 5 3 4 5

4 2 1  3 1 f t o f t 4 2 4 5 9 3 2

3 2 1 3 2 2 3 J 5 2 4 5 3 f t

2 1 3 3 f t ft 2 4 5 4 2 7 1

7 2 1 3 2 ft f t 7 2 4 5 5 4 2

2 1 3 f t ft f t 2 4 5 0 3 I 3

1 2 1 9 0 2 1 ft 1 2 4 6 0 ft 2 2

2 21 a 4 ft ft ft 2 4 6 0 2 1 3

3 2 1 f t 1 f t I f t 3 2 4 6 2 3 4

4 2 1 B 0 2 f t f t 4 2 4 6 3 f t 3 J

5 2 1  9 0 3 0 0 5 2 4 6 1 f t 6 2

2 1 8 3 2 f t 3 2 4 6 2 2 2
7 2 1 9 5 ft 1 f t 7 2 4 6 1 0 f t

2 1 9 2 ft 3 f t 2 4 6 1 2 1 0 4

1 2 2 1 0 f t a 0 1 2 4 8 T 3 5 1

2 2 2 1 2 1 3 f t 2 2 4 8 r 4 3 3

3 2 2 1 1 f t 3 f t 3 2 4 8 2 f t 3 1

4 2 2 1 0 1 0 f t A 2 4 9 0 f t 6 2

s 2 2 1 ft 2 f t 9 5 2 4 9 4 ft 4 4

2 2 1 ft 1 1 f t 2 4 9 0

7 2 2 1 3 0 1 f t 7 2 4 8 0 3 A

2 2 1 0 0 f t 3 2 4 8 3 7

1 2 2 5 3 0 0 3 1 2 5 0 3 i 1

2 2  5 3 a 0 ft 2 5 * 4 2 2 2

J 2 2 5 1 a a 0 3 2 5 8 5 1 4 ]

4 2 2 5 a a j 0 4 2 5 0 0 3 3

3 2 2 5 i 3 0 0 S 2 5 0 2 1 ft

2 2 5 i 0 3 ft 2 5 0 4 ■J 3 2

7 2 2 3 3 3 1 f t 0 7 2 5 0 1 3 J 4

2 2 5 2 f t a 0 2 5 0 2 ft 1 5

] 2 2 B 0 f t a 0 1 2 5 1 1 1 3

2 2 2 9 0 f t f t f t 2 2  6 1 0 2 2 1

J 2 2 $ f t f t a f t 3 2 5 1 3 0 t 1

4 2 2Q f t 0 f t 0 4 2 5 1 1 a 2 1

5 2 2 9 f t 0 0 f t 5 2 5 1 ft 0 1 1

2 2 8 1 ft f t f t 2 5 1 f t i a 2

7 2 2 8 1 a f t f t 7 2 5 1 3 2 l 3

2 2 6 0 l 0 9 2 5 1 ] a 3 ft

1 2 3 2 f t f t f t 4 1 2 5 3 ft a 3 1

2 2 3 2 f t f t a f t 2 2 5 3 ft 5 2 2

3 2 3 2 f t •I f t ft 3 2 5 3 f t 0 4 1

4 2 3 2 ft 0 0 ft 4 2 5 3 ft 0 5 <i

5 2 3 2 a 0 3 0 S 2 5 3 3 ft 1 2
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«  O D H TlSU ZD

TRAP OATS OH OH SC
FEMALE MALE FEJ

2 5 3 4 0 d
253 2 4 1
2 5 3 0 0 4
2 5 5 0 9 1
2 5 5 2 9 3
2 5 5 1 7 1
255 O a 0
2 5 5 0 0 1
255 1 a 6
255 2 0
255 1 3
1 30 0 0 2
1 30 9 0 0
1 30 a 0 0
13d 0 0 0
136 9 B 8
1 3 6 i 5 10
1 3 6 4 2 19
1 3 6 3 14 4
141 4 23 6
141 4 23 11
141 3 3 13
141 12 12 16
1 4 3 3 1 3 17
1 4 3 2 3 1 6 9
1 43 4 7 6
1 43 12 29 14
1 4 9 13 17 5
149
149

24
4

25
4

4

149 6 16 IS
1 5 0
1 5 0
1 5 0

2
0
7

2
4

2

1 5 0 2 3 3
155 26 26 1 4
15 5 27 22 1 1
1 5 5
1 5 5

27
23

22
40

1 1

1 5 7  
J 57

1
11

5
9

1

157 16 22 2
1 5 7 3 14 1
162
162

7
32

6
26

A

162
162

14
21

2
31

3

1 6 4 1 4 I
1 64 13 4 2
1 64 1 2 1
1 6 4 6 1
169 2 3 0
169 22 2 4 4
1 49 a 15 5
1 69 7 11 a
171 9 0
171 6 6 0
171 a 4 1
171 3 5 1
1 76 0 3 3
1 7 6 13 10 5
1 7 6 2 11 7
1 7 6 4 7 1
1 7 9
1 7 9

3
9

0 3

1 7 9 3 2 5
1 7 3 3 2 2
1 9 4 1 9 3
1 6 4
1 3 4

9
4

14
3

12

1 9 4 3 2 3
195 0 5 5
1 9 5 2 1 2
135 0 0 1
1 35 9 2 3
191 1 4 2
191 4 7 3
191 1 6 3
191 3 4 3
192 I 2 2

TRAP
HUMBER

DATE OH
FEMALE

OH
MALE

SC
FEMALE

SC
MALE

2 192 1 3 0 3
3 192 4 7 1 1
4 192 1 4 0 a
1 198 3 24 2 3
2 199 IB 1 2
3 198 23 23 4 1
4 199 3 1 2
1 199 2 i .1
2 199 1 0 0 2
3 199 3 9 1 0
4 199 2 2 a
1 2P4 9 14 M l
2 204 13 23 2
3 294 19 23 1 0
4 204 9 22 0 a
1 206 1 2 10 0 i
2 206 28 24 1 2
3 206 20 23 0 0
4 206 13 9 3 a
1 21 15 20 0 4
2 211 24 14 9 1
3 211 23 14 0 0
4 211 27 9 1 3
1 213 I 3 a 3
2 213 6 4 0 a
3 213 4 5 .7 3
4 213 2 0 0 0
1 218 12 13 0 a
2 219 7 7 0 a  *
3 218 6 2 0 0
4 218 3 3 0 4
1 221 1 3 *3 <7
2 221 “ 0 2 O a
3 221 2 2 a a
4 2 21 *7 0 0 a
1 225 1 2 A a
2 225 3 3 a
3 225 2 a *
4 225 2 2 0
1 228 1 0 ,T
2 229 0 0 d 0
3 228 1 2 3 a
4 228 0 a 0 a
1 232 2 4 o
2 232 1 3 a 0
3 23 2 4 3 0 1
4 23 2 1 0 0 0
i 234 I 4 : 0
2 2 34 5 3 0 0
3 234 3 7 o
4 234 0 0 0 ,1
1 239 6 IS 1 2
2 239 5 3 3 I
3 239 7 6 * 4
4 239 2 2 1 3
1 241 1 2 0 .1
2 241 A 2 Cl .1
3 241 0 a 0 a
4 241 1 2 3 2
1 244 2 2 4 5
2 244 a 2 4 1
3 244 a 0 5 2
4 244 3 2 2 3

246 48 30 36 21
2 248 2 2 25 41 32
3 248 IS 34 18 29
4 243 15 35 59 34
1 253 15 25 5 4
2 253 17 21 6 7
3 253 8 15 11 4
4 253 : a 20 3 3
1 255 3 6 1 2
2 255 11 3 0 2
3 255 a 5 rl 3
4 255 4 9 1 a

SC
MALE

4307023IJd
1911
73
S10
51*1
a

15
22

5
17

1
a
46
1912
J22J3
1
32
4B
3IJ
1

0*>
5
2

0
(i
13
7
4] 22
3
3
5
5

1 4
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Appendix F.

R ecorded num ber of onions dam aged by OM for each  sam ple, d a te  and study field 
in 1979 and 1980.

All d a ta  files are  lo ca ted  on UP2017 and UP2018 dump tap es  a t  the  Michigan 
S ta te  U niversity C om puter C en ter.

CDDA79GRANTDAM
CDDA80GRANTDAM
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TABLE r  .

E  F I E L D  SAMPLE DAMAGED 
NUMBER PLA NTS

: t  F I E L D  SAMPLE OAHAUED 
NUMBER PLA NTS

DATE F I E L D  SAMPLE 
NUMBER

OAMAGEO
PLANTS

d a t e F I E L D SAMPLE
NUMBER

DAMAGED
PLA NTS

1 3 6 1 4  1 0 1 3 8 4 1 tj
1 3 6 1 4  2 0 n s 4 2 0
1 3 6 1 4  3 8 1 3 8 4 3 0
1 3 6 1 4  4 0 1 3 8 4 4 a
1 3 6 1 4  5 0 1 3 8 4 5 o
1 3 6 1 4  6 0 1 3 8 4 6 o
1 3 6 1 4  7 0 1 3 d 4 7 0
1 3 6 1 4  ti 0 1 3 8 4 a e
1 3 6 U  9 a 1 3 8 4 9 a
1 3 6 1 4  ID a 1 3 8 4 1 0 0
1 3 6 1 4  11 0 1 3 8 4 11 U
1 3 6 1 4  12 a 1 3 0 4 12 9
1 3 6 14 13 a 1 3 8 4 13 0
1 3 6 1 4  1 4 0 1 3 8 4 14 0
1 3 6 1 4  I S a 1 3 8 4 15 0
1 2 6 1 4  1 6 o 1 3 8 4 16 0
1 3 6 1 4  17 a 1 3 8 4 1 7 0
1 3 6 1 4  I d a 1 3 8 4 I d 0
1 3 6 1 4  1 9 a 1 3 8 4 1 9 0
1 3 6 1 4  2 0 0 1 2 8 4 2 0 0
1 3 8 1 1 0 1 3 8 5 1 0
1 3 8 1 2 0 1 3 8 5 2 0
1 3 8 1 3 9 1 3 8 5 3 0
1 3 8 1 4 0 1 3 8 I 4 3
1 3 9 1 5 0 1 3 d 5 5 0
1 3 S 1 6 0 1 3 8 S 6 0
1 3 d 1 7 0 1 3 8 5 7 0
1 3 d 1 a 0 U d 5 a 0
1 3 8 1 9 0 1 3 3 9 0
1 3 0 1 10 0 1 3 8 5 1 0 3
1 3 d i 11 0 1 3 3 5 11 0
1 3 d 1 12 9 1 3 0 5 1 2 0
1 3 9 1 1 3 0 1 3 3 5 13 6
1 3 d 1 14 0 1 3 8 5 1 4 0
1 3 d 1 I S 0 1 3 8 5 I S 0
1 3 b J 16 0 1 3 8 5 1 6 0
1 3 d i  n 0 1 3 d 5 17 0
1 3 d ;  i d 0 1 3 d i d 0
1 3 d i 19 a 1 3 0 5 1 9 01 3 8 1 3 0 0 1 3 d S 2 0 a
1 3 8 2  1 a 1 3 8 6 1 o
1 3 6 2 2 0 1 3 6 6 2 d
1 3 3 2 3 a 1 3 8 6 3 0
1 3 8 2 4 a 1 2 6 6 4 0
1 3 8 2 5 a 1 3 6 6 5 3
1 3 0 2 6 3 1 3 8 6 6 0
1 3 S 2 7 a 1 3 8 6 7 0
1 3 8 2 d a 1 3 8 6 d 0
1 3 0 2 9 a 1 3 6 6 9 0
1 3 8 2 1 0 0 1 3 8 6 1 0 4}
1 3 8 2 I t 9 1 3 0 6 1 1 t>
1 3 8 2 12 a : 3 6 6 1 2 0
1 3 8 2 13 a 1 3 0 6 13 d
1 3 8 2 1 4 a 13 U 6 1 4 0
1 3 8 2 15 a 1 3 8 6 15 0
1 3 8 2 1 6 0 1 3 6 6 16 3
1 3 d 2 17 0 1 3 8 6 17 0
1 3 8 2 I d 0 1 3 0 6 1 6 O
1 3 6 2  19 9 1 3 8 6 1 9 0
1 3 8 2  20 0 1 3 6 6 2 0 u
1 3 8 3  1 3 1 3 0 7 1 0
1 3 b 3 2 0 1 3 8 7 2 0
1 3 8 3 3 a 1 3 9 7 2 0
1 3 8 3 4 0 1 3 8 7 4 3
1 3 8 3 S b 1 3 d 7 5 0
1 3 8 3 6 0 1 3 8 7 6 0
1 3 0 3 7 0 1 3 8 7 7 0
1 3 8 3 d 0 1 3 0 7 6 d
1 3 8 3 9 0 1 3 0 7 9 0
1 3 8 3 1 0 0 1 3 8 7 1 J o
1 3 d 3 11 3 1 3 3 7 U d
1 3 8 3 1 2 0 1 3 3 7 1 2 0
1 3 8 3 13 0 1 3 8 7 1 3 0
1 3 d 3 1 4 0 1 3 3 7 1 4 d
1 3 d 3 I S 0 1 3 8 7 15 d
1 3 d 3 1 6 0 1 3 8 7 1 6 6
1 3 d 3 1 7 0 1 3 d 7 17 0
1 3 d 3 I d 0 1 3 8 7 i a 0
1 3 8 3 1 9 0 1 3 8 7 1 9 0
1 3 8 3 2 0 a 1 3 8 7 20 0

I1

11
111

1
1

1
i

ii
i
i
i

12
3
4
5 ,6
7
a
9Id

1 ]
12
13
14
15
16
17
18 
19  
2 9

12
3
4
56 
7
a
9 i a 

1 1  
12 
1 3
I 4
15
1 6  
17 Id 
19 
2 3

12
3
4
56 
7a
9

10
n
12
13
14
15
16  
17  
I d
1920 

1 
2
3
4
5
6  
7
a
910

I I  
1 2
13
14
15
16  
1 1  
I d
19
2 0

00k)U00
J
J0Ud00
9000a
0j
a
a
a
0
a
o0
a
a
a
a
9
a
a
o
9
0
d
d
a
a000
o
a0
a00
a
a
a
s
a
0
000
PI00
a
a0000
00
a00
a
a
a
9
Q00

1
2
3
4
5
6 
7
a
9

10
11
12
13
1 4
15
16 
17 Id
19
20 

1 
2
3
4
56 
7
a
9

1 3
11
12
13
1 4
15
16 
17 
16
19
20 

1 

2
3
4
5
6  
7 6 
9

10
11
12
13
14
15
16
17
18
19
20 

1 
2
3
4
5
6  
7 
a  
9

10
1 1

12
13
14
1 5
16 
17
i a
1 9
20
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CABLE f  . COUTI.HUED

DATE c l  ELD SAMPLE
NUMBER

UAJACED
PLAMT5

DATE FIELD SAMPLE
tdUMBER

□AMAt
PLAU1

139 a 1 3 M l 13 1 0
139 d 2 0 141 13 2 0
139 3 3 0 141 13 1 9
139 a 4 d 141 13 4 0
139 d 5 0 141 13 5 0
139 a 6 0 J 41 13 6 9
139 a 7 0 143 13 7 0
139 a d 0 141 J 3 a 0
139 a 9 0 141 13 9 0
139 3 10 J 141 10 8
139 a 11 0 141 13 11 0
139 a 12 0 141 13 12 0
139 a 13 0 141 13 12 0
139 3 14 0 141 13 14 0
139 a 15 0 M l 13 15 0
139 a 14 0 141 13 16 0
139 a 17 0 M l 13 17 0
139 9 Id 0 141 13 i a 0
139 a 19 0 141 13 19 0
139 3 20 0 M l 13 20 0
139 9 1 a M l 14 1 a
139 9 2 0 141 14 2 9
139 9 3 0 141 14 3 0
139 9 4 0 141 14 4 0
139 9 5 0 M l M 5 0
139 9 € 0 141 14 6 0
139 9 7 0 141 14 7 3
139 9 d 9 141 M d 0
139 9 9 9 141 14 9 0
139 9 10 0 141 14 10 0
129 9 11 0 141 14 11 0
139 9 12 9 141 M 12 0
139 9 13 e 141 M 13 0
139 9 14 3 14] M M 0
139 9 15 0 M J 14 15 0
139 9 14 0 141 M 16 0
139 9 17 0 M i 14 17 U
139 9 13 0 141 M i d o
139 9 19 9 141 M 19 0
139 9 20 3 141 14 20

1
ti

139 l a 1 0 142 a a
139 12 2 0 142 H 2 0
1 39 10 3 3 142 a 3 0
139 10 4 3 142 a 4 a
139 Id 5 d 142 3 5 0
1 39 10 6 142 3 6 0
139 10 7 3 142 0 7 0
139 10 8 3 142 3 U 0
139 10 9 a 142 a 9 a
139 10 10 a 142 d ] 0 a
139 10 11 a 142 a 11 a
1 39 10 12 a 142 0 12 a
139 10 13 4 M 2 3 13 0
139 10 14 0 M 2 d 14 0
139 10 15 a M 2 a 15 0
139 10 16 3 142 a 16 0
139 10 17 0 M 2 a 17 0
139 10 10 0 142 d 18 0
129 10 19 a M 2 d 19 0
139 10 20 a 142 a 20 a
139 12 1 a 142 9 t 8
139 12 2 0 142 9 2 0
139 12 3 0 142 4 3 0
129 12 4 0 M 2 0 4 d
139 12 5 0 142 9 5 0
139 12 6 0 142 9 6 0
139 12 7 0 142 9 7 0
139 12 a 0 142 9 3 0
139 12 9 a 142 9 9 0
139 12 1 0 a 142 9 10 0
139 12 n a 142 9 11 0
139 12 12 0 142 9 12 0
139 12 13 0 142 9 13 0
139 1 2 14 0 142 9 14 0
139 12 15 0 M 2 9 15 0
139 12 16 (1 142 9 16 0
139 12 17 0 142 9 17 0
139 1 2 Id 0 142 9 i a 3
139 12 19 a 142 9 19 0
139 12 23 a 142 9 20 a

FIELD SAMPLE DAMAGED DATE FIELD SAMPLE DAMJUitO
NUMBER PLANTS NUMBER PLAMTS

10 1 a 143 M  1 0
10 2 1 M 3 M  2 d
Id 3 0 M 3 M  3 8
10 4 a 143 14 4 0
10 5 i 143 14 5 0
Id 6 a 143 14 6 0
10 7 0 143 14 7 0
IQ 9 o 143 M  8 0
10 9 0 M 3 14 9 8
10 10 0 M 3 14 10 0
10 11 0 143 M  11 0
10 12 0 143 14 12 0
10 13 0 143 M  13 0
10 14 0 143 14 14 0
10 IS 0 143 14 15 0
18 16 a M 3 14 16 0
10 17 0 143 14 1 7 0
10 Id 0 143 M  IS 0
10 19 0 M 3 14 19 0
10 20 0 143 M  20 0
11 1 0 144 1 1 0
11 2 0 144 1 2 0
11 3 0 144 I 3 J
11 4 0 144 1 4 0
11 5 0 144 1 5 0
11 6 0 M 4 1 6 0
11 7 a 144 1 7 0
11 a 0 144 1 s d
11 9 0 144 1 9 0
11 ia 0 144 1 10 0
11 i l 0 144 1 U 0
n 12 0 1 44 1 12 0
11 13 0 M 4 1 13 0
11 14 0 144 1 M 9
n 15 0 144 1 15 0
n 16 0 144 1 16 0
n 17 0 144 1 17 0
i i Id 0 144 t  18 0
11 19 0 144 1 19 O
11 20 J 144 1 20 0
12 1 0 144 2 1 0
12 2 d M 4 2 2 a
12 3 3 144 2 J j
12 4 0 M 4 2 4 o
12 5 d 144 2 5 a
12 6 0 144 2 6 d
12 7 0 14 4 2 7 r]
12 d d M 4 2 d d
12 9 0 M 4 2 9 d
12 10 0 144 1 10 0
12 11 0 144 2 11 d
12 12 J 144 2 12 a
12 13 d 144 2 13 3
12 14 0 144 2 14 0
12 15 O' 144 2 15 d
12 16 0 144 2 16 0
12 17 0 144 2 17 0
12 18 d 144 2 Id 0
12 19 O 144 2 19 9
12 20 0 144 2 20 0
13 1 0 144 3 1 0
13 2 8 144 3 2 013 3 0 144 3 3 01 3 4 0 144 3 4 313 5 0 M 4 3 5 3
13 6 0 144 3 6 31 3 7

a
a

0 144 3 7 01 3 0n 144 3 3 0i  j  
13
T 1

V
10
n
12
13
14
15 
1 6

u
0
/I

144
M 4

3 » 
3 10

0
0\  J 

1 1
J 144 3 11 01 J 

1 1 0
0

144 3 12 41 J
1 I 144 3 13 01 J
1 1 144 3 14 0i J
} 3 0 144 J IS d
i 17 

Id  
1 9

0
0
0

144 3 16 0j j
13
I j

144
144

3 17 
3 i a

0
a

13 20 n 144
144

1 19 
3 20

3
0

DATE

142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
J 42
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
J 42
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
143143
143
143
143
143
143
143
143
142
143
143
I 43
143
143
143
143
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TABLE F . CODTIUUECJ

DATE F I E L D SAMPLE DAMAGED DATE F I E L D SAMPLE DAMAGED DATE F I E L D SAMPLE d a m a g e d CATE F I E L D s a m p l e d a m a g e d

HUMBER PLANTS NUMBER PLANTS NUMBER PLANTS NUMBER PLANTS

1 5 2 7 1 3 1 5 3 9 1 0 1 5 5 1 3 1 0 1 5 6 3 1 0
1 5 2 7 2 3 1 5 3 9 2 0 1 5 5 1 3 2 0 1 5 6 3 2 0
1 5 2 7 3 0 1 5 3 9 3 0 1 5 5 1 3 3 a 1 5 6 3 3 0
1 5 2 7 4 0 1 5 3 9 4 0 1 5 5 1 3 4 0 1 5 6 3 4 0
1 5 2 7 5 a 1 5 3 9 5 a 1 5 5 1 3 5 a 1 5 6 3 5 0
1 5 2 7 6 3 1 5 3 9 6 a 1 5 5 1 3 6 a 1 5 6 3 6 0
1 5 2 7 7 0 1 5 3 9 7 o 1 5 5 1 3 7 0 1 5 6 3 7 0
1 5 2 7 3 a 1 5 3 9 a 0 1 5 5 1 3 8 0 1 5 6 3 8 0
1 5 2
1 5 2
1 5 2

7
7
7

7
10
11
12
13
14
15
16 
17

0
0
a

1 5 3
1 5 3
1 5 3

9
9
9

9
i a
u

0
a
0

1 5 5  
1 5 5  
1 5 5

1 3 
1 3  
1 3

9
10
11

0
0
z

1 5 6
1 5 6
1 5 6

3
3
3

9 
10 
J j

3
0
3

1 5 2
1 5 2
1 5 2
1 5 2
1 5 2

7
7
7
7

0
0
0
a

1 6 3
1 5 3
1 5 3
1 5 3

9
9
9
9

12
13
1 4
15

0
0
0
0

1 5 5
1 5 5
1 5 5
1 5 5

1 3 
1 3  
1 3  
1 3

1 2 
1 3
1 4
1 5

a
0
0
0

1 5 6
1 5 6
1 5 6
1 5 6

3
3
3
3

12
13
1 4
15

0
0
0
0

7 3 1 5 3 9 16 a 1 5 5 1 3 1 6 0 1S 6 3 16 0
1 5 2 7 g 1 5 3 9 17 0 1 5 5 13 1 7 0 1 5 6 3 1 7 0
1 5 2 7 l a 3 1 3 3 9 1 8 0 1 5 5 13 I d 0 1 5 6 3 i d 0
1 5 2 7 19 U 1 5 3 9 1 9 0 1 5 5 1 3 1 9 0 1 5 6 19 a
1 5 2 7 20

|
3 1 5 3 9 20 0 15  5 1 3 20 0 1 5 6 3 20 a

1 5 2 1 3 3 1 5 3 10 1 9 1 5 5 1 4 J 0 J 5 6 4 1 a

1 5 2 1 3 2 0 1 5 3 10 2 0 1 5 5 1 4 2 0 1 5 6 4 2 0
1 5 2 1 3 3 0 1 5 3 10 3 0 1 5 5 1 4 3 0 1 5 6 4 3 0
1 5 2 1 3 4 3 1 5 3 10 4 0 1 5 5 1 4 4 0 1 5 6 4 4 0
1 5 2 13 5 a 1 5 3 10 6 0 1 5 5 1 4 5 0 1 5 6 4 6 0
1 5 2 1 3 6 0 1 5 3 10 6 0 1 5 5 14 6 0 1 5 6 4 6 0
1 5 2 13 7 0 1 5 3 10 7 0 1 5 5 1 4 7 0 1 5 6 4 7 0
1 5 2 13 0 0 1 5 3 10 a a 1 5 5 1 4 a 0 1 5 6 4 d 0
1 5 2 1 3 9 a 1 5 3 10 9 0 1 5 5 1 4 9 0 1 5 6 4 9 0
1 5 2 1 3 10 0 1 5 3 10 10 o 1 5 5 14 10 0 1 5 6 4 10 0
1 5 2 1 J 11 a 1 5 3 10 11 0 1 5  5 1 4 11 O 1 5 6 4 11 0
1 5 2 J 3 i  2 0 1 5 3 10 12 0 1 5  5 14 1 2 0 1 5 6 4 12 0
1 5 2 1 3 1 3 0 1 5 3 10 13 0 1 5 5 1 4 1 3 a 1 5 6 4 13 0
1 5 2 1 3 1 4 0 1 5 3 10 1 4 0 1 5 5 1 4 1 4 0 1 5 6 4 1 4 0
J 5 2 1 3 I 5 a 1 5 3 10 15 0 1 5 5 1 4 1 5 0 1*6 4 1 5 0
2 5 2 1 3 1 6 3 1 5 3 10 1 6 0 1 5 5 1 4 1 6 0 1 5 6 4 16 0
1 5 2  
1 5 2  
1 5 2  
1 5 2  
I  5 2

13
13
13
13
1 4

17
I d
1 9
20 1

i)
J
0
J
a

1 5 3
1 5 3
1 5 3
1 5 3
1 5 3

10
10
10
10
11

1 ?
I d
1 9
20 

1

0
0
0
0
0

1 5 5
1 5 5
1 5 5
1 5 5
1 5 6

1 4
1 4
1 4
1 4

1 7 
I d
1 9
20 

1

0
o
o
o
a

1 5 6
1 5 6
1 5 6
1 5 6
1 3 6

4
4
4
4
5

17
I d
1 9
20 

1

0
0
0
0
3

1 5 2 1 4 2 a 1 5 3 11 2 0 1 5 6 2 0 1 5 6 2 0
1 5 2 1 4 3 o 1 5 3 11 3 0 1 5 6 3 0 1 5 6 5 3 0
1 5 2 1 4 4 a 1 5 3 J J 4 a 1 5 6 4 0 1 5 6 5 4 0
1 5 2 1 4 5 a 1 5 3 11 5 0 1 5 6 5 0 1 6 6 5 0
1 5 2 1 4 3 a 1 5 3 11 6 0 1 5 6 6 0 1 5 6 5 6 0
1 5 2 14 ; a 1 5 3 11 7 0 1 5 6 7 0 1 5 6 5 7 0
1 5 2 14 a a 1 5 3 11 9 0 1 5 6 d 0 1 5 6 5 d J

1 5 2 1 4 9 0 1 5 3 11 9 0 1 5 6 4 y 1 5 6 5 9 0
1 5 2 1 4 10 a 1 3 3 11 10 0 1 5 6 10 0 1 5 6 10 0
1 $2 1 4 1 1 a 1 5 3 11 11 -a 1 5 6 11 0 1 5 6 5 11 a

1 5 2 1 4 12 a 1 5 3 11 12 a 1 5 6 12 0 1 5 6 5 12 j

1 5 2 1 4 1 3 g 1 5 3 11 13 a 1 5 6 13 0 15  6 5 1 J 0
1 5 2 1 4 1 4 a 1 5 3 11 1 4 a 1 5 6 1 4 0 1 5 6 14 0
1 5 2 1 4 I 5 0 1 5 3 11 15 a 1 5 6 15 0 1 5 6 5 15 0
1 5 2 1 4 1 6 0 1 5 3 11 16 a 15  6 16 0 1 5 6 5 16 0
1 5 2 1 4 1 7 0 1 5 3 u 17 0 1 5 6 17 0 1 5 6 17 0
1 5 2 1 4 i a 0 1 5 3 11 i a l 1 5 6 i s 0 1 5 6 5 i d o
1 5 2 1 4 I 9 0 1 5 3 11 19 0 1 5 6 1 9 0 1 5 6 5 1 9 o

1 5 2 1 4 2 9 » 1 5 3 n 20 o 1 5 6 20 0 1 5 6 5 20 a
1 5 3 8 1 0 1 5 3 12 1 a 1 5 6 2 1 0 1 5 6 6 1 0
1 5 3 a 2 0 1 5 3 12 2 0 1 5 6 2 2 0 J 5 6 6 2 0
1 5 3 a 3 0 1 5 3 12 J 0 1 5 6 2 3 0 1 5 6 6 3 0
1 5 3 d 4 0 1 5 3 12 4 0 1 5 6 2 4 a 1 5 6 6 4 0
1 5 3 B 5 0 1 5 3 12 5 0 1 5 6 2 5 o 1 5 6 6 5 0
1 5 3 a a 0 1 5 3 12 6 0 1 5 6 2 6 0 1 5 6 6 6 0
1 5 3 d 7 0 1 5 3 12 7 0 1 5 6 7 0 1 3 6 6 7 0
1 5 3 a a 0 1 5 3 12 8 0 1 5 6 2 d 0 1 5 6 6 a 0
1 5 3 a 9 0 1 5 3 12 9 0 1 5 6 9 0 1 5 6 6 9 0
1 5 3
1 5 3

a
a

10
t l

0
0

1 5 3
1 5 3

12
12

10
11

0
0

1 5 6  
1 5 6 2

10 
11

0
0

1 5 6
1 5 6

6
6

10
11

0
0

1 5 3 a 12 0 1 5 3 12 12 0 1 5 6 12 0 1 5 6 6 12 0
1 5 3 a 13 a 1 5 3 12 13 0 1 5 6 2 : 3 0 1 5 6 6 13 0
1 5 3 3 1 4 0 1 5 3 12 1 4 0 1 5 6 2 1 4 0 1 5 6 6 1 4 0
1 5 3 3 15 0 1 5 3 J 2 I S 0 1 5 6 2 1 5 0 1 5 6 6 15 0
1 5 3 3 16 0 1 5 3 12 1 6 0 1 5 6 2 1 6 0 1 5 6 6 16 0
1 5 3 Q 17 0 1 5 3 12 17 a 1 5 6 2 1 7 0 1 5 6 6 17 0
1 5 3 3 I d 0 1 5 3 12 i a o 1 5 6 2 I d 0 1 5 6 6 I d J

1 5 3 3 19 0 1 5 3 12 1 9 0 1 5 6 2 1 9 0 J 5 6 6 1 9 0
1 5 3 a 20 a 1 5 3 12 20 a J 5 6 2 20 0 1 5 6 6 20 0
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r M U  F  .  COttT lMUEO

D A T E F I E L D 3 A K P L S D U A O K O D A T E F I E L D S A M P L E D A M A G E D □ A T E F I E L D S A M P L E D A M A G E D □ A T E F I E L D S A M P L E OAMA
H U M B E R P L A N T S N U M B E R P L A N T S N U M B E R P L A N T S N U M B E R P L A N

1 4 4 4 1
2

g 1 4 5 U 1 0 1 5 0 1 3 1 0 1 5 2 3 1 9
1 4 4 4 0 1 4 5 1 3 2 0 1 5 0 1 3 2 0 1 5 2 3 2 9
1 4 4
1 4 4
1 4 4
1 4 4
1 4 4
1 4 4
1 4 4

4 9
A

0 1 4 5 3 3 3 0 I S O 1 3 3 0 1 5 2 3 3 9
A 1 4 5 1 3 4 a I S O 1 3 4 0 1 5 2 3 4 0% rl 1 4 5 1 3 5 d 1 5 0 1 3 5 0 1 5 2 3 5 a
>

3
A 0

rl
1 4 5 1 3 6 a 1 5 0 1 3 6 0 1 5 2 3 6 d

A
P
T 1 4 5 1 3 7 * 0 1 5 0 1 3 7 0 1 3 2 J 7 0**

j
/ u 1 4 5 1 3 9 0 I S O 1 3 a 0 1 5 2 J a 0n d 0

0 1 4 5 1 3 9 a 1 5 0 1 3 9 0 1 5 2 3 9 34 9 1 4 5 1 3 1 0 , a 1 5 0 1 3 1 0 8 1 5 2 3 1 0 0
1 4 4 4 1 0 d 1 4 5 1 3 1 1 0 1 5 0 1 2 1 1 9 1 5 2 3 1 1 a
1 4 4 4 1 1 a 1 4 5 1 3 1 2 0 I S O 1 3 1 2 J j  5 2 3 1 2 0
1 4 4 4 1 2 a 1 4 5 1 3 1 3 0 1 5 0 1 3 1 3 0 1 5 2 3 1 3 a1 4 4 4 1 2 a 1 4 5 1 3 1 4 a 1 5 0 - 1 3 1 4 0 1 5 2 3 1 4 a
1 4 4 4 1 4 0 1 4 5 1 3 I S 0 1 5 0 1 3 1 5 0 1 5 2 3 1 5 01 4 4 1 9 9 1 4 5 1 3 1 6 0 1 5 0 1 3 1 6 9 1 5 2 3 1 6 9
1 4 4 4 1 6 9 1 4 5 1 3 1 7 0 1 5 0 1 3 1 7 0 1 5 2 3 1 7 a1 4 4 4 1 7 0 1 4 5 1 3 1 8 0 1 5 0 1 3 1 8 0 1 5 2 3 1 8 01 4 4 4 1 9 0 1 4 5 1 3 1 9 6 1 5 0 1 3 1 9 0 1 5 2 3 1 9 01 4 4 4 1 9 a U S 1 3 2 0 0 1 5 0 1 3 2 0 4 1 3 2 3 2 9 01 4 4 4 2 a a 1 4 5 1 4 1 0 1 5 0 M 1 0 1 5 2 4 1 91 4 4 S 1 3 1 4 5 1 4 2 0 1 5 0 1 4 2 0 1 S 2 4 2 a1 4 4 5 2 0 1 4 5 1 4 3 a 1 5 0 1 4 3 0 1 5 2 4 3 a
1 4 4 3 2 0 1 4 5 1 4 4 a I S O 1 4 4 0 1 5 2 4 4 4
1 4 4 5 4 a 1 4 5 1 4 5 0 1 5 0 1 4 5 0 1 S 2 4 5 o
1 4 4 3 5 a 1 4 5 1 4 6 0 1 5 0 1 4 6 0 1 5 2 4 6 a
1 4 4 5 6 9 1 4 5 1 4 7 0 1 3 0 1 4 7 t) 1 5 2 4 7 0
1 4 4 3 7 0 1 4 5 1 4 a 0 1 3 0 1 4 a 0 1 5 2 4 a 8
1 4 4 3 a 0 1 4 5 1 4 9 0 1 5 0 1 4 9 0 1 3 2 4 9 0
1 4 4 5 9 0 1 4 5 1 4 1 0 0 1 3 0 2 4 1 8 0 1 5 2 4 t o 0
1 4 4 5 1 0 a 1 4 5 1 4 u 0 1 5 0 1 4 1 1 9 1 5 2 4 1 1 0
1 4 4 5 1 1 a U S 1 4 1 2 0 1 5 0 1 4 1 2 0 1 5 2 4 1 2 0
1 4 4 9 1 2 a 1 4 5 1 4 1 3 0 I S O 1 4 1 3 0 1 5 2 4 1 3 □
1 4 4 9 1 2 a 1 4 5 1 4 1 4 0 I S O 1 4 1 4 0 1 5 2 4 1 4 0
1 4 4 9 1 4 t> 1 4 5 1 4 I S 0 I S O 1 4 1 5 0 1 5 2 4 1 3 0
1 4 4 9 1 9 a 1 4 5 1 4 1 6 0 I S O 1 4 1 6 0 1 5 2 4 1 6 0
1 4 4 9 1 6 a 1 4 5 1 4 1 7 a 1 5 0 1 4 1 7 0 1 5 2 4 1 7 0
1 4 4 9 1 7 a 1 4 5 3 4 I d 0 1 3 0 1 4 l a 0 1 5 2 4 I d 0
1 4 4 9 I d a U S 3 4 1 9 0 I S O 1 4 1 9 0 1 5 2 4 1 9 0
1 4 4 9 1 9 a 1 4 5 3 4 2 0 0 I S O 1 4 2 0 0 1 5 2 4 2 0 0
1 4 4 9 3 0 a 1 4 6 1 3 1 2 1 5 2 1 1 0 1 5 2 5 1 0
1 4 4 1 a M U 1 3 2 0 1 S 2 1 2 0 1 5 2 5 2 0
1 4 4 2 a 1 4 8 1 3 3 a 1 5 2 1 3 d 1 5 2 3 a
1 4 4 6 1 a 1 4 9 1 3 4 0 1 5 2 1 4 0 1 5 2 5 4 a
1 4 4 4 a 1 4 0 1 3 5 0 1 5 2 1 5 0 1 5 2 5 5 0
1 4 4 5 • 9 1 4 9 1 3 6 0 1 5 3 1 6 0 1 5 2 5 6 0
1 4 4 6 6 a M 6 1 3 7 0 1 5 2 1 7 0 1 5 2 5 7 0
1 4 4 4 7 0 M U 1 3 8 0 1 S  2 1 3 O 1 5 2 5 3 0
1 4 4 6 a 0 3 4 U 1 3 9 a 1 5 2 1 3 O 1 5 2 3 9 0
1 4 4 6 9 a 1 4 0 1 3 I d 0 1 5 2 1 i a 0 1 3 2 5 1 0 0
1 4 4 6 1 ? a 1 4 0 1 3 1 1 8 1 3 2 1 1 1 0 1 5 2 5 1 1 a
1 4 4 6 ] 1 a 1 4 0 1 3 1 2 d 1 S  2 1 12 d 1 5 2 5 1 2 o
1 4 4 6 1 2 a 1 4 0 1 3 1 3 0 1 5 2 1 1 3 3 1 5 2 5 1 3 0
1 4 4 4 1 3 a 1 4 0 1 3 1 4 a 1 5 2 1 1 4 0 1 5 2 5 1 4 0
1 4 4 6 1 4 a 1 4 U 1 3 1 5 a 1 5 2 1 1 5 0 1 5 2 1 5 o
1 4 4 6 1 5 a M b 1 3 1 6 0 1 3 2 1 1 6 0 1 5 2 5 1 6 0
1 4 4 6 1 6 a 1 4 0 1 3 1 7 0 1 3 2 1 1 7 d 1 3 2 3 1 7 4
1 4 4 6 1 7 0 3 4 8 1 3 1 8 0 1 5 2 1 1 3 6 1 5 2 5 1 8 9
1 4 4 6 1 8 a 1 4 6 1 3 1 9 0 1 3 2 1 1 9 0 1 5 2 5 1 9 0
1 4 4 1 9 0 M B 1 3 2 0 0 1 5 2 2 0 9 1 5 2 5 2 0 9
1 4 4 2 0 0 1 4 8 J 4 1 0 1 3 2 2 1 0 1 5 2 1 0
1 4 4 7 1 U 1 4 9 1 4 2 0 1 5 2 2 2 0 1 5 2 2 0
1 4 4 7 2 0 1 4 0 1 4 3 0 1 5 2 2 3 0 1 5 2 6 3 0
1 4 4 7 3 0 u a 1 4 4 0 1 5 2 2 4 0 1 5 2 6 4 0
1 4 4 7 4 0 1 4 8 1 4 5 0 1 5 2 5 0 1 5 2 6 5 0
1 4 4 7 5 0 1 4 8 1 4 6 0 1 5 2 2 6 0 1 3 2 6 6 0
1 4 4 7 6 0 U Q 1 4 7 0 1 5 2 2 7 0 1 5 2 6 7 d
1 4 4 7 7 0 1 4 0 1 4 9 0 1 5 2 2 6 0 1 3 2 6 a 0
3 4 4 7 d 0 1 4 6 1 4 9 0 1 5 2 I 9 0 1 5 2 6 9 a
3 4 4 7 9 0 1 4 8 M 1 0 0 1 5 2 2 1 0 0 1 5 2 6 1 0 0
1 4 4 7 1 0 0 1 4 8 1 4 n a 1 5 2 2 1 1 d 1 5 2 6 1 1 a
1 4 4 7 1 1 9 1 4 0 1 4 1 2 a 1 3 2 2 1 2 0 1 5 2 6 1 2 0
1 4 4 7 1 2 0 3 4 8 1 4 1 3 0 1 S 2 2 1 3 0 1 5 2 6 1 3 0
1 4 4 7 1 3 0 1 4 9 H 1 4 8 1 3 2 2 1 4 0 1 3 2 6 1 4 0
1 4 4 7 1 4 a 1 4 6 1 4 I S 0 1 5 2 2 1 5 a 1 5 2 6 I S 0
1 4 4 7 1 5 0 1 4 0 1 4 16 0 1 5 2 2 1 6 n 1 5 2 6 1 6 0
1 4 4 7 1 6 0 1 4 8 1 4 1 7 0 1 5 2 2 1 7 0 1 5 2 6 1 7 0
1 4 4 7 1 7 0 1 4 0 1 4 I d 0 * 1 3 2 2 T d 0 1 5 2 6 1 8 0
1 4 4 7 1 9 a 1 4 0 M 1 9 0 1 3 2 2 1 9 0 1 5 2 6 1 9 0
1 4 4 7 1 9 a 1 4 0 1 4 2 B (1 1 3 2 2 2 0 8 1 5 2 6 2 0 9
1 4 4 7 2 0 0
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t a b l e  t  .  c o m t i h u e d

DATE FILLS SAMPLE DAMAGED DATE FIELD SAMPLE DAMAGED DATE FIELD SAMPLE DAMAGED DATE FIELD SAMPLE DAMAGED
NUMBER PLANTS NUMBER PLANTS NUMBER PLANTS NUMBER PLANTS

156 7 1 0 160 9 1 4 160 13 1 3 162 J 1 4
156 7 2 0 16 0 9 2 d 160 13 2 10 1 62 3 2 6
156 7 3 0 160 9 3 10 160 13 3 11 162 3 3 15
156 7 4 0 160 9 4 14 160 13 4 3 162 3 4 7
156 7 5 0 160 9 5 4 160 13 5 15 162 3 5 2
156 7 6 A 160 9 6 6d 160 13 6 9 162 3 6 I

20156 7 7 e 160 9 7 a 160 13 7 2 162 3 7
156 7 d 0 160 9 d 12 160 13 A 1 162 3 A 1
156 7 9 0 160 9 9 17 160 13 9 6 162 3 9 1
156 7 10 o 160 9 10 9 160 13 10 1 162 3 in 6
156 7 JJ 0 160 9 11 A 160 13 11 0 162 3 11 4
156 7 12 3 160 9 1 2 22 160 13 12 0 162 3 12 2
156 7 13 0 160 9 13 5 160 13 13 0 162 3 1 3 1
156 7 14 0 160 9 14 6 160 13 14 0 162 3 14 6
156 7 15 0 160 9 15 22 160 13 15 0 162 3 1 5 12
156 7 16 0 160 9 16 21 160 13 16 0 162 3 1 6 g
156 7 17 0 160 9 17 16 160 13 17 0 162 3 1 7 2
156 7 16 0 160 9 JU 3 160 13 Id 0 162 3 id 4
156 7 19 0 160 9 19 16 160 13 19 O 162 3 19 7
156 7 20 0 160 9 20 10 160 13 20 0 162 3 20 3
157 13 1 1 160 10 1 3 160 14 1 3 1 62 4 1
157 13 2 2 160 10 2 2 160 14 2 6 162 4 2 5
157 13 J 3 160 10 3 1 160 14 3 22 162 4 3 3
157 13 4 3 160 10 4 19 160 14 4 3 162 4 4 1 3
157 13 5 3 160 10 5 19 160 14 5 5 162 4 5 0
157 13 6 10 160 10 6 7 160 14 6 5 162 4 6 9
157 13 7 0 160 10 7 1 160 14 7 1 162 4 7 2
157 13 6 0 160 10 A a 160 14 d 0 162 4 d A
157 13 9 0 160 10 9 17 160 14 9 0 162 4 9 4
157 13 10 0 160 10 10 32 160 14 10 9 162 4 10 1
157 13 n 1 1 50 ia 11 24 160 14 11 1 162 4 1 4
157 13 12 0 160 la 12 16 160 14 12 0 162 4 12 1
157 13 13 0 160 10 13 25 160 14 13 0 162 4 13 2
157 13 14 0 160 i a 14 2d 160 14 14 0 162 4 14 6
157 13 1 5 0 160 10 15 16 160 14 IS 0 162 4 1 5 (1
157 13 16 a 160 10 16 22 160 14 16 7 162 4 1 6 d
157 U 17 0 160 10 17 26 160 14 17 1 162 4 1 7 2
157 13 Id lj 160 10 Id 25 160 14 Id 4 162 4 13 1
157 13 19 0 160 10 19 19 160 14 19 B 162 4 I 3 4
157
157

13
14

20
1

0
5

160
160

10
1

20
1

13
5

160
162

14 20 
1 1

4
a

i 62 
162

4
5

20
1

3
a

157 14 2 0
1

160 I 2 2 162 1 2 0 162 5 2 0
157 14 3 160 \ 3

4
s

162 1 3 0 162 5 3 d
157
157

14
14

4
5

1
1

160 
1 60

11
1

2
0

162
162

1 4 
1 5

0
0

162
162

3
5

4
5

12
2B

157 14 6 1 160 1 6 3 162 1 6 0 162 5 6 9
157 14 7 1 1 60 H 7 7 262 J 7 3 162 S 7 6
157 U d 1 160 1 d IB 162 1 A 0 16 2 5 d 0
157 14 9 2 160 1 9 5 162 1 i 0 162 5 9 d
157 u 10 0 160 1 1 10 2 162 1 13 0 162 5 10 30
157 14 11 0 160 1 11 20 162 1 11 0 162 5 11 10
157 14 12 a 160 1 12 1 3 162 1 12 a 162 5 1 2 9
157 14 13 0 1 60 1 13 162 1 13 0 162 5 1 3 7
157 14 14 0 160 1 14 5 162 1 14 0 162 5 14 0
157 14 15 0 160 1 15 10 162 1 15 o 1 62 5 1 5 20
157 14 16 0 160 1 1 16 25

17
162 1 16 a 1 62 5 16 0

157 14 17 9 160 1 17 162 1 17 a 16 2 i 1 7 Id
157 14 16 0 160 J Id 20 162 1 Id 0 162 S Id 10
157 14 19 0 160 11 19 12 162 1 19 0 162 5 19 7
157 14 20 0 160 11

12
20 d 162 1 30 o 162 3 20 d

160 d 1 2 160 1 0 162 2 1 2d 162 6 1 ID
160
160
160
169
160
160
160
160
160

0
d
0
d
a
d
a
A
A

2
3
4
5
6 
7 
6 
9

10

0
10

0
0
0
0
5
0
0

169 
160 
160 
160 
160 
160 
160 
160 
1 60

12 
12 
12 
12 
12 
1 2 
12 
12 
12

2
3
4
5
6 
7 
S  
9

10

0
7

20
7
0
0

112
2
a

162
162
162
162
162
162
162
162
162

2 2 
2 3 
2 4 
2 5 
Z 6 
2 7 
2 3 
2 9 
2 10

3
4 
0 2 
1 
0 
i3 
6 
2

162
162
162
162
162
162
162
162
162

6
6
6
6
6
6
6
6
6

2
3
4
5
6 
7 
A 
9

ID

5
3 

10
4 

39 
31 22 
2D 
Id

160 3 11 37 160 1 2 11 1 02 
4

162 2 11 n 162 6 1 1 4
3 

10
4

160
160
160

a
A
9

12
13
14

15
7
3

160 
160 
1 60

12 
12 
|  2

12
13
14

162
162
162

2 12 
2 13 
2 14

3
4 
2

162
162
162

6
6
6

1 2 
n
14

160 3 15 1 1 60 12 15 1 162 2 25 5 J 62 6 15 1 d
160 A 16 O 160 12 16 5 162 3 16 n 162 6 16 10
160 A 17 3 160 12 17 7 162 2 17 3 162 6 17 5
160 B 19 9 160 12 10 5 162 2 IS 2 162 6 1 d 6
160 3 19 1 160 12 19 17 162 2 19 3 162 6 19 7
I6D A 20 1 160 12 20 16 162 2 20 0 162 6 20 9
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CABLE T ,  CONTINUE®

date FIELD SAMPLE NUMBERDAMAGEDPLANTS
LATE FIELD SAMPLE

number
DAMAGEDPLANTS DATE FIELD SAMPLENUMBERDAMAGEDPLANTS DATE FIELD SAMPLE

number
DAMAGEDPLANTS

16; 7 1 12 165 14 i 24 168 9 1 a 169 1 1 0
162 7 2 4 165 14 2 25 168 9 2 11 169 1 2 0
162 7 3 72 165 14 3 24 16d 9 3 ? 169 1 3 0
162 7 4 IS 163 14 4 86 168 9 4 la 169 1 4 0
162 7 5 59 163 14 S 17 168 9 5 4 169 1 5 a
162 7 6 20 163 14 6 78 168 9 6 • 1 169 1 6 l
162 7 7 35 165 14 7 15 168 9 7 3 169 1 7 5
162 7 d 62 165 14 6 18 168 9 a 4 169 1 d 0
162 7 9 6 165 14 9 16 16d 9 9 4 169 1 9 0
162 7 10 id 165 14 10 5 16d 9 10 21 169 1 10 0
162 7 11 lb 165 14 11 1 16d 9 11 to 169 1 11 0
162 7 12 12 165 14 12 0 168 9 12 28 169 1 12 0
162 7 13 14 165 14 13 1 168 9 13 10 169 1 13 0
162 7 14 19 165 14 14 1 168 9 14 12 169 1 14 0
162 7 15 26 165 14 13 3 169 9 15 4 169 1 IS 0
162 7 16 32 165 14 16 0 168 9 16 2 169 1 16 0
162 7 17 41 165 14 1 7 J 168 9 17 14 169 1 17 0
162 7 18 8 165 14 Id 7 16a 4 Id 9 169 1 18 0
162 7 19 10 163 14 19 3 168 9 19 5 169 1 19 0
162 7 20 12 163 14 20 4 168 9 20 a 169 1 20 0
162 13 1 2 167 13 1 42 169 10 1 1 169 2 1 d
162 13 2 1 167 13 2 30 168 10 2 75 169 2 2 0
162 13 3 0 167 13 3 19 168 10 3 10 169 2 3 12
162 13 4 0 167 13 4 13 168 10 4 4 169 2 4 0
162 13 5 0 167 13 5 0 168 10 5 11 169 2 S 2
162 13 6 a 167 13 6 3 168 10 6 18 169 2 6 2
162 13 7 30 167 13 7 1 168 10 7 75 169 2 7 16
162 13 6 48 167 13 d 0 169 10 a 1 169 2 b 8
162 13 9 9 167 13 9 2 168 10 9 4 169 2 9 1
162 13 10 23 167 13 10 0 169 10 10 1 169 2 10 a
162 13 11 1 167 13 11 J 168 10 11 7 169 2 11 4
162 13 12 3 167 13 12 4 168 10 12 16 169 2 12 1
162 13 13 4 167 13 13 0 168 10 i 3 1 a 169 2 13 1
162 13 14 2 167 13 14 3 168 10 J 4 26 169 2 14 1
162 13 15 14 167 13 15 13 166 10 15 25 169 2 15 6
162 13 16 18 167 13 16 39 169 10 16 30 169 2 16 1
162 13 17 34 167 13 17 44 16d 10 17 24 169 2 17 2
162 13 18 69 J 67 13 Id 4J 168 10 18 9 169 2 id 2
162 13 19 55 167 13 19 29 16d 10 19 28 169 2 19 9
162 13 20 0 167 13 20 37 169 10 20 15 169 2 20 I
162 14 1 5 167 14 1 4 168 11 J 7 169 3 1 0
162 14 2 4 167 14 2 2 168 11 2 4 169 3 2 1162 14 3 0 167 14 3 14 168 11 3 4 169 3 3 3
162 14 4 0 167 14 4 0 168 11 4 25 169 3 4 1
162 14 5 1 167 14 5 0 168 11 5 d 169 3 5 10162 14 6 31 167 14 6 2 169 11 6 i d 169 3 6 3
162 14 ? 13 167 14 7 31 169 11 7 11 169 3 7 67
162 14 d 6 167 14 8 4 168 11 8 l 169 3 d 7
162 14 9 4 167 14 9 3 168 11 9 0 169 3 9 1162 14 10 16 167 14 10 0 168 ' 11 10 12 169 3 10 1
162 14 11 21 167 14 11 7 168 U U 17 169 3 11 0
162 14 12 12 167 14 12 1 J 168 11 12 14 169 3 12 1 1
162 14 13 3 167 14 13 17 169 11 1 3 13 169 3 13 0
162 14 14 17 167 14 14 21 168 11 14 15 169 3 14 1
162 14 15 0 167 14 15 48 169 11 IS 21 169 3 15 1
162 14 16 26 167 14 16 30 168 11 16 13 169 3 16 9
162 14 17 12 167 14 17 10 168 11 17 11 169 3 17 5
162 14 Id 10 167 14 IB 21 168 11 la 20 169 3 Id 8
162 14 19 31 167 14 19 15 168 11 19 17 169 3 19 12
162 14 20 19 167 14 20 62 168 11 20 27 169 3 20 6
163 13 1 16 168 8 1 a 168 12 1 0 169 4 1 13
163 13 2 0 168 8 2 l 168 12 2 2 169 4 2 4
163 13 3 0 160 8 3 24 168 12 3 2 169 4 3 a
163 13 4 6 168 a 4 0 168 12 4 43 169 4 4 lo
163 13 S 2 168 8 5 0 168 12 5 34 169 4 5 20
163 13 6 199 168 6 6 0 168 12 6 16 169 4 6 10
163 13 7 52 168 8 7 6 168 12 7 13 169 4 7 21
163 13 8 14 168 8 a 3 168 12 d 12 169 4 6 22163 13 9 1 160 8 9 0 168 12 9 28 169 4 9 17
166 13 10 17 168 6 10 6 168 12 10 3 169 4 10 17
165 13 11 20 168 B n 12 168 12 11 3 169 4 11 10163 13 12 3 160 d 12 35 168 12 12 2 169 4  12 6165 13 13 5 160 8 13 0 168 12 13 0 169 4 13 2165 13 14 0 160 0 14 29 168 12 14 J 169 4 14 8165 13 IS 0 168 0 15 0 168 12 15 35 169 4 IS 0
165 13 16 d 163 8 16 2 160 12 16 6 169 4 16 4
163 13 17 2 168 0 17 9 168 12 17 18 169 4 17 10155 13 Id d 168 0 18 1 168 12 13 5 169 4 id 6
165 13 19 0 168 8 19 3 169 12 19 3 '.69 4 19 2
165 13 20 0 168 a 20 10 169 12 70 2 69 4 20 2
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DATA F I E L D SAMPLE
NUMBER

DAHA
PLAN

1 6 9 5 1 1 0
1 6 9 6 3 2 9
1 6 9 5 3 7
1 6 9 5 4 0
1 6 9 5 5 0
1 6 9 S 6 0
1 6 9 5 7 1
1 6 9 5 d 0
1 6 9 5 9 0
1 6 9 5 1 0 4
1 6 9 6 11 0
1 6 9 5 1 3 0
1 6 9 5 13 0
1 6 9 6 1 4 3
1 6 9 5 I S 25
1 6 9 6 16 4
1 6 9 S 17 1 4
1 6 9 5 I B 5
1 6 9 5 1 9 6
1 6 9 5 3 0 0
1 6 9 6 1 6
1 6 9 6 2 1 5
1 6 9 6 3 2 0
1 6 9 6 4 6
1 6 9 6 5 2
1 6 9 6 6 41
1 6 9 6 7 5 5
1 6 9 6 b 17
1 6 9 6 9 1 9
1 6 9 6 1 0 5 9
1 6 9 6 n 2 0
1 6 9 6 1 2 4 5
1 6 9 6 13 3 0
1 6 9 6 1 4 4 6
1 6 9 6 I S 4
1 6 9 6 16 2 3
1 6 9 6 17 1 6
1 6 9 6 l b Q
1 6 9 6 1 9 0
1 6 9 6 2 0 0
1 6 9 7 1 d
1 6 9 7 2 I
1 6 9 7 3 a
1 6 9 7 4 5
1 6 9 7 S 5
1 6 9 7 6 13
1 6 9 7 7 0
1 6 9 7 d 0
1 6 9 7 9 0
1 6 9 7 1 0 0
1 6 9 7 11 2
1 6 9 7 1 2 3
1 6 9 7 13 d
1 6 9 7 1 4 0
1 6 9 7 15 2
1 6 9 1 1 6 0
1 6 9 7 17 7
1 6 9 7 i a 3
1 6 9 7 1 9 0
1 6 9 7 2 0 2
1 7 3 1 3 1 0
1 7 0 1 3 2 3
1 7 0 1 3 3 1
1 7 0 13 4 0
1 7 0 1 3 5 3
1 7 0 1 3 6 2
1 7 0 13 7 6 5
1 7 0 1 3 3 9 2
1 7 0 1 3 9 9 4
1 7 0 1 3 1 0 6 3
1 7 0 1 3 11 6 0
1 7 0 1 3 1 2 9 0
1 7 0 1 3 1 3 1 4 9
1 7 0 13 1 4 91
1 7 0 1 3 I S 9
1 7 0 1 3 1 6 0
1 7 0 13 1 7 3
1 7 0 13 1 3 3
1 7 0 1 3 1 9 4
1 7 0 1 3 2 0 4

DATE FIELD  SAMPLE 
DUMBER

0  AHA ii  CD 
PLANTS

l a t e FIELD SAMPLE 
DUMBER

DAMAGED
PLANTS

DATE FIELD SAMPLE
NUMBER

DAMAGED
PLANTS

1 7 0 1 4  I 0 1 7 5 1 4  1 5 9 1 7 6 4 1 2 5
1 7 0 1 4  2 0 1 7 5 1 4  2 3 3 1 7 6 4 2 IB
1 7 0 1 4  3 2 1 75 1 4  3 11 1 7 6 4 3 4
1 7 9 1 4  4 J 1 7 5 1 4  4 95 1 7 6 4 4 3
1 7 0 1 4  5 n 1 7 5 1 4  5 3 7 1 7 6 4 5 0
1 7 0 1 4  6 5 1 7 5 1 4  6 3 7 1 7 6 4 6 0
1 7 0 1 4  7 30 1 7 5 1 4  7 3 6 1 7 6 4 7 0
I 7 8 1 4  d 13 175 1 4  a 6 1 7 6 4 0 2
1 7 0 1 4  9 64 1 7 5 1 4  9 9 3 1 7 6 4 9 0
1 7 0 U  1 0 7 2 1 7 5 1 4  1 0 1 9 1 7 6 4 1 0 0
1 7 0 14  n 4 7 1 7 5 1 4  11 1 0 4 1 7 6 4 11 2
1 7 0 1 4  12 92 1 7 5 J 4  1 2 29 1 7 6 4 1 2 3
1 7 0 1 4  13 33 1 7 5 1 4  13 5 2 1 7 6 4 13 0
1 7 0 1 4  14 2 2 17$ 1 4  14 3 3 1 7 6 4 1 4 0
1 7 0 1 4  15 5 7 1 7 5 1 4  1 5 9 7 1 7 6 4 I S 1
1 7 0 1 4  1 6 15 1 7 5 1 4  1 6 92 1 7 6 4 1 6 3
1 7 0 1 4  1 7 1 7 5 1 4  1 7 2 3 1 7 6 4 1 7 5
1 7 0 1 4  1 4 5 1 7 $ 1 4  I B 4 5 1 7 6 4 1 3 I
1 7 0 1 4  19 I B 1 7 5 1 4  1 9 0 1 7 6 4 1 9 1
1 7 0 14 2 0 13 1 7 $ 1 4  2 0 6 3 1 7 6 4 2 0 3
1 7 4 13 1 3 1 7 6 1 1 0 1 7 6 5 1 9
1 7 4 13 2 0 1 76 1 2 0 1 7 6 5 2 0
1 7 4 13  3 0 1 7 6 1 3 1 1 7 6 5 3 0
1 7 4 13  4 0 176 1 4 4 1 7 6 4 0
1 7 4 13  5 0 1 76 1 5 0 1 7 6 5 $ 0
1 7 4 13  6 0 1 7 6 1 6 3 1 7 6 5 6 0
1 7 4 1 3  7 5 1 7 6 1 7 u 1 7 6 5 7 12
1 7 4 1 3  a 21 1 7 6 i  a 0 1 7 6 S 8 6
1 7 4 1 3  9 5 176 1 9 0 1 7 6 5 9 0
1 7 4 J 3 1 0 4 1 76 i  : o 0 1 7 6 1 0 0
1 7 4 1 3  11 a 1 7 6 i  n 0 1 7 6 5 11 1
1 7 4 1 3  12 9 2 1 7 6 1 1 2 0 1 7 6 5 J 2 0
1 7 4 1 3  13 a 1 7 6 1 13 0 1 7 6 5 1 3 0
1 7 4 1 3  1 4 101 1 7 6 1 1 4 0 1 7 6 5 1 4 0
1 7 4 1 3  15 0  2 1 7 6 1 15 9 1 7 6 5 15 0
1 7 4 13  1 6 5 9 1 7 6 1 16 0 1 7 6 5 16 7
1 7 4 13  1 ? 0 5 J 7 6 1 17 0 1 7 6 $ 17 1
1 7 4 13  1 4 5 4 1 76 i i a 3 1 7 6 5 i a 0
1 7 4 13  1 9 d i 1 76 1 19 0 1 7 6 5 1 9 0
1 7 4 13 2 0 6 5 1 7 A 1 2 0 0 1 7 6 5 2 0 3
1 7 4 1 4  1 5 9 1 7 6 2 1 2 1 7 6 6 1 1 0
1 7 4 1 4  3 3 3 1 7 6 2 2 3 1 7 6 6 2 22
1 7 4 1 4  3 11 1 7 6 2 3 9 1 7 6 6 3 16
1 7 4 14 4 95 1 7 6 2 4 2 d 1 7 6 6 4 a
1 7 4 14 S 3 7 1 7 6 2 5 2 0 1 7 6 6 S 19
1 7 4 14 6 37 1 7 6 2  6 11 1 7 6 6 6 7
1 7 4 14  7 36 1 7 6 2 7 0 1 7 6 6 7 0
1 7 4 1 4  3 6 1 7 6 2 a 0 1 7 6 6 9 12
1 7 4 1 4  9 43 1 7 6 2 9 2 1 7 6 6 9 12
1 7 4 1 4  1 0 19 1 7 6 2 1 0 3 1 7 6 6 10 9
1 7 4 14 1 1 1 0 4 1 7 6 2 11 0 1 7 6 6 11 3
1 7 4 1 4  12 29 1 7 6 2 1 2 5 1 7 6 6 12 1 3
1 7 4 14  13 53 1 7 6 2 1 3 15 1 7 6 6 13 9
1 7 4 1 4  14 38 1 7 6 2 1 4 J 1 7 6 6 14 1 0
1 7 4 14  1 5 97 1 7 6 2 1 5 7 1 7 6 6 15 13
1 7 4 14  1 6 0 2 1 7 6 2  1 6 a 1 7 6 6 16 1 6
1 7 4 1 4  1 7 23 1 7 6 2  17 2 1 7 6 6 1 7 22
1 7 4 1 4  1 6 4 5 1 7 6 2  16 5 1 7 6 6 1 3 2 3
1 7 4 1 4  1 9 0 1 7 6 2 1 9 21 1 7 6 6 1 9 3 4
1 7 4 1 4  2 0 6 6 1 7 6 2 20 0 1 7 6 6 2 0 14
1 7 5 13 1 3 1 7 6 3 1 1 2 1 7 6 7 1 a
1 7 5 1 3  2 0 1 7 6 3 2 0 1 7 6 7 2 6
1 7 5 1 3  3 0 1 7 6 3 J 1 1 7 6 7 3 1 0
1 7 5 13  4 0 1 7 6 3 4 1 7 1 7 6 7 4 0
1 7 5 1 3  5 0 1 7 6 3 5 0 1 7 6 7 S 5
1 7 5 1 3  6 0 1 7 6 3 6 a 1 7 6 7 6 0
1 7 5 1 3  7 s 1 7 6 3 7 9 1 7 6 7 7 3
1 7 5 1 3  a 21 1 7 6 3 0 4 1 7 6 7 d 0
1 7 6 1 3  9 5 1 7 6 3 9 a 1 7 6 7 9 1
1 7 5 13 1 0 4 1 7 6 3 1 0 d 1 7 6 7 10 9
1 7 5 n  i i a 1 7 6 3 11 4 1 7 6 7 11 4
1 7 5 1 3  12 8 2 1 76 3 1 2 7 1 7 6 7 12 0
1 7 6 13  1 3 0 1 7 6 3 1 3 2 1 7 6 7 13 2
1 7 5 13  1 4 1 0 1 1 7 6 3 1 4 3 1 7 6 7 14 1
1 7 5 13 I S 0 2 1 7 6 3 1 5 a 1 7 6 7 15 0
1 7 5 13 1 6 5 9 1 7 6 3 1 6 7 1 7 6 7 16 2
1 7 5 13 17 0 5 1 7 6 3 1 7 2 1 7 6 7 17 0
1 7 5 13  I B 5 4 1 7 6 3 1 8 $ 1 7 6 7 IB 3
1 7 5 13  19 d l 1 7 6 3 1 9 2 1 7 6 7 1 9 4
1 7 5 13 2 0 65 1 7 6 3 2 0 $ 1 7 6 7 2 0 0
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□ATE f i e l d SAMPLE
NUMBER

DAMAGED 
P L A 8 T S

DATE F I E L D SAMPLE
NUMBER

DAMAGED
PLANTS

DATE F I E L D SAMPLE
NUMBER

DAMAGED
PLANTS

J A T E F I E L D SAMPLE
NUMBER

DAMAL
PLA 81

m 8 1 4 1 7 6 1 2 1 0 1 8 0 1 4 1 0 1 8 1 11 1 15
1 7 6 a 2 2 1 7 6 12 2 0 1 9 0 1 4 2 0 181 11 2 3 6
1 7 6 a J 0 1 7 6 1 2 3 1 1 8 0 1 4 3 1 1 31 11 3 1 9
1 7 6 8 4 0 1 7 6 1 2 4 5 1 9 0 1 4 4 0 1 6 1 11 4 9
1 7 6 a 5 8 1 7 6 1 2 5 4 1 8 0 1 4 5 2 1 81 11 5 21
1 7 6 a 6 0 1 7 6 12 6 17 1 9 0 1 4 6 i a 1 61 11 8 1 4
1 7 6 a 7 2 1 7 6 1 2 7 1 3 1 8 0 1 4 7 4 2 I d l 11 7 3 7
1 7 6 a 8 0 1 7 6 1 2 a 1 4 1 8 0 1 4 a 36 1 81 11 8 1 2
1 7 6 a 9 1 1 7 6 1 2 9 17 1 8 0 1 4 9 4 5 1 8 1 11 9 2 9
1 7 6 a 1 0 7 1 7 6 1 2 1 0 2 1 9 0 1 4 1 0 41 1 6 1 11 1 0 2 6
1 7 6 d 11 7 1 7 6 1 2 11 J 1 8 0 1 4 11 4 2 1 6 1 11 11 13
1 7 6 a 1 2 1 2 1 7 6 1 2 1 2 7 1 8 0 1 4 1 2 S I 1 8 1 11 1 2 6
1 7 6 a 12 1 3 1 7 6 1 2 1 3 d 1 8 0 1 4 1 3 3 3 1 8 1 11 1 3 2
1 7 6 a 1 4 4 1 7 6 1 2 1 4 11 1 3 0 1 4 1 4 1 8 1 8 1 11 1 4 1 6
1 7 6 a 15 J 1 7 6 1 2 I S 7 1 B 8 14 I S 8 1 8 1 11 15 2 0
1 7 6 a 16 2 1 7 6 1 2 1 6 8 1 3 0 1 4 1 6 a 1 6 ) 11 1 5 3 4
1 7 6 d 17 S 1 7 6 1 2 1 7 2 2 1 9 0 1 4 1 7 9 1 8 1 11 17 17
J 7 6 a 1 8 3 1 7 6 1 2 10 a 1 8 0 1 4 1 3 6 1 8 1 11 1 3 2b
1 7 6 d 19 1 1 7 6 1 2 1 9 6 1 8 0 1 4 1 9 1 1 8 1 11 1 9 1 9
1 7 6 d 2 0 2 1 7 6 1 2 2 0 1 l d 0 1 4 2 0 0 i a i 11 2 0 15
1 7 6 9 1 2 1 7 0 1 3 1 2 19 1 a 1 1 1 3 1 12 1 3
1 7 6 9 2 2 1 7 8 13 2 0 18 1 8 2 0 1 8 1 12 2 S
1 7 6 9 J 6 1 7 8 13 3 2 i a i 8 3 0 1 6 1 12 3 0
1 7 6 9 4 2 1 7 d 13 4 6 19 1 a 4 3 1 8 1 1 2 4 0
1 7 6 9 5 0 1 7 8 13 5 7 9 10 1 8 5 0 1 6 1 12 5 0
1 7 6 9 6 0 1 7 0 13 6 5 6 18 1 S 6 2 1 6 1 12 6 4 7
1 7 6 9 7 0 1 7 8 13 7 6 3 18 1 0 7 7 1 8 1 12 7 57
1 7 6 9 a 4 1 7 8 13 8 4 5 191 9 3 0 1 6 1 ) 2 8 n
1 7 6 9 9 1 1 7 0 13 9 0 13 1 8 9 0 1 8 1 12 9 5
1 7 6 9 1 0 0 1 7 8 23 t o 0 191 9 1 0 6 1 8 1 12 1 0 I d
1 7 6 9 u 9 1 7 0 1 3 21 0 38 1 9 11 0 18 1 12 n 2
1 7 6 9 12 4 1 7 8 13 12 0 161 a 1 2 0 1 8 1 1 2 1 2 5
1 7 6 9 13 1 1 7Q 13 13 0 19 1 a 1 3 5 13 1 12 1 3 0
1 7 6 9 1 4 1 6 1 7 0 1 3 1 4 7 2 191 a 1 4 1 131 12 1 4 5
1 7 6 9 I S 3 1 7 8 1 3 15 81 161 a I S 1 161 12 15 15
1 7 6 9 16 7 1 7 8 1 3 1 6 4 9 161 8 16 4 1 6 1 12 1 0 4
1 7 6 9 17 12 1 7 8 13 17 6 2 I d l 3 17 7 1 8 ) 12 17 a
1 7 6 9 i a S 1 7 u 1 3 1 8 1 9 181 3 1 6 31 1 6 1 12 1 6 2 9
1 7 6 9 1 9 4 1 7 0 1 3 1 9 0 181 a 19 2 1 6 ) 12 19 12
1 7 6 1 9 1 5 1 7 8 1 4 1 2 0 1 3 1 d 2 0 3 13 1 12 2 0 2
1 7 6 1 9 2 9 2 1 7 8 1 4 2 41 191 9 1 1

1 7
1 8 3 1 1 3 3

1 7 6 1 8 3 61 3 7 8 1 4 3 2 9 1 8 1 9 2 1 8 3 2 3
1 7 6 10 4 4 3 1 7 8 1 4 4 3 7 1 9 1 9 3 2 1 3 3 3 J
1 7 6 10 5 1 1 9 1 7 8 1 4 5 5 d 1 9 1 9 4 1 9 1 3 3 4 O
1 7 6 1 0 6 7 2 1 7 8 1 4 6 2 6 i d l 9 5 2 1 8 3 5 0
1 7 6 1 8 7 71 1 7 8 1 4 7 3 2 161 9 6 0 1 6 3 6 2
1 7 6 1 0 a 4 5 1 7 8 1 4 8 7 i a i 9 7 0 1 6 3 7 0
1 7 6 1 0 9 5 7 1 7 8 1 4 9 11 181 9 d 5 1 3 3 d 4
1 7 6 1 0 1 0 a 1 7 8 1 4 1 0 9 181 9 9 6 1 d 3 9 4
1 7 6 10 11 12 1 7 9 1 4 11 3 0 191 9 1 0 1 9 1 6 3 10 0
1 7 6 10 12 1 0 1 7 0 1 4 1 2 3 8 18 1 9 11 0 1 8 3 11 0
1 7 6 10 1 3 1 6 1 7 8 1 4 13 1 3 19 1 9 1 2 4 1 6 3 12 1
1 7 6 1 0 U 1 7 1 7 0 1 4 1 4 4 0 19 1 9 13 1 1 6 3 13 0
1 7 6 10 1 5 43 1 7 0 1 4 I S 1 9 181 9 1 4 1 1 6 3 14 0
1 7 6 10 1 6 21 1 7 8 1 4 1 6 3 9 181 9 1 5 5 1 6 3 IS 3
1 7 6 10 1 7 21 1 7 8 1 4 1 7 a 1B1 9 16 6 1 6 3 16 0
1 7 6 10 l a 11 1 7 0 1 4 I d 6 181 9 1 7 0 1 8 3 L 17 1
1 7 6 10 1 9 3 0 1 7 8 1 4 1 9 5 1 8 1 9 1 3 2 0 1 6 3 16 J
1 7 6 10 2 0 22 1 7 0 14 2 0 1 9 1 9 1 9 1 9 2 1 8 3 1 19 1
1 7 6 11 1 10 1 9 0 1 3 1 3 3 101 9 2 0 0 1 8 3 1 2 0 3
1 7 6 11 2 11 1 8 0 1 3 2 51 19 1 10 1 3 1 6 3 2 1 a
1 7 6 11 3 1 1 0 0 1 3 3 4 2 19 1 10 2 0 1 3 3 2 2 a
1 7 6 11 4 1 1 9 0 13 4 2 3 18 1 10 3 17 1 6 3 2 3 5
1 7 6 11 5 9 1 0 0 13 5 0 1B1 1 0 4 7 6 1 8 3 2 4 3
1 7 6 11 6 7 1 8 0 13 6 0 181 10 5 6 6 1 8 3 2 5 4
1 7 6 11 7 11 1 0 0 13 7 0 16 1 1 0 6 7 4 1 6 3 2 6 6
1 7 6 11 a 1 3 1 6 0 13 8 3 18 1 1 0 7 31 1 8 3 2 7 1 0
1 7 6 11 9 1 1 0 0 13 9 d 19 1 1 0 d 3 9 1 6 3 2 d 0
1 7 6 11 1 0 2 1 8 0 13 1 0 21 18 1 10 9 3 6 1 3 3 9 d
1 7 6 11 11 4 3 1 0 0 13 U 4 9 10 1 10 1 0 7 8 1 8 3 2 10 9
1 7 6 11 1 2 1 9 1 8 0 1 3 12 51 i a i 1 0 11 2 2 1 8 3 11 5
1 7 6 11 1 3 11 1 9 0 13 13 33 16 1 1 0 1 2 6 7 1 9 3 2 1 2 1 5
1 7 6 11 1 4 4 1 8 0 13 1 4 31 161 1 0 1 3 7 7 1 6 3 2 13 2
1 7 6 11 15 6 1 8 0 13 1 5 4 2 191 10 1 4 5 6 1 6 3 2 1 4 2
1 7 6 11 1 6 3 7 1 8 0 1 3 1 6 4 4 1 0 1 10 15 6 d i a j 2 15 3
1 7 6 11 17 4 1 8 0 1 3 17 9 181 10 1 6 3 3 1 8 3 2 16 2
1 76 11 1 8 I S 1 8 0 13 IB 2 1 9 1 10 1 7 4 d 1 8 3 2 17 4
1 7 6 11 1 9 7 1 8 0 1 3 1 9 0 191 10 1 8 5 2 1 8 3 2 16 11
1 7 6 11 2 0 2 7 1 8 0 1 3 2 0 0 i a i 10 1 9 6 6 1 8 3 2 19 3

191 1 0 2 0 6 3 1 3 3 2 2 0 5
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t a b l e * CONTINUED

d a t e  r LLO SAMPLE DAMAGED DATE FIE LD SAMPLE DAMAGED d a t e  f i e l d SAMPLE DAMAGED DATE FIELD SAMPLE DAMAGED
NUMBER PLANTS NUMBER p l a n t s NUMBER PLANTS NUMBER PLANTS

I d a 1 2 1 8 9 8 1 2 1 8 9  12 1 a 1 9 0 4 1 7
18 3 2 1 1 8 9 a 2 2 1 8 9  12 2 o 1 9 0 4 2 3
103 3 0 1 8 9 8 3 0 1 8 9  12 3 0 1 9 0 4 3 S
183 4 0 1 8 9 9 4 0 1 3 9  12 4 4 1 9 0 4 4 1
183 5 12 1 8 9 8 5 3 l d 9  12 5 S 1 9 0 4 5 1
183 6 0 1 6 9 a 6 2 1B9 12 6 1 1 9 9 4 6 1
183 7 5 1 8 9 a 7 1 1 89  12 7 21 1 9 0 4 7 s
183 3 7 1 6 9 6 a 0 189  12 3 11 1 9 0 4 a 3
183 3 7 1 8 9 a 9 0 189  12 9 13 1 9 0 4 9 3
183 10 12 1 6 9 8 10 0 1 8 9  12 10 2 1 9 0 4 19 3
183 11 2 1 6 9 3 11 9 1 8 9  12 11 17 1 9 0 4 11 1
18 3 12 10 1 6 9 a 12 1 189  12 12 4 1 9 0 4 12 1
183 13 7 1 6 9 a 13 I 1 8 9  12 13 9 1 9 0 4 13 6
183 14 4 1 8 9 e 14 2 1 8 9  12 14 4 1 9 0 4 14 1
1 9 3 13 7 1 6 9 8 15 3 1 8 9  12 15 a 1 9 0 4 15
183 16 a 1 8 9 8 16 2 1 3 9  12 16 31 1 9 0 4 16 2
193 17 3 1 8 9 a 17 0 1 9 9  12 17 27 1 9 0 4 17 4
103 i a 16 1 8 9 a 18 8 1B9 12 18 4 1 9 0 4 18 1 2
18 3 19 4 1 8 9 8 19 1 1 8 9  12 19 17 2 9 0 4 J 9 2
10 3 20 3 1 3 9 3 20 3 1 8 9  12 20 5 1 9 0 4 20 9
10 3 1 4 1 8 9 9 1 22 1 9 6  1 0 1 9 0 S 1 9
103 2 5 1 8 9 9 2 S 1 9 0  1 2 0 1 9 0 S 2 9
193 3 2 1 6 9 9 3 20 1 9 0  1 3 0 1 9 0 5 3 1
1 03 4 1 1 8 9 9 4 6 1 9 0  1 4 0 1 9 0 S 4 0
103 5 2 1 8 9 9 5 a 1 9 0  1 b 1 1 9 0 5 s
103 6 0 1 8 9 9 6 3 1 9 0  1 6 0 1 9 0 S 6 4
103 7 2 1 8 9 9 7 10 1 90  1 7 0 1 9 0 s 7 1

17183 0 0 1 6 9 9 8 4 1 90  1 3 0 1 9 0 5 8
183 9 1 1 9 9 9 9 15 1 9 0  1 9 1 19 0 5 9 3
183 10 2 1 6 9 9 10 4 1 9 0  1 10 0 1 9 0 5 10 1
193 11 4 1 8 9 9 11 2 1 9 0  1 11 0 1 9 0 S 11 7
183 12 2 1 0 9 9 12 11 1 9 0  1 12 0 1 9 0 1 2 4
J 83 13 0 1 0 9 9 13 0 1 9 0  1 13 0 1 9 0 s 13 7
103 14 0 1 0 9 9 14 3 1 9 0  1 14 1 1 9 6 14 1
103 15 1 1 69 9 IS 4 1 9 0  1 IS 0 1 9 0 5 IS 3
1B3 16 0 1 8 9 9 16 1 1 9 0  1 16 0 1 9 0 16 3

8133 1 7 2 1 6 9 9 17 5 1 9 0  1 17 0 1 9 0 5 17
183 18 0 1 0 9 9 i a 1 1 9 0  1 i a 0 1 90 5 I d 8
i  83 19 3 1 8 9 9 19 2 1 9 0  1 19 0 1 9 0 5 19 9
103 29 10 1 8 9 9 20 1 1 9 0  1 20 0 1 90 S 2D

1
5

1B3 1 0 1 0 9 16 1 27 1 9 0  2 1 7 199 6 6
183 2 0 1 8 9 10 2 53 1 90  2 2 0 1 90 6 2 0
133 3 33 16 9 10 3 61 1 9 0  2 3 0 1 90 6 3 3
1 91 4 0 1 6 9 10 4 18 1 90  2 4 0 1 90 6 4 0
193 5 2 1 89 10 5 19 19 0  2 5 0 1 90 6 5 1

183 6 0 1 39 10 6 29 1 9 0  2 6 0 19 0 6 6 3
18 3 7 0 1 69 1 0 7 62 1 9 0  2 7 0 1 9 0 6 7 0
i d 3 8 0 1 8 9 10 a 33 1 9 0  2 8 2 1 90 6 a 0

1
1183 9 1 18 9 10 9 48 1 9 8  2 9 1 90 6 4

103 10 d 1 8 9 10 10 33 1 9 0  2 18 10 1 9 0 6 10

103 1 1 2 1 0 9 10 11 0 1 9 0  2 11 3 1 9 0 6 1 J 2
1
2183 12 1 1 8 9 10 12 0 1 9 0  2 12 S 1 9 8 6 12

103 13 6 1 89 10 13 16 1 9 0  2 13 3 190 6 1 3

183 14 3 1 0 9 10 14 10 1 9 0  2 14 1 9 0 6 14 2
2183 15 2 1 8 9 10 15 14 1 9 0  2 IS 190 6 15

183 16 1 1 0 9 10 16 19 1 9 0  2 16 1 9 0 6 16 0
183 17 9 18 9 10 17 4 2 1 9 0  2 17 1 9 0 6 17 0

21 8 3 18 2 18 9 10 10 19 1 9 0  2 i a 1 2 90 6 18
1 03 19 5 1 0 9 10 19 17 1 9 0  2 19 2 1 9 0 6 19 0

1
1

183 20 16 1 8 9 10 20 5 1 9 0  2 20 1 90 6 20
103 6 1 10 1 8 9 u 1 41 1 9 0  3 1 11 191 1 3 I
103 0 2 12 189 11 2 9 1 9 0  3 2 1 191 1 3 2 30

21103 6 3 19 109 11 3 26 1 9 0  3 3 J 1 91 1 3 3
183 6 4 2 189 u 4 23 19B 3 4 9 192 13 4 S3
183 6 5 9 1 8 9 u 5 29 1 9 0  3 5 1 91 13 5 27

1JB3 6 6 2 189 u 6 21 1 9 0  3 6 1 191 13 6
7193 6 7 0 1 8 9 u 7 j a 1 9 0  3 7 I 19] 13 6

103 6 0 3 1 8 9 u 8 6 1 9 0  3 a 4 191 13 a 6

183 6 9 7 1 6 9 u 9 IS 1 9 0  3 9 191 1 3 9 0
1 83 6 10 4 1 6 9 11 10 34 1 9 0  3 18 191 1 3 i o 19
183 6 U 7 1 8 9 11 11 4 1 9 0  3 31 191 1 3 13

12
40
17
35103 6 12 5 l d 9 11 12 19 1 9 0  3 12 191 1 3

183 6 13 9 1 8 9 11 13 8 1 9 0  3 13 191 1 3 1 3

103 6 14 u 1 89 11 14 10 1 9 0  3 14 4 1 91 J 3 14 42
IS
17183 6 13 10 1 89 11 IS IS 1V0 3 IS 2 191

19)
1 3 1 3 

16183 6 16 S3 1 8 9 11 16 12 1 9 0  3 16 1 3

1 8 3 4 17 17 1 8 9 11 17 13 1 9 0  3 17 2 191
191

1 3 1 7 
18

44
341 8 3 6 1 8 d 1 6 9 11 i a 7 1 9 0  3 i a 4 13

1 8 3 6 1 9 3 1 0 9 11 19 11 1 9 0  3 19 12 1 91 13 19 2

193 6 20 2 1 6 9 11 30 39 1 9 0  3 20 0 191 13 3 0 0
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DAT* F I E L D SAMPLE
DUMBER

DAHAUEt
PLANTS

DATS F I E L D SAMPLE
NUMBER

DAMAGED
PLANTS

DATE P I E L D  SAMPLE 
NUMBER

DAMAGED
PLANTS

DATS F I E L D SAMPLE
NUMBER

DAMAGED
PLANTS

19 1 1 4 1 3 1 9 5 9 1 2 1 9 7 1 1 1 1 9 7 5 1 2
19 1 1 4 2 3 0 1 9 5 9 2 3 1 9 7 1 2 1 1 9 7 5 2 1
19 1 1 4 3 2 5 1 9 5 9 3 4 1 9 7 1 3 9 1 9 7 5 3 1
19 1 1 4 4 31 1 9 5 9 4 2 1 9 7 1 4 0 1 9 7 5 4 1
19 1 1 4 5 2 3 1 9 5 9 5 6 1 9 7 1 5 0 1 9 7 5 5 0
1 9 1 1 4 6 20 1 9 5 9 6 8 1 9 7 1 6 0 1 9 7 5 6 0
19 1 1 4 7 2 4 1 9 5 9 7 0 1 9 7 1 7 0 1 9 7 5 7 0
19 1 1 4 a 20 1 9 5 9 8 2 1 9 7 i  a 3 1 9 7 5 8 0

• 19 1 1 4 9 21 1 9 5 9 9 3 1 9 7 1 3 1 1 9 7 5 9 0
191 1 4 10 2b 1 9 5 9 10 3 1 9 7 i  l a 0 1 9 7 5 10 0
19 1 1 4 11 1 3 1 9 5 9 11 3 1 9 7 l n 0 1 9 7 5 11 0
19 1 1 4 12 20 1 9 5 9 12 4 1 9 7 1 1 2 0 1 9 7 5 12 0
19 1 1 4 13 2 1 9 5 9 13 11 1 9 7 1 1 3 0 1 9 7 5 13 0
19 1 14 1 4 1 1 9 5 9 14 12 1 9 7 1 1 4 a 1 9 7 5 1 4 0
19 1 1 4 1 5 0 1 9 5 9 I S 1 1 9 7 1 1 5 0 1 9 7 S IS 0
19 1 1 4 1 6 2 1 9 5 9 16 3 1 9 7 1 16 0 1 9 7 5 16 a
1 9 1 14 1 7 2 1 9 5 9 17 1 1 9 7 1 17 1 1 9 7 5 17 a
19 1 14 1 3 3 1 9 5 9 10 0 1 9 7 1 1 8 1 1 9 7 5 i  a e
1 9 1 1 4 1 9 1 1 9 5 9 1 9 6 1 9 7 1 1 9 2 1 9 7 5 1 9 0
19 1 1 4 20 7 1 9 5 9 20 9 1 9 7 1 2 9 1 1 9 7 5 20 0
1 9 3 13 1 2 1 9 5 10 1 16 1 9 7 2 1 4 1 9 7 6 1 3
1 9 3 13 2 2 1 9 5 10 2 5 1 9 7 2 2 4 1 9 7 6 2 1
1 9 3 13 3 3 1 9 5 10 3 23 1 9 7 2 3 2 1 9 7 6 3 O
1 9 3 13 4 6 1 9 5 10 4 7 1 9 7 2 4 1 1 9 7 6 4 1
1 9 3 13 5 1 1 9 5 10 5 2 4 1 9 7 2 5 2 1 9 7 6 5 1
1 9 3 13 6 4 1 9 5 10 6 2 9 1 9 7 2 6 4 1 9 7 6 6 1
1 9 3 13 7 27 1 9 5 10 7 17 1 9 7 2 7 4 1 9 7 6 J 1
1 9 9 13 8 60 1 9 5 10 a 16 1 9 7 2 8 4 1 9 7 6 a 0
1 9 3 13 9 2 4 1 9 5 10 9 4 1 9 7 2 9 0 1 9 7 6 9 0
1 9 3 13 10 31 1 9 5 10 10 3 0 1 9 7 2 1 0 1 1 9 7 6 10 0
1 9 3 13 11 0 1 9 5 10 11 0 1 9 7 2 11 1 3 1 9 7 6 11 0
1 9 3 13 12 6 1 9 5 10 12 1 4 1 9 7 2 1 2 1 1 9 7 6 12 0
1 9 3 13 1 3 i a 1 9 5 10 1 3 6 1 9 7 2 13 2 1 9 7 6 13 a
1 9 3 13 1 4 12 1 9 5 10 1 4 10 1 9 7 2 1 4 4 1 9 7 6 1 4 a

1 9 3 13 1 3 0 1 9 5 10 1 5 7 1 9 7 2 I S 10 1 9 7 6 15 0
1 9 3 13 1 6 1 1 9 5 10 1 6 0 1 9 7 2 1 6 2 1 9 7 6 16 0
1 9 3 13 1 7 2 1 9 5 10 1 3 1 4 1 9 7 2 1 7 1 1 9 7 6 17 0
1 9 3 13 l a 11 1 9 5 10 i d 10 1 9 7 2 I d 0 1 9 7 6 1 3 0
1 9 3 13 1 9 16 £ 9 5 10 1 9 3 1 9 7 2 19 0 1 9 7 6 1 9 0
1 9 3 13 20 la 1 9 5 10 20 23 1 9 7 2 2 0 0 1 9 7 6 20 a
1 9 3 14 1 2 9 1 9 5 11 3 1 9 7 3 1 0 1 9 7 13 1 a
1 9 3 1 4 2 a 1 9 5 U 2 9 1 9 7 3 2 0 1 9 7 13 2 a
1 9 3 1 4 3 1 6 1 9 5 12 3 1 1 1 9 7 3 3 0 1 9 7 13 2 0
1 9 3 1 4 4 1 6 1 9 5 11 4 0 1 9 7 3 4 2 1 9 7 13 4 0
1 9 3 1 4 5 7 1 9 5 11 5 i d 1 9 7 3 5 1 1 9 7 13 5 14
1 9 3 1 4 6 21 1 9 5 11 6 4 1 9 7 3 6 0 1 9 7 13 6 7
1 9 3 1 4 7 9 1 9 5 11 7 12 1 9 7 3 7 1 1 9 7 13 7 1 3
1 9 3 1 4 3 2 1 9 5 11 a 3 1 9 7 3 d 0 1 9 7 13 8 17
1 9 3 1 4 9 5 1 9 5 11 4 3 1 9 7 3 9 1 1 9 7 n 9
1 9 3 1 4 1 9 2 1 9 5 11 10 10 1 9 7 3 1 0 0 1 9 7 13 10 4
1 9 3 14 n 10 1 9 5 11 11 2 4 1 9 7 3 1 1 0 1 9 7 13 11 1 3
1 9 3 1 4 12 0 1 9 5 11 12 8 1 9 7 3 12 a 1 9 7 13 12 17
1 9 3 1 4 1 3 1 1 9 5 11 13 a 1 9 7 3 13 0 1 9 7 1 3 1 3 a
1 9 3 1 4 1 4 2 1 9 5 U 1 4 9 1 9 7 3 1 4 0 1 9 7 13 1 4 5
1 9 3 1 4 1 5 4 1 9 5 11 15 3 1 9 7 3  1 5 0 1 9 7 1 3 1 5
1 9 3 1 4 1 6 a 1 9 5 11 16 16 1 9 7 3 1 6 0 1 9 7 13 1 6 5
1 9 3 1 4 1 7 0 1 9 5 11 17 11 1 9 7 3 1 7 1 1 9 7 13 1 7 11
1 9 3 1 4 i a 5 1 9 5 11 10 5 1 9 7 3 1 0 0 1 9 7 1 3 1 3 4
1 9 3 1 4 1 9 0 1 9 5 11 1 9 3 1 9 7 3 1 9 0 1 9 7 13 1 9 4
1 9 3 1 4 20 a 1 9 5 11 20 1 3 1 9 7 3 2 0 0 1 9 7 1 3 20
1 9 5 8 1 a 1 9 5 12 1 2 i  9 7 4  1 1 1 9 7 1 4
1 9 5 8 2 4 1 9 5 12 2 0 1 9 7 4  2 0 1 9 7 1 4 2 2
1 9 5 a 3 14 1 9 5 12 3 4 1 9 7 4  3 0 1 9 7 1 4 3 5
1 9 5 d 4 11 1 9 5 12 4 10 1 9 7 4 4 0 1 9 7 14 4 7
1 9 5 8 5 10 195 12 5 2 1 9 7 4  5 0 1 9 7 1 4 5 3
1 9 5 8 6 2 1 9 5 12 6 2 1 9 7 4 6 1 1 9 7 1 4 6
1 9 3 a 7 5 1 9 5 12 7 3 1 9 7 4  7 0 1 9 7 1 4 7
J 9 S a d 0 1 9 5 12 a 3 1 9 7 4 a 1 1 9 7 1 4 a 11
1 9 5 a 9 2 1 9 5 12 9 a 1 9 7 4  9 2 1 9 7 1 4 9 1 3
1 9 5 a 1 9 a 1 9 5 12 10 0 1 9 7 4  1 0 0 1 9 7 1 4 1 0 7
1 9 5 a 11 0 1 9 5 12 11 1 1 9 7 4  11 0 1 9 7 J 4 1
1 9 5 a 12 0 1 9 5 12 12 3 1 9 7 4  1 2 0 1 9 7 1 4 12 1
1 9 5 a 13 0 1 9 5 12 1 3 6 1 9 7 4  13 0 1 9 7 1 4 1 3 7
1 9 5 a 1 4 1 1 9 5 12 14 3 1 9 7 4  1 4 1 1 9 7 14 1 4 12
1 9 5 a 15 1 1 9 5 12 15 5 1 9 7 4 I S 1 1 9 7 1 4 1 5 3
1 9 5 a 16 2 1 9 5 12 16 4 1 9 7 4 1 6 0 1 9 7 1 4 1 6 7
1 9 5 a 17 0 1 9 5 12 1 7 0 1 9 7 4  1 7 0 1 9 7 1 4 1 7 5
1 9 5 8 1 8 0 1 9 5 12 18 0 1 9 7 4  1 0 1 1 9 7 1 4 i a 10
1 9 5 a 19 3 1 9 5 12 19 0 1 9 7 4  1 9 1 1 9 7 1 4 1 9 9
1 9 5 a 20 5 1 9 5 12 2 9 3 1 9 7 4 2 0 1 1 9 7 14 20 7
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tJkB L £ F  .  CONTINUED

CATC f tZ L D SAMPLE
SUHBER

DAMAGED
PLANTS

DATE FIELD SAMPLE
NUMBER

DAMAGED
PLANTS

DATE FIELD SAMPLE 
NUMBER

DAMAGED
PLANTS

CATE i  I ELD SAMPLE
NUMBER

DAMAGED
PLANTS

199 13 1 0 203 10 1 1 204 2 1 1 204 6 1 1
1 99 13 2 3 203 10 2 294 2 2 2 204 6 2 1
199 13 3 0 203 10 3 5 204 2 3 1 204 6 3 1
199 13 4 1 203 10 4 204 2 4 1 204 6 4' 2
199 13 5 2 203 10 S 7 204 2 5 0 204 g 5 1
199 13 6 0 203 10 6 2 204 2 6 0 204 6 6 1
199 13 7 9 203 10 7 304 2 7 0 204 6 7 1
J 99 13 8 6 203 10 d 2 204 2 a 0 204 6 d 1
199 13 9 10 203 10 9 3 204 2 9 0 204 6 9 1
199 13 10 14 203 10 10 11 204 2 10 0 204 6 10 0
199 13 11 7 203 10 11 204 2 11 0 204 6 11 0
199 13 12 S 203 10 12 204 2 12 0 204 6 12 0
199 13 13 1 203 10 13 5 204 2 13 a 264 6 13 0
199 13 14 0 203 10 14 2 204 2 14 0 204 6 14 0
199 13 IS 3 203 10 IS 12 204 2 15 0 204 6 15 0
199 13 16 O 203 10 16 7 204 2 16 0 204 6 16 0
199 13 17 S 203 10 17 1 294 2 17 0 204 6 17 0
199 13 19 6 203 10 t a 2 204 2 IS 0 204 6 18 0
199 13 19 0 203 10 19 1 204 2 19 0 204 6 19 0
199 13 20 e 203 10 20 3 204 2 20 0 204 6 20 0
199 14 1 4 203 u 1 1 204 3 1 1 205 13 I 1
199 14 2 a 203 i i 2 3 204 3 2 0 205 13 2 0
199 14 3 2 203 u 3 4 204 3 3 0 20S 13 3 3
199 14 4 0 203 u 4 2 204 3 4 a 205 13 4 9
199 14 S S 203 u S 4 204 3 5 0 205 13 5 1
199 14 6 6 203 i i 6 2 204 3 6 0 205 13 6 1
199 14 7 a 203 u 7 5 204 3 7 0 205 13 7 2
199 14 a a 203 u a 3 204 3 a 0 205 13 d 4
199 14 9 9 203 n 9 3 204 3 9 0 205 13 9 1
199 14 10 7 203 i 10 2 204 3 10 a 205 13 10 5
199 14 11 5 203 i i 11 3 204 3 11 0 205 13 11 i
199 14 12 0 203 u 12 204 3 12 a 205 13 12 0
199 14 13 2 203 u 13 204 3 13 0 20S 13 13 d
199 14 14 3 203 n 14 2 204 3 14 5 205 13 14 2
199 14 15 0 203 n 15 4 204 3 3 5 0 205 13 15 0
199 14 36 1 203 i i 16 2 204 3 16 0 20S 13 16 0
199 14 17 0 203 i i 17 0 204 3 17 0 205 13 17 a
199 14 19 0 203 i i IS 0 204 3 I d 0 205 13 IS 9
199 14 19 2 203 i i 19 0 204 3 19 0 205 13 19 0
199 14 20 2 203 i i 20 5 204 3 20 0 205 13 20 9
203
203

0
0

1
2

0
0

203
203

12
12

1
2

1 204
294

4  1 
4 2

1
0

205
205

14
14

1
2

d
1

203 a 3 2 203 12 3 204 4 3 0 205 14 3 1
203 a 4 0 203 12 4 1 204 4 4 a 205 14 4 0
203 a S 1 203 12 S 204 4 5 0 205 14 5 2
203 a 6 6 203 12 6 2 204 4 6 0 205 14 6 1
203 o 7 0 203 12 7 9 204 4 7 a 2 05 14 7 2
203 b d 1 203 12 a 204 4 8 a 205 14 S 0
203 a 9 0 203 12 9 4 204 4 9 0 205 14 9 O
203 a 10 3 203 12 10 4 204 4  30 0 205 14 10 3
203 d 11 0 203 12 11 2 204 4 1 1 9 205 14 1 1 3
203 a 12 0 203 12 12 2 204 4 12 0 205 14 12 2
203 b 13 2 203 12 13 4 204 4 13 J 205 14 13 0
203 a 14 2 203 12 14 5 204 4 14 0 205 14 14 2
203 a IS 0 203 12 IS 6 204 4 15 0 205 J 4 15 0
203 a 16 4 203 12 16 6 204 4 16 0 205 14 16 0
203 a 17 1 203 12 17 1 204 4 17 a 205 14 17 0
203 a Id I 203 12 i a 204 4 i a a 205 14 18 2
203 a 19 0 203 12 19 1 204 4 19 0 205 14 19 0
203 a 20 5 203 12 20 2 204 4  20 0 205 14 20 0
203 9 1 2 204 1 1 3 204 S 1 i 207 13 1 0
203 9 2 2 204 1 2 3 204 5 2 i 207 13 2 1
203 9 3 1 204 1 3 1 204 3 3 e 207 13 3 1
203 9 4 0 204 4 0 204 S 4 a 207 13 4 0
203 9 5 1 204 5 0 204 5 5 0 287 13 5 0
203 9 6 1 204 6 0 204 5 6 0 2U7 13 6 0
203 9 7 0 204 7 0 204 5 7 a 2Q7 13 7 4
203 9 a 1 204 a 0 20 4 s  a a 207 13 d 2
203 9 9 0 204 9 0 204 5 9 a 207 13 9 3
203 9 10 0 204 10 0 204 5 10 0 207 1 j 10 3
203 9 11 0 204 11 0 204 5 n 6 207 13 11 4
203 0 12 2 204 12 0 204 5 12 a 207 13 12 0
203 9 13 0 204 13 0 204 3 n 0 307 13 13 1
203 9 14 4 204 14 0 204 5 J4 0 207 13 14 0
203 9 15 2 204 13 0 204 5 15 0 207 13 15 0
203 9 16 1 204 16 0 204 S 16 0 207 13 16 2
203 9 17 1 204 1 17 0 204 S 17 0 207 13 17 1
293 9 IB 0 204 IS 0 204 S IS 0 207 13 i a 0
203 0 19 0 294 19 0 204 S 19 0 207 13 19 3
203 9 20 2 204 1 20 0 204 5 20 a 207 13 20 1
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FABLE F  .  CO NTINUED

DATE FIELD SAMPLE DAMAGED DATE FIELD SAMPLE DAMAGED DATE FIELD SAMPLE DAMAGED DATE FIELD SAMPLE DAMAGED 
NUMBER PLANTS NUMBER PLANTS NUMBER PLANTS NUMBER PLANTS

207 U  1 0
207 14 2 4
207 14 2 1
207 14 4 2
207 14 5 2
207 14 6 1
207 14 7 6
207 14 8 1
207 14 9 1
207 14 10 2
207 14 11 1
207 14 12 2
207 14 12 2
207 14 14 O
207 U  15 2
207 14 16 0
207 14 17 0
207 14 19 1
207 14 19 0
207 14 20 0

1 12 1
3 1
4 1
5 26 O
7 a
a  a
9 0

10 01] 0
12 0
12 0
14 0
15 0
16 0
17 0
10 0
19 a

1 1 211 62 1 211 63 1 211 6
4 1 211 6
5 0 211 66 0 211 6
7 0 211 68 0 211 69 0 211 610 0 211 6

11 0 an *12 0 iH 6
13 Q i H  6
14 0 2 1 1  6
15 0 211 6
16 0 211 6
17 010 0
19 0
20 0

1 0
2 0
3 0
4 05 0
6 0
7 0
a a
9 0

10 0
11 0
12 0
13 0
1 4  015 0
16 0
17 0
Id  0
19 0
20 0

2 212 14 1
2 1 212 14 2
3 1 212 14 3
4 1 212 14 4
5 0 212 14 5
6 0 212 14 6
7 0 212 14 7
3 0 212 14 8
9 0 212 14 9

10 0 212 14 10
11 0 212 14 11
12 0 212 14 12
n 0 212 14 13
14 0 212 14 14
15 0 212 14 IS
16 0 212 14 16
17 0 212 14 17
I d a 212 14 19
19 0 212 14 19
20 0 212 14 20

3 214 13 1
2 1 214 13 2
3 214 13 3
4 214 13 4
5 1 214 13 5
6 214 13 6
7 0 214 13 7
3 0 214 13 8
9 0 214 13 9

10 0 214 13 10
11 0 214 13 11
12 0 214 13 12
J 3 0 214 13 13
34 0 214 13 14
15 0 214 13 15
16 0 214 13 16
37 0 214 13 17
IB 0 214 13 I d
19 0 214 13 19
20 0 -»i i 11 *i«

1 2 214 14 1
2 214 14 2
3 214 14 3
4 314 14 4
5 214 14 5
6 214 14 6
7 214 14 7
a 0 214 14 a
9 0 214 14 9

30 0 214 14 10
11 0 214 14 11
12 0 214 14 12
13 a 214 14 13
14 0 214 14 14
15 0 214 14 IS
16 0 214 14 16
17 a 214 14 17
16 (3 214 14 IB
19 0 214 14 19
20 0 214 14 20

1 0 216 a 1
2 0 216 a 2
3 0 216 a 3
4 e 216 a 4
5 i 216 a 5
6 e 216 a 6
7 0 216 a 7
9 0 216 8 8
9 2 216 6 9

10 1 216 ti 10
11 3 216 a 11
12 1 216 a 12
13 10 216 a 13
14 1 216 a 14
1 5 0 216 8 15
16 3 216 a 16
17 0 216 0 17
IB 1 216 9 i a
19 3 216 8 19
20 2 216 8 20

2 216 9 1 2
4 216 9 2 0
6 216 9 3 1
4 216 9 4 2
4 216 9 5 2
2 216 9 6 1
0 216 9 7 4
4 216 9 a 0
1 216 9 9 1
1 216 9 10 1
0 216 9 11 0
0 216 9 12 0
1 216 9 13 0
2 216 9 14 0
1 216 9 15 0
0 216 9 16 0
1 216 9 17 1
1 216 9 13 1
0 216 9 19 1
1 216 9 20 2
0 216 10 1 d
2 216 10 2 1
1 216 10 3 0
0 216 10 4 17
0 216 10 5 27
3 216 10 6 3
1 216 10 7 9
7 216 10 0 6
6 216 10 9 10
9 216 10 10 21
5 216 10 1 1 4
0 216 10 12 12
5 216 10 13 6
3 216 10 14 I I
2 216 10 15 4
0
1

216 10 16 9
216 10 17 21

1 216 10 I d 5
2 216 10 19 5
1 216 10 20 4
2 216 11 1 7
0 216 11 2 S
2 216 11 3 5
1 216 11 4 5
1 216 11 5 3
3 216 11 6 2
4 216 11 7 3
3 216 11 d 3
7 216 i i 9 6
7 216 u 10 6
d 216 a 11 2
2 216 n 12 3
0 216 n 13 2
3 216 i i 14 0
0 316 n 15 3
1 216 i i 16 1
1 216 u 17 0
0 216 n IB 0
0 216 u 19 1
1 216 u 20 4
4 216 12 1 1
2 216 12 2 2
1 216 12 3 a
2 216 12 4 5
0 216 12 5 5
1 216 12 6 6
0 216 12 7 O
0 216 12 8 3
0 216 12 9 2
1 216 12 10 1
0 216 12 11 4
0 216 12 12 2
0 216 12 n 6
2 216 12 14 2
1 216 12 15 3
1 216 12 16 0
0 216 12 17 0
1 216 12 13 0
0 216 12 19 00 216 12 20 0
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T A B U  r .  C Q U T I X U Q

DATE FIELD SAMPLE DAMAGED DATE F t  ELD SAMPLE OAHAGED 
dUHBER PLAUTS ttUMQER PLAttTS

213  J 1 1 218  9 1 3
218 1 2 2 218 S 2 2
213 1 3 0  218  5 2 8
218 1 4 ii 218  S 4 1
2 1 a  1 S 0  218  S S 1
218  1 6 0 218  S 6 2
218  1 7 0 218  S 7 2
2 1 0  1 3 0  2 1 8  a a  l
213 1 9  0 218  a  9 4
213 1 10 0 213  a 10 0
2 1 8  1 I I  0 2 1 8  a 1 1  1

213 1 12 3 213  a  12 0
213 1 12 0  218  5 12 0
213 1 14 0  218  a  14 0
218 I IS  0  213  S IS  4
218 1 16 0 218 a 16 0
218 1 17 0  218  a  17 0
213 1 18 O 218  a  13 0
210 1 19 0  213  a  19 0
213 1 20 0 213 a 20 1
213  2 1 2 213  6 1 1
218 2 2 2 218 6 2 1
213 2 2 1 213  6 3 1
213 2 4 0 213  6 4 1
21a 2 a 3 2ia  6 a 2
213 2 6 0 213  6 6 2
213  2 7 0 218  6 7 4
213  2 3 0 213 6 3 2
218 2 9 0 213 6 9 0
213 2 10 0 213  6 10 0
213 2 11 0 218  6 11 0
218 2 12 0 213  6 12 0
213 2 13 3 2 i a  6 13 0
213 2 14 0 218  6 14 0
218 2 IS  0 218  6 IS  0
213 2 16 0  213  6 16 0
213 2 1 7 0  218  6 17 0
218 2 13 0  213  6 10 0
213 2 19 0 213  6 19 0
213 2 20  O 218  6 20 0
213 2 1 4 221 13 1 0
218  3 2 2 221 13 2 0
218 3 J 1 221 13 3 1
2 i a  3 4 1 221 13 4  0
213 3 S 1 221 13 S 0
218 3 6 1 221 13 6 0
2 i a  3 7 8 221  13 7 0
218  3 d  0 221 13 8 0
218 3 9  0  221 13 9 0
213 3 10 0  221 13 10 3
213 3 11 0  221 13 11 I
213 3 12 0  221 13 12 2
218 3 13 d 221 13 13 0
218 3 14  0  221 13 14 1
218 3 IS  0 221 13 19 0
213 3 16  0 221 13 16 0
213 3 17 0  221 13 17 0
213 3 13 0 221 13 Id  1
213 3 19 0 221 13 19 0
218 3 20 0 221 13 20 2
218 4 1 2 221 14 1 0
218 4 2 2 221 14 2 2
213 4 3 1 221 14 3 1
218 4 4 1 221 14 4 4
218  4 S 0 221 14 S 1
210 4 6 0 221 14 6 1
213 4 7 0 221 14 7 1
213 4 B 0 221 14 8 2
213 4 9 0  221 14 9 2
213  4 10 0 221 14 10 0
218 4 11 0  221 14 11 2
218  4 12 0  221 14 12 3
218  4  13 0  221 14 13 1
213  4  14 0  221 14 14 0
213 4 IS  0 221 14 IS  0
218 4 16 0 221 14 16 0
213 4 17 0  221 14 1 7 0
213 4 13  0 221 14 13 1
210 4 19  0 221 14 19 2
218 4 20  0  221 14 20 0
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Table G l. 

Table G2. 

Table G3. 

Table G4.

Table G5.

Appendix G.

C om puter program  for adjusting adult trap  c a tc h  according to  
hourly tem p era tu res  and w ithin day a c tiv ity .

C om puter program  for calcu lation  of B atcheler's B ra tio  from plots 
of dam aged onions (L am pert, 1980).

C om puter program  fo r calcu la tion  of C lark  and Evan's dispersion 
s ta t is t ic  from  plots of dam aged onions.

C om puter program  for calcu la tion  of d is tance  m easurem ents A and 
D and the te s t  s ta t is t ic  P from  plo ts of dam aged onions w ith 
d iffe ren t volun teer onion densities.

C om puter program  listing  of the  OM population dynam ics 
submodel.
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ta b le  C]

PROS RAH TEHPJUaEISPUT.CW TFtJT,TAPE],TAPE3.TAPE4,TAPES)
REAL OTAT, !IH7. NHM. MS T. N8M 
REAL JDAY 
INTEGER HTXHE
D1MEHS10H 1D A TESE100),C U H DD (100),R0A TE3(100 )
DIMENSION A R G T (1 0 ),C D d 0 ),C T A B (2 4 )
DATA C T A fl/5 * 0 ,. 0 3 7 , . 1 0 2 , . 0 6 7 , . 0 3 3 , , 0 3 9 , . 0 3 9 . . 0 1 3 , . 0 3 6 , . 0 1 9 , . 0 3 4 . .  

+ 3 9 , . 0 3 4 , . 1 3 2 , . 1 4 3 , . 1 3 3 , . 0 0 9 , 0 , 0 , 0 /
DATA C D /3 1 .9 , 3 1 . 2 , 4 3 . 3 , 7 3 . 0 , 1 0 0 . 0 , 1 2 3 . , ) 3 6 . 3 , 1 8 1 . 3 . 2 0 7 . , 2 2 1 . 2 /  
DATA ARGT/53 . 6 , 5 7 .2 ,  6 0 . 9 ,6 4 - 4 ,  6 9 . ,  7 1 . 6« 7 3 .2 ,  7 0 . 3 , S 2 . 4 ,  0 6 . /
DO 33 K l - 1 ,7 6  
1DATE3(K1 
RDATESEK1)-0.

23 CUMDDEKl)-*.
P R IS T *, “ENTER LENGTH o r  DATA FILE*
READ*, IK 
DO 24 K l - l . I K

24 R EA D (4,69)R D ATE3(K11 , ID A T E 3(X I>.CUHDOEKl)
6 9  FORMAT [IX , T 6 . 2 ,1 6 ,  10X. F I 0 .  4 )

PRINT*, “ ESTER 1PDATE—  (TIR ST DATE)-
READ*,1PDATE
ODAX-IPDATE
OOHF *30HM*KS F*OOSH * 0 .
P I - 3 .1 4 1 3 9 3 6 3  
H O U R -Pl/13
P R IS T *, “HOW MANY DAYS TO RtM7 “
READ*, XDAY3
■tOTMF-TOTMM+rOT3F«TOT3M-«,
REWIND 4
DO 1000 L-l.SD A Y S 
R EAD ( 4 ,  S 6 1 1 SO AX. SKF, IDttt, HS r , SS H 

36 FORMAT(7X,1 6 , 2 0 X ,4 ( 2 X ,F 9 .1 ) )
IF (E O FE 4 ) .SE .0JG O  TO 99 
NDAY-PLOAT ( 1NOAX )
GAP-SDAY-ODAY
SMF-(HHF-OOHF)
DKH-lttHM-OOKH)
O SF-(HSF-OOSF)
DSM-ENSH-OOSK)
IG A PCA P
DO 6 00  1 - 1 ,  1GAP
H T IH E ^
OHF-OOHF+1 -DHF/QAP 
OHM-OOMK+I *DWi/GAP 
0SPXX3SF+1 *DaF/OAP 
OSM-OOSM+I -06H/GAP 
JDAYM30AY+I
READ( 3 ,  3 0 ) 10AX.THAX, THIS 

39  FORMAT (6 X .1 3 , 2 (3 X .F 3 . 0 ) )
1F ( EOF( 3 ] . S E • 0 )GOTO 99 
TTMF-TTHM-TTSF WTTSH-0 
TMEAM-ETMAX+TM1H ) /2  
RASGE -  ITMAX-TM IS  1 /  2 
DO 900  J - 1 . 2 4  
HT1MEXIT1ME+1 
THETA-1HT1HE-9 ) «HOUR 
TEHP-THEAN+RAN(SE*SIH (THETA)

31 FORMAT ( I X , 1 3 , 3X, 1 3 , 5 X .F 3 .1 )
IF  (HTIHE.LT.61GOTO900 
1FEHTIHE.GT.21JGOTO07 
CF+TABEXECD, ARGT, TEMP, 9 )
1F E C P .L T .2 0 ) CF-2D 
D-CTAB(tJTlME)
T T M F -m ir+ O H F «D *d  0 0 /C F )
TTrtH-TTMH+OHH*D*(100/CF)
T T 3F-T T3F+O SF*D *(100/C F)
TTSMwrT3M+OaM*O*(100/CF)

903 CONTINUE 
07 TOTHF -TOTHF +TTM F

TOTHH-rOTMM+TTHH 
TQTSF+TOTSF+TTSF 
TOTSH-TOTSH+TTSH 
1DAY-TOAY+.000S 
DO 13 K l - l . I K
IFE10AY.EQ.1DATE3EK1))0O TO 60 

12 CONTINUE 
GO TO 600 

3fl TOTMF-TOTHF/dDAY-IPOATE)
TOTKH-TOTKH/EIDAY-1PDATE)
TOTSF*TOTSP/(1DAY-IPDATE)
TOTSM-TOTSM/EIDAY-IPDATE)
WHITE ( 3 ,  3 4 1RDATES <K1 ) .  CUMDD (K1 > ,TOTHT, TOTKM, TOTSF, TOTSM 

34 FORMAT IIX , F 6 . 2 , 3 P 1 0 .4}
TOTHF -TOTKM *TOTS F wTOTSM * 9 .
TTHF-TTM M «TT3F<T3M ^.
1PDATE-IOAY 

600  COST1NUE 
ODAY-tiDAY
oo M F x m r
ooK H -tnw
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TABLE 01 C0WT1IJUED

o o s F « d s r
0 05M 45N

1000  c o t r r i b f U B
99 EUOc

FUNCTION TABEXtVAL*ARQpDtlH.K)
DiMEaSIOM V A L tn .A R G C n  
0 0  I J » 2 ,K
lF (0U H .O T .A A O (J> ) GOTO 1 

2 TABeX*<DUK-AAG(J-I >> *(V A L<J)-V A L (J-1 H  /  (ABO( J  ) -A K O (J-l M +V A L(J-1 )
RETUtUJ 

1 COHTIUUE
TABEX-(DUM-A*0(K-1 ))*(V A L (R )-V A L (K -1  J > / ( AJtQ{ K  1-AAO(JC-1 > )+V A U K -l J
RETURUEHD
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T A B L E  G2

PROGRAM BATCHER( INPUT.OUTPUT,TAPE!. TAPES 1 
DIMENSION X (3 0 0 ) ,Y (3 0 0 )

C * * *
C***THIS PROGRAM WAS WRITTEN TO COMPUTE THE RATIOS OP 
C***MEAN NORF DISTAHCE/HEAM KM DISTANCE.

REWIND 3
1 REWIND I <;**•
C * * * IN tT lA L lS E  HUMBER OP SAMPLES AMD PLOT SIZE

PRIST*."OTTER NUMBER OF SAMPLES."
READ*,HUM
PRINT*, "OTTER PLOT S IZ E — WIDTH, LENGTH• *
READ * • X SIZE, YS X Z E ‘

C***READ IS  OATA HEADER AND X.Y COORDINATES FOR OBSERVATIONS

2 R E A D U ,100H D A T E .IT R E A T ,IPL aT ,lR O W ,!I 
I F { E O P ( l ] l  2 0 0 .2 0 1

201 DO 10 I - l . l t
10 R E A U tl.1011 X ( l ) , y ( l )

C***CHECK IP  USER WAOT3 TO CONTINUE IF  N TOO SMALL

l F ( H .G T . n  0 0  TO a s
PR IN T *,"SIN C E M • " . N , "  * DO YDtl WANT TO CONTINUE HERE?" 
READ 3 0 0 , IAMS2 
IF U A N S 2.E Q .1H H ) CO TO 2

C « * *
C***ZERO OUT VARIABLES

80 S U H M M .
SUMHHSQ-C.
SUMNH2-0.
SUHU0RP*0-
SSO ffO R F^.C***

C***CALCULATE RANDOM POINT AND RANDOM INDIVIDUAL 
C***FROH WHICH TO FIND NEAREST NEIGHBOR# ALSO FIND 
C***NEARE3T NEIGHBOR TO THE NEAREST NEIGHBOR TO THE 
C***RANDOM POINT.

DO 12 1 - 1 ,NUM 
XPT-RAM Ft-1)»XSIZE 
Y PT-RAM Fl-1)*YSIZE 
1ND*1 ■►RANF ( - I  )*N 
SM ALL1-100.
SM A LL2-1H .
SMALL3-100*
DO 13 J* 1  ,N
D IS T I" (  ( ( X tJ  >-XPT)**2 . )  + ( (Y (J  )-YFT )**2# ) )**#S  
X F(D15T1.LT.SM ALL1) 1 C -J  
I F f D lS T l . LT.SH ALLIj SM ALLI-OISTI 
IF  {W. LT. 2 ) 00  TO 13
D 1 S T 3 -< ( (X (J ) -X (IN D > )* -2 # ) + ( (Y (J ) - Y ( I N D ) 1 * * 2 * ) ) * * .*  
1 F (D 1 S T 2 .N E .0 . 0 . AND*01ST2.LT#SKALL2) SHALL2-01ST2

13 CONTINUE 
(*«•«
C «**rlN D  WEAKEST NEIGHBOR TO WEAKEST NEIGHBOR TO RAH FT
( J i  I t

SO 14 L - l .H
D lS T 2 - ( ( U H .) - X ( lC M * * I * )  + ( I T t t . ) - y ( I C l  1 * * 2 . ) ) * * . !

14 1F(D IS T 3 .H E .0 .O .A H D .O I3T 3 .L T .S H A L L 3) SKALL3-0IST3
3UHHtl<4UMtIH+SMALL 2 
sukmhbq^ uhhhsq« h a ij ,2**2 .
SUHHH2-6UKMII3+SKALL3 
SUHHaRP^UrHBDKP.SHALLl SSQSOP.P̂ aCHORK+SHUXl **2.

12 CQHTISUE
c * * *
C**‘ CALCULATE MCAM NEAREST 01STAMCE FOR MUM SAMPLES
C‘ “

R-rLOAT (HUM)
R2-PL0AT(H 1
XBMORP-SUMUORP/R
XBUH^UHHN/R
XBHHSQ-BUMtRISQ/ R
XBMH2-6UMHH2/R
XBtiORF2-6SaHORF/RC***

C * . ‘ CALCULATE HEAH OEMSlTlt FROH MOORE 
C* • » CALCULATE BATCHELERS B FOR HH AND NM2 
C“ *

RM U-R2/(XS1ZE*YSITE)
D M O O R E -( tR - l .) /R > * (l ./< 3 .1 4 m » X B tH 3 R P 2 ))
B-XBUORP/XBm 
B2-XBHORP/XBUH2 
RAT104H00RE/RKU 
RAT102—XBM 0RF3/XBnS0
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TABLE <22 COtrriHUBO
c * « *
C***OUTPUT VARIABLE3
C * * t

W RITE( J ,  901 ) 1D ATE.1TRCA T. IP L aT ,IR 0W ,y .tfU « ,R H U ,X B H O R F 2 .X B tJN S Q . RAT 402 
GO TO 2 

2 0 0  P R I t r r * ,  'A R E YOU OOtfE?*
READ 3 00 i1A H S
IF (1A H 8*  EQ ,1K H  J 0 0  TO 1

100  F O R M A T (IX ,1 6 » 1 X ,X 1 » 1 X * 1 1 ,1 X * I1 * IX ,1 3 )
101 FORM AT(IX, 2 (F 1 0 «  4 , 2 X ) )
901 FORMAT( 1 X , 1 6 * I X , I I , I X , 1 1 , I X . 1 1 , I X , 1 4 , 1 X , I S , I X , 4 F 7 . 3 )
1 0 0  FORMAT[h i )

STOPEsro
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TABLE 0 3

PROGRAM OH8TAT3 <IN PU T, ONION,OUTPUT, T A P E !-IN P U T , TA P E 3-3H IO N , TA P E !
♦OUTPUT)

DIMENSIOH X O H (3 0 0 ) .Y O H (S 0 0 ) ,IH O L D (a i 
C CALCULATES S T A T IS T IC S  US I  HO DATA ONLY PROM ONIONS THAT MEET THE 
C IMPUTED VALUES.
C R -ILA R K  AND EVANS R -R A /A E
C RA-THE MEAN DISTANCE OF THE NEAREST NEIGHBOR TO A RANDOMLY SELECTED 
C IN D IV ID U A L.
C RE-THE EXPECTED DISTANCE OF THE NEAREST NEIGHBOR TO A RANDOMLY 
C SELECTED INDIVIDUAL IN  A RANDOM POPULATION AND I S  EQUAL TO 
C 1 /< 2 * S Q R T < R H 0 ))
C AHO•POPULATION DENSITY FOR GIVEN STATUS VALUE
C R I S  JUDGED SIG N IFIC A N TL Y  DEVIANT FROM RANDOM AT THE . 0 !  AND .3 1  
C LEVELS WHEN C EXCEEDS 1 .9 4  AND 2 .6 0  RESPECTIV ELY.
C C -tR A -A E )/O R E
C ORE-THE STANDARD ERROR OF RE IN  A RANDOM POPULATION, CALCULATED 
C BY .3 6 1 3 4 /S O R T  <N*RKO) WHERE a-T H E  NUMBER OP DISTANCES MEASURED.
6 REWIND 3 
C IN IT IA L IZ E  

H -SU H *e 
M I-1
PR IN T *,'N U M B E R  OF ONION COORDINATES TO BE READ FROM F IL E  *
READ*, N
P R IN T * , “NUMBER OF SAMPLES T H IS  RUNT ‘
READ*, HUM
P R IN T * , “ONION STATUS ( 0 . 1 .  2 ,  J ,  4 - C 1 +2+3 ] ,  S -A L L )
READ*. IONSTAT 
P R IN T * , “DAY ( 1 - 3 )  '
READ*, IDAY 

C READ DATA
DO 10  1 -1 ,1 1
READ < 2 ,1 0 1 )  XQH [Ml ) ,  Y 0N (M 11 # (1HOLD ( I N ) ,  I N - l , 9 )

101  FORM AT(IX, 2 1 F 1 0 .4 ,  2 X ) , 0L1 )
I F  ( IONSTAT. E Q .S )  GOTO 3 0
I F  C (IO N STA T. HE. 4 )  .AND* ( I  HOLD ( I  DAY) .H E . IONSTA T) ) GOTO 10 
i r  ( f10N 5TA T. EQ . 4 ) , AND * (1HOLO (ID A Y ) .E Q . 0 ) ] GOTO 10 

20 M-M+l
Ml *11+ 1 

1 0  CONTINUE
C PLOT S IZ E  IS  1 4 4 X 1 0  INCHES 

RH O-M /14 4 0  
P R IN T * , 'R H O -* ,R H O  
R E -1 /(2 * S O R T (R H O )]
P R IN T * , " R E -" ,R E
O R E -. 261 36 /S Q R T  (NUM*RHO)
P R IN T * , “O R E -* ,O R E  

C SAMPLE LOOP 
D—160  

C RANDOM POINT
X P T -l4 4 * R A N F tT IM E (A )l 
Y PT -10*R A H F ( TIME ( A ))

C LOOP TO FIND NEAREST ONION TO RANDOM POINT 
DO 4 0  J - l . M
D D -( < XON (J ) -X PT ) * *2  + 1 YOU ( J  ) -Y PT > * * 2  ) * • .  S 
IT  < D D .L T .01  O-OD 

4 0  CONTINUE 
1 0  SU H ^U H +O
C MEAN DISTANCE OF NEAREST ONION 

RA-SUM/HUH 
P R IN T * , “ R A - '.R A  
R-R A /R E 
P R IN T * , “ R - * ,R  
C —{R A -R E) /O RE 
P R IN T * .* C » " ,C  
P R IN T * . “ ANOTHER RUN? "
READ*, J
I F  ( J .E Q . 'Y *  ) GOTO 5 
END
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TABLE 0 4

PROGRAM 0ND1ST ( I N P U T S ,0 « I O N S - « .C U T P U T - 4 5 ,  B A IT S -6 3 , N EW F-43. TAP 
*1 -IN P U T , T A P E 2 -S N I0 N S . TAPE;]-OUTPUT, T A P E 4 -S A IT 3 , TAPE3-4.TW F, TAPEBB- 6T)

DIHENS10N X O H 1Q N (S001, YON1ON(300 ] ,  X B A IT(5 0  ) . Y BA IT(SO  I , RTO IO < J0 B  
* 2 ) ,  IH O L D (0 ( ,V T O 2 O (S 0 0 ,2 )

C OUTPUTS DATA AND S T A T IS T IC S  TO BE USES AS DATA G IV ES THE CO-GRDIHATE 
C A tto STATUS or EACH ONION IN  A FIE L D  AND THE CO O RD IN A TES 0 T
C THE BAITS (VOLUNTEERS) AS IN PU T. PROGRAM CHOOSES A RANDOH POINT
C IN SID E  A ROW AND THEN PROCEEDS TO FIN D  THE NEAREST VOLUNTEER. THE
C NV-TH CLOSEST ONION TO THE PO IN T , THE NV-TH CLOSEST ONION TO THE
C VOLUNTEER, AND THE DISTANCES BETWEEN EACH OP THOSE FOUR LOCATIONS.
C TWO TEST S T A T I3T IC 3  ARE ALSO GENERATED.
C
C 01 ST-RANDOM POINT TO VOLUNTEER 
C 0 1 STP2D■RANDOM POINT TO F IR S T  ONION 
C DISTB2D-V0LUHTEER TO SECOND ONION 
C D "FIR S T  ONION TO SECOHD CN10H 
C D1 ■RANDOM POINT TO SECOHD ONIOH 
C P—A TEST S T A T IS T IC  
C T -A  TEST S T A T IS T IC  
C N IP -1  -A  MARKER VALUE 

P P T 0 T -* .
CALL RAHSET (TIM E (DCM) 1 
DO 111 L - I . 5 B  

111 3Q1A1T (L  ) -Y B A IT (L  ) —lBBS
C IN IT IA L IZ E  RUN 

KLL-1 
NUH -20
PR IN T *,'H O W  DO YOU WANT YOUR OUTPUT?*
P R IN T * , “11  TERMINAL ONLY 2 )  CODED F IL E  ONLY 1 )  TERMINAL AND F 

♦LE
READ ( I  ,99}0U T E H  

95  F O R M A T (II)
P R I S T * ,“NUMBER OF ONION COORDINATES TO BE READ FROM F IL E ?  . '
R E A D (1 ,9 9 ]N
IOHSTAT-3
1DAY-4

10 2  FORMAT( “ DATE ’ , 1 6 . "  PLOT * , 1 1 , "  N - . 1 3 )
C PRIN T HEADER

I F  (O U T E R .N E .21 W R IT E < 3 .1 0 5 )
10S FORMAT(“03AHPLE R TO V R TO 01  0 2  TO V 01  TO 0 2  R TO 0 2

*  P T “ )
C READ IN  DATA.
C ONIONS

1 0 0  FORMAT ( 1 X , 1 6 . 3 [ 1 X , I 1 ) , 1 X . I 3 )  
i r  ( E 0 F 1 2 ) .N E .0 1  G 0TO 325 
N IP -1
REWIND 2 
DO 10 t - l . N
R E A O {2 .101>  JCOSIONd 1, Y 0N 10N (I J , ( 1H0LD (1 S T  1. I N T - 1 , 9 )

101 FORMAT ( l X , 2 ( F 1 0 . 4 . 2 X ) . a i l )
IF d H O L O d D A Y l.E O . IONSTAT) OOTO10 
IF d O N S T A T .E Q .~ l)  GOTO 10 
X O M IO N d 1-YONION ( 1 1 - 1 0 0 0

10  CONTINUE 
C S A IT S  
223  M -l
1 0 0  R E A D (4 ,*1  XBAIT (M l, YBAIT (M l, LIN E

I F  (EO F< 4 ) . H E .0 )  GOTO30S 
M *1+!
GOTO 3 00  

105  H -H - l
DO 32 K K - l .S  
0 0  31 K H -1 , 7 
DO S SUMSAH-l.HUM 

C RESET DISTANCE ARRAYS 
DO 70 S I - 1 . 300
R T 0 1 0 (N 1 .1 1 -V T 0 2 0 1 N 1 ,1 1 - 1 0 0 0  

70 R T 0 1 0 (N 1 , 2 1 -V T 0 2 0 (N 1 ,2 1 - 0
C GET RANDOM PO IN T, PLOT S IZ E  I S  1 2 4 X 6 0 .

X PT -(R A »F (D U M 1*J)*1  
XP -RANP ( DUM 1 * 1 2 * 0  
I 7 ( X P .O E .8 .0 ) G O  TO 4 0 ]
IF (X P .G E .4 * 0 1 G O  TO 4 0 2

401 X F T -2 2 .
GOTO 4 0 4

4 0 2  X FT -S 6 .
GOTO 4 0 4

4B3 X P T -9 0 .
4 0 4  XPT-XPT+XP

YPT-RANF (DUM 1 * 6 0  
C NEAREST BAIT TO RANDOM POINT 

D 1 S T -3 0 0  
NEARB-0 
DO 13 J —I ,M
D1STB—( ( (XBAIT (0  J-X PT 1**2 )+■( (Y S A IT (J  1-Y PT 1**211  ** . 3 
I F  (D IS T B .L T .D 1 3 T )  N EA R S-J 
IF 1 D 1 S T D .L T .D 1 S T ) 0 1 S T - 0 1 STB 

1 S CONTINUE
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TABLE M  COHTIKUED

C WEAKEST DAMAGED 0H 10M  TO RAHDOM P01MT 0 AMD
C NEAREST DAMAGED OHOIU TO S A IT  (HEARS)
C ASSUMING DAMAGED OHIOH T IL E  13  l i t  U SE .

NEAROF*tlEAROB-0 
D IS T ? 2 D H ]IS T B 2 O " ]0 0  
DO 20
D lS T P D » (( (X 0 M 1 0 H (J ) - ] (S T > * * 2 1  +  < ( Y 0 H ia t l ( J ) - l ( P T ) * * 2 ) > " * .S
R T O IO (J ,1 ) -D IS T P D
RTOIO ( J , 2 ) - J
D 1STBD H  ( (XOM IONfJ )-X B A lT  (HEARBI ) * » 2  )+ (  [YOMIQN ( J  i -Y B A IT  [HEARS I )

*  • * 2 ) ) * * . J  
V T 0 2 0 ( J ,1 ) - D 1 S T B 0  
V T 0 2 0 ( J , 2 ) » J  

20  CONTINUE 
C SELECTION SORT

1 F (K L L .E Q .I !U V -1  
I F  ( KLL. EQ . 2 ] MV **5 
lF ( K L L .E Q .] ] t rV » 1 0  
IF (K L L .E O .4 ]K V -2 0  
lF ( K L L .E 0 .5 )H V a 2 3  
IF (K L L .E Q .B )M V -JS  
i r i K L L . E a .7 ) i » v « 3 0  
DO 3 0  J » l  ,HV

J . W +1
DO 40 I « J J , 5 0 O
I F  ( R T 0 1 0 ( L , l ) . L T . R T 0 1 0 t l . l ) )  GOTO 50 L-t

5 0  IF  (V T 0 2 0 (M 1 , J ) .L T .V T 0 2 0 (1  ■ 1 ) )  GOTO 40  
Ml “ I

40 CCBTIHUE
C

T E M P -R T O 1 0 (L ,1 )
T -R T O lO tL . 2 )
R T O IO (L .1 ) - R T 0 1 0 ( J ,  1 )
R T O I O ( L ,2 ) - R T 0 1 O ( J , 2)
R T O I O ( J ,1 )»TEMP 
R T 0 1 0 U ,  2 ) - T

C TEMP̂ rro2o(Hi,i)
T -V T 0 2 0 (M 1 ,2 )
V T 0 2 0 (M I, 1 ) - V T O 2 0 ( J , l  )
V T 020  IM 1. 2 1 -V T 0 2 0  (J , 2 )
V T 0 2 0 ( J ,  1 I "TEMP 
V T 0 2 0 ( J .2 ) * T

30  c c m t i h u e
C SET OUTPUT VALUES

D IS T P 2 D -R T 0 I0 (H V , I )
N EA R0P*RTO10(K V , 2 )
D 1STB2D»V T020<H V. 1 )
NEAftOB*VT020(HV, 2 )
D - ( [  (X O tflO H (M EA RO B)-X O M IO »(H EA RO P))**2 ) +  ( (TONION(SEAROB) -Y 0H 10H (H  

* E A R O P ) ) * * 2 ) ) * « .5  
0 1 - ( (  (XPT-XOHIOtHHEAROB I )* * 2  ) +  { (Y PT-YO M IOH (H EA KO a)) » « 2  ) 1 •*  . 5 
P « tC lS T P  2D-D1 STB 2D) /  <D1STP 2D *OI STB 2D I 
T T T -(P + 1  > /2  
PPTOT«PPTOT+P
I F  (O U T E R .H E .2 )  W R 1 T E < 3 ,1 0 7 ) SUM SAM .DXST.D1STP2D. D 1 S T B 2 D ,D ,D I, p 

■ f .T .B lP
I F  (O U T E R .M E .]) WHITE ( 5 , 1 0 7 )  U U M S A M ,D IST ,01S T P 2D ,D IS T B 2D t S ,O  

*1 .P .T T T .H I P  
107  F O R M A T(IX ,1 4 , 7 (  2X* FB *4 )«  2 X ,1 2 ]
C NEXT SAMPLE 
3 C0MT1MUE

PFIH A L-PPTO T/ttU M  
WRITE (S B , BS JP F IM A I, SV , HUM 

8 0  FORM A T(FB.4 , 5 X ,1 2 , 5 X ,1 3 )
P P T O T -0 .
KLL-RLL+1

51 C0HT1KUE 
MUH^tUM+ 2 0  
XLL*I

5 2  COSTIHUE 
EHD
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TA BLE OS

PROCRAM MAGGOT {IN PU T, OUTPUT, TAPE £ 0 * 1  NPUT, TAPE £ 1 O U T P U T , TA PB1, TAPE 
♦ 0 , T A P E S .T A PE S)

COHFUTER SIMULATIOM MODEL rO R THE OHIOH MAGGOT, KYLEMYA ANTIQUA
tM E IG E N ). T H IS  MODEL I S  A M O D tflE D  VERSION OP A MODEL ORIGINALLY 
PREPARED BY FRANK DRUMMOND. JOHN V A LEN TI, AND GARY W HITFIELD IB  
SYSTEM SCIENCE 0 4 3 .  THE MAIN PROGRAM (MAGGOT) CALLS A NUMBER OP 
FUNCTIONS AND SUBROUTINES, AND A CONTINUOUS TIM E MODEL I S  
APPROXIMATED USING A DISCRETE APPROACH. THE SIMULATION U T IL I IE S  
PREVIOUSLY PUBLISHED DATA FROM MANY SOURCES TO DRIVE A CHAIN OP 
TIM E VARYING DELAYS WITH A T T R IT IO N . POPULATION D E N SIT IE S  AND 
IN SE C T IC ID E  USE AND TIM ING CAN BE MANIPULATED. A IR  AND S O IL  
TEMPERATURE DATA CAN BE INPUT DIRECTLY.

MAIN PROGRAM .MAGGOT 
GLOSSARY

A PL -(D A T A I DEVELOPMENTAL TIM E ARGUMENT FOR ADULT FEMALE 
A PE3T*FO LIA R P E S T IC ID E  ( I •MALATHION, 2*P A R A TH 10N ,3-01A Z 1H O N ) 
A RGE-(OATA) TEMPERATURE ARGUMENT FOR EOO DEVELOPMENT 
ARGES« ( DATA ) TEMPERATUR ARGUMENT FOR EGG SURVIVAL 
ARGL1 * ( DATA ] TEMPERATURE ARGUMENT FOR F IR S T  INSTAR DEVELOPMENT
A RG PF*( DATA) TEMPERATURE ARGUMENT FOR PUPAL DEVELOPMENT
ARGPS*(DATA) TEMPERATURE ARGUHEKT FOR PUPAL SURVIVAL
A R O SL l-(D A T A ) TEMPERATURE ARGUMENT FPR F IR S T  INSTAR DEVELOPMENT 
BIN-EOG CLASS ( 1 - 5 )
ODTOT*OEGRXE DAY TOTAL (A IR )
OEADMDUMBER O F DEAD ADULT MALES
DEAD1-NUMBER OF DEAD ADULT FEMALES OF CLASS 1
0EAD2-NUMBER OF OEAD ADULT FEMALES OF CLASS 2
DEA03-WUMBER OP DEAD ADULT FEMALES OF CLASS I
DEAD4^IUHBER OP DEAD ADULT FEMALES OP CLASS 4
DEAD5DUMBER OP DEAD ADULT FEMALES OF CLASS 5
OEGDAYS-OEGREE DAYS (A IR }
DEGG*(DATA) DEVELOPMENTAL TIM E AROUHENT FOR EGGS 
OELAFL-OEVELOPKENT TIM E OF REPRODUCING FEMALES 
□ELEA-DEVELOPMENT TIM E OP EGGS (A IR )
DELEASDEVELOPMENT TIM ES OP EGGS (S O IL )
0ELL1-DEVELOPMENT TIM E OP F IR S T  INSTAR 
DELL2 -DEVELOPMENT TIM E OF SECOND 1NSTAX 
0ELL3-DEVELOPMENT TIM E OP THIRD INSTAR 
DEL*LG-DEVELOPMENT T IK E  OF ADULT MALES 
OELMP-OEVELOPMENT T IK E  OP MALE PUPAE 
DELPOP-DEVELOPMENT T IK E  OP P R E -O V IP  FEMALES 
DELPPF-DEVELOPMENT TIK E OF FEMALE PUPAE 
DELPPOP-PREVIOUS DELPOP
D L l-(D A T A ) DEVELOPMENTAL T IK E  ARGUMENT FOR F IR S T  INSTAR
D L I-(D A T A ) DEVELOPMENTAL T IK E  ARGUMENT FOR SECOND INSTAR
D L 3-ID A T A ) DEVELOPMENTAL TIM E ARGUMENT FOR THIRD 1NGTAR
DM-(DATA) DEVELOPMENTAL TIM E ARGUHENT FOR MALE ADULTS 
D PF -(D A T A ) DEVELOPMENTAL T IK E  ARGUHENT FOR FEMALE PUPAE
D PM -(DATA) DEVELOPMENTAL TIM E ARGUMENT FOR MALE PUPAE
D T-TIM E INCREMENT (DELTA T )
EGGP-EGGS OH PLANT 
EGGS-EGGS IN  S O IL  
F L 3—THIRD INSTARS (FEMALES)
FP-FEK A LE PUPAE
FPEST-FURROW IN SE C T IC ID E  (0^< O N E , 1—OYFONATE, 2-E T H IO N ) 
FPS-6URV1VAL VALUE FOR FEMALE PUPAE 
FREQ-FREQUENCY OP SPRAY A PPLICATION 
I DAY—(JU L IA N  D A T E -90 )
IPOP-tfUM BER OF P R E-O V IP  ADULTS 
KEA-K FOR EGGS
K FL-K  FOR REPRODUCING ADULTS
K FP-K  FOR PUPAE
K L l^C  FOR F IR S T  INSTAR
K L IH t FOR SECIND INSTAR
K L3-K  FOR THIRD IUSTAR
KHHC FOR MALE ADULTS
X P -*  FOR PR E -O V IP  ADULTS
L I-T O T A L  NUMBER OP F IR S T  INSTAR
L1A-NUMBER OP F IR S T  1USTAR OH PLANT
LIS-UUM BER OF F IR S T  1USTAR IN  S IO L
LI*4fUKBER OP SECOND INSTAR
L3DUM BER OF TH IRD  INSTAR
MA-NUMBER OP HALE ADULTS
MAXTEMP*tAXlKUM DAILY TEMPERATURE
MINTS H P -T llU l MUM DAILY TEMPERATURE
M LGSURVIVAL VALUE FOR ADULT HALES
H L I^IA L E S  TH IRD  IN STAS LAVAE
HP-NUHBER OP HALE PUPAE
NEGOA-TOTAL STORAGE OP EGGS (A IR )
NEGOS-COTAL STORAGE OF EGGS (S O IL )
NPL3-TOTAL STORAGE FEMALE THIRD INSTAR 
N FP^rO TA L STORAGE OF FEMALE PUPAE 
NL1 -TOTAL STORAGE OP F IR S T  1N5TAR 
NL2 -TOTAL STORAGE OP SECOND INSTAR 
VLB-TOTAL STORAGE OF THIRD INSTAR 
((ML—TOTAL STORAGE OF HALE ADULTS 
NHL3—TOTAL STORAGE OF HALE TH IRD  INSTAR 
NMP-TOTAL STORAGE OP MALE PUPAE
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TABLE 0 5  CONTINUED

II POP-TO TA L STORAGE OF P R E-O V IP  ADULTS 
:(R0LEF-TO TA L STORAGE OF REPRODUCING ADULTS
t f & Q L Z F l  STO RAG E OP REPRODUCING AOULTS (CLASS 1 )
XROL&P2-6TORAGt OP REPRODUCING AOULTS (CLASS 3 )
tfRO LSPJ -STORAGE OP REPRODUCING AOULTS (CLASS 3}
NRO LEPM TO RA G E OP REPRODUCING AOULTS (CLASS 4>
!JR0LEF5-«TQ RA G£ OP REPRODUCING AOULTS (CLASS 5 1
JrtJHEGG I  "STORAGE o r EGGS (CLASS 1 )
fcfU H E M  3 -STORAGE OP EGGS (CLASS I)
UXIMEGG3 STO RAG E OP EGGS (CLASS 3 1
UUHEGG 4  ̂ STORAGE OP EGGS (CLASS 41
NIJMEGGS-STORAGE o r EGGS (CLASS S )
PE-RA TE OF ADULT EMERGENCE 
PMORT M ORTALITY  DUE TO P E S T IC ID E  (FURROW) 
PMORTD-EXFONENTIAL DECAY OF PMORT 
PHORTE M ORTALITY  DUE TO P E S T IC ID E  (FO L IA R )
PMORTED—EXPONENTIAL DECAY OF PMORTE 
POP-DEVELOPMENT VALUE FOR P R E-O V IP  ADULTS 
RAH]-RATE OF REPRODUCING ADULTS (CLASS 1 )
RAH2-HATE OP REPRODUCING ADULTS (CLASS 2 )
RAH J-R A T E  o r  REPRODUCING ADULTS (CLASS 2 )
AAH4-RATE OF REPRODUCING ADULTS (CLASS 4 )
RAH5 -RA TE OF REPRODUCING ADULTS (CLASS 5 )
RE-RATE OP EGOS (S O IL )
REA-RATE OF EGGS (A IR )
RFP-RATE OF FEMALE PUPAE
RLM3-RATE OP KALE THIRD 1USTAR
R L]-R A T E  OF F IR S T  INSTAR
RL2-RA TE OF SECIND INSTAR
RL3-RA TE OF FEMALE THIRD INSTAR
RMA-RATE OF MALE ADULTS
RMF-RATE OF HALE PUPAE
RO-NUHBER OF REPRODUCING ADULTS
RPOP-RATS OF P R E-O V IP  ADULTS
SEGG—SURVIVAL VALUE FOR EGOS
SL1 -SURVIVAL VALUE FOR F IR S T  INSTAR
SL2-GURV1VAL VALUE FOR SECOND INSTAR
SL3-SU RV IV A L VALUE FOR THIRD INSTAR
S T « H L  TEMP (PER DT)
S T E M P -50 IL  TEMP (PER  2 HOURS)
SUHFP—TOTAL FEMALE PUPAE
SUMLT —TOTAL LARVAE
SU H L1-T0TA L F IR S T  INSTAR
SUM L2-T0TAL SECOND INSTAR
5UML3—TOTAL THIRD 1NSTAA
5UKHAPP-T0TAL HALE PUPAE
SUMNKL-TOTAL HALE ADULTS
SUMNPU-TOTAL P R E -O V IP  ADULTS
SUHNRO -TOTAL OF AOULTS IN  CLASSES 1 -5
SUHOH-TOTAL FEMALE ADULTS
SUHRO-TOTAL REPRODUCING AOULTS
s u r e g a d - in s t a n t a n e o u s  s u r v i v a l  o r  e g g s  ( a i r )
SUREGG A SU R V IV A L  OF EGGS (A IR )
SUREGGD—INSTANTANEOUS SURVIVAL OF EGGS (S O IL )
SUREGG3-SURVIVAL OF EGGS (S O IL )
SURFLD-SURVIVAL OF REPRODUCING FEMALES 
SURPPS-SURVIVAL OF FEMALE PUPARE 
SURFFSD-INSTANTANEOUS SURVIVAL OF FEMALE PUPAE 
SURL1-SURVIVAL OF F IR S T  INSTAR 
SURL10-INSTANTANEOUS SURVIVAL OF F IR S T  INSTAR 
SURL2-SURVIVAL OF SECOND INSTAR 
SURLIO-1HSTAHTAHEOUS SURVIVAL OF SECOND INSTAR 
S URL I-SU R V IV A L OF THIRD INSTAR 
SURL30-INSTANTANEOUS SURVIVAL OF THIRD 1HSTAK.
SUFMLD SU R V IV A L  OF MALES 
5URP0PD-GURVIVAL OF P R E-O V IP  FEMALES 
T-TEM F PER DT (A IR  I 
TOHP^IUHBER I F  STARTING PUPAE 
TOTEGO-TOTAL EGGS (A IR  AND S O IL )
TOT PUP-TOTAL PUPAE (MALE AND FEMALE)
TPO P—TOTAL ADULTS (MALE AND FEMALE)
TPP-TO TA L STORAGE OF PUPAE (MALE AND FEMALE)

COMMON BLOCKS

COMMON/PESTS/ PDAY,PMORTC, A .A P E S T , FREQ, MFREQ
COMMON /WEATHER/DEGDAYS (3 0 0  ) .MAXTEMP < 3 0 0  ) .M1NTEMP (3 0 0  )

TYPE DECLARATIONS FOR MAIN PROGRAM

TYPE REAL H H O L E F,IP O P.N F O P .K F F.M A .K P
TYPE HEAL M H F ,N F L 3 ,M L 3 ,H M L 3 ,L 3 ,L 2 ,L 1 .H L 3 ,U L 2
TYPE REAL M L1,L1S,L1A .H EG G SS,N E G G A
TYPE REAL NR0LEF1 >NR0LEF2( SROLEF3,NROLEFA, NR0LEF3
TYPE REAL NHL, NUMEGG1 .NUHEGG2
TYPE REAL NUMEGO3 , NUHEGG5 , NUHEGG4
TYPE REAL HUS
TYPE INTEGER B IN . PDAY, DDTOT
TYPE INTEGER DECDAYS
TYPE REAL MAJtTEMP.MlNTDtF,MFREQ
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T A fiU  C5 CONTltftlED

KL1-I0
K L2»10
K L 1 -1 0KEA-10
K r P - 2 0
K P -K H ^ F L -1 0  
P H O R T *t. 0  
FFE5?«APEST**fl
KROLEF1 ^lR Q L E F 2*4N lO L E F Ji4 ffiQ L E F 4« tn tO L E F S ^ . 0 
NRO£#EF«Q« 0
S U M F P ^U M N R 0-6U H tI -fiU H L2«SU K L,3-0. 0
SU H tfPO -4*0LXmQSUKHAP̂ .0 
SUMZHL*4. 0 
S U H f tO ^ .0  
EGG a 6 * 0  
D T - . l  
Z l -O T * 2 4 .
0 E L 7 L 3 - 1 *
O E L F L 2 * !*
O E L F t l - 1 ,
D E L FE A -1.
D E L P E 3 -1 ,
L - 4

•

LOOP TO IN IT IA L IZ E  ARRAYS
•

SO I I  J - l . K
R L 3 I J  1 - 0 . 0  
R L 3 ( J ) - 0 . 0  
RL1 ( J  ) —0 « 0  
R E ( J 1 - 0 .0  

R A M I ( J ) - 0 .0  
RAMI t J  1 - 0 . 0  
R A H K J 1 - 0 .0  
R A M 4 ( J J - 0 .0  
R A M S (J ) -0 .0  
R H P 1 J 1 - 0 .0  
R M A ( J l - 0 .0

R P O P (J  1 - 0 . 0  
R F P ( J ) - 0 . 0  
R M P ( J ) - 0 .0  
R L M 3 (J1 - 0 , 0  

R E A tJ1-0.0 
13 CONTINUE

0 0  113  J —1 1 .3 0  
R r P ( J ) - 0 . 0  
RHP ( J  1 - 0 .0  

1 13  CONTINUE

* INPUT S E C T IO N .. .

F IR S T  THE WEATHER DATA 

DO 33 J - 1 , 3 1 4
R EA D (1» 2 5 0 0  JKAXTEMP1J  I .M1HTEMP ( 3 )
CALL DEGDAY(HAXTEMP(J  1 .M1HTEMP U  1, 3 9 .  0 ,  1HEAT 1 
O EG DA Y SIJ1—IHEAT 

33 CONTINUE
3 5 0 0  F 0 R H A T d 4 X . F 3 .0 .5 X .F 3 .0 1  
»
* AND THE RESULTS OP THE PREVIOUS RUN
*

W RITS( 4 1 .1 1 0 0 )
1 1 0 0  FORMAT(*  ONION MAGGOT D E N SIT IE S  FROM PREVIOUS RUN#*) 

CALL 1NPUTERI1READIH, 2 )
T 0H P -1R E A D 1N I1 )
W R 1T E I61, 1 5 0 0 )

1 5 0 0  FORMATt* INPUT FURROW P E S T IC ID E  —  0-N O N E, 1 -OYTOUATE.•  
- •2 -E T H 1 0 N * )

CALL IN P U T E R d R E A O IN .I)
F P E S T - I R E A D lB d )
W R I T E t0 l . l6 0 0 >  .

1 6 0 0  FORMATt* ENTER FOLIAR P E S T IC ID E  CODE * / "  0-W C N E,*
+ •1  -KALATHION. 2-P A R A T H IaN , 3-O IA Z1N O U *)

CALL IN P U T E R d R E A S lN i2 )
A P E ST -1R E A 01H U  )
1F1 A P E 3T .L E .01G O  TO 1651 
W R IT E I6 1 ,1 7 0 0 1  

1 3 0 0  FORMAT!* ENTER FREQUENCY OF APPL1CAT10H<DAY3 )♦ * )
CALL IN PU T E R dR E A D IN , 2 1 
F R E Q -IR E A D lH d  1 
W R IT E I6 ) , 1 6 5 0 )

1 6 5 0  FORMAT(*  F IR S T  DAY FOR SPRAY A PP L IC A T IO N - *1 
CALL IN PU T E R dR E A D IN . 3 )
K S -IR E A D IH U  1

1651  CONTINUE 
*
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TABLE GS C0B T 1B U E D

• F IR S T  CALCULATIONS
4

PMORTE-1 . 0
i f ( FPE3 T . c r r . n l  Pm o r t - .  87
IF IA P E S T .E O .l I H T A E Q - l . 0
IF < A P E 3 T .E Q .2 > H F R E a -2 .0
H P -F L O A T (T O H P ]*S .0
F P -F L O A T (T O N P I* 5 .0
I  r  ( A P E 3T . EC . 3 IHF A EC-3 . a

•  OUTER LOOP FOR EACH DAY BEGINS HERE
9 COOTINUB

p t - a . a  
H T1KE*4 *
CALL SST C M PtST rM P .L X )
LX-1
1CAY-1DAY+1
DDTOT^OOTQT+OCGDAYS flD U Y ) 
ir(A P E S T > E Q * aJG O  TO 97
I? (IO A Y .L T .K 5 )G O  TO 97

9 6  CALL SPRAY
9 7  COHTITOB
m
• INNER LOOP FOR EACH DT BEGINS HERE
•

DO I I  H - l .K
CALL T E H C A L tN A X T E H P U D A Y l.M IS T E H P IlD A Y I.N .T )
H T IH E -rtT IH E + Il
S T -T A B E X E (S T E H P ,0 . ,2 . ,  la .H T lH E )
□ELEA «TA BEX (D EG G,A RG E,T,6>
DELES-TAHEX [OEGO, ARCE, S T . 6 1 
OELL1 -TABEX(DL1 , ARGL1, S T , 6 )
D E L L 2-T A B E X Z (D 13 ,5 0 . 0 , 1 0 . 0 , 4 ,  ST 1 
DELMP-TABSX(OPM. ARGPF, S T , 6 )
I P (S T .L E .4 B .1 C E L H P -1 0 0 .
D E L L 3 ^ rA B E X E (O L 3 ,S 0 .0 , I B . a ,  4 , S T )
0 E L F F « rA B E X (D P F .A R G P P ,S T ,6 )
I F t S T . L E . 4 B . > O E L P r-1 0 0 .
d e l p o p - t a b e x e i p o p , j o . 0 , 1 0 . a , 4 , t i
IF ID E L P O P . L T . 1 . 0 1 DELPOP-1  a . 0
o e l a f l « t a b e x e ( a f l , s a . a , 1 0 . a , 5 , ti
I F  [D E L A fL . L T . 1 . 0 I D E L A FL .I a . ■
DELMLG-TABEXEIKLQ. S a .B ,  1 B .B ,4 ,T )  
irtD E L H L O  . L T . l . 01D ELM LG -I0 . B 
SU R E (W A -T A iE X (3E O O ,A A G E S,T ,71 
SUREGGS-TABEX ( 3EGG, ARGE3, S T , 7 )
SURL1 -TA BEX ( S L 1 , AROSL1, S T , 3 )
S U R L J«T A B E X (SL3,A R G SL 1, S T , 3 I 
SU R L 3«T A 8E X (3L 3, AROSL1 , S T , 3 )
SUREGAD-AHIH1 (EXP tSUREGOA*DT ) ,  I . I 
S U A F P S *T A B S X (F P S ,A R G P 3 ,S T ,4 )
SURE GOD-AM 131  (EXP < SUR£OQS*DT ) , 1 .  )
PHORTD- 0 ,9 9 7 1  S 3 *PM ORT**8. 0 9 S 4 9  
1 F (F F E S T .E Q .0 1 P H O R T D -1 . 0  
PHO RTED-0.9 9 7 1  S 3 ‘ PHORTE• * 0 . 0 9 S 4 9
SU R L 10-A H 1U ](EX P(SU R Ll«D T)*PM O R T D ” ( l . 0 / D E L L 1 ) , 1 . ]  
SURLZD-AM1H1 (EXP (SU R L2*D T) ■PH O R TD " (1  . 0 /E E L L 3 ) ,  1 .  ) 
S U A L 3 0 -A H 1 N I(E X P (S U R L 3 * D T )* P H O R T D * * ( l.0 /C E L L 3 ) ,I .1 
S U R F P S D -A M IN I(E X F IS U K F PS 'O T ) , 1 . I 
1 F ( A PE ST. E d . 0 1 PH O RTED -1. 0  

C SURFLD-ADULT MORTALITY
SURFLD-FHORTED 
SURMLD-FKORTED 
SURPOPD-PHORTED
OEAD1 -OELLVF ( AM (1 1 , RAH 1 , 3K 0L E F 1 . SURFLD. DELAFL, DELPAFL, DT. K FL I 
DEADa-OELLVF( AH( 2 1 , RA H 2.U RO LSFa, SURFLD,DELAFL, D E L PA FL ,O T ,K FL I 
DEAD3-OELLVF(AK( 3 ) ,  RAH3, HEO L E F 3 , SURFLD, DELAFL, DELP A FL , DT, K FL ) 
DEAD4-0ELLVF ( AH ( 4  ) .  RAH4. NROLEF4, SURFLD. DELAFL, DELP A F L , DT, K FL I 
D tA DJ-O ELLVF(A M ( 5 ) ,  RAHS. NROLEF3, SURFLD, DELAFL, DELP A FL, DT, K F L ) 
DEA DT -OEAD 1 *0 EA D I *0 EAD 3 +0 EAO 4 +0 EAD 3
R O -O E L L V F (IPO P . APOP. H FO P,SU R PO PD ,D ELPO P,D EL PPO P,D T ,K P )
1 POP-OELLV7 ( F P . R F P , 3 T P , SU R F P 90 . 3E L P F , D ELPPF. D T , K FP )
DEA DM-OELLVF (KA, RKA.NML.SURHLD.DELMLG, DELPKLO, DT.XH)
DH-OH +OEADH 
DET -O ET 40EADT
HA-OELLVF( H P, RHP, HMP, SURFPSD, DELKP, D ELPH P,D T, K F P ) 
P E -PE+1P0P+H A
F P 4 E L L V T ( T L 3 , R L 3 , B F L 3, 5U RL3D , D ELL3, D ELPL3, D T, KL3 I 
HP-OELLVF ( H L3, RLM3, M HL3.3URL3D. 0E L L 3 . D E L PL J. DT, RL3 )
F L 3 -B .B
L 3 -O E L L V 7 (L I,R L 2 , N L 2,3U R L 2D , D E L L D E L P L J .D T , K L 2)
L 2 -O E L L V F (L I, R L 1 , X L ],3 U R L 1 D ,D E L L 1 .D E L P L 1 , D T .K L lI  
U 3 -O ELL V F(EG G 33. R E,H EG C 38, SUREODD,DELES, D E L P E S ,D T,X EA )
L I A-OELLVF ( EGGA, REA, HE CCA, 5URECAD, DELEA, DELPEA, DT, KEA)
L 1 -L 1S + L 1A
3LJK JK L3+M FL3
SU H F P ^IF P
SUMKML^ftlL
SUHR0-SUHRO4BO
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TABLE os cotmvuco

A H ta iiJ  1 -0 * 0  
S U M L latfL l
s tm L a -« L 3
SUM L3-«M L3+^PL3 
SUK K AP-tm P 

11 COMTISflJE
i  F <StlKHRO«LE ■ 0  • 1 >WD* SUMTtQ.LE*0 .1  )0 0  TO 19  
CALL ECG RA TEU D AY ,B1U )
SO 10 L - 1 . 5  

10  AM (E*>-0*0
AHtBIfcM-SUHRO 

19  COHTlBUE
K R O L E F -tfit0L £F l* tffta[£ r2+ tfR O L E F 3+ tf1 iaL E F 4+ tf*O £X F S
SU H tfRO ^RO LEF
TPOF^JPOP+tfML+tiROLEF
TPF»«frP*fcMP
D H ^ . 0
DET 1*0.0
N UK EC01«0»0
I F ( S R O L E r1 .  C T . 0  • 0 ttfUHZGO1 -N RCLEF1 * 0 * 7 3  
S U K tG O 2 ^ .0
1 F [MROLEF2 . O T. 0 -  0} HUHEGO2 -MROLEF2 * 2 .5  
HUHEQ03*4« 0
IF (N R 0 L E F 3  .G T , 0 .  0  INUHEGGIHtROLEFI * 4 .  0 
nu m e co  4 ^ 3 .0
1 F (N R O L E F 4 .G T .0 .0 JH U H E G G 4-H R Q L E F 4 /2 .O
N U M ECG 5-4.0
E o o ^ m iE ca i-iw L m io c :2 n JW E C Q 3 « n :H E O Q 4 + « U M E o a5  
i r t E c o . C T . a . o j E o c s s - B . e s 'E M  
1 F ( ECO .G T . a.  a  >EOGA-EGG-EGGSS 
IF (D D T O T .G T .2 4 0 0 . )E G G S S -« .
i f (  d o t o t  . g t  . 2 4 0 0  i e g g a - o .  a
S U H R O -0 .0
SUMLT -SU M H  *SUHL2+SUHL3 
SUNOH-SUHNPO.MROLEP 
T0TPUP-6UHMAP+SUHFP 
TOTEGG *4tEGGS5+NEGaA

.
• OUTPUT SECTION
•

WRITE ( 3 ,  9999)ID A Y ,D D T O T,SU K H PO , HAOLEF,
+SUMLT, SUMOM, TOT ECO, TOT PU P, TP O P, T P F , PE 

9 9 9 9  F O R M A T ( 2 lS ,B F 1 0 .2 , r i 0 .4 )
WRITE ( 3 ,  6 6 6 )  ID AY , DDTOT. N L1, H L 2 ,8 1 .3 .  NEGGSS, HE OCA, 

♦NROLEF1, NROLEF2 . NROLEF3. SR 0LEF4 
66 6  F O R H A T (2 I J ,9 F 9 .2 )

IF ( ID A Y .E O .2 1 4 ) 0 0  TO 16  
0 0  TO 9 

16 CONTINUE 
STOP 
END

FUNCTION D E L L V F (R IN ,R ,S T R G ,P U l, D E L ,D E L P ,D T .K )

-  TIME VARYING D IST R IB U T IO N  DELAY WITH A T T R IT IO N .
-  TH IS  FUNCTION RETURNS A LAGGED VARIABLE GIVEN AN INPUT OF AN 

UHLAGGED VARIBLE
-  THE DELAY ADJUSTS GRADUALLY TO CHANGES IN  THE INPUT SUCH THAT 

THE AGGREGATE FLOW SUBJECT TO DELAY VARY FROM ENTITY TO ENTITY
-  A TIM E 'VARYING DELAY PARAMETER I S  USED

GLOSSARY!

DEL-DEVELOPMENTAL T IK E  (DAYS)
DELLVF-CUTPUT OF DELAY (RETURNED TO HAIH PROGRAM)
DELP-PREVIOUS DEVELOPMENTAL TIM E (D EL)
DTHJELTA T (TIM E INCREMENT)
I  -STAGE
K-tiUMBER OF DELAY STAGES
PLRM ORTALITY CONSTANT (INSTANTANEOUS SURVIVAL)
R-RATE OUT O F THE I -T H  STAGE 
R1N -«A TE INTO THE DELAY
STRG-STORAGE (NUMBER OF E N T IT IE S  IN  EACH STAGE)

DIMENSION R ( 1 )
V 1N -A IH  
F K -fL O A T (K )
B - l  .+ (D E L -O E L P )/(F R * O T )
A -FK -D T /O E L  
DELF-OEL 00 10 l-l.K 
D R H t( l )
R (1 )—0 R + A *(V 1N -0R *B )
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TA BLE OS C O tm U V E D

V IH -O R 
l a  COHT1HUB STKG4.0 

DO 1 0  l - l , K  
R ( 1 ) - R ( l ] * P L R  
S T R Q ^ R O + R d  (*D EL/FK  

IB  COMTIKUE
D E L L V r-R (K )
RETURU
END

SUBROUTINE DEGDAYIXMAX.XMIU.BASE, ItTEAT)

•  -  CALCULATES DEGREE DAY ACCUMULATION FROM A IR  TEMP DATA (M AX,MIN)
•  FOR EACH DAY
•

•  GLOSSARY)
*
* A -S1H  FUNCTION
•  B A SE -39 f  (BASE DEVELOPMENTAL TEMPERATURE)
* XMAX-+LAXIHUH TEMPERATURE
* XMIH-HIU1MUH TEMPERATURE
•  XHEATK3ECRSS DAY
•

DATA T P I E / 6 . 2 9 3 1 8 1 / ,  H P t E / 1 . 5 7 0 7 9 5 /
ZF (XMAX .G T . BASEJGO TO 1
tHCAT«4
RETURU

•  CF MAXIMUM TEMPERATURE GREATER THAN BASE COME HERE
1 Z-XHAX-XMIH 

XN-XMAX+XMIM
I F  (XHIM *LT. BASE)GO TO 2 
X HEAT-XM /2. -BASE 

■ ROUNDOFF ODD U P, EVEN DOWN 
1 0  1HEAT-XHEAT

CHECK-IHEAT
I r ( XHEAT-CHECK- 0 . 5 ) f l- 6 , 7

* H A L F -IH E A T /2 
IF IH A L F -C H E C K /2 .0 )  7 . 6 . 3

7 IHEAT-1HEAT+1
3 RETURN
* i r  MIN1MUH LESS THAN BASE COME HERE
2 7 B A S E -9 A S E * 2 .0  

A -A 5 1 N I(T B A S E -X M )/Z )
X H E A T -(2 * C 0 S < A )-(T a A S E -X H > * { H F IE -A )) /T P lE

• GO ROUND-OFF AND RETURN
GO TO 10 
END

SUBROUTINE EGGRATE1DAY.BIN)

•  -  CALCULATES WHICH FECUNDITY DELAY REPRODUCING ADULTS ARE PLACED IN
•  -  NUMBER OF EGGS O V IPO SITED  I S  DETERMINED BY TEMPERATURE EXPOSURE
•  DURING P R E-O V IP  STAGE

•  GLOSSARY)

•  aIN -C O O  CLASS ( 1 , 2 . 3 , 4 . 5 )
•  CUHMDD-TOTAL DEGREE SAYS DURING P R E-O V IP  DEVELOPMENT
• CAY^3AY NUMBER
• S*4fUMBER OF DAYS T IL L  1 2 0  DEGREE DAYS
• TOTAL-SUM OP AVERAGE DAILY TEMPERATURES FOR P R E-O V IP  PERIOD

INTEGER DAY,DEODAYS, SIN,CUHDD 
REAL HAXTEMP.MINTEMP 

COMMON /WEATHER/DEODAYS( 2 0 0 ) , MAXTEMP( 3 0 0 ) , H 1HTEH P( 3 0 0 )
CUHDQ-0

•  GO BACK IN  TIM E U NTIL 1 2 0  DEGREE DAYS ARE REACHED
DO 1 0 0  N - l ,1 0 0  
CUKDD-CUHDD +DEGUAYS( DAY-N)
I F  (CUHDO .C E . 1 1 3 ) 0 0  TO 2 00  

1 0 0  CONTINUE
« NOW N-THE NUMBER OF DAYS TO FIND  AN AVERAGE TEMP. FOR
2 0 0  M-OAY-M

TOTAL-0* 0 
S-FLOA T (Ml 
SDAYK>AY-1 
DO 3 0 0  t^ i .tfD A Y
TOTAL-TOTAL* ( 2 •  0*MAXTEKP( I  )+M IN TE M P(l )+ M lH T E H P { l+ l ) ) / 4 . 0  

3 0 0  CONTINUE
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TABLE 0 5  CONTINUED

_ lN - lN T ( 0 .S * T O T A L / S / 1 0 .0 ) - 4
i r  ( ( B I N  .L T .  1 ) .OR* ( BIN  . s r .  5 ) ) B l N - 5
RETURN
end

SUBROUTINE SPRAT

CALCULATES EFFECTIVENESS OF A FOLIAR SPRAY WtfElf APPLIED 
A P P L IE S  A SPRAY WHEN CALLED

GLOSSARYi
A PEST-FO LIA R  P E S T IC ID E  (1 -KALATHlOM, 2-PARATH10N* 3-O IA Z IN O N ) 
CFDAYHtfUMBCtl OF DAYS BETWEEN SPRAYS 
PREQ-rftEQUEHCY OF SPRAY
M l-R Z Q -ftE SlD U A L  EFFECTIVENESS OF SPRAY A PPLIED  
P D A Y - I  NTSRNAL COUNTER 
? HORTEMORTALITY DUE TO SPRAY

COMMON/PESTS/PDAY. PMORTE, A ,A P E S T , FREQ, HFREQ
INTEGER PDAY*FREO
INTEGER APEST
TYPE REAL KFREO
1 3 -A PEST
A -A + l
IF (A .£ Q * 1 ) G 0  TO IB
IF<PDAY*EQ»FREQ}G0 TO 10
POAY-POAY+1
CPOAY-PDAY
PM O R TE -I* 0 0 - 0 . 9 6  *EX P( { -C FO A Y )* ( 0 . 6 9 3 1 4 ) /H FR EQ )
RETURN 
P 0A Y -0  
GO TO 3 
END
FUNCTION TAB EXE (V A lt SMALL* D IF F , K f DUMMY)

TABLE LOOK-UP FUNCTION THAT DOES E X T R A P O L A T IO N  7R0H A SET OF DATA 
ELEMENTS OF ARGUMENT ARRAY ARE EQUALLY SPACED

GLOSSARYi

D 1FF«0IFFER EN C E BETWEEN ADJACENT ELEMENTS
QUM-OIFFERENCE BETWEEN OUMHY ARGUMENT AND SMALLEST VALUE (SHALL) 
DUMMY"AAGUHENT VALUE (X VALUE INPUT)
SMALL>44XN1MUM VALUE OF ARGUMENT ARRAY 
TAQEXE-RETURNED VALUE TO MAIN PROGRAM 
VAL-ARRAY (VALUE RETURNED AS VAL)

DIMENSION V A L (1 )
DUK^UKMY-SHALL
I**IN 0(M A X 1 (1 .0 + Q U H /D IF F , 1 * 0 )« K )
TA BBX E-<VA L(1*1 ) -V A L (I  ) )  * (D U H -F U A T (1 -1  )* O tF F )  /D IF F + V A L fI  )
RETURN
EMO

FUNCTION ?ABEX (V AL,ARQ f QUH*K)

TABLE LOOK-UP FUNCTION THAT DOES EXTRAPOLATION WHERE THE VALUES A 
UNEQUALLY SPACED
A VALUE ARRAY AND ARGUMENT ARRAY ARE HEEDED 

GLOSSARYi 

ARG-ARGUMENT ARRAY
OUM-OUKMY UNLESS DUMMY I S  TOO LARGE Oft TOO SMALL 
TABEX-RETURWED VALUE TO PROGRAM 
VAL-AAGUHENT ARRAY

DIMENSION V A L (1 ) ,A R G (1 }
DO 1 J - 2 . K
lF (O U M .O f .A R G (J ) )G O  TO 1
TA B EX -(D U M -M tO C J-l ) ) •  (VAL ( J ) -VAL (J - l  ) ) / ( A R C (J > -A R G (J - l  ) )

♦  + Y A L (J -1 )
RETURN
CONTINUE
T A B E X -(D U M -A R a(K -l ) )* (V A L (K )-V A L (K -1  ) ) / ( ARG (K )-A R G (K -)  ) )  

i-fV A L (K -) )
RETURN
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TABLE 6 5  CONTINUED

era

SU B R O U TIN E T E » C A L (H A X < M ltl ,M ,? )

-  CALCULATES A IR  TEMPERATURE POA EACH DT BY F IT T IN G  A S IN E CURVE TO 
MAX AND MIN TWELVE HOURS APART

GLOSSARY)

MAXftAXlKUM DAILY A IR  TEMPERATURE 
KIH-KXNIKUH DAILY A IR  TEMPERATURE 
T “RETURNED A IR  TEMPERATURE PER DT 
TIME-410UR OF THE DAY

TYPE REAL MAX,MIN Â AX-nm 
T IM E -2 . A*FLCAT(M)
S - T IM E + 3« 1 4 1 6
T«M lEf+A /2 • 0 + ( A /2  * fl*COS ( S | )
RETURNera

SUBROUTINE IN FU TER(1VA L,M }
4
■ -  S P E C IF IC  TO CYBER 7 3 0  AHD IT  KAMDLES THE IWPUT TOR THE PROGRAM
* - TTN. HAL-EASY1H. LOO. RUH PROGRAM
* TAPE 1 -A IR  TEMPERATURE DATA, T A P E S 3 -3 0 1 L  TEMPERATURE DATA
*

D1MESBI06I I V A L d  )
H - l

1 3  COHTIMUE
CALL E A S Y IH (IV A L .» .J>
1F (J.E Q .M )R E T U R H
W R 1 T E (6 1 ,1 0 0 0 )

1 3 3 3  FORMAT(*  IMPROPER TY PE, THY AGAIH«>
GOTO 10 
EHO
SUBROUTINE SST EH P(STE M F,L X )

*

•  -  T H IS  3UBROUTIHE CALCULATES AH ARRAY OF S O IL  TEH PE RATO RE VALUES
•  FOR EACH DAY I T  13  CALLED. REAL S O IL  TEMPERATURE VALUES ARE
•  EHTERED FROM TA PEB3.
•

DIKEHSIOH S T E M P I13 )
IF  (L X .G T .0 )  GOTO 100
SCUM-S
DO 10  1 - 1 ,1 3
R E A D (R S ,5 3 )  S T E M P (l)

1 0  COHTIHUE
GO TO 30 

1 0 3  CQHTtHUE
S T E M P d  )-S T E M P (13  )
DO TO 1 - 3 , 1 3  READtaa.sei stemp(i )

2 3  COHTIHUE 
3 0  COST1SUE
SO FORMAT t  F T , 0 )

DO GO 1 - 2 , 1 3
IT  ( S T E H P ( 1 ) .L E ,4 0  .AND, STEHP ( 1 - 1 ) .  LB . 40 ) GOTO 6 0  
IF  (STEMP(I) .L E .4 0 I  GOTO 35 IT (STEMPd-n.LE.43 1 GOTO 66
S C U M * lC U M * (< A B S (S T E H P d )-S T E M P d -l D /3 + A H 1 S 1  ( S T E M P d ) , STEMP (1 - 1  ) )  

* - 4 0 1 / 1 2  
GOTO 60

33 D IF ^ T E M P  ( I - 1 ) -S T E M P d  1
Y D IF * 3 T E H P d - l  1 - 4 0  
9 C U M ^ C U M * (Y D IF /2 1 * (Y D IF /D IF ) /1 2  
GOTO63

6 6  0 1 F * « T E M P d  >- S T E M P d -1  >
Y D IF *4T E M P (I ) - 4 0  
SCUM^CUM* (Y D IF /2  1* ( Y D IF /D I F ) / 1 2 

6 0  COST 1 HUE
WRITE ( 6 , 9 3 9 9 )  SCUM 

9 8 9 3  FORM AT(IX. F I 3 . 4 )
RETURH
EHD
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Appendix H, Table 1. Mean estimates of OM second instar density for
samples of 60 cm of onion row in 1978.

A C C .  D D A Y D A T E M E A N V A R S E

1 9 6 . 7 1 3 5 1 . 0 1 . 1 1 . 3 3
2 6 1  . 1 1 4 0 2 . 9 2 . 7 7 . 5 3
4 3 5 . 6 1 5 2 1 1 . 8 1 9 . 0 7 1 . 3 8
5 1 0 . 9 1 5 9 9 . 7 9 . 1 2 . 9 6
5 8 8 . 8 1 6 6 7 . 1 2 9 . 6 6 1 . 7 2
6 6 1  . 0 1 7 1 4 . 2 1 6 . 1 8 1 . 2 7
6 8 4 . 1 1 7 3 4 . 2 1 2 . 8 4 1 . 1 3
7 4 2 . 9 1 7 7 2 . 0 8 . 0 0 . 8 9
7 9 5 . 7 1 8 0 3 . 1 8 . 9 9 . 9 5
8 5 0 . 2 1 8 4 2 . 5 5  . 3 9 . 7 3
9 5 6 . 8 1 9 1 0 . 0 0 . 0 0 0 .  0 0
9 9 5 . 7 1 9 4 . 2 . 4 0 . 2 0

1 0 7 1 . 0 1 9 9 . 2 . 1 8 . 1 3
1 1 1 3 . 2 2 0 1 . 5 1 . 6 1 . 4 0
1 2 1 1  . 6 2 0 7 3 . 6 1 6 . 0 4 1 . 2 7
1 2 3 8 . 3 2 0 9 9 . 9 5 8 .  3 2 2 . 4 2
1 2 8 8 . 8 2 1 3 7 . 5 1 1  . 8 3 1 . 0 9
1 3 8 0 . 2 2 2 0 7 . 1 4 1  . 8 6 2 . 1 6
1 4 0 9 . 1 2 2 2 7 . 0 2 4 . 4 4 1 . 5 6
1 4 7 5 . 8 2 2 6 4 . 0 4 . 0 0 . 6 3
1 5 3 1 . 3 2 2 9 2 . 7 2 0 . 2 2 1 . 3 6
1 6 4 1 . 1 2 3 6 1 . 6 1 . 8 2 . 4 3
1 6 7 0 . 8 2 3 8 1 . 4 1 . 6 0 . 4 0
1 7 2 0 . 8 2 4 1 . 3 . 9 0 . 3 0
1 7 4 7 . 2 2 4 3 . 4 . 4 9 . 2 2
1 8 3 6 . 6 2 4 9 0 . 0 0 .  0 0 0 .  0 0
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Appendix H, Table 2. Mean estimates of OM third instar density for
samples of 60 cm of onion row in 1978.

A C C .  D D A Y D A T E M E A N V A R S E

1 9 6 . 7 1 3 5 . 2 . 4 0 . 2 0
2 6 1  . 1 1 4 0 . 2 . 1 8 , 1 3
4 3 5 . 6 1 5 2 2 . 8 6 . 8 4 . 8 3
5 1 0 . 9 1 5 9 1 0 . 2 1 0 . 4 0 1 . 0 2
5 8 8 . 8 1 6 6 7 . 3 2 4 . 6 8 1 . 5 7
6 6 1  . 0 1 7 1 1 2 . 5 1 1 0 .  9 4 3 . 3 3
6 8 4 . 1 1 7 3 1 0 . 7 7 3  . 3 4 2 . 7 1
7 4 2 . 9 1 7 7 9 . 2 5 2 . 6 2 2 . 2 9
7 9 5 .  7 1 8 0 9 . 5 5 6 . 9 4 2 . 3 9
8 5 0 .  2 1 8 4 6 . 5 4 6 . 5 0 2 .  1 6
9 5 6 . 8 1 9 1 1 . 0 6 .  2 2 . 7 9
9 9 5 . 7 1 9 4 1 . 9 4 . 3 2 . 6 6

1 0 7 1 . 0 1 9 9 1 . 8 8 . 1 8 . 9 0
1 1 1 3 . 2 2 0 1 1 . 0 1 . 7 8 . 4 2
1 2 1 1  . 6 2 0 7 4 . 9 2 4 . 3 2 1 . 5 6
1 2 3 8 . 3 2 0 9 7 . 6 3 1  . 8 2 1 . 7 8
1 2 8 8 . 8 2 1 3 9 . 5 1 8 . 7 2 1 . 3 7
1 3 8 0 . 2 2 2 0 1 6 . 7 1 2 1 . 2 5 3 . 6 7
1 4 0 9 . 1 2 2 2 1 7 . 6 8 8 . 9 3 2 . 9 8
1 4 7 5 . 8 2 2 6 1 0 . 7 8 0 . 9 0 2 . 8 4
1 5 3 1 . 3 2 2 9 5 . 6 1 9 . 2 5 1 .  3 2
1 6 4 1 . 1 2 3 6 3 . 9 1 . 4 3 . 3 8
1 6 7 0 . 8 2 3 8 3 . 2 2 , 4 0 . 4 9
1 7 2 0 . 8 2 4 1 2 . 0 5 . 5 6 . 7 5
1 7 4 7 . 2 2 4 3 2 . 0 2 . 6 7 .  5 2
1 8 3 6 . 6 2 4 9 1 . 6 4 . 9 3 . 7 0
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Appendix H, Table 3. Mean estimates of OM pupal density for samples
of 60 cm of onion row in 1978.

A C C .  D D A Y D A T E M E A N V A R S E

1 9 6 . 7 1 3 5 0 . 0 0 . 0 0 0 . 0 0
2 6 1  . 1 1 4 0 0 . 0 0 . 0 0 0 . 0 0
4 3 5 . 6 1 5 2 0 . 0 0 . 0 0 0 .  0 0
5 1 0 . 9 1 5 9 0 . 0 0 . 0 0 0 . 0 0
5 8 8 . 8 1 6 6 0 . 0 0 .  0 0 0  . 0 0
6 6 1  . 0 1 7 1 1 . 4 4 . 9 3 . 7 0
6 8 4 . 1 1 7 3 2 . 7 5 . 7 9 . 7 6
7 4 2 . 9 1 7 7 8 . 6 4 5 . 8 2 2 . 1 4
7 9 5 . 7 1 8 0 6 . 9 4 8 . 5 4 2 . 2 0
8 5 0 . 2 1 8 4 1 3 . 9 9 0 . 3 2 3 . 0 1
9 5 6 . 8 1 9 1 1 0 . 9 1 1 0 . 9 9 3 . 3 3
9 9 5 . 7 1 9 4 1 2 . 5 8 7 . 6 1 2 . 9 6

1 0 7 1 . 0 1 9 9 2 2 . 9 1 1 6 . 9 9 3  . 4 2
1 1 1 3 . 2 2 0 1 8 . 6 3 2 . 7 1 1 . 8 1
1 2 1 1 . 6 2 0 7 8 . 4 6 7 . 6 0 2 . 6 0
1 2 3 8 . 3 2 0 9 4 . 6 4 . 9 3 . 7 0
1 2 8 8 . 8 2 1 3 1 . 8 1 1  . 5 1 1 . 0 7
1 3 8 0 . 2 2 2 0 6 . 6 1 0 . 0 3 1 . 0 6
1 4 0 9 . 1 2 2 2 1 8 . 8 6 4 . 8 4 2 . 5 5
1 4 7 5 . 8 2 2 6 9 . 5 2 8 . 9 4 1 . 7 0
1 5 3 1 . 3 2 2 9 1 2 . 6 1 3 0 . 4 5 3 . 4 4
1 6 4 1 . 1 2 3 6 1 1 . 7 5 2 . 4 6 2  . 2 9
1 6 7 0 . 8 2 3 8 2 5 . 9 5 5 . 6 6 2 . 3 6
1 7 2 0 . 8 2 4 1 9 . 8 4 1  . 9 6 2 . 0 5
1 7 4 7 . 2 2 4 3 1 5 . 1 1 5 5 . 6 6 3  . 9 5
1 8 3 6 . 6 2 4 9 7 . 2 3 7 . 5 1 1 . 9 4
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Appendix H, Table 4. Mean estimates of SC third instar density for
samples of 60 cm of onion row in 1978.

A C C .  D D A Y D A T E M E A N V A R S E

1 9 6 . 7 1 3 5 . 8 . 6 2 . 2 5
2 6 1  . 1 1 4 0 1 . 0 1 . 5 6 . 3 9
4 3 5 . 6 1 5 2 . 3 . 2 3 . 1 5
5 1 0 . 9 1 5 9 0 . 0 0 . 0 0 0 . 0 0
5 8 8 . 8 1 6 6 0 . 0 0 . 0 0 0 . 0 0
6 6 1  . 0 1 7 1 1 . 2 3  . 0 7 . 5 5
6 8 4 . 1 1 7 3 1 . 7 6 . 0 1 . 7 8
7 4 2 . 9 1 7 7 2 . 1 8 .  1 0 . 9 0
7 9 5 , 7 1 8 0 2 . 3 1 1  . 3 4 1 . 0 7
8 5 0 . 2 1 8 4 1 . 6 1 1  . 8 2 1 . 0 9
9 5 6 . 8 1 9 1 . 6 1 . 6 0 . 4 0
9 9 5 . 7 1 9 4 . 6 . 7 1 . 2 7

1 0 7 1  . 0 1 9 9 . 1 . 1 0 . 1 0
1 1 1 3 . 2 2 0 1 0 . 0 0 . 0 0 0 . 0 0
1 2 1 1 . 6 2 0 7 . 4 . 7 1 . 2 7
1 2 3 8 . 3 2 0 9 2 . 6 9 . 1 6 . 9 6
1 2 8 8 . 8 2 1 3 0 . 0 0 . 0 0 0 . 0 0
1 3 8 0 . 2 2 2 0 5 . 7 4 5 . 7 9 2 . 1 4
1 4 0 9 . 1 2 2 2 5 . 8 1 0 . 1 8 1 . 0 1
1 4 7 5 . 8 2 2 6 2 . 2 4 . 4 0 . 6 6
1 5 3 1  . 3 2 2 9 2 . 7 3 . 3 4 . 5 8
1 6 4 1  . 1 2 3 6 1 . 7 6 . 0 1 . 7 8
1 6 7 0 . 8 2 3 8 1 . 8 3 . 5 1 . 5 9
1 7 2 0 . 8 2 4 1 . 3 . 4 6 . 2 1
1 7 4 7 . 2 2 4 3 . 2 . 1 8 . 1 3
1 8 3 6 . 6 2 4 9 . 6 1 . 1 6 . 3 4
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Appendix H, Table 5. Mean estimates of SC pupal density for samples
of 60 cm of onion row in 1978.

A C C . D D A Y D A T E M EA N V A R S E

1 9 6 .  7 1 3 5 2 . 1 5 . 2 1 . 7 2
2 6 1  . 1 1 4 0 2 . 5 9 .  3 9 . 9 7
4 3 5 . 6 1 5 2 1 . 8 4 . 8 4 . 7 0
5 1 0 . 9 1 5 9 . 8 1 . 2 9 . 3 6
5 8 8 . 8 1 6 6 . 3 . 4 6 . 2 1
6 6 1  . 0 1 7 1 1 .  3 1 . 1 2 . 3 4
6 8 4 . 1 1 7 3 . 6 . 4 9 . 2 2
7 4 2 . 9 1 7 7 2 . 3 2 . 2 3 . 4 7
7 9 5 . 7 1 8 0 1 . 6 1 . 6 0 . 4 0
8 5 0 . 2 1 8 4 2 . 5 2 . 7 2 .  5 2
9 5 6 . 8 1 9 1 2 . 6 3 . 6 0 . 6 0
9 9 5  . 7 1 9 4 4 . 0 1 8 . 4 4 1 . 3 6

1 0 7 1  . 0 1 9 9 7 . 9 1 6 .  3 2 1 . 2 8
1 1 1 3 . 2 2 0 1 1 . 6 1 . 6 0 . 4 0
1 2 1 1  . 6 2 0 7 . 4 . 7 1 . 2 7
1 2 3 8 . 3 2 0 9 . 9 2 . 7 7 .  5 3
1 2 8 8 . 8 2 1 3 . 7 . 4 6 . 2 1
1 3 8 0 . 2 2 2 0 . 4 . 4 9 . 2 2
1 4 0 9 . 1 2 2 2 . 8 2 . 1 8 . 4 7
1 4 7 5 . 8 2 2 6 1 . 0 2 . 2 2 . 4 7
1 5 3 1  . 3 2 2 9 3 . 4 7 . 3 8 . 8 6
1 6 4 1 . 1 2 3 6 3 . 5 1 0 . 9 4 1 . 0 5
1 6 7 0 . 8 2 3 8 5 . 1 6 . 9 9 . 8 4
1 7 2 0 . 8 2 4 1 4 . 3 3 2  . 6 8 1 . 8 1
1 7 4 7 . 2 2 4 3 2 . 2 4 . 8 4 . 7 0
1 8 3 6 . 6 2 4 9 . 6 1 . 6 0 . 4 0
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Appendix H, Table 6. Mean estimates of OM second instar density for
samples of 60 cm of onion row in 1979.

A C C . D D A Y D A T E M EA N V A R S E

3 1 7 . 6 1 4 4 . 5 . 9 4 . 3 1
3 4 4 .  1 1 4 8 1 . 1 . 9 9 . 3 1
3 6 0 . 7 1 5 0 1 . 8 3 . 0 7 . 5 5
4 2 3 . 8 1 5 5 7 . 5 2 4 . 9 4 1 . 5 8
4 9 0 . 5 1 5 9 1 0 . 6 3 6 . 0 4 1 . 9 0
5 5 3 . 6 1 6 4 1 0 . 8 9 . 0 7 . 9 5
6 6 2  . 7 1 7 1 7 . 4 1 0 . 8 0 1 . 4 7
6 9 2 . 4 1 7 3 5 . 4 1 5 . 8 0 1 . 7 8
7 6 0 . 6 1 7 9 2 . 8 8 . 7 0 1 . 3 2
7 9 0 . 8 1 8 1 2 . 0 1 . 5 0 . 5 5
8 2 6 . 7 1 8 4 4 . 8 1 3 . 7 0 1 . 6 6
8 5 0 . 1 1 8 6 5 . 6 2 3 . 3 0 2 . 1 6
9 1 9 . 2 1 9 1 6 . 6 3 4 . 8 0 2 . 6 4
9 7 6 . 9 1 9 4 8 . 6 5 . 8 0 1 . 0 8

1 0 5 6 . 4 1 9 9 1 1 . 0 2 1  . 5 0 2 . 0 7
1 0 8 2 . 5 2 0 1 9 . 4 2 5 .  3 0 2 .  2 5
1 1 6 8 . 9 2 0 6 1 1  . 0 2 8 .  5 0 2 .  3 9
1 2 0 0 . 6 2 0 8 1 0 . 2 1 8 . 7 0 1 . 9 3
1 2 8 2 . 8 2 1 3 8 . 6 2 8 . 3 0 2 .  3 8
1 3 1 4 . 7 2 1 5 7 . 0 1 0 . 0 0 1 . 4 1
1 3 8 1 . 4 2 1 9 4 . 0 1 6 . 5 0 1 . 8 2
1 4 3 9 . 4 2 2 3 2 . 0 4 . 0 0 . 8 9
1 4 7 8 . 2 2 2 7 . 8 1 . 2 0 . 4 9
1 4 9 5 . 1 2 2 9 . 4 . 3 0 . 2 4
1 5 8 5 . 1 2 3 5 1 . 0 3  . 0 0 . 7 7
1 6 1 2 . 3 2 3 7 0 . 0 0 . 0 0 0 . 0 0
1 6 6 6 . 4 2 4 1 2 . 0 3 .  5 0 . 8 4
1 7 0 0 . 3 2 4 3 1 . 8 2 .  2 0 . 6 6
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Appendix H, Table 7. Mean estimates of OM third instar density for
samples of 60 cm of onion row in 1979,

A C C . D D A Y D A T E M E A N V A R S E

3 1 7 . 6 1 4 4 0 . 0 0  . 0 0 0 . 0 0
3 4 4 . 1 1 4 8 . 1 . 1 0 . 1 0
3 6 0 . 7 1 5 0 . 7 1 . 1 2 . 3 4
4 2 3 . 8 1 5 5 2 . 3 3 . 1 2 . 5 6
4 9 0 . 5 1 5 9 3 . 8 6 . 6 2 . 8 1
5 5 3  . 6 1 6 4 6 . 9 2 6 . 7 7 1 . 6 4
6 6 2 . 7 1 7 1 9 . 4 1 4 . 8 0 1 . 7 2
6 9 2 . 4 1 7 3 1 0 . 4 1 5 . 3 0 1 . 7 5
7 6 0 . 6 1 7 9 7 . 4 1 2 . 3 0 1 . 5 7
7 9 0 . 8 1 8 1 7 . 0 3 3 . 5 0 2 .  5 9
8 2 6 . 7 1 8 4 6 . 8 5 3 . 7 0 3 .  2 8
8 5 0 . 1 1 8 6 4 . 8 1 3 .  2 0 1 . 6 2
9 1 9 . 2 1 9 1 4 . 0 7 .  5 0 1 . 2 2
9 7 6 . 9 1 9 4 1 . 4 1 . 3 0 . 5 1

1 0 5 6 . 4 1 9 9 7 . 4 3 5 . 8 0 2 . 6 8
1 0 8 2 . 5 2 0 1 8 . 2 1 3 . 7 0 1 . 6 6
1 1 6 8 . 9 2 0 6 9 . 2 8 . 2 0 1 . 2 8
1 2 0 0 . 6 2 0 8 1 0 . 4 2 8 .  3 0 2 .  3 8
1 2 8 2 . 8 2 1 3 1 0 . 2 4 0 . 7 0 2 . 8 5
1 3 1 4 . 7 2 1 5 8 . 6 8 .  3 0 1 . 2 9
1 3 8 1 . 4 2 1 9 6 . 2 8 .  2 0 1 . 2 8
1 4 3 9 . 4 2 2 3 5 . 0 6 . 5 0 1 . 1 4
1 4 7 8 . 2 2 2 7 4 . 0 7 . 5 0 1 . 2 2
1 4 9 5 . 1 2 2 9 2 . 2 3  . 7 0 . 8 6
1 5 8 5 . 1 2 3 5 3  . 2 2 7 . 2 0 2 .  3 3
1 6 1 2 . 3 2 3 7 . 2 .  2 0 .  2 0
1 6 6 6 . 4 2 4 1 . 8 .  7 0 .  3 7
1 7 0 0 . 3 2 4 3 1 . 8 . 7 0 . 3 7
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Appendix H, Table 8, Mean estimates of OM pupal density for samples of
60 cm of onion row in 1979.

A C C . D D A Y D A T E M E A N V A R S E

3 1 7 . 6 1 4 4 0 . 0 0 . 0 0 0 . 0 0
3 4 4 . 1 1 4 8 0 . 0 0 . 0 0 0 . 0 0
3 6 0 . 7 1 5 0 0 . 0 0 . 0 0 0 . 0 0
4 2 3 . 8 1 5 5 0 . 0 0 . 0 0 0 . 0 0
4 9 0 . 5 1 5 9 0 . 0 0 . 0 0 0 . 0 0
5 5 3 . 6 1 6 4 2 . 6 4 . 7 1 . 6 9
6 6 2 . 7 1 7 1 3 . 6 1 4 . 8 0 1 . 7 2
6 9 2 . 4 1 7 3 1 . 2 1 . 7 0 . 5 8
7 6 0 . 6 1 7 9 1 1  . 4 1 9 .  3 0 1 . 9 6
7 9 0 . 8 1 8 1 6 . 4 8 0 .  3 0 4 . 0 1
8 2 6 . 7 1 8 4 1 4 . 0 6 5 . 0 0 3 . 6 1
8 5 0 . 1 1 8 6 1 8 . 6 3 5 8 . 3 0 8 . 4 7
9 1 9 . 2 1 9 1 2 8 .  2 2 7 3 . 2 0 7  . 3 9
9 7 6 . 9 1 9 4 3 6 . 8 9 7 . 7 0 4 . 4 2

1 0 5 6 . 4 1 9 9 3 3 . 4 2 1 0 . 8 0 6 . 4 9
1 0 8 2 . 5 2 0 1 1 4 . 2 8 2 .  2 0 4 . 0 5
1 1 6 8 . 9 2 0 6 2 4 . 4 2 7 1 . 8 0 7 . 3 7
1 2 0 0 . 6 2 0 8 1 4 . 0 2 7 .  5 0 2 .  3 5
1 2 8 2 . 8 2 1 3 9 . 6 1 7 .  3 0 1 . 8 6
1 3 1 4 . 7 2 1 5 4 . 8 9 . 2 0 1 . 3 6
1 3 8 1 . 4 2 1 9 1 6 . 6 9 3 . 8 0 4 .  3 3
1 4 3 9 . 4 2 2 3 1 4 . 4 1 6 .  3 0 1 . 8 1
1 4 7 8 . 2 2 2 7 1 5 . 0 7 0 . 5 0 3 . 7 6
1 4 9 5 . 1 2 2 9 1 0 . 4 1 1 1 . 3 0 4 .  7 2
1 5 8 5 . 1 2 3 5 1 7 . 2 5 5 . 7 0 3 .  3 4
1 6 1 2 . 3 2 3 7 2 1  . 0 7 7 . 5 0 3  . 9 4
1 6 6 6 . 4 2 4 1 8 . 0 3 3 . 5 0 2 . 5 9
1 7 0 0 . 3 2 4 3 4 . 8 7 .  2 0 1 . 2 0
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Appendix H, Table 9. Mean estimates of OM pupae parasitized by A.
bilineata from samples of 60 cm of onion row in 1979.

A C C . D D A Y D A T E M E A N V A R S E

3 1 7 . 6 1 4 4 0 . 0 0 . 0 0 0 . 0 0
3 4 4 . 1 1 4 8 0 . 0 0 . 0 0 0 . 0 0
3 6 0 .  7 1 5 0 0 . 0 0 . 0 0 0 . 0 0
4 2 3 .  B 1 5 5 0 . 0 0 . 0 0 0 . 0 0
4 9 0 . 5 1 5 9 0 . 0 0 . 0 0 0 . 0 0
5 5 3 . 6 1 6 4 0 . 0 0 . 0 0 0 . 0 0
6 6 2 . 7 1 7 1 0 . 0 0 .  0 0 0 . 0 0
6 9 2  . 4 1 7 3 0 . 0 0 . 0 0 0 . 0 0
7 6 0 . 6 1 7 9 0 . 0 0 . 0 0 0 . 0 0
7 9 0 . 8 1 8 1 . 2 . 2 0 . 2 0
8 2 6 .  7 1 8 4 . 4 . 8 0 . 4 0
8 5 0 . 1 1 8 6 . 6 . 8 0 . 4 0
9 1 9 . 2 1 9 1 1 . 0 . 5 0 . 3 2
9 7 6 . 9 1 9 4 1 . 4 1 . 3 0 . 5 1

1 0 5 6 . 4 1 9 9 2 . 2 1 . 7 0 . 5 8
1 0 8 2 . 5 2 0 1 2 . 2 . 7 0 . 3 7
1 1 6 8 . 9 2 0 6 2 . 4 1 . 8 0 . 6 0
1 2 0 0 . 6 2 0 8 2 . 4 1 . 3 0 . 5 1
1 2 8 2 . 8 2 1 3 1 . 6 . 8 0 . 4 0
1 3 1 4 . 7 2 1 5 1 . 0 1 . 0 0 . 4 5
1 3 8 1 . 4 2 1 9 1 . 6 3 .  3 0 . 8 1
1 4 3 9 . 4 2 2 3 1 . 8 1 . 2 0 . 4 9
1 4 7 8 . 2 2 2 7 . 8 . 7 0 . 3 7
1 4 9 5 . 1 2 2 9 . 8 1 . 2 0 . 4 9
1 5 8 5 . 1 2 3 5 2 . 2 1 . 7 0 . 5 8
1 6 1 2 . 3 2 3 7 3 . 2 3 . 2 0 . 8 0
1 6 6 6 . 4 2 4 1 1 . 4 . 8 0 . 4 0
1 7 0 0 . 3 2 4 3 . 8 . 7 0 . 3 7
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Appendix H, Table 10. Mean estimates of SC third instar density for
samples of 60 cm of onion row in 1979.

A C C .  D D A Y D A T E M E A N V A R S E

2 7 0 . 3 1 3 8 4 . 6 1 2 . 7 1 1 . 1 3
3 1 1  . 5 1 4 3 5 . 7 1 0 . 4 6 1 . 0 2
3 1 7 . 6 1 4 4 5 . 4 1 3  . 3 8 1 . 1 6
3 4 4 . 1 1 4 8 3 . 1 1 6 . 1 0 1 . 2 7
3 6 0 . 7 1 5 0 1 . 5 3 . 6 1 . 6 0
4 2 3 . 8 1 5 5 . 2 . 1 8 . 1 3
4 9 0 . 5 1 5 9 . 7 1 . 1 2 . 3 4
5 5 3 . 6 1 6 4 . 4 . 4 9 . 2 2
6 6 2 . 7 1 7 1 2 . 4 4 . 3 0 . 9 3
6 9 2  . 4 1 7 3 3 . 0 1 0 . 0 0 1 . 4 1
7 6 0 . 6 1 7 9 2 . 6 5 . 8 0 1 . 0 8
7 9 0 . 8 1 8 1 4 . 0 1 7 .  5 0 1 . 8 7
8 2 6 . 7 1 8 4 4 . 2 7 . 2 0 1 . 2 0
8 5 0 . 1 1 8 6 3 . 0 4 . 0 0 . 8 9
9 1 9 . 2 1 9 1 1 . 2 1 . 7 0 . 5 8
9 7 6 . 9 1 9 4 . 4 . 3 0 . 2 4

1 0 5 6 . 4 1 9 9 1 . 2 1 . 7 0 . 5 8
1 0 8 2 . 5 2 0 1 2 . 0 8 . 5 0 1 . 3 0
1 1 6 8 . 9 2 0 6 1 . 6 4 .  3 0 . 9 3

’ 1 2 0 0 . 6 2 0 8 1 . 4 1 . 3 0 . 5 1
1 2 8 2 . 8 2 1 3 2 . 6 7 . 3 0 1 . 2 1
1 3 1 4 . 7 2 1 5 . 4 . 3 0 . 2 4
1 3 8 1 . 4 2 1 9 . 6 . 8 0 . 4 0
1 4 3 9 . 4 2 2 3 2 . 0 5 . 5 0 1 . 0 5
1 4 7 8 . 2 2 2 7 2 . 4 4 .  3 0 . 9 3
1 4 9 5 . 1 2 2 9 1 . 4 6 . 8 0 1 . 1 7
1 5 8 5 . 1 2 3 5 1 . 4 1 . 3 0 . 5 1
1 6 1 2 . 3 2 3 7 0 . 0 0 . 0 0 0 . 0 0
1 6 6 6 . 4 2 4 1 0 . 0 0 . 0 0 0 . 0 0
1 7 0 0 . 3 2 4 3 . 4 . 3 0 . 2 4



379

Appendix H, Table 11. Mean estimates of SC pupal density for samples
of 60 cm of onion row in 1979.

A C C .  D D A Y D A T E M EA N V A R S E

2 7 0 .  3 1 3 8 3 . 0 1 1 . 1 1 1 . 0 5
3 1 1  . 5 1 4 3 7 . 0 4 3 . 3 3 2 . 0 8
3 1 7 . 6 1 4 4 6 . 1 1 8 . 9 9 1 . 3 8
3 4 4 . 1 1 4 8 5 . 0 2 8 . 8 9 1 . 7 0
3 6 0 . 7 1 5 0 5 . 6 4 0 . 4 9 2 . 0 1
4 2 3 . 8 1 5 5 2 . 4 6 . 2 7 . 7 9
4 9 0 . 5 1 5 9 1 . 7 4 . 0 1 . 6 3
5 5 3 . 6 1 6 4 . 6 1 . 1 6 . 3 4
6 6 2 . 7 1 7 1 . 4 . 8 0 . 4 0
6 9 2 . 4 1 7 3 1 . 0 2 . 0 0 . 6 3
7 6 0 . 6 1 7 9 2 . 2 6 . 2 0 1 . 1 1
7 9 0 . 8 1 8 1 1 . 2 1 . 7 0 . 5 8
8 2 6 . 7 1 8 4 1 . 4 4 . 3 0 . 9 3
8 5 0 . 1 1 8 6 2 . 8 1 5 . 2 0 1 . 7 4
9 1 9 . 2 1 9 1 1 . 6 1 . 3 0 . 5 1
9 7 6 . 9 1 9 4 4 . 4 1 3 . 3 0 1 . 6 3

1 0 5 6 . 4 1 9 9 4 . 8 3 . 7 0 . 8 6
1 0 8 2 . 5 2 0 1 2 . 2 1 . 7 0 . 5 8
1 1 6 8 . 9 2 0 6 3 . 6 7 . 3 0 1 . 2 1
1 2 0 0 . 6 2 0 8 2 . 8 7 . 7 0 1 . 2 4
1 2 8 2 . 8 2 1 3 3 . 8 1 5 . 7 0 1 . 7 7
1 3 1 4 . 7 2 1 5 1 . 4 1 . 3 0 . 5 1
1 3 8 1 . 4 2 1 9 . 8 1 . 7 0 . 5 8
1 4 3 9 . 4 2 2 3 1 . 0 . 5 0 . 3 2
1 4 7 8 . 2 2 2 7 . 2 . 2 0 . 2 0
1 4 9 5 . 1 2 2 9 1 . 2 1 . 7 0 . 5 8
1 5 8 5 . 1 2 3 5 1 . 8 3 . 2 0 . 8 0
1 6 1 2 . 3 2 3 7 3 . 6 7 . 3 0 1 . 2 1
1 6 6 6 . 4 2 4 1 3 . 4 5 . 3 0 1 . 0 3
1 7 0 0 . 3 2 4 3 3 . 6 1 1  . 3 0 1 . 5 0


