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M. Sc. _ 

RESUME 

François Ml11ette 

UNE ANALYSE DES CAPTURES DE DIPTERES A L'AIDE 

DE PIEGES-A-VITRE DANS LE BASSIN VERSANT DE 
~ 

LA RIVIERE SAI~~-MAURICE, 
1 

PROVINCE DE QUEBEC, CANADA 

(ii) 

Entomologie 

Cet ouvrage traite de l'écologie des dlptères du versant 

supérieur de la Rivière Saint-Maurice au Québec. Les insectes 

furent collectionnés de ]Uln à septembre 1970, au moyen de 

pièges-à-vitre. 

L'étude porte sur une comparaison de trois habitats: une 

forêt de pin gris, un peuplement de feuillus et un autre d'é- '1 

pinett~s noires. On captura 2'979 diptères dans les plns grls, 

24,395 dans les feulllus et 8,946 parml les éplnettes noires. 

Les pièges situés dans un endroit très ombragé étaient plus 

efficaces que les autres situés dans des lieux découverts ou 

-

plus dégagés. L'orientatl0n des pièges n'eut aucune influence 

sur 1~ nombre de mouches collectionnées. 

11 Y a une corrélatlon entre l'activité des diptères et la 
, 

-température dans la forêt de pin gris et une autre entre une 

famille prédatrice, les Dolichopodidae, ~t les D(OSOPhilidae, 

Phoridae et Mycetoph~lidae, qui sont considérés comme les ~roies. 
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(iii) 

, 
L~S diptères primitifs préféraient les endroits frais 

et humides en accord avec les observations rapportées par Ke~-

nedy (1928) et Whittaker (1952). 

On ne captura que les espèces Rhagio rnystaceus (Macquart) 

et Chrysopilus guadratus (Say) de la famille des Rhagionidae. 

Cette dernière démontra une nette préférence pour le peuplement 

de feuillus, tandis que,R. mystaceus avait un habitat varié. 
, 
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(iv) 

'1. 

. ABSTRACT 

{ 
M.Sc. François Millette Entomology 

AN ANALYSIS OF WINDOW TRAP CATCHES OF DIPTERA 

OBTAINED IN THE SAINT~l1AURICE RIVER WATERSHED, 

~ROVtNCEcOF QUEBEC, CANADA 

Window flight traps were used to study the ecology of 

Diptera from tpe upper Salnt-Maurice Rlver watershed in Québec. 

The insects were collected from June to September 1970. 

The stpdy compares the dipterous fauna of three habitats: 
, 

a jack pin~ forest, a hardwood stand and on~ of black spruce. 

The jack pine plot yielded 2,679 Diptera, the hardwood, 24,395 

and the black spruce, 8,946. 

Traps located in deeply shaded areas caught significantly 

moré insects than others in open and exposed sltes. The direct­, 
ion faced by the trap did not influence the number of flies 

caught. 

There is correlation bebleen dipterous activity and temper-

ature in bhe jack pine stand. There also exists a correlation 

between a predatory family, the Dolichopodidae and the following: 

Drosophilldaé; -- Phoridae and Nycetophilidae which are considered 

as prey. 



(v) 

In agreement with the findings of Kennedy (1928) and , 

Whittaker (1952) primitive insects were observed mostly in 

cool, hum id habitats. 

Only'two species of the family Rhagionidae were captured: 

Rhagio rnystaceus (Macquart) and Chrysopilus guadratus (Say). 

The latter preferred the hardwood stand while R. mystaceus 

1 occurred in various habitats. 

• 
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A. INTRODUCTION 

The f~eld work for the present study was conducted 

, 
dùring the SWfu~er of 1970, from June through September. Sam-

ples were collected by means of window flight traps set up in 

three different forest types ~n the upper S1~nt-Maurice River 

watershed in Québec. 

The type and model of window trap used was reported by 

Prl.ce (1971). Dr. Priee, th en a research offieer with the 

Department of Forestry and Fisheries, extracted the parasitic 

Hymenoptera fram the trap cat'ches. The remainder of the trap-

ped inseets were passed ta the present author who had the res-

ponsl.bill.ty of mountlng the traps in the field. 

Dl.ptera were selected for the present study for t~ree 

reasons:-

1. They were eonstantly among the most numerous if not, 

the most" numerous order of insects observed. 

-2.' They fulfill all the requirements of true flying 

, 
insects towards which the trapping technique was 

directed. 

3. They vary eonsiderably in their biology and life 

habits as both larvae and adults. The variation has 

interesting and important ecological implications, 
1 . 

for example among flies, one finds predators, vegeta-

rians, parasites, scavengers, nectar feeders, and 

blood feeders. 



The purpose of this thesis is to analyse window flight 
o 

trap data and investigate the ecology of selected Diptera, 

paying particular attention to habitat comparison. Three 

communities were considered: a 45 year old 0 jack pine $tand 
• 1 

2 

growing on a sandy plain: a birch and poplar dominant hardwood 

regeneration; and a dense stand of black spruce. Within each 

stand, the seasonal activlty of the important dipterous,.fami-

lies and the two rhaglonid species observed: Rhaqio mystaceus 

(Macquart) and Chrvsopilus guadratus (Say) were investigated. 

Factors such as 11ght, shade and trap direction, which might 

have influenced the catches, were also studied. 
( 

Other ecological factors examined were correlations 

oetween seasonal actlvity of,the Diptera and seasonal temper-

ature variation, trends in the evolutionary level of flies, 

their food hablts and a possible predator - prey relationship. 

J 

\ 
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B. LITERATURE REVIEW 

1. W~ndow Flight Traps 

Window f1ight traps are not a new'concept for insect 

sampling. Other methods, such as statl0nary nets, sticky 

traps and Malalse traps, werê built with the same baslc inten-

tion, that is, to sample flying insects without the bias due 

to attractants such as bait or light. These techniques allow 

population determinatlons, a check of seasonal act~vity, and 

comparison of habitats because they are easi1y kept standard 

for the duration of the sampling period or from one habitat 

to another. 

Rice (19}3) used a flight trap whiéh was somewhat dlfferent 

from the more recent rnodels. It consisted e~entlally of a 

vertical screen panel with a funnel attached on each side at 

the bottom. Each funnel 'had a small hole emptying into a 

collecting caln. In t~lS way most insects strik~ng the screen 

, 
and falling through the funnel would be trapped in the can.' 

Almost 12,000 insect specimens were captured in two years with 

~~optera and'Hymenoptera providing the greatest nQ~er of 

species trapped. 

The total nurnber of species caught each week was greatest 

in the spring and aga in in the early fall. 
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ThlS trapping technique was reviewed by Chapman and 

1 

Kinghorn (1955). These authors improved,on the model used 

by Rice (op. cit.). Their trap consisted of LAa pane of glass 

(2 feet by 2 feet) set in a three-sided wood en frame fram which 

a metal trough was hung. The trough was filled with fuel oil, 

or water with a wetting agent. Screened outlets prevented over-

flow due to rainwater. The insects were removed by pouring the 

trough content through a strainer. The traps were set up on 

various pole frarne\'Jorks and stabilized by guy wires. They 

pOlnted out that wind. influences trap efficiency and that light-

bodied lnsects are not taken efficiently. For most insects, 

coloured barriers are less effective than the clear glass panes. 

Regardless of slte locàtlon, the trapS take samples which 

allow satisfactory determinations of seasonal abundance, rela-

tionship of flight to weather conditions, and site distribution. 

Accordlng to the above writers, window traps are advantageous 

in that they âre simple and economical, easily set up in a 

variety of locations, and can be left unattended for many days 

at a time. 

Most of the literature from this point on refers to the 

trap model described ab~ve by Chapman and Kinghorn. Sorne of the 

recent models, however, have been altered ta meet the parti-. . 
cular needs of the researcher: 

" 
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Juillet (1963) compared four sampling methods:-

l} Malaise, 2) 91ass-barrier, 3) rotary and 4) ~ticky traps. 

Accord~ng to h~$ data, the rotary is by far the most reliable 

and versatile for most insect groups, then the Malaise, glass-

barrier and sticky traps in decreasing order of reliability but 

increasing order of versat11ity. 

The versat1lity of the window flight was recognized by 

, 
Martin .,.{1965) who used them to see whether or not pruning a 

, ' + 
stand of red pine enco~raged more flying insects to enter it. 

He placed w~ndow traps in adjacent pruned and unpruned stands 

for two weeks in June-and July 1963. The results indicated 

greater activity in the pruned stand. 

Southwood (1966) briefly mentions Chapman and Kinghorn's 

(op. c~t.) model stating that flying Coleoptera and other in-

sects that fall upon impact, can be collected with a window 

trap. 

Merrill and Ske11y (1968) dea1t with a more specialized 

type of windO\v flight trap which they used to samp1e flying in-

sects above the forest canopy. The structure was of plywood and 

lumber supporting a 3 x 4 t foot sheet of c1ear plexiglass 0.125 

inches thick vertically a steel pan 4 x 1.5 x 0.5 feet high. 

o The pan contained 0.5 inches of water with a thin layer of mine-

raI oil to retard evaporation. The main drawback of this appara- ) 
, 

.. 
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tus ~s that, complete, it weighs over 100 pounds, necessita-

ting a power winc'h~and pulleys to lower and raise the trap. 

A flight trap with a modified drain system was used by 

Franklin and Crossley (1970), ~hey called it a self-maintaining 
l 

window trap. It contained an automatic drain system consisting 

of an inverted U-shaped s~phon positi~~ed at one end of the trap 

~ith one arm inside and the other outside the trough. These a~-

terations prevented overflow and loss of specimens. This modi-

fied version was found suitable for sampling most flying insects 

except Lepidoptera which are extensively damaged by the Kerosene 

preservative. 

The flight traps used by Price (1971) were identical to 

those used in the present study. These are described in Mate-

rials and Methods. Price agreed with the previous authors, 

find~ng these traps very versatile, and also extremely prod~ct- ~ 

ive for the effort required to operate thern. Also, a great 

range in insect size and population size can be sarnpled. 

2. Comparison or Utilization of Different Trapping and Sarnpling 
Techniques 

The present research involved only one collecting rnethod, 

the window flight trap. It is desirable, howeve~, to compare 

findings, metho~s of analysis and results with other sarnpling 

techniques. One can better understand thé 'advantages and short-
1 
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comings of a collect1ng method or device and the best methods 

\ 
of analysing the data collected. In this section, therefore, 

mention is made of techniques other than window flight traps 
o 

of trapping and sampling flying insects, i.e. stationary nets, 

sticky traps, Malaise traps, suction traps, and also any other 

method such as hand-captures or emergence traps which have been 

used, either for comparison or to establish an index of effi-

ciency. 

Neilsen (1960) used stationary~nets to selectively catch 

mosquitoes having directional flight and to study flight direct-

ion of the chironomid Glyptotendipes psripes (Edwards) while 

previously Lewis (1959) compared water, cylindrica1 sticky and 

suction traps with respect to catches o~ Thysanoptera. Lewis 

(op. cit.) tested black, green and white water traps and black 

sticky traps. These traps were'used above a wheat field, the ,. 
suction traps serving as a standard. The suction trap was more 

consistent at crop level while at higher levels, sticky traps 

gave more consistent catche~ . 

. Suction traps of various kinds and sizes, Vent Axia traps, 

Propellor traps a~d Aerofoil traps along with take-off cages 

were used by Calnaido, French and Taylor (1965) in their study 

of low altitude flight of Oscineila frit (L.), a chloropid fly. 

~ 
In this way the relative efficiency of each trap was determined. , 



Martin (1965) used pitfall traps ~n~nwindow flight 
1 

traps in his study of soil-surface fauna. He realized that 

flying insects as adults, especially Diptera are not sampled 

in the best way with pitfall traps. 

Coon and Pepper (1968) examined the usefulness of air 

traps to capture alate aphids. Si~air traps were placed at 

different heights and supported by two television antennae 

s1andards anchored securely by guy wires. The aphids were 

captured in a "Baker's cap" bag at the top of the trap and 

from all inside s~rfaces ~ indeterminate times. 

1 
The study of a grassland in sect cornmunity by Evans and ,. 

1 
8 

Nurdoch (1968) necess~tated the use of different sampling pro-

cedures. Nylon gauze nets were used for insects in flight or 

on flowers (èhiefly Odonata, Lepidoptera, Diptera, and Hymenop-

ter a). Canvas sweep nets were employed. to collect species in 

or on vegetation (chiefly Orthoptera, Hemiptera, Homoptera, and 

Coleoptera). A Ma~aise trap was an efficient sampler of fast 

fliers such as Tabanidae, Bombyliidae and the fragile Tipulidae, 

Culicidae, and Microlepidoptera. A large, cubical wal~-in cage 

was carried about the field and set down at different sites for 

removal of insects (by sweeping and hand collection) from the 

la enclosed vegetation. In this way the authors obtained a good 

cross-section of the insect fauna of a grassland community. 
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Thompson (1967) and Smith, Davies and Golini (1970) 

worked on tabanids and during their respective studies they 

employed different collecting methods. 
y 

The former author used three rnethods:-

1) swinging an insect net about a collector's head while 

he walked fram one trap site to another, 2) rernoving 

~ 

flies fram an automobile and 3) by collecting thern from 

two types of traps modified from prototypes of the Manitoba 

horse fly trap. 

Smith, Davies and Golini 1op. cit.) used carbon dioxide-

baited traps in different habitats. A sweep net was used to 

capture flies landing on and/or feeding from captive moose in 

a large forested pen. Flies attacking hurnans were collected by 

the same method. In addition, tabanids were trapped in cages 

set up near the cervid pense The writers were thus able to 
~ 

investigate host preference, specifici~y and the biology of 

these biting flies. 

Hamilton et. al. (1971) reduced the adult population of 

Popillia japonica (Newman) by mass trapping with baited traps. 

The~traps were '100 to 160 feet apart and the hait genera1ly 

used was anethole, geraniol, or phenethyl butyrate, each com-

bined with eugenol at 9 parts lure to one part eugenol in either, 

the green or the yellow traps. They discovered that 5,338 traps 

.r 
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ln·6/749 acres caught about 30 percent of the population 

and that one trap per acre wou1d have caught about 40 percent. 

Continuous Malaise trap collections revealed that Diptera 

cornprised 44.7 percent of the catch, Plecoptera (20.8 percentL, 

,<1 

Hyrnenoptera (14.7 percent), Lepidoptera (7.2 percent) 1 Hernip-

tera (7'.1 percent) 1 Coleoptera (2.4 percent) and other orders 

(3.1 percent) of the flying insects in a New York mixed forest 

" 
(Mathews and Mathews, 1970). 

Harrié, Nakagawa and Urago (1971) experlrnented with differ-

ent types of sticky traps to sample the Medlterranean'fruit fly, 

Ceratitis capitata (Wiedemann). They observed that traps placed 

at wlndward sea leve1 sites in Hawaii were equal to or superior 

to the standard 0.95-liter plastic trap in the five tests made 

with released fruit flies. 

They a1so worked with the melon fly, Dacus cucurbitae. 

Cocquillett and discovered that three of the experirnental traps 

with Itcu-lure" as bait and "naled" as toxicant caught more flies 

than the standard but two were inferior to them. Trap efficiency 

was also tested with Dacus dorsalis Hende1, the oriental fruit 

fly. It was observed that these sarne two traps and a rectangular 

trap {baited with methyl eugeno1 and "naled" caught fewer flies 

than the standard while the others yielded as many as the standard • ... 

-
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An extensive survey of the arthropod fauna was carried 

out by Stebbings (1971) to study cornmunity transitions from 

tida1 marsh to woodland. These animals were col1ected by 

sweep netting, butterfly netting, pitfall trapping and hand 

searching. 

" 
Price (1971), in his eco1ogical study of ichneumonid pa-

rositoids, used two absolute methods: soil sarnp1es and emergence 

trapsi and t,vo rel.ative estimate methods: window traps and co-

coon planting. 

The absolute results correlated well with the relative 

estimates. He concluded that the .wo methods for extensive 

sampling, flight traps and cocoon plants, gave gOOq estimates 

, of abso1ute abundance of parasitoids in the field. 

This section dernonstrates the manner in which the different 

sampling rnethods and devices achie ved each study object ive. 

~citing these researchers provided the present author with ideas 

of hand1ing his own data arid how their results compared with his. 

Also additional ways in which window flight traps can be used 

were discovered, such as p1acing traps at different vertical 

levels to compare occurrence of aerial insects at different heights; 

or window flight traps with bait used to reduce the population of 

a flying insect in an area. 
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3. Effects of Climatic Factors on Ins~t Occurrence and Behavior 

Freeman (1938) and (1945) relatGd much of his study of 

aerial insect fauna to the effects of climate. In his first 

invest~gation, he found generally that ideal conditions for 

. 
in sect occurrence were relative hurnidities below 59 percent, 

wind velocities below 9 miles per hour at ground surface and 
o 

o 
temperatures above 64 F, the last exerting the most contro~. In 

i:, 
his second study, Freeman notedù that population density (the total 

, 
nQ~er of insects) and the number of species of insects captured 

increased with a rise in temperature over the range of 43 to 83°F. 

For individual groups and farnilies, the temperature relationship 

was not clear, although, in general, Hyrnenoptera and Thysanoptera 

showed this relationship rnost clearly. The inseCeSl~ seetned to 

be most active between 70 to 85°F. 

The density of flying 1nsects generally showed a steady fall 

with increasing relative hurnidity from 37 to 73 percent. The 

highest hurnidity range (65 to 73 percent) was unfavourable for 
(1 

aIl groups. Precipitation either tended ta prevent insect f1ight 

or washed them out of the air. 

Aerial in sect density genera11y tended to rise with wind 

ve10cities of 6 to 12 miles per hour and then fa11 steadily with 

an increase.up ta 35 miles per hour. The total nurnber of .species 

at aIl heights increased up to a wind speed of about 21 miles per 
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'hour and then dropped considerably with a further increase ' 

of wind velocity. Preernan states that insects tend to'take 

cover from high winds and that thi q explains the very small po-

pu1ation densit~es s~mpled.at 35 ffillse per hour. 

• 
The maximum numbers of most groups occurred at temperatures 

greater than 64
0

p with this factor being the most important. 

Parker (1949) 1 who studied adult Culicoides Latreille 

species nearer to ground level noted that catch-size was very 

much affected by wlnd strength but that temperature and humidity 

had no apparent effect. 
ù 

Tripp (1962) and J~i11et (1964) worked on.d~terous and 
~ ~-~ 

hymenopterous parasites respectively. Spathirneigenia Townsend 

was observed by Tripp to prefe~ jackpine sawfly colonies situa-

ted in areas in direct sunlight and protected from wind.. Juil-

, 
let (op. cit.) concluded that, disregarding a few exceptions 

and the influence of wind, ichneumonids generally pre fer a cool 

and humid habitat while braconids, in general, prefer a warrn dry 

habitat. To arrïve at this conclusion, he studied the effects 

of climatic factors on the flight activity of these two families. 

Four ~actors have a continuous influehce on flight activity of 

ichneumonid~ and braconids: temperature, relative humidity, ~ 

wind velocity, and light intensity. Precipit~tion, on the othe~ 

hand, has a d~scontinQous or occasional influence. These factors, 

except precipitation, do not influence flight activity to the same 
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degree. Precipitation, is not a reliable indication, as it is 

either favourable or unfavourable having n~'interrnediate effects, 

. 
and consequently, cannot be expressed quantitatively in relation 

to flight activity. 

Maximum temperature during trapping hours was a significant 

indicator of flight activ~ty, although more variable than the 

mean temperature. Thé minimum temperature during the night pre­
, . 

ced~ng the trapping day was not correlated to the catch. 

Extremes of relative humidity, below 25 percent or above 90 

percent, caused a drastic reduction in the catch of ichneumonids 

and braconid3. Within these limits, an 'increase in humidity 

favoured flight activity of ichneumonids while it reduced that 
J 

of bracOhids. Winds of Iow velocities stimulated flight acti-

vit y and h1gh velocity winds depressed it. 

The influence of light intensity on flight activity is. 

affected by the action of other weather elements, especialiy-

relative humidity. Low light intensity during trapping hours 

was al\vays associated with high humidity (above 90 percent) 'and 

frequently with low temperatures and consequently Iow catches. 

Calnaido, French and Taylor (1965) in their study of flight 

activity of Oscinella frit (L.) discovered, in contrast to the 

previous authors, that wind speed, maximum temperature and rain-

fail had no effect.on the daily numbers of ~hese insects flying. 
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An increase in wind or rain lowered the rnean height of 
(!', 

flight, and in the paniclé generation only wind speed signifi-

cantly affected the'gradient of density while again lowering 

the mean heighL of flight. They noted that with respect to 

general aerial cirçulation, wind deterrnines the distribution 

of insects. 

According to Hamilton (1966), Hessian fly larval~responses 

to simulated weather conditions lndicated that the migratory 

stage of the larvae is extremely sensi~ive to adverse environ-

mental situations. Low temperatures, low relative humidity, 

high ~ainfall and wind caused high mortality in newly hatched 

'larvae. Freezing temperatures caused mortality in aIl the larvat 

stages. 

Yurkiewicz and Smith (1966) worked with adult sheep blow-

flies, investigating windbeat frequency in relation to the ambient i 

temperature. Direct recordings of internaI ternperature indicated 

that there exists a relation between wingbeat frequency and am­
,oi , 

bient temperature. 

The extent to which the actual speed of flight should vary 

with the temperaturJ is not intuitively obvious, because there 

are many variables which are difficult to evaluate. That ~ing-

beat frequency and flight speed qave similar temperature co-ef-

ficients appeared fortuitious to these researchers • 
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Johnson (1968), studied the seasonal ecology of the 

dragonfly 
, 

Oplonaeschna arrnata Hagen. He described definitive 

features of the habitat occurring in south western mountain 

streams of the United States. Adult emergence and flying sea-

son are related to annual and air temperature cycles. Emergence 

occurs over approximately 10 days in rnid to late June. Adult 

maturat10n requires 12 to 20 days and total flight season lasts 

approxirnately one month. 

Joyce and Hansens (1968) worked on greenheaa flies (horse-

flies) and .observed a high correlation between average daytirne 

(8 a.m. to B,p.m.) temperature and greenhead activity. Fly 

activity showed greater .~orrelat1on with the daily maximum 

temperabrre, 1ndicat1ng that daily maximum ternperatures had a 

greater influence than the average temperature. The daily mi-

nimum temperature showed no correlation with fly act1vity, in-

r 
dicating that minimum t~~peratures were not a factor in green-

head activity. Thus, the higher the daily maximum temperature, 

the more active the greenheads. 

Significant correlation also existed between indices of 

cloud cover estirnate and fly activit~ while winds up to Il ~i-

les per hour did not show any correlation with fly activity. 

Malaise trap observat1ons revealed that daily weather, 

particularly temperature and precipitation exercised q strong. 
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influence upon catch size, Hathews and Mathews (1970). The 
- 1 

largest samples were obtained on hot, sunny days following 

rain; 

4. Seasonal Occurrence 

Freeman (1938) and (1945), who studied air borne insects, 

was interested in the different patterns 1 of seasonal occurrence 

of the different families observed. In his f,irst work he , 

stated that the greatest nurnber and variety of insects was 

caught in the nets during the months of June and Septernber when 

insects are active in breeding and dispersal. Freeman furthered 

his work, and in his second publication he revealed that Diptera 

were very numerous in May owing to the capture of large numbers 

of Borboridae' and Sciaridae at all teights (10,' 177, and 277 '-. 

feet), of Chloropidae at upper levels and of Chironomidae at 

ground level. During June many other families of Diptera were 

abundant, ~ncluding Phoridae, Cecidornyiidae, Agromyzidae 'and 

1-..1 

Ephydrid~e. Population densities of Diptera were l~w during 

.Â 
August but many groups appeared again in nurnbers at the beginning 

of September. 

He concluded that the clirnate of the area generally deter-

mines the kinds of insects to be expected and the season and 

time of 'the year during which the insects are active. Certain 

l ' 

, 
" 

. '" 
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groups tended to occur in large numbers during May and 

September, while others, during March and November. This can 
• 
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be ascribed mainly to the life histories of the various species. 

Thus, many insects emerged from hibernation (Cryptophagidae and 
( 

Chrysomelidae) or reached an adult stage (many Diptera) during 

the sprin~ and early summer. At this time insects are naturally 

active seeking food and mating. 

The absence during July and August of many species taken 

during May and June, September and October would indicate that 

they are then in an immature or nondispersing st~ge. Towards 

the end of August the 1ncrease in population density and the 

numbers of species showed that a new generation was present 

and active in feeding, mating and seeking breeding places or 

winter quarters. 

Seasonal occurrence of Culicoides Latreil1e species was 

investigated by Parker (1949). He noted that different species 
~ 

had different peaks of occurrence: Culicoides impunctatus Goet-

ghebuer was active from June to August with a peak period in 

JU1Yi Culicoides pallidicornis Kieffer was active from June to 

September wi~h a peak period in JUlYi Culicoides heliophilus 

Edwards was about from June to July and saw a peak in activity 

in late JulYi while Culicoides pULicaris L. and Culicoides 

obsoletus Meigen showed no weIl defined peaks • 
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Evans and Murdoch (1968) examined the ecology of a 

grass1and community in the Edwin S. Ge9rge Reserve in south-

eastern Michigan and observed that the number of insect species 

ap adults was relatively small at the beginning (April) and the 

end (October), the peak in activity occurred in late July. The 

duration of adult occurrence in the field was shown to be,rela-

ted to the type of (adult) feeding habit: flower feeders tended 

to have short-lived populations, while insects feeding on leaves 

and stems persisted for longer periods. On the other hand, 

Mathews and Mathews (1970) who samp1e4 a New York mixed forest 

by means of Malaise Traps observed the greatest catches in early , ~, 

June and the smal1est catches in 1ate Ju1y. 

'" Thompson (1967) and Smith, Davies and Golini (1970) during 

their work on tabanids investigated the1r seasonal activity. ~ 

Thompson's study was carried out in the Great Swamp Nationaf 

Wi1d1ife Refuge in north-central New Jersey. He observed two 
h 

distinct type~ of seasona1 distributions: first~ the abundant 

~ 

species which increased rapidly to peak numbers, then declined 

at varying rates but p~ways more s10wly than they increased and: 

second, the common species found throughout the season in small 

numbers. A few species did not conform to either of these types. 

Smith, Davies and Golini (op. cit.) who worked in Algonquin 

Provincial Park, Ontario, discovered that sorne tabanid~ were 

) 



present from the first week of June until mid-Septernber, 

the major biting period was late June until early August 

during which the largest nurnber of species was present in ,the 

largest numbers. Seasonal.distribution patterns for those 

species which were captured in sufficient numbers to permit 

analysis were generally unirnodal and Most variations in trap 

or host collections could be attributed to variations in 

weather. 

The majority of the tipulids studied by Freeman (1968) 

had a single generation per year, although sorne were clearly 

bivoltine. In bivoltine species, the second generation of 

adults was generally more nurnerous than the first. 

-Turner et al. (1968) revealed that percentage natural 

emergence of the parasites Ravinia querula Walker and R. 

assidua Walker from the host puparia showed a,definite seasonal 
1 

trend. A higher percentage of the parasites emerged from the 

puparia in the m~ddle of the summer than did in early or late 

in the season, irrespect ive of the total amount of parasitisme 

Edgar's (1971) investigation of the wolf spider, Lycosa 

1uqubris (Walckenaer), revealed that changes in the vegetation 
\ 

were closely associated with changes in the seasonal distribu-

tion of this animal. Changes in.the state of the oak trees ,and 
/ 

the bracken in the habitat seemed particularly important because , 



, 
they in t"urn altered condJ.tions of shade. 

o 
The increase in 

the number of spiders in clearings in late May and early June 

coincides with the decrease in numbers to a low level in 

shaded wooded areas. 

5. Habitat Preference 

21 

Freeman (1945) stated thàt the majority of insects depend 

directly upon growing plants for shelter, food and breeding 

places, and the constitution of any insect population will 
.t\ 

therefore depend to a great extent on the type of vegetation 

, 
in the area under consideration. 

a 

Most insects taken during this study were inhabitants of 

grasslands (Cicadellidae and many' Diptera). Mushroom - inha­

piting insects, of which a number were taken, CO~d have come. 0 

from surrounding grassland. in which iarger nUmbe~~~USh~ooms 
grew. In addition, dung - inhabiting forms (StaPh~l~~dae and 

<many Diptera) could also fin~~itable breeding places in the 

fields. 

The author concluded that local vegetation determined the 

gen~ral character of the aerial fauna whic~ showed significant 
, . 

changes from rnonth to month. 

Juillet (1960) studied habitat preference in three families 

of~hymenopterous parasites: Ichneumonidae, Braconidae, and 

'~alCidae. Ichneumonids tend to be relatively large insects 
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capable of directed f1ight and are inclined to be most active 

where the vegetation is fairly dense. In s~ch a situation,~ 

one expects a microclimate with a low or a more uniform temper-

ature, high relative hurnidity, and low wind velocity. Braconids 

are mostly moderate sized insects capable of directed Llight 

and tend to be most active where the vegetation is partly open 

and where there is a high temperature, low ,relative humidity and 

low wind velocity. Chalcids are sma11 wasps readily carried by, 

air currents and seem to be most active in the open or partly 

open vegetational growth where the ternperature is at its maximum, 

the relative humidity at its minimum, and the Wtnd velocity is 
\, 

variable (this last factor appeared to have ~o influence on the 

flight of this group). 

Morgan (1964) studied microhabitat preferences of adult 

horn flies Haematobia irritans ,(L.). He observed that the flies 

preferred the,dark areas of bico1oured cattle during the day-

light hours and the black of the Holstein to the tan of the 

Guernsey. 

Martin (1965) indicated that pitfall trap catches of Diptera 

reflected differences in species composition and density between 
, 

the various stages of forest community development that are borne 
& 

out by studies in other strata. 'The greatest dipterous activity 

occurred in the monoculture s~ge where the~species were mainly 

4' 

1 

\ 
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representatives of Heliomyzidae, My~etdphilidae and other 
'; 

, 

fungus feeding forros. Fewer flie~were captured in the young 

forest stage, but the species complex was quite similar to that 

of the former stage. The two younger stages were represented 

by small numbers of flies, consisting mostly of rnetopiids, 

muscids, tachinids, and syrphids. 

Ground coyer appeared to be important: the loss of ground 

coyer in 1963 was reflected by decreases of 48 to 55 percent 

from the previous year in pitfall captures in the 1960 and 1950 

stands respectively. In older stands, where ground vegetation 

was not important to the soil surface fauna, the decrease was 

only 35·percent. With the use of flight traps the author re-

vealed that there occurred gr~ater insect activity in a pruned 

stand of red pine than in a~ unpruned stand. 

The beetle fauna in grass \ussocks was studied by Luff 

(1966) who disoovered that most species were temporary inhabi-

tants which occurred ih small numbers. Sirnilar numbers of indi-

viduals and species of beetles were found in tussocks of Dactylis 

. 
glomerata (L.) and Descharnpsia caespitosa (L.) but Deschampsia 

contained exclusive species associated with the marshy habitat 

in which it chiefly occurred, as weIl as some species which were 

common to Dactylis. The number df genera of béetles,found in 

Dactylis tussocks was sbnilar to that~Uqht in pitfall traps 

between tussocks, but the commonest species in each were different. 
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The density of Co1eoptera was higher in the tussocks than 

outside. 

General specificity in habitat preference for individua1 

families varies considerab1y. Freeman (1968) found that-ti-

pulids are generally very habitat-specifie and more species 

were found in wet and/or woodland situations than in dry and/or 

non-wood land ones. Tabanids on the other hand were observed by 

Smith, Davies and Golini (1970) to be abundant and fairly uni-

formly distributed in aIl four habitat types studied except one 

which was unusually favourable. With a few exceptions, (habitat 

preferences of Tabanidae are far more rigid) there are great dif-

ferences in the probability of encountering a given species in a 

given habitat. Tipulidae also have exceptions and Tipula scripta , 

Meigen observed by Freeman (op. cit.) in his study, was found in 

dry woodlands in July, it may possess an undiscovered behavioral 

pattern to avoid water loss. Alternatively, it may be able to 

detect iso1ated sàurces of water such as rot holes in trees. 

Mathews and Mathews (1970) and Bindlingmayer (1971) observed 

a great influence of'individual sarnpling sites on the quantity 

and diversity of insects captured. The first a~thors worked 

1 

with Malaise traps and one single trap out of a total df four was 

the most productive, obtaining 59 percent of the entire summer's 

collection. It also yield~d the greatest number of taxa. These 



f-' 

25 

resu1ts were not unexpected, for th~s trap was in by far 

the most eco1ogica11y varied of the samp1ing stations. Bid-

1ingmayer (op. cit.) stated that similar trap sites in,close 

proximity to one another often differ appreciably in the size 
, 

and composition of the catches due to physical objects and 

barriers. 

Kitching (1971) investigated the ecological importance of 

water-fi11ed tree hole habitats in a British woodland. He ob-

served six insect species which passed their immature stages in 

tree-ho1es. Five species were Diptera and the sixth a beetle. 

All the larvae were saprophagous and are largely restricted to 

~ree holes. The author concluèed that water-filled tree holes 

and their fauna have many direct and indirect connectidns with 

other parts of the woodland ecosystem. 

- 6. Co~rounity Structure 

This topic involves a large asure of theory and theore-

tical work and entails, in part, vestigation and discussion of 

these theories. Kennedy's (1928 investigation related the evo-

lutionary level of insects to th geographic, seasonal, and 

diurnal distribution. Insects va greatly in their speed of 

living or general metabolisrn. P~esiomorphic insects usually . " 
have a low rate of ~etabolism while apomorphic insects have a high 

e 
1 metabolic rate. Series of insects, from slow moving with a Ipw 
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metabolism to fast moving with a high metabolism tend to 

be found in environments of parallel energy intensities. Slow 1 

insects which are primitive occur in environments of low energy 

intensity - cool, shady or ev en dark surroundings; while fast 

insects - usually apomorphic - occur in light, hot environments 

of high energy intens1ty such as the tropics, midsummer or mid-

day. 

Wh1ttaker (1952), in h1s study of foliage insects invest-

igated Kennedy's theories. Speci~s were found to have distribu-

tions tapering along gradients through plant cornrnunities. The 

author noted a series of taxonomie trends, such as changes in 

___ Jrelative num~rical 1mportance of advanced beetles and primitive 
. 

\Elies; a trend in evolutionarY_leVe11with increasi~g represent-

ation of modern insect groups towards drier environments, a trend 

in food-hab1t composition of cornrnunities, with progressive changes 

in the ratio between fungivores and scavengers and herbivores of 

vascular plants an~ pollen feeders: a trenQ in fommunity diversitYi 

productivity of foliage insects was found to be correlated with 

the moisture/gradient. 

The results may also indicate something of the nature of 

order in natural communities, so to the moist, productive, 

ancient environment of the cone ~orest is matched the nematoceran­

dominated, productive, primitive and moderately dtLerse foliage 
~ 

insect community. 
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Al0n~ the moisture gradient there is a trend in richness 

in species with diversity maximal in intermediate conditions 
~ 

and decreasing toward both extremes, even the favourable mesic 

site. Whittaker (op. cit.) noted that environments most favour-

able for high productivity are not the most favourable for high -

diversity and vice versa. 

Hairston (1959) studied the organization of natural commu-

nities and discussed species abundance and community organization. 

He worked on the relative abundance of species of microarthropods 

in the soil of two s1milar co~~u~ities on a long abandoned fieid. 

Examination showed a continuous inversa relationship between 

abundance and clumping of more than one hundred species studied. 

The organization of the community results from the outcome of 

interspecific compet1tion .for available resources, and is ~x-

pressed both in relative abundance and spatial distribution of 

the constituent species. • 

Theoretical aspects of community structure were discussed 

by McNaughton and Wolf (1970) and Hurlbert-{197l). The former 
# 

authors expressed their belief that dominance, relative abundance 

of species in communities and~pecies diversity of communities 

. 
~ interrelated in the conceptual framework of ecology. They 

felt that while diversity and relative abundance have been pre-

'cisely explored, their re1ationships with the ear1ier idea of 

dominance have not been carefully deve1oped. It is obvious that 
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the abundance of species in a local area varies, and that 

diversities of communities are often distinct. What lS not 

obvious i5 how these differences relate to the organization of 
\ 1 

communities. 
~ 

Hurlbert (op. cit.) on the other hand states that species 

diversity per se does not existe He believes that communit1es 

having a different composition are not intrinsically arrangea-

28 

ble in linear orde~. on a div,rsity scale. He defined a few pa­

rameters with simpler and 'more d~rect biological interpretations 

than possessed by sorne commonly used ~iversity indices, but did 

not lntend that these parameters be adopted simply as a new set 
( 

of such indices. The fact that a particular index shows a cor-

relation with other properties of the community or environrnent 

is not evidence that the index is ~ither appropriate or useful. 

Evans and Murdoch (1968) studied a grassland community and 

interestin~ .data was obtained on taxonomie composition, trophic 

structure and seasonal occurrence. 

"\ 
They recognized thirty-one feeding classes, Diptera were 

~ ~ 

represented in twenty-three of these. For most of t4! season, 
1 

the ratio of the number of species with herbivorous larvae to the 

number of species whose larvae are earnivorous was found ta he 

fairly stable, suggesting that feeding relationships impose a 

pattern on the community which overrides taxonomie composi~ion. 
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Coulsen, Crossley and Gist (1971) 'worked with beet1es 

and compared two contrasting CQmmunities. The mu1tispecies, 

mu1ti-storied coppice canopy community contained more eo1eop­
~ 

tBra species (greater dive~ity} than did the monooulture of 
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white pine. \f.hile no seasona1 trend appeared in the white pine 

" ~ ~ 
community, the copp1ce habitat showed seasona1 trenns in diver-

, 
sity, redundancy and" evenness. The authors blame the 1ack of, 

seasona1 trend in the white pine co~~unity on restricted species 
n 

composit1on and fewer individua1s. 

Stebbings (1971) samp1ed the fauna from the upper, estuary 

of the R1ver Fal in Britain, the study area ranging from bare mud 

through salt marsh and salt pasture 

are subject to tida~ flooding. 

to oak wood1and, aIl of which 
~ 

To accomp1ish this, he measured the heights of the topogra-

phical features and also the stem base 1evels of a11 the plant 

species encountered. It was found that distinct changes occurred 

at certain levels. Thus the rnarsh was divided into three zones 

based on levels and faunal sampling was related te them. 

He obs~~ved that the faunal species were not representative 
c, 

of rnarshlands of southern Britain and were not indi~ative of sa-

line or brackish waters. The number of plant and animal species, 

however increased as the level increased. 

7 ' 

) 
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7. Vertical Cccurrence and Distribution of Insects 

Rice (1933) installed his flight traps at different 

heights and observed that the nlli~er of species captured in a 

trap suspended 60 feet above ground was greater than in sorne 

traps placed near the ground, but less than in other lowly 

suspended traps. 

F~eman (1938) and (1945) flew nets from rnasts of a beam 

wireless station from ground level up to 300 feet. In the former 

publication he reported an even distribution across the front 

although aggregations occurred in nets, especially at ground 

• 
level, often owing to the close proximity of host plants upwind. 

He also states that the pres~nce of large numbers of insects , 

( in the air throughout the greater part of the year indicates the· 

important part played by wind in their dispersal. In the 1945 

publication the writer reveals that the population consists 

rnainly of small, weak-flying insects of high buoyancy drifted 

inveluntarily by the w~nd. Diptera were most numerous near the 

ground. Those species of insects confined te ground-level oc-

curred less frequently than those taken at aIl heights. He clas-

sified the collected specimens into aerial and terrestrial forms 

accerding, te their vertical distribution. 

Lewis (1959) cornpared dîfferent coloured wat~r traps, cy-

• lindrical sticky and suction traps in his study of Thysanoptera. 
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He installed these traps at different levels over a wheat 

field. Up ta 48 feet, the aerial density of all species de-

creased with height, but the rapidity of the decrease differed 

beboJeen species .. 

Calna~do, French and Taylor (1965) who studied low altitude 

flight of Oscinella frit_(L.) used a vertical series of suction 

traps and emergency cages. They observed that the aerial and 

ground populations are directly comparable except that the total 

aerial population extends weIl above 30 feet and is therefore 

understimated oc 

Increased rain, wind or take-off lowered the mean height 

Of~ and together these factors accounted for 63 percent 

the variance. In the panicle generation, the wind speed again 

lowered the mean height of flight. 
t 

, Insect density generally diminishes with an increase" in 

of 

height. In general aerial circulation, wind determines the dis-, 

tribution of insects. Lower down there is a region, which has 
..... 

been ca~led the boundary layer (Taylor 1960), in which the insect 

bas control over its movements and from which it must break, free 

to use the wind as a m~ans of dispersal. Within this layer" the 

density gradient is not dependent on a turbulent convection of 

wind and tfe de~sity May be independent of height in the absence 

of specifie attractants. 

, .1 
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Alate aphids were captured by Coon and Pepper (1968) in 

air traps arranged at six different heights (6 to 26,feet) above 

ground. 
i. 

The total number of aphids captured at the S1X heights 

tested was greatest at 6 feet above g~ound. The total catch 

dropped above 22 feet. 
) 

Greenhead flies were observed by Joyce and Hansens (1958) 

to occur in significantly greater numbers at a height of 1.5 to 

3 feet above the marsh surface than at 3 to 5 feet. 

1 

1 

. . 1 
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c. MATERIALS AND METHODS 

1. Field Methods 

, 
'[ 

1.1 The Study Area and the Vegetation Survey 

The topographical map, Plate 1 (scale 1:250,000) 

J 
shows the study area and the exact location of the 

study plots. 

The plots are situated near Lake Caousacouta which 

is in the western Saint-Maurice River w~tershed in 

Québec. Table 1 appearing on ~age 35 is adopted 

from Price (1970). 

The vegetation survey was carried out towards the end 

of the sarnpling period. The height of each stratum of 

-{ 

the vegetation - canopy dominant, subdominant, under-

storey, etc. about each trap site was estimated, vege-

tation diagrams were sketched and the plant species 

were determined according to the nomenclature of Frère 

Marie-Victorin (1964). 

Other factors deemed important and noteworthy about 

each trap location were: the type of ground cover up-

on'which the trap was resting, Iconditions of shade, 

moisture~ temperature, general topography, the direction 

and the vegetation in the immediate vicinity of the trap. 

" , ""1 
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Table 1. Location and description of each study plot 

Plot Nearest North Lat. West. Long. Dominant Other Factors 
Lake Deg. Min. Deg. Min. Tree Species 

. 
V Caousa- 47 16 73 37 45 yr. Jack Pine Sandy plain 

couta 
) 

HWC Il 44~ 14 73 36 Birch & Poplar Hardwood Re-
generation 

BSC Il 47 14 73 35 Black Spruce Dense stand, 
, dry site 

, 

These features are detailed in the legend of the 

i 
vegetation diagram, Figures land 2 and the observa-

tions for each plot are included in Tables 2 through 5. 

When aIl the trap site observations fram a plot are com-

bined, they derno,nstrate very weIl the vègetative charac-

/ teristics and structure of that plot. The vegetation 

diagrams, Figure 2, ~re modified from Dansereau (1958) 

and they show qlearly the different vegetative types 

that prevailed in each plot. One notes the density 

and diversity of the plant-life in plot HWC as compared 

to that of plot BSC and plot V which is the driest and 

•• most sparsely vegetated of the plots • 

1 c 
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Table 2. Legend of the vegetation diagram and plot description 

A. Vegetation 

i 
ii 
iii 
iv 
v 
vi 

Canopy dominants 
Can9PY subdominants 
understorey 
Shrub layer 
Herb layer 
Ground cover 

B. General site conditIons' at ground level 

i 
ii 
iii 

iv 
v 
vi 't,-. 

Height con~itions - shaded 6 sunny or o'Pen above 
Temperature conditions ~ hot or cool 
Moisture conditions - very dry6 dry, mesic, moist 
or wet( 
General topography - fIat, undulating ,-' 
Slope - angle and direction 1 

Other features - close to road, water, etc. 

C. Details of trap location 

i Direction faced,by the trap 
ii vegetation immediately surrounding the trap 

1 
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Figure 1. Legend of the symbols used in the v~etation diagram 
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Table 3. List of plant spec~es, general s~te cond~t~ons and detal1s of trap locat~on for plot V 

A 
i 

li 
Hi 
iv 

v 
vi 

B 

Trap l 

PinM' divaricata 
{Ai t.) Dumont 

10 

Comptonia per~rlna (L.) 
Coulter (abundant), Kalmia 
IngM.tlfolia L.Vacc~nlqm 
anqM.tifol~ A~t. (aparse 
and low .hrubs) 

Cladonia Hill, Sphagnum 
Oi11 

i open and .unny 
ii hot 
Hi dry 
iv . nit 
v 0 

~ 

vi 

C 
i .a.t-w.st 

. il Cg!ptonia peregrina 
within nine inche. 

<:. 

Trap 2 

~ 
1 Plnus dlVarlcata 

li 
111 

lV Kalmla anqustlfolla, VaCC1-
nlYm myrtll101des M1Chx., 
~ L. (low but dense) 

V 

Vl Cladon~a 

B 
~ open and sunny 
1~ hot 
11i dry 
lV flat 
v 0 
Vl 

C 
i reast-west / 
11 vegetatlon wlthln SlX ~nches 

but falrly open 
i 

~ 

A 
1 

11 
~1~ 

1V 

V 

Vl 

B 
~ 

~~ 

.. 
Trap 3 

P1nus dlvarlcata 

Kalm~a angustlfolla, Vac­
clnlum angustlfollum, 
Vacclnlum myrtllloldes 
(sparse and low) 

Cladonla and'some Sphagnum 

open and sunny 
hot 

111 dry 
lV flat 
v 0 
Vl 

C 
i northwest 
11 sparse growth wlthln SlX 

lnches but generally clear 

A 
1 

~~ 

~l~ 

lV 

v 
V~ 

B 
~ 

1~ 

Trap 4 

P~nus d~varlcata 

Kalmla angustlfolla, Comp­
tonla peregrlna, Vacclnlum 
angust~follllm (low out 
dense) 

Cladonla and lltter 

open and sunny 
hot 

111 dry 
lV flat 
v 0 
Vl 

C 
1 "lorthE:ast 
11 clear for two feet around 

the trap 

t"' 

~ 
ID 
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Table 4. L~st of plant spec~es. general s~te cond~t~ons and deta~ls of trap locat~on for plot HWC, 

Trap l Trap j Trap 4 Trap 5 

A 
i Betula papyr~fera Marsh. 
ii Ab1es balsamea (L.) M~ll .• 

Populy. tremulo1des M1Chx. 
(dense) 

iii Acer spicatUDI Lam. 1 Abl.es 
bal ... ea (dense)-

iv Diervilla lonl.cera Ml.ll. 
Pt.rid1um agu1linum (L.) 
Kuhn •• Viburnum ca,s1noides 
L" Vaccinium anqust1foll.UDI 
Ait. " 

A 
~ 8etula papyr~fera (sparse) 
~~ Acer sp~catwn. Acer rubrum 

L .• Abies balsamea (dense) 

~~~ Acer sp~catum. Corylus ~­
~ Marsh. (dense) 

~v Pterldl.urn agu1llnum. V~burnwn 
cass~no~des. Corylus cornuta 

'-

-------------

A 
~ 8etula papyrlfera 
11 Ables balsarnea 

III Acer splcatum (very dense) 

lV Vl.burnwn casslno~des. Acer 
splcatwn (dense). Pter1d1urn 
agulllnum 

A 
~ 8etula papyrlfera 
~l 

~l~ Ables balsamea. Acer sp~catum 
and Acer rubrwn 

lV ~ splcatum. Corylus~­

nuta. Pterldl.~ agUl.llnwn. 
Dlerv~lla lonlcera. Vlburnwn 
caSSlnOldas, Sorbus amerlcana 
Ma.nn.All thl:!se planta are 
very dense 

v Aral1a nudl.caull.s L" Aster v 
macrophyllus t" Ll.nnaea bo­
real1s L. 

Arall.a nudlcaulls. D1erv111a v Ara11a nud1caul1s. Tr1enta- v L1nnaea borealls. Aster macro­
phyllus. Cllnton1a boreall.s. 

vi vi 

B 8 
i open. but one sl.Qé ls'hea- ~ 

vily shaded 
ii cool 11 

10n1cera. Aster macrophyllus. 
Cllnton~a boreal~s (Alt.) Raf .• 
Llnnaea boreall.s. Cornus ~­
dens1s L. (dense) 
L1tter and sparse polytr1churn V1 
commune L. 

8 
shaded 1 

cool 11 

ILS boreal~s Raf .• C11nton1a 
borea11s. Aster macrophyllus. 
V10la L. 

1r' 

very shaded 

cool 

Vl 

8 
1 

11 

Aralla nudlcaul~s 

Ll.tter. Tr1enta11s borea11s , 
Cornus canadens1s 

shaded 

cool 
iH moiat li~ m01st ~l~ mo~st- 111 mo~st 
iv slope iv slope lV slope lV Sllght slope 
V 10% .lope; northwest v 10% slope; northwest v 10% slope; northwest v 5% dope; northwest 
vi V~ Vl the trap lS ln a hollow on Vl 

the slope 

C ... C C C 
i east-west 1 northwest 1 northwest 1 northeast 
il ptetidium agu1l1n~ over- ~1 Aster macrophyllus and D~er- ~l the trap ~s completely over- ~~ overhung by ACér sp~catwn 

hAni the trap. Thar. i. vllia lon~cera wlthln 6 feet hung wlth vegetatlon. No of>, 

Ara ia nud1caul1' 1 foot 'way touch~ng. open on one slde plants are very close 0 
0 
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Table 5. L~st of plant spec~es. general s~te cond~t~ons and deta~ls of trap locat~on for plot BSC 

Trap 2 

A A 
i Pieea mariana (Ml.IL) BSP' ~ 

ii ~ marllan, u 

iii ~ marl.ana and Ables bal- ~i1. 
~ (L.) Mill. 

iv ~ gro.nland~cum Ceder., l.V 
"lmia august~folia L., Vac­
ciniym auqu.t~fol~um Alt., 
Vacc1nium -vrtillol.des Ml.chx., 
S.lix L., Amelanch~6r Med~c. 
(d.nse), Vlburnum cassl.no~des L. 

v v 
vi Pl.uro~~um schreberl. (Bnd.) V1. 

Mi tt., Cladonl.& Hl. 11 (dense) 

B 
~ 

B 

i~ ahaded ~ 

il. cool ~l. 

Trap 3 Trap 4 Trap 5 
A A 

1!!.ll lar~c~na (Du Ro~) K.Koch l P~cea mar~ana ~ f~cea Iftar~ana (qul.te dense) 
~ !?!l!.:~ (surround~ng and 
over the trap) 

~~ P~cea mar~ana and Ab~es ~~ ~ mar~ana (qu~te dense) 
balsamea 

~~~ P~cea marlana III f'~cea marlana (qulte dense) 

Kalm~a aU9ust~fol~a. Vacc~­

~ myrt~llo~des 

~v 

v 
D1.cranum Hedw. and leaf lltter V1. 

B 
deep shade 1 

cool 1.1. 

Kalm~a auqust~fol~a. V~bur- ~v 

num casS~no~des, Ledum grocn­
land1.cum. Vaccln~um ~~ 

t~fol1.um 

v 
Dense Pleuroz1.um schreber~ Vl 

B 
open l 
warm l.~ 

V~burnUm cass~noldes, Ame­
lanch1.er, Ledum groenlandl­
~, Vaccln~um auqust~fol~um, 

thlck Vacclnlum myrtllloldes 

Pleurozlum schreber~ 

shaded 
cool 

iil. lUOl.at ~l.~ .mo~st ~~l. rno~st ~l~ ItIO~st 

iv 
v<:: 
vi 

'c 
i 
i.i 

flat but tussocky 
0 
the trap l.S not ln & hollow 

northw.st 
th.r. are Wl.llows and shad­
bush within one foot of the 
trap 

" .\ 

l,v 
v 
Vl 

c 
~ 

~l. 

flat 1.V 
0 

~, 

v 
v~ 

C 
east-west l 
there lS very l~ttle vegetatlon ~~ 
close ta the tray except the 
bases of the trees 

flat ~v flat 
0 v 
the trap ~s s1.tuated ~n the Vl ,the trap ~s s~tuated on a 
m~ddle of a tussock 

northeast 
C 

~ 

there la Kalm~a aU9ust~fol~a ~~ 

w~th~n two feet 

tussock 

northeast 
Ledum groenlaryi lC'.lITI and Kal­
~ aug'lsèl fol~a touch~ng 
the tray and s~x lnches away 

~ ... 
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1 

The Trappinq Technigue 
\ 

Window flight traps were uSêd, Plates 2 through 5. 

They consisted of a pane of glass a foot square. held 

vertically, with the base in a pan containing water 

and' detergent as a wetting agent. The pan was placed ' 

on the ground. amid the litter and vegetation and wire 

clips held the glass upright. In this way, the habitat 

was altered very little, and insects were captured u~der 

natural conditions. 

Start~ng on June Il, 1970, when the traps were first 

placed in the flel~ the traps'~ere emptied at weekly 

intervals. Each pan was emptied into a piece of very 

fine dacron screening which was placed with the contents 

into a label1ed jar containing 70 percent ethanol. At 

this time the water in the pan was replaced, the wètting 

agent added, and the pane of glass was washed. Approxi-

mately 100 grams of salt was added ta the trap as a 

preservative. In this manner the data was collected 

weekly until August 19, 1970. The date used on the labels 

of the vials was the date on which the trap was set up 

and ready for the coming week's sample (Table 6). 
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Plate 4. Plot V 
v 
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. .., 
Plate 5. Window flight trap in an open site 

typical of plot V 
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Table 6. 
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. -

Exp1anation of the term "Week Number" and corres­
pondingldates of each week during the summer of 1970 

u 

Samp1ing during Summer 1970 

Trap set up on: Samp1e gathered on: Week Nurnber 

June Il June 17, 1 .. 
June 17 June 24 2 

June 24 Ju1y 1 0 3 

Ju1y 1 Ju1y 8 4 

Ju1y 8, Ju1y 14 5 

Ju1y 14 Ju1y 21 6 

Ju1y 21 Ju1y 29 7 

Ju1y 29 August 5 8 

Augu;st 5 August 12 9 

August 12 August 19 10 

August 19 August 26 Il 

, 
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At the beginning of the field season, trap sites 

were selected where the pan of each trap would remain 

horizontal in order to prevent overflow of the water. 

Care was taken to have each window trap become an inte-

• • <41 • 
gral part of the 1mmed1ate hàb1tat with the minimum of 

disturbance. These criteria determined how the traps were 

'placed and the direction they faced, but in the final ana-

lysis the directions faced by the traps in each plot 

compared very weIl. 

Traps were placed so that they sampled each plot as 

thoroughly as possible, for e~mple, in plots HWC and 

BSC where different conditions of shade, vegetation den-
o 

sity and types existed, the five traps of each plot were 

placed in each situation. On the other hand, in "the 

uniform jack pine stand of plot V where aIl cpnditions 

are very sirnilar, Othis was less important and the,refore 

the ten traps were mounted in a straight line, approxtma-

tely 10 meters apart. 

a 
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1.3 Weather Data and Heteorological Observations 
P , 

The study plots are close to one another, Plate 1. 

A Stevenson's Shelter with its thermohygrograph situated 

in the center of plot V also served for the ot~r plots. 

Thus the microclimates'of plots HWC and BSC were not' 

recorded. The weekly average, mean maximum and minimum 

ternperatures were computed from the daily thermohygrograph 

data of plot V. These values were plotted to show the 

weekly temperature trend, Figure 3. 
\ 

Resul~ obtained from the randomized complete block\de-

sign analysis and Duncan's new multiple-range test per-

formed" on plot V allat..red calculation of correlation coef-

ficie~ts between the average number of flies caught each 

\ ----week and the mean maximum and minimum and average temper-

atures. The corresponding student's "t" values were 

obtained for each of these correlation coefficients. 

The study on the Rhagionidae entailed computation of 

day-degree temperature surnmations above the threshold 

(Maxwell and Parsons 1969). The mean daily 

temperature was calculated from the daily minimums and 

maximums. ~he following are the sources from which this 

temperature data was extracted during 1970: 

,-
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so 

a)' temperature summation during April until May 24th 

inclusive, temperature data from the weather station 

at the Mattawin Dam (Barrage Mattawin), the Monthly 

Record of Meteorological Observations in Canada, 

April and May 1970, was used; 

b) from May 25th until June 3rd inclusïve, temperature 

accumulatioh#was computed from the Stevenson's Screen 

c) from June 4th until the second week of sampling when 

Rhagio mystaceus reached a peak in activity, temper-

ature data from the Stevenson's shelter in plot V 

was used. 

This rnethod is subject ta error (~~dréwartha and 

Birch,1954). It was found that the use of hours 

degrees is much more exact than the concept of day-

degrees be'cause on occasions when the minimum dai1y 

ternperature is lower than the threshold it is un-

realistic and inaccurate ta use the mean temperature . 
for the full day ta estimate the amount of development. 

For the purposes of this work, however, in which part ~ 

of the ternperature data cornes fram a weather station 70 

miles away (Barrage ~~ttawin) and part fram ~he Lac Nor-

mand Field Station, 40 miles away from plot V and the 

"" ' remàining data from plot V, the approxima~ion th~s 

obtained i5 sufficient ~d the most feasible. 
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Table 7. List of weather stations and dates from which the 
temperature~sumrnation (day-degrees) was computed 

Date Origin 

April Barrage Mattawin 

May 1-24 Barrage Mattawin 

May 25-June 3 Lac Normand Station 

June 4-24 Caousacouta Plot 
, ," 

total 

(Day-degree~ F. above 42°F) 
Temperature Accumulation 

22 

108 

118.5 

298.0 

546.5 

.. 
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2. Laboratory Techniques 

In the·laboratory, the specimens were transferred from the 

jars to labelled vials containing 70 percent ethanol. Before 
( 

identification, the Diptera specimens were placed in ethyl ace-

tate for approximately 24 hours. They were then spread on a 

glass petri dish and allowed to dry. Keys from Barror and De 

Long (1964) \Vere used to identify to the farnily level, then keys 

from Curran (1965) \'lere used for identification to the genus. 

Specimens were also pinned and compared with specimens in the Lyman 

MUseum at Macdonald college to obtain the generic and in sorne 

cases the species name. 

Four traps were chosen for analysis from each plot to reduce 

the work load involved in handling and identifying 50 many spe-

cimens. This \."as done keeping the trap directions in mind 50 that. 

orientations were similar in each plot and valid cornparisons were 

thus made possible between the plots. In order to conform to the 

plot nomenclature as established by price (pers. comm) and the 

Lac Normand Field Station research staff, the trap numbers were 

not changed 50 that the following traps wer~ chosen for the pre-

sent study:-

" plot traps l, 2, 3, 4 from V 

traps l, 3, 4, 5 from plot HWC 

traps 2, 3, 4, 5 from plot BSC 

-II'. 
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D. RESULTS 

1. ,Comparison between the Three Plots 
\ 

'\ 
1.1 Seasonal Catch of Diptera (see Figure 4) 

This section compares the total number of flies caught 

, 
in each plot which represents a different habitat type, 

during the summer of 1970. This exercise is very im-

portant because much of the following analyses and 

discussion are based upon the assumption that different 

community types will differ in their insect fauna -

numbers and species composition. 

The graph shawn in Figure 4 best depicts the magnitude 

of the differences existing in the seasonal catches of 

the three plots. The total catch of Diptera for the 

summer of 1970 is 36,020. Spaces along the horizoQtal 

axis were reserved for each plot, while the- y-axi~ 

demarks the number of flies captured during the sampling 

period of 1970. 

1.2 Seasonal Activity 

1.2.1 Diagrarns of Individual Trap Catches for Each Week 
through the Season 

A vertical logarithmic scale of the histo-grams, 

(Figure 5) shows'clearly individual trap efficiency 

for each plot through the sampling season. Each 

column represents one trap and each individual dia-

gram includes the four traps of that plot arranged 

in ascending numerical order. 
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• Figure 5. Histograms of semi logarithmic sca1e representing 
~he trap catches for each week's sarnp1ing during 1970 
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Logarithrnic scales were used for the vertical 

axis to ~ake the figures more manageable and 

easier to represent on the same page. The numbers 
aJ 

along the vertical axis represent,the number of 

flies captured. 

Spaces were reserved along the horizontal axis 
'1:. 

t 
for each of the elevén weeks of data collection • 

. 
The diagrams enabld ea~ 

> 

l 

comparison of the figures 

J. 

and show definite tre~ 
# (Î' 

of weekly plot and in-

dividual trap captures. 

Comparison of Weekly Meteorological Observations 
.!:w:..:i::..t:::,;h~.:.:Ttl~e::.;:e::.:k~l:::..Ly--::;D:..::i::-Jpl:;:".t=e~r,-=o::..;u::.:s=-.;A:.::,;:c:..:t::..;~=-· v..:..=i-=t:...lY:"-;~::;· n:.=.-..:P...;:l:..::o:::,.t=-....::v_____ ~ 

A comparison of Figures 3 and 7 shows clearly 

the dependence of dipterous activity in ~lot V 

on temperature, the patterns of aIl three; ~ean 

maximum, average and mean minimum ternperatures 

bear a strong resemblance to the pattern of sea-

• 
sonal activity of aIl the Diptera of plot v. 

~here is ~ dip of the temperature values at the 

third and sixth weeks, a peak at the seventh and 

the mean mpximurn t~mperature also reaches a peak 

at the ninth week, Figure 3. 
{ 
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Results obtained from the randomized compJe te 

block design analysis and Duncan's new multiple-

range test (Steel and Terrie
o 
1960), perfermed 

on plot V a110wed calculation of correlation co-

efficients between the average number of flies 

caught each"week and the mean maximum and mini-
1 

\ 
mum and average temperatur~~. The ~orresponding 

student's "t" values were obtained for each of 

these correlation coefficients: 

1.3 Investigation of Trends in the Evolutionary Level 

.. 

The plots in Table 9 from left to right are arranged 

along a decreasing moisture grad~ent, i~~. plot IIWC is 

the most humid'and plot V, the driest. Plot BSC quali-

fies between but it is much closer to plot ffiqC •. 

The ratios were computed by dividing the percentage 

composition of each plot by the lowest percentage of 

that suborder or ~roup observed between the three plots. 
~. ,-

Figure 6 is a diagrarnrnatic r~pr~sentation of Table 9. c 
< -

~ 
The plots were, arranged along ,t.~~, same, decreasing moi~-

ture gradient. It expresses in a visually vivid fashion 

the trends of the evolutionary level from the mesic 

plots towards a drier erivironment. 

o 
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Table 8. Correlation coefficients~and corresponding student's 
Il t" valués between the f,lies caught each week and 
the corresponding temperature values 

Correlation Student' s Q 

Coefficients "t" values 

** 
Mean maximum temper~ture 0.6903 8.5811 

** 
Average temperature 0.6331 7.3620 

0 

** 
Mean minimum temperature 0.4564 4.6150 

Table 9. Ratios computed from the percentage compositidh of 
1 -

each group of the total catch of Diptera 

Ratios and Percentage of the Total éatch 
Suborder or group 

HWC BSC V 

Nematocera ,- 3.9 42.4% 3.7 40.5% 1.0 Il.0% 
~ 

1 

Brachy,cera 1.5 8.7% 1.0 5.~" 2.3 13.7% 

Aschiza 1.4 31.4% 1.2 26.4% 1.0 21.9% 

"" 
Cyclorrhapha 

Schizophora~Acalyptrate 1.0 7.1% 1.2 8.8% 1.2 8.8% 

Calyptrate 1.0 10.4% 1~8 -18.5% 4.3 44.3% 

\ 
't 
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Figure 6. 

SUBORDERS 

CYCLOUHA'"A 

DIVISION-

ASCHllA 

DIVISION 

SCHIZO'"O.A 

SECTI ON 

ACALYPUATAI 

CAL "'TlATAI 

D1agrammatic representation of Table 9 showing 
the composition of the various dipterous groups 
in the 3 plots 
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1.4 I~vestigations of Food Habit Composition ~~ong the 
Diptera of each Community 

60 

For this purpose families of Diptera whose food habits 
"1 

are weIl known were chosen. Families of f~ies such as 

Muscidae which have a very wide range of food habits 

were not used in this study. 

The classification of the food groups is slightly mo-

dified from Whittaker (1952) 

1) fungivores and compost feeders, 2) scavengers, 

3) predators, 4) vegetarians, 5) pollen feeders and 

6) parasites. 

The criterion of food habit was chosen from the most 

'" important or'best known feeding stage of the insecte 
1 

Ernpididae, for example, which are weIl known for their 

predaceous habits as adults and are known as Bcavengers 

in the larval form are considered as both, and they are 

included in the ratios of both these trophic levels. 

~phydrids have been considered as vegetarians for this 

-
study. yegetarians include leaf miners and gall flies, 

in general; those insects feeding on living plants, 

excluding fungi. 

, 

2. Cornparisons "'li thin Bach Plot 

2.1 Comparison of Different Tr~D Dir~ctions 

For each plot, in order to test for this criterion, 
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traps were chosen which had sirnilar conditions of 

~shade or lack of cover and similar surrounding vege-

tation sa that they differed only in the direction they 

faced. 

The foûr traps of plot V fulfilled the above conditions. 

The only difference among thern was their orientation. 

With each trap considered as a treatment and sarnpling 
, 1 

weeks~as blocks, a randomized complete-bloc~'design 

analysis was carried out. A Duncan's new multiple-

range test was also perforrned., 

( 

In plot V, trap-dlrection did not influence the capture 
~, 

of Diptera significantly,." The reason for carrying out 

this analysis was also to emphasize statistically, and 

it does, the fact that fluctûations of weekly catches 
~. 

are highly significant. Duncan's new multiple-range 

test simiqarly fevealed no significant difference 

between trap directions. 

~In plot m~c, traps 3 and 5 were chosen for this purpose. 

An analysis of variance was performed'~nd these were 

homogeneous. AT-test showed that we do not reject 

the null hypothesis at any statistical level so that 

here too, trap direction was not an important-factor 

influencing the total captures of these traps • 

. -
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From plot, BSC, trap 2 was compared to trap 5. The ( 
~ 

variances were found to be homogeneous. Similarly, 

trap direction had no effect on the total catches of 

these traps. 

~ 

2.2 Comparison of Different Conditions of Traps in the\ 
Open, Shade and Deep Shade , 

Since it has been shown by the previous analysis that 

trap direction didnothave any influence on total trap 

• captures it was decided to investigate different condi-

tions of light and shade. Also in analyzing these cri-

teria the factor of trap-orientation can be ignored. 

~ -
It has been shown by the randomized complete-block 

design analysis of plot V that weekly catches for each 

trap differ highly ,significantly. Therefore, one glance 

at the weekly fluctuations of plots HWC and BSC (Figure 7) 

shows that these are highly significant. 

This means that plots HWC and ESC qualify for a Duncan's 

new multiple-range test. Table 10. 

Traps underscored by the sarne line show no significant 

1 difference among them. Traps 4 and 3 from plots HWC 

and BSC respectively which are in deep shade, lie apart. 

not underscored by any line. These two traps are signi-

ficantly different from the others in their respe~tive plots. 

\ 
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Figure 7. Weekly occurrence of the total Dipt~a sampled and 
of Phoridae and Mycetophilidae considered together , 
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Table 10. ,Resu1ts of Duncan's new multiple-range test comparing 
the mean,weekly catch of each trap 

" '-

c' 

plot v-csJ plot HWC plot BSC 

'J'rap NUrnber 2 4 1 3 1 3 5 4 4 5 2 

e 

3 

Mean Catch per week 55.6 57.4 63.3- 67.4 JI 194.1 455' 462.4 1106.3 1161.6 168.3 177.3 306.1 

Total catch 2,679 24,395 8,946 

The numbers not underscered by a line are significantly different ftem ethers ih the sarne plot. 

0\ 
~ 

.. 
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3. Seasonal Activity of the Observed Families of Diptera 

~iCh plot, over the SWfu~er, differed in the total number 

~lies of Diptera observed; to test whether this was signi-
-' ---. 

1 

1 

ficant or not, a Chi-Square analysis was performed. 

No significancewas observed, the data are gé~erally con-' 
• • 

sidered as agreeing with" the expectation, that is each plot will 

yield the s~e nl,llllber .pf dipterous families. 
c 

The differences 

between "observation and expectation might weIl be due to chance 

alone (crow , 1966). 
;. 

The families represented by the seasonal activity diagrams 

(Figures 8, 9 and 10) 1 comprised 84.9 percent of aIl the flies 

caught that surnmer. The act1vity patterns of the flies demons­
,/ 

trated possible r~tio~s1Üps between fëUJlilies and also" the 

nurnber of peaks,of activity and the period of the summer during 

which they occurred , revealed valuable evolutionary trends. 

4. Relationships Between Families of Diptera 

A definite resernblance in activity patterns was noted 

between the following families: Dolichopodidae, Drosophilidae. 

Mycetophilidae and Phoridae. A predator-prey relationship was 

suspected with the dolichopodids as pre~ator and the other farni-' 

lies as prey. Plot HWC was chos7n for ananalysis of this possi-

bility because of the great abundance of individuals of these 

families in this plot. 

Coefficients of correlation, ri were calculated ànd their 

corresponding student's lit" values obtained. 
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Figure 8. Weekly occ~rrence of families of Diptera 66 
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Figure 9. Weekly occurrence 
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Figure 10. Weekly occurrence of Rhaqio mystaceus and 
Chrysopilus guadratus 
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2. study of the Rhasionidae 

, The rhagionid family was studied in greater detail and . , 

'in the study area is oomposed of two species: Rhagio mystaceus 
, Q 

(Macquart) and chrysopilus quaqratus (Say). ~ FactorE' such as . 
\ 

sPecies abundance in the plots and individual trap site variation 

withirt a plot were 1nvestigated. Seasonal activity patterns 

. 
of each speci~s and the use of day-degrees accumulation above 

a threshold' o~ 42°F for R. mystaceus (total of 546.5 day-degrees - , 
, ) 

until, its peak of activity) Table 7 \1ere used l/}1, disc;ussing 
'c' 

habitat preference of these lnsects and their place on the evolu-

tion scale. 

Jt . 
An anatysis of var~ance Vias ?€rformed betweeû plots V and 

HWC ~rid. found to be heterogcneous. Therefore a modified T-test 

. , . 
accordiItg to Cochran and Cox (1957) \'1as appl ied and no significant 

difference was observed between the T-values. 

~n Duncan's new multiple-range test performed on plot V 

(Table 13), traps underscored by the sarne line are not signifi-

cantly different. 

, . 

1 , 

, .\ 
,." 

'\ 

~ , ( 

/ 
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Tablé Il. Correlation coefficients and corresponding student's 
"t" values between Dolichopodidae and the fo11owing 
familles: Drosophilidae, Phoridae and Myeetophilidae 

Correlation Student's 
Coefficient " tU va;Lues 

a~ Drosophilidae " ** Dolichopodidae 0.9721 12.4362 
Il and Ph'oridae 0.8637' 5.1421 *~ 

Il ·,(,and Mycetophi1idae 0.7944 3.9243 ** 

Table 12. Occurrence of rhagionid species in the 3 plots 

Il Plot V Plot HWC Plot BSC 

. , 
Trap ~ l 2 ,,3 4 l 3 4 5 2 3 4· 5 

t. 

Rhagio mystaceus 47 5~ 25 68 28 37 25 27 7 4 5 2 
> 

Chrysot5ilus guadratus - l - - 9 9 5 4 2 - - -0 

. 
Trap Totals 47 51 25 68 37 46 30 31 9 4 5 2 

Plot Totals - 191 144 20 

\ . 
Table 13. Duncan's new multiple-range tfst within plot V for 

catches of Rhagio mystaceus 1 
l (i 

Trap numb~r V3 VI V2 V4 

Weekly average catch 

of B. Hystaceus 2.27 4.27 4.55 6.18 

, 

,~ 

'J\ 
The nUPlber s not under scored by a line are significantiy different 
from others in the plot. " same 

) 
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E. DISCUSSION AND CONCLUSIONS 
~ 

Window flight traps caused a minimum arnount of disturbance 

to the habitat and proved to be very efficient and versatile -

capturing insècts of aIl sizes. The traps yielded a consider-

able &mount of material (36,020 Diptera alone) and for the pur-

pose of the present investigation, the specimens were identified 

to the ;farnily level. 

The assurnptions and discussions that follow will bear in' 

mind tha~ ~dentif~cation to the farn~ly level only l~mi~conclu-

sions, and that the families are composed of an unknown number 

of species. Therefore, unless otherwise stated, differences 

in the number of flies observed (e~ther from one plot or trap 

to the other) will not reflect different populations of one or 

a few species but that of individuals in that farnily. 

'" - Th~ use of only oné trapping technique did not allow a 

determinatio~ of efficiency for t~e w~nd?w traps in the hab{tats 
_ l>, 

sarnpled. Th~s makes it more diff·icul t to de termine whether 
Il 

weekly fluctuations ~ the catches were due to population changes 
\) 

or t,o changes in activity.. The outline of many of th~ activity , 

patterns is evident, h~ever4 and makes interpretatibn easier. 
, 

Also, according to Price (1971) ,.who used this trapping method 

() 

to sample ichneumons parasit~c on the jack p,ine sawfly, Neodiprion 

.\ 

swaine~ Middleton' in this very sarne jack.p~ne stand at Lake C,ao~-

sacouta, it was fQund tha~ re3ult~ thus obtalned correlat~d weIl -{'oU'-" 

• 
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with absolute estimates for parasitoid populations obtained 

from emergence traps and soil samples. He felt that the window 

flight trap was very useful because it sampled parasitoids 

of both sexes and covered a good range of population densities. 

Plot V yielded the lowest number of Diptera, Figure 4. 

Conditions in this plot are very different fram those prevalent 

in plot ffi'lC, Figure 2 and Tables 3 through 5. There is only 

a canopy dominant layer and the plot is open to sunlight; 

therk is little plant species diversity and very little under-

growth. As a result it is a hot and very dry stand, more 
1 

directly influenced by ternperature fluctuations and wind. The 
" 

i 
soil in this plot is sand and ground cover is sparse. The 

irnpbrtance of 'ground cover with respect to the"ability of the 
~ , 

habitat tO'support dipterous population was indicated Dy Marti~ , 

(19651) • He discovered that 10ss of ground cover in 1963 was -, 

reflécted in decre~ses of 48 and 55 percent from' the previÔUs 
, c 

year in pitfall captures in the 1960 and 1950 stands respectively. 

In older stands,' where ground vegetation was not important to 
~ 

the soil-surface fauna, the decrease was only 35 percent. ,Cal-

naido, French an~ Taylor (1965) o~ the other hand observed that 

,.tr Oscinella frJ.t, aerial and grçund populations are directly 

comparable except that the tota1·aerial population extends 

weIl above 30 feet and is the'refore understimated . 
~ , . ,-

~ .. j)""lJ\ .IV-.r 

\ 

, 

'. 

.. 
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These factors result in a poorer habitat in plot V for 

Dip~ adults and larvae. Many fly larvae prefer a humid or 

watery medium (Oldroyd, 1966) and almost aIl thrive in a more 

or less hurnid environrnent. The larvae of fungus gnats, Myceto-

philidae for example prefer the damper, cooler and more shaqed 

environment of plot .HWC and as a result are captured there in 

much greater nurnbers as adults than in plot V. 

Traps in plot HWC caught the most D1ptera because, presu-

mably, i~ is also the most d1verse habitat. There is a great 

divers,i ty tl}e plant species compos.Ï:'ng the different canopy 
, 

stratai nse undergrowth provided the right conditions of mois~ 

ture and These factors resulted in a higher population 

"and inereased aetivi~y uf Diptera, refl~eted by th~ tpap~atches. 

The understory of shrubs an~ small trees shielded ~lot HWC from 

air <;urrents. 

,The number of flies eaptured in plot BSC lies between that 
... 

of plot V and plot HWC. ConditiOns in plot BSC were also'between 

those of th~ other two plots. While there are more eanopy layers 

than in plot V and more plant species., the undergrowth is more 

\ _ l .. 

sparse than that bf plcrt HWC and cthere are fewer plant speeies,. 

". , 
than "in plot ID~C. The co~ifers oceur in clurnps which shield 

from the wind to a lesser extent than the understories of plot HWC. 

More s?ade and hurnidity.~s provided in plot BSC ~h~ in plo~ v. 
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, 
Ground cover surrounding these traps was-dense moss, trap 3, 

however, was surrounded mor~ by leaf litter. 

Quality of the habitat i5 extremely important in supporting 

populations of Diptera and/or promoting their activity. It 

would seem that the greater ~he variety of 'plant species and the 

more canopy strata presoent in ,a habitat, the greater the popula­

tion and/or the greâter the activity of Diptera. These factors 

alone, h,?I,oTeVer, may not be more important than others 's4,ch as 

optimal conditjons of humidity, shade and shelter which result 

from the vegetation of plot HWC. 

~artin (1965) compared various stages of community develop-

ment ~n red pine ~lantatio~5. ~e states that the greatest dip-

terous activity occurred in the monoculture stage and that fewer 

)' \ 

flies were~captured in ~he you~g forest stage, but the species 

complex was quite sirnilar ta that of the former stage • 
. ;,Ij' 

From Figure 5, o~e ~bserves ~at plot V ?as no recognizable 

pattern among the four trap catches from week ta week. Th,é weekly 

fluctuations qbserved'can be accounted for by fluctuations in 

weather conditions and.by phenology of the different species that , 
\,0 

composed the famil~es sampled~ 

AlI trap locations a~e very similar in this plot and the 

results o~tain~d agree W;>h the expectation that no one trap should 
, .. ~ 

c~sistently c~tch more or fe\-ler insects than the other traps in 

the same plot. 
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P10t HWC offers a completely different picture from that 

of plot V. The s~apes of the histograms of plot HWC remain al-

most constant. Only at the fifth week is there a noticeable 

change among trap catches. This can be explained by the greater 

capture at this tirne of Phoridae, Mycetophilidae, Sciaridae and 

Anthomyiidae by trap 5. Distribution at week 6 resembles week 1, ., 
\~1\ile weeks 7 and 8 are similar. 

" y 
' .... _--- ./" 

. Trap location in this plot was very important in catching 

fli~s. Sorne locations were more productive than others. This 

'" .' expiains why one trap, trap 4, caught consistently more Diptera 

than the others. It was situated in deep shade and possibly 

, these conditions were preferred by flies or they could not see 
. 

the glass barrier as readily as in the open and therefore'were 

more easily caught: The surroundings of traps 3 and 5 resembled 

one another. Their location was not as favourable so they con~ 

sistenly caught fewer flies than trap 4. 
. , .. 

, 
Trap l, situated in 

the open, consistently caught the fewest Diptera.of any/of, the 

traps examined in this plot. 

Histograms of plot BSC bear sorne characterist~cs of plot V 
~ 

• 

and of plo~ HWC. Consistency exists in that trap 3 caught more , 
~ 

. . 0 
fliès th an t~e other traps ~uri~ rnos~ of th~ summer. This domi-. 
nance in'~he 'trap catches' i9 not as· clear eut as that ~f trap 4 

i~'plot miC.· Therefore in plo~ DSC the most productive location 

was that. of trap 3. 
" \ 

The ot~er traps vary considerably from week 
.? 

,~ ~ 

to week.althoughltrap 4Jseems to consistêntly catch the fewest insect: 
1 " 

, , 
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Trap locations in plot V are the most homogeneous with 

respect to catches of Diptera, plot BSe is not as homogenous 

in this manner and trap catches fo~ plot mie are the least homo-

geneous. AlI three plots are affected by the sarne basic factors 

such as weather conditions and insect phenology. The additional 

factors such as vegetation species composition and canopy layers 

are simplest in plo~ V and are the sarne for aIl the traps in 

~~is plot. There is an increase in tpe complexity of these en7 

vir~nmental factors in plots BSe and ffiie and they vary from one , 

trap to the other inside each of these'plots. ' 
1 

From Figure 7, thr~e peaks of acitivty are clearly visible 

'i in plot V. The dip at the sixth week is pr9bably due to a de-
~ .... .,..v.... c 

crease in the weekly me an maximum and average temperatures. The 
1 

over-all aspect of the activity char~ shows th~t it coincides 

quite weIl with the weekly temp~rature' fluctuations. The peaks 

""" at ~eèks 7 and 9 can be explai~ed partly by emergence and in-
r 

;' 

creased activ~ty of parasitic tacmnidS, Figure 8, and aiso by'an 

" 
increased rnean maximum t~mperature, Figu~e 3 • 

..... 

There is one huge peak of activity in plot HWC at the fourth 

week af,ter a sharp increase from week 1. The shape of this 

) grap~ is d~e ~ainly to species of two e~tremely numerous 1;amilies: 
( 

Mycetophil'dae and Phoridae which emerged at the beg,inning of the 

r 1 
season and saw peaks in activity at the fourth \'Ieek,.and ,also at 

the œnth week, Figure 7 . 

. , , 

. -

.. 
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" 
The pattern of the activity chart for plot BSC is also 

explained by seasonal activity of mycetophilids and ph~rids. 

Plots HWC and BSC differ campletely from plot V., Plot V 
J~1 • 

has different peaks/~troughs at different weeks and fluctuates .. 
less abruptly than either of the other stands. The reason for 

this is that in plot V numbers of ~yc~tophilidae were negligible. 

Emergence and activity of tachinids were important in forming 

the peaks, especially at the seventh and ninth weeks. 
.. 

There is a similarity in the activity patterns of the three 

Plot~om the seventh week to t~e; end. This may be due to the 

overr~ng influence of temperature over the phenomenon of life 

cycle and biology of the different species. 

The importance of temperature fluctuations upon weekly 

catches of flies in plot V was examined more closely by means 

of correlations and their corresponding student's "t" values. 

, 
In each caSe the difference between t-calculated and t-ta-

bul~ted is highly s~g~iricant. Therefore there is hig~ corre-

lation between weekly activity and weekly mean maximum, ~inimum 

ançi average temperature's. It can be concluded that in plot 'V, 

. 
temperature appears to be an important factor·which regulates 

activity of Oiptèra. 

There is vaFiation among the coefficients of correlation. 

The highest correlation coefficient, 0.6903, was obtained with 
.c' 

\. 

l . ~ 

r 
) 
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" the weekly mean maximum temperature, the second highest was 

that obtained w~thothe average temperaturei r = 0.6331. 

Correlation of dipterous activity was lOwest with the weekly 

mean minimum temperature; r = 0.4564. These differences 
1 

among the temperature correlation coefficients are not unexp~cted. 

One expects flies to be more active in flight when the temper- . 

ature is higher than when it is cooler (Lewis and Taylor, 1967). 

The present data 'suggest that the flies were more active while 

the temperature was ~ear its maximum, especially specie~of ca­
'Jr, 

11 

lyptrate flies and asilids which were more act~ve during the 

warmer weeks·of the êampling season, Figure 8. 

The data do not allow exact deterrnination of a threshold , 

temperature except that catches were muchlsmaller at weeks 3 

and 6 when the mean maximum temoerature went down to 67 0 F (com-
, -

parison of Figures 3 and 7). 

The Diptera-activity graph of plots HWC and BSC demonstrates , 
that weekly sampling of Diptera in these plots was~n6t nearly 

as dependent on temperature as that in plot v. In plots HWC 

and BSC the effect of the phenology of Mycetophilidae and Pho-
) 

ridae overrode the influence of ternperat'.lre on the catches. 

The Jack pine cornrnunity of plot V is simple and temperature 
" 

fluctuations are much more likely ta affect insect activity. 

There is only one canopy layer in plot V \vhile the other plots 
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have two or three: Figure 2 and Tables 3 thr?ugh 5. There' 

is virtually no undergrowth in plot V as it is rnostly sand 

w1th sparse lichen growth anq lowbush and Canada blueberry, 

Vacc1nium angu~tifolium Ait an~ V. myrtilloides Michx. respect-

J 

t1vely. This resulted in plot V being rnuch more exposed to sun-

light or c~oud-cover and wind. This probably. resulted in grea-

ter' temperat4re fluctuations th an in plots ~SC and HWC where 
'-

thicker vegetation provided more' protection from wind and grea-

ter shade and hum1dity which were a moderat1ng influence. 

Also in plot V the greatest proportion of the dipterous 

fauna was composed of thermophilo~s calyptrate muscoids ~nd 

certain heat-preferring brachycera~ such as robber-flies, while 

, 
in plots ffivC and BSC the largest percentages were made up of 

shade and moisture-loving nematoceran families and phorids , 

(Table 9 and Figure 6). These mbre primitive insects thrived' 

in the different micro-climatic conditions p~evalent in plots 

HTtlC and BSC. 

Kennedy (1928) suggested the distribution of insects in 

space, season and day in correlation with the intensity of 

inse~t metabolism on one hand and energy intensity of the envi-

ronment on the other. He states that primitive insects usually 

have a low rate of'metabolism ahd very evolved insects have a 

high rate. These insects tend to seek out an environm 
c 

/ " 
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a parallel energy intens~ty and choose to be active at the 

tLme of day or during the part of the growing season that best 

fulfills this requ~rement~ i.e. primitive ~ypes occur in habi-
, 

/ ' ) 

tats with low energy ~ntensity - areas th~t'are cool, shaded or 

even dark while more evolved insects pre fer hot environments of 

high energy intensity such as the tropics. mid-summer or mid-day. 

Whittaker (1952) undertook a study which agreed very close-

ly with the findings of Kennedy. Whittaker stated that species 

are rarely present ln one community and absent in adjacent ones~ 

they occur with the populat~ons along various gradients through 

apparent communities. This was fo~nd to be true in the present 

study at the family level and for the rhagionid species, Chry­
• 

sopl1us guadratus (Say) and Rhagio mystaceus (Macquart) and 

aiso the muscid genus Hypodermodes Knab. 

In the present study the trends along the moisture gradient 

are considered slmilarly ta those of Whittaker (1952). The mois-

ture gradient will be studied fram the dampest to the d~iest 

site, i.e. from plot HWC, BSC ta V. 

The results agree very weIl with the findings by. Whittaker . 

and the work by Kennedy (1928). The cool mesic plots HWC and 

BSC (Table 9 and Figu~e 6) p~od~ced a much greater proportion 

, 
of primitive nematocerans. Plot V yie1ded more brachycerans, 

.(Such ~ robber flies) sorne of which thrive in hot, dry environ-
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rnents. The more modern forrns become of lesser importance in 

the rnost hurnid plot, HWC, while BSC is.interrnediate and in plot 

V calyptrate muscolds attain 

Referring to Figures 8, 

the highest)proportion. 
r'" 

" 

9~ 10, ~ne notes that activity 

of primitive fIles in general (Tipulidae, Phoridae, Mycetophi-

Ildae, Sciaridae, Dolichopodidae and Rhagionidae) is restricted 

to the beginning of the season with sometimes a rnuch smallèr 

peak at the end. In this way, their life cycle is synchronized 

wlth the cooler part of the growing s~ason. .. 
Therefore, the results lndicate an evolutionary trend with 

more modern Diptera towards the drier habitat and active during 

.......... 
the hottest part of the summer. The moist section of the scale 

is distinguished by a greater proportion of primitive flies 
, 

which are active durihg the cooler weeks of the summer. These 

results support the Kennedy tren~ which implies tha~ modern . 
ç' 

insects can cope with the dessicating conditions of a hot, dry 

env~ronment. 

The data also agree with Kennedy (1928) who stated that 

primitive insect orders, such as Mayflies and Stoneflies, ,have, 

as a rule, hut one generation a year, while higher insect orders, 

such as flies, bees, wasps and butterflies, frequently have short 

life cycles and several,generations a year. It was ob~erved, 

Figures 8, 9, 10, thnt the more primitive Diptera have fewer 

- \ 
peaks in activity tnan the calyptrate flies. 



" 

" , 82 

W~th respect to these trends, plot BSC appears to be ) 
,./) ;.... " . 
~ .. ~ )1.-1 

intermed~ate but closer to plot illiC. 

The trend in food hab~t composition of the three sites 
i~'.:~~~~ 
, l", 
I;~ ~;!; 

revealed a change ln ratio between fungivores and compos~ fee-
1\ 

ders, more important in the mo~ster plots ffivC and BSC to a grea-

ter proportion of predators and especlally the hlghly evolved 

parasitic habit in the dry habitat of plot V. These results 

/ .., 
show that fungal foog ~s more available in mesic sites. The 

results concerning the distrlbution of predators and parasites 

ale in contrast with Whlttaker's (op. cit.} observations. t 

While he notes no consistency wlth respect to either group, l 

observed a trend of increasing representatfon of both groups 

towards the.drier plot V, especially parasites which are much 
, ' 

more numerous in plot V. S imilarly, composl tion of scav,eng.e'rB 

did not agree with Whittaker's data. The main reason for these 

differences lies in the fact that ~n plot V the parasites were 

modern tachinids and the scavengèrs'~ere call~pho4ids and sar-

cophagids. Not many nematoceran scagengers and primitive para-

sites formeq p~rt of the dipterous fauna in plots HWC and BSC. 

In agreement with Whittaker (1952) it was rouhd that pol1en-

~: 1 • 

i 

" feeders, though present only ln a sma11 percentage, were more lm-

portant towards the drier environment. 

• F , 
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The correlation.ex~sting between richness in plant species 

and the amount of vegetation and fly-abundance has already been 

âiscussed. 

The data are considered to agree very ,weil with the~theory 

and results of the aforementioned authors. It can be concluded, 

based on Whittaker (1952) that the rnoist, productive site of 

plot HWC is dominated by a primitive nematoceran dipterous fauna. 
~ 

" At the other extreme, plot V, the dry~ hot and least productive 
,1 

site was dominated by highly evolved calyptrate 'rnuscoids and 

higher brachycerans. 

In plot HWC, the factor responsible for one trap such as 

trap 4 catching a great rnany more flies than.any other is deep 

shade. In deep shade flies may not see the trap as weIl and are , 

therefore more readily caught. Chaprnan and Kinghorn (1955) sup-

port this and state that in their model window trap, refleètion 

and supporting structures present visual obstruction. It is 

possible, they continued, that in the forest or brush-covered 

1 

areas, where there are othe~obstacl~s to flight, the traps are~ 

more efficient. 

The increase ,in the numbers caught in deep shade is due to/' 

/ 
a significantly higher catch of' shade-lovlng species in this 10-

cation. "The preference can-be ëither that of the larva or the 

adult. 

.1 

,r 
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Trap 3 of plot BSC which caught a significantly greater 

'- ~ 

number of flies than the other traps in this plot is a1so 

situated in a deep1y s~d area. 
1 

!1 • 
Rasu1ts ~rom Edgar (1971) agree ~lth these findings, he 

showed that stlcky traps ln a shaded area caught more large 

1 

Diptera than sticky traps placed in a clearing. 

Therefore, lt can be concluded that the factor of trap loca-

• 
tion, whether in the open, shade or deep shade completely domi-

nates trap-direction as a factor affecting the catches of flies. 

, 
This was found to be true for all the plots. In plot V where 

all the traps were exposed to the same degree, no difference 

between thè traps was observed. , 

Mathews and Mathews (1970) èbserved that the quantity and 

diversity of the insects collected was greatly influenced by 

trap placement. Their most e~ological1y varied sarnpling station 

was the most productive and yielded the greatest number of taxa. 

Joyce and Hansens (1968), for their part, concluded that green 

he ad flies disperse randomly with respect to both compass di-

rections (trap locations) and prevailing wind directions. 

Rice (1933) stated that trap locat~ons had'no consistent 

effect on the number of species cap~ured. This was found to be 

true in the present study at thè family leve1~ No significane 

difference was observed between the nuffiber of families caught in 

, 
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the different plots. Aiso 'no differ~nce in the numbers of 

Rhagio mystaceus between the trap sites of plot~V was observed. 

Rice (op. cit.) also observed that the directions faced 

o 

by the traps did not consistently influence the number of spe-

, 
cimens collected. This observation agrees very weIl with the 

results obtained in the present research. 

Considering the distribution of Muscidae between plots, 

plots HWC aau~ht the greatest ,number of '~ndividuals in this 

ln plot V, its family. Plot BSC w~s next, followed by plot v. 

percentage of the dipterous fauna is greatest, followed by BSC 

thèn ffi'le. 

The two high peaks in plot HWC suggest an emerge~ce and/or 

~ 

an increase in activity of flies of this family, Figure 8. In 

plot V where fewer muscids were collected, the peaks are simi-
.. 

l 
lar to the above but the activity here seems to follow the temper-

ature fluctuations rnqre closely. 

: The activity pattern of flies from plot BSC is completely 
~ 

different from either of the above. Many factors, for examp1e 

() 
different micro-climate conditions can be responsible' for this. 

The Calliphoridae and Sarcophagidae have been grouped toge-, 

ther because they are very s~~lar in habits and appearance. 

They are considered as a sing1e'family, the Metopiidae, by some 

authors. (Borror and DeLong, 1964). 
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scavengers as larvae and the adults fly around 

looking for carrion on which to deposit their eggs ~nd larvae. 

Plot HW€; caught the most in total n,.ümhers wh'Î.le plots V and 
4 

·BSC had a sirnil~r catch. 

The activity pattern in the three plots is quite similar. 

In all the plots there are two peaks of activity. The greatest , 
.. Q 

captures were made at the seventh week. probably because this 

was the warrnest week of the sampling season. 'f 
Members of the family Tachinidae are all parasitic on other 

insects and are worth ~nsider~ng in relation to the jack pi?ne 

sawfly, Neodipr ion swainei ;Vliddleton. 
j' 

Plot V contained a1high 
\. 

population o! jack pine sawfly which served as ho st to ichneu­

monid parasito1às. Price (1971) stated that the host spe~ies 
/ 

required by hymenopterous parasitoids was clearly concentrated 
• 

in plot V. Sorne tachinid species also attack sawfly larvae, 

this rnay .explain why a rnuch greater numbèr of them thrive in 

plot V than in either of the other ~wô plQts whe~e the sawfly 

population is not nearly as concentrated or nurnerous. 

Tripp (1962) observed that numbers of the tachinid, Spa-

thimeigenia spinigera Townsend were not affected by the presence 

of ichneumonids even though they parasi tized the sarne ho.st, 

. Neodiprion swainei. Parasitism by ..§.. spinigera mostly occurs 

after ichneurnonids deposit their eggs. ,Tripp states also that 
J 

l' 

'\' . 
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adult tachinids seem to favor certain host colonies over others 

in the same general area., There'is indication that one is mo~e 
.. 

likelyo to encounter adult parasites around colonies exposed to 

direct sunlight and protected from wind. 

The present status of the taxonomy of this family is very 

confusing and tirne did not allow complete idéntification of the 
~(j 

specimens, although a few specimens of the genus Cnephaliodes 

(Brauèr and Bergenstramm) were determined. 
, 

Four peaks of seasonal activity (Figure 8) can be recognized 

in plot V. In the other plots, activity is sirnilar but there 

are only two small peaks. 

Plot V was the best habitat for these flies, with lot' of , 
direct sunlig~t, sparse vegetation and a high host density. Of 

these factors host density is probably the mpst important. The 

nurnbers caught in plots HWC and BSC were very close. 

The pe~k of actlvlty at the seventh week coincides with 

the general emergènce peci&d of sawfly larvae fram the egg and 

an increase in the maximum weekly·temperature. " The next peak 
, , 

at thè ninth w~ek is probably due to increased teJperature. 
\ , , 

Tripp (1960) observed that, S.' spinfqera can attack any larval 

stage or the prepupae. , . 1 
Membets of the Tachinidae family may prbvide~a ~iological 

control of sawflies' in plot V. In· addition to the above mentioned 
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tach'inid which parasitizes N. swainei, Tripp (op. cit.) sta.,ted/ 

also tliat Dipl:ostichus bÇli!la;tul (~. and W.) has been recorded 

from this host in the pasto A more intensive ecological study 

of the relationship between Tachinids and the sawfly rOPUlatio,,\ . 

is certai~ly desirable. 

The Anthomyiidae and Scopeumatidae have ~en grouped to-
... . 

( 

ge~her because they are considered to be part of the same fami-

\ , 
Anthomyiid~e (Borror and DeLong, 1964). 

. 
Plot BSC appears to have the rnost suitable ~ab~tat· for , 

these flies, followed closely by plot HWC. then plot V4 Many . 
, 

of their larvae.feed on plants and this might in~part' explqin 
f~ . 

why there are sa many more in plots HWC· and BSC where the pl~~t 
t ... 

dive~sity is much greater. 

The trend of seasonal activity is similar in plots HWC and 

BSC. In HWC activity follows the temperat~ré pattern quitè 

weIl, while in BSC some ~eaks appear a week sooner. This ~9ht 
be due ta microclimatic conditions but these have not been rnea­

\ 

sured. 

\ 
Plot V provided too few specimens of th~,farnily ta allow 

», 

a worthwhile interpretation. 
\ 

From the point of view of percentage of the seasonal catch, 

~the Asilidae are not very important, espec~ally in plots HWC and 

BSC. However, the presence of these efficient predators in 
( .' 

. 
'.' 

" 

" .. 
.' 
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greater nwnb/r: in pl,ot V th an in' the others ü! interesb~ng. 
This rnay ind~cate n~ o~better cond~tions for these fIies, 

. , 
but alsq the preseIjce"of a greater nurnber of prey insects . . . 

.. • l '\ • • 

The resuIts agree'w~ll with Hull (1962) who affirmed ~hat most -- . . 

4 

aduIt robberfly ,species prèfer op~n.dry, and sandy areas. These 
l, . , 

sp~ciés are ha~it~ective: In sorne ,asili~s, individual po­

pulations in a habitat may be very restricted (Hull, op. cit.) 
, , , 

and~they maYr/be a considera~le distanèe apart . 
~\ 

This explains -
why they are n0t caught in large nwnbers: 

\ , ' 

l . ~ 
P:J:6t~, Y yielded the only twp specimens pf Bornbornirna posti-

( -
\ ca ta (Rnderlein) sampled_that summer. Most spepies have cert~in' 

1 . 
resting or opservation sites and g-;~atly prefèd-ed on~s~ (H~ï1·. 

l • 

• op. cit.) which max be a lirniting factor in the numbe~ found in . -... 
an area. 

, . 
l' \..-

The'remaining spec~es observed were srnaller in size than , , 

Bombomlrna posqcata and included species of .Laphria (l<le,igen) 
~ 

1, 

Cryptopogon (Loew) and Machimus no~atus (Loew). Their prey is 

" ./ J. 
varied, including moths, bees, wasps and other flies. 

Another aspect Qf ~lot V which makes i\ mor~ s~itable for 

robberflies is the kind of soil. The soil of plot V is sand' 
1 

with sparse ground cQver. Most Asilidae scattër their eggs 

on the ground and cover them up with ~oil or sand (Oldroyd,' 1966). 

In the oth:r pl~ts, the ground is mostly covered with moss; 

lichens or leaf litter. 

f 



~( \ ? 

'" 
, 

90 

e These flies obviously pre fer hot ternperat~re,conditions 
Q 

for the~r' activity. Hull (1962) states tbat asilids becorne 
• 

. 
active several hours after dawn but rnostly they are active 

~~ ~ , 
--irom 10 AM to 2 PM'and react strongly to h~right sunshine. 

Sitnilarl seasonal point of view, it W~6 observed in . . ... :-. 
the pres study that their activity was concentrated more 

/ 

h ttest.part of the surnrner . 
1 

.. 
Tipulidae made up only a very- srnall proportion o~ the 

catches in their respeC'tive plots. Crane-flieS'. ~efe.r cool, 

damp areas'with plenty of v~getation (Oldroyd, 196~) .. Oldroyd 

" 
mentîoned that the life histories of craneflies depend mostly 

.. ( . 
- • _. ". l , , ~ ~ 

on~e requ~rements of the~r larvae an4·therefore adult~ occur 
, , 

where conditions best suit their'larvae. Plot HWC cattght by ,. .....' 

fat: .the largest n~~r of cran;~-f~ièS a;;ê'.~~~s' not .unexpected •. 

Moist soil coftdi tians are present here and th1 certainlyl.t ac- . 
"- \ r 

ëounts for the greater nurnber ~f \hese ~nsects .sampled in 'this 
.0 ., , 

~' 
area. Plot BSC provided more than plot V b~canse it is a more 

, 
~" '\. 

/ 
h~id habitat.and has mor&(végetâtion tnan plot v. , 

• 
Mernb~ of the T~u11dae' restric~ed thei~ activ~ty,to t~e 

early part ~ the summer when temperatures were cooler. Figure 

r ~ 
• • '.. • Il1o 

. 8 shmo/s that there was only one generation in 1970;, also,' __ ) 

1" " 
~ 

species diversity is 'r~stricted, the main genus ,_being-'Tipula. " 
~.';'-' ... . -, 

Ex~îes of this genûs were specimens Tipula ttivittata Linnaeu~; 
~ r "''''~... 

tnere were also a few captures of Pedicea' albivitta. (Latreill~). 
~ 

t 
.;:. ,J 
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The Sciaridae exhibit a definite habitat preference. 

The two damp prots c~ught the most with plot HWC being first. 

/ 
These minute ~lies prefer moist·, shady places· (Oldroyd, op. c,it.) 

" 
_ \ J: ... 

and their larvae feed on fungi and decaying pl~nt material. 
/ 

'The next best habitat is plot BSC which is weIl ahead of plot V 

in terms of number of Sciaridae captured. Plot V is too hot 
1 

and dry an environrnent 'for the~e ~es. 

Acitivity trends in plots ~C and BSC are quite similar. 
, 1 

The peak occurs earlier in plot BSC possibly ftue to a difference 

in microclimate which resulted in a quick~r temperature acçumu­

lation and, earlier em~rgence of ~ese species. -
Phorid species demonstrated a marked habitat preference., 

They definitely p~efer a ~Umid, shaded ar~a,wh.ere there is an 

• • 
abundance -of decaying vegetation; this is supported by compari-.. 

, 1 • 

son of the catches between plots. 

~ . 
The péaks are probably due to a series of generations of 

different species. 

-.J phaS"ized 

in plot 'ssc but l~SS~ 
the fewer n~er of these flies samPle~~- ~ 

Plot V has a different activity pattern in that there is a 

sizeable increase in numbers fram the ninth week until the end 

of the season. 
., 

/' 
'\ Myéetophilidae (ofungus gnats) exhibit very clear\y their 

,\ 0$ • 
( 

pref~red habitat. In plot HWC where all their requirements -

... 

\ .' 
" , 

'1 
~ 1 

1 
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shade, moisture, fungi and decaying ~egetation - exist, they 

are extremely numerous~figure 9). Plot BSC was not,nearly as 

good a naqitat for rnycetophilids although it was much better 
~ , 

\ 
than plot V •. for these insects 

./ 

In plots HWC and ESC, fungus gnats make up about a third 

and a fourth of the total captures respectively, while in plot V 

they.were scarce. .. 
It is obvious that there is a large em~rgence ln plots 

HWC and BSC at the beginning of the season. Not too much can 

, 
be said about activity in plot V because not enough of them 

were caught there. 
"\ 

The greatest-nuJber of drosophilids were caught in plot HWC, 

plot BSC was a'distant second, then plot V. Fruit flies live on 

pe~aying vegetation and fruit and thè larvae of some~species also 
< 

attack fungi (Borro~ and DeLong, 1964) . This explains their 

.{ .... 
habitat preference. 

In each of the three plots,,,the shape of the curve is very 

sirni;t.ar. This suggests. that the same species are common to aIl , . 
. ." 

plots and that species divèrsity is lirnited.· .The later peak 
, ; 

in plot BSC rnight be due to a different microclimate. 

The Dolichopodidae, which are predators, show_a very marked 
• 

preference 'for plot HWC: plot BSC is a ?istant second, while ' .. 
1 , 

plot V ha~ the smallest number of these individuals. The larvae 

" 

\ 

~ 
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require a Ifairly humid habitat . {Curran, 1965}. · The adults 

prefer areas in the vicinity of water and shaded streams. 
1 

Many species are extrernely local in habitat, occurring' only 
~ 

J 
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wherè conditions are perfectly suitable. 

port this very clearly. 

The present data sup­
t 

The data from specimens collected in plot HWC suggest that 
, 

only'one generation occurs, and plot BSC appears to have one l , 

major emergenêe of ad~lts. The dip at the eight week rnight well 

be due,to the decrease in temperature during that week. The 

main inc~ease in the activity of.these species in this plot oc-

curs later than in plots HWC and 'V, possibly because of different 

~ 
~ 

microclirnatic factors. Plot ·V.did not yiel~ a large sarnple but 

the number of Dolichopodid~e caught at the sixth week decreased 

when the rnean weekly ternperatures dropped . 

. 
In plot HWC, the dolichopodids have a very "similar activity 

, 
pattern to those of mycetbphilids, sciarids,' phorids' and fruit 

flies. This rnight be 'due in part to~a' predator-prey relation~ 

ship. Plot HWC was chosen for an analysis of this possibility 

. 
because of the great abundance of individuals in these farnilies 

in this plot. 

Q 
a) Comparison of Dolichopodidae and D~osophilidae 

The number of individuals of each of.these families and their 

proportion among the three plots i~ ve~y s~ilar. There is 
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also a simllarity in the percentage of each family of 

the total catch among the plots. 

A comparison of activity patterns (Figure 9) shows a re-

markable similarity. The correlation coefficient is extre-

rnely high and thecdifference between t-calculatèd and t-ta-

bulated is very highly signlficant. Therefore, there is 

excellent correlation in the actlvity patterns of these fa-

rnilies. It is possible that the activity of each of these 

farnilies correlates with a common environrnental factor such 

as temperature accumulation which affects their activity 

in a sirnilar way. 

b) Comparison of Dolichopodidae and Phdridae 

Percentages of Dolichopodidae and Phoridae from one plot 

to the other do not vary too rnuch. The correlation coef-

ficient is very high and the difference between t-calcula-

ted and t-tabulated is highly significant. Therefore, there 

is high correlation in the ac~ivity trends of these families. 

c) Cornparison of Dolichopodidae and Mycetophilidae 

1 

The ~orrelation coefficient is high and the difference between 

t-calculated and t-tabulated is highly significant. There-

- 1 

fore, there is good correlatiofi between these two familles. 

The corr~lation between the preda~9r and the fungivores 

and vegetation-feeders is very good. The correlation is closest 
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between dolichopodids and fruit flies followed by the corre-

lation between dollChopodids and phorids and the r~lationship 

between the predator and mycetophilids. An interesting rela-

tionship exists between these flies but a more complete study 

is necessary to examine the possibility of a predator-prey re-
<: 

latlonship. 

.'\ ' 
Fabricius (1775) flrst p~oposed the' genus Rhagio but later 

(l80S) changed it to Leptis in order to avoid confusion with 

the beetle genus &~aqlurn, Fabricius (1715). 

Leonard (1930) revised the Rhagionidae which had been for-

mer1y termed the Leptidae. He observed that adu~.ts are usually 

found in meadows or in open woods, frequently in the vicinity 

of a stream. Theyrrest upo~ leaves Of low shrubs or, head 

downward, upon st~~s or tree trunks. Sorne species are found on 

the fo1iage of weeds and in 10w grasse 

The 1arvae,are undoubtedly to a great extent predaceous and ' 

live in a variety of sit~ations. Sorne species pa~s their 1arval 

stages in the soil, in decaying wood, or in passages of wood- l 

boring beetles. 

The following year . (1931). Leonard commented on his revisioI\ 
\ '. 

of the family Rhagionidae. " 
" 

Hardy and McGuire (1947) described the _genus Ptiolina which 

was not well known 'and was poorly represented in collections. 
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Most of the known nearctic specie~ are from Canada, Alaska and 

the Northern Unitéd States. Except for records of ptiolina 

fasciata (Loew) in Colorado, the genus has not been recorded 

from the western States. Hardy and McGuire (op. cit.) described 

two new species of Ptiolina from New-York and one from Alaska. 

Notes and descriptions of the known nearctic species are also 

given. 

Sailer (1951) observed the bit~ng snipe f1y, §ymphoromyia 

~ at~pes (Bigot) in Alaska. The flies appeared to pre fer open 

areas between c1umps of vegetation. They acted much like certain 

harse flies of the family Tabanidae, but were slower and more 

easily caught. Under favourable conditions they were more ag-

gressive than the horsef11es encountered in Alaska during 1948. 

The bites are ,painful, usually draw blooQ and result in sorne 

swelling. 

A contributi9n ta the biology of Vermilea degeeri (Macquart) 

was made by Le Faucheux (19~l) who examined more particularly 

the larval stages of thisl1insect. 

Chi1lcott (1961) concentrated his work on the genus Bal-

bomyia (Loew). These rhagianids are extremely sma1~ members' 

of this family. In the spr1ng, males usually ocçur on leaves of , 
shrubbery, while females are frequently collected fram flowers. 

r / 
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James (1964) studied the t~xonomy of the Rhaqio dimidiatus o 
group in western North America and discovered that it consists 

of four species, all but one polytypic. Traditiona1 taxonomie 

procedure has not been successfUlly applied to this complex, 

sinee cornponent taxa are variable and pQorly defined. 
U 

Conse-

quently, a quantitative approaeh is used. 

Chillcott (1965) described three new species of the genus 

Rhagio (Fabrieius), stating that this genus is a difficult group 

with relatively minor charasters differentiating the species. 

The author introduced, in the taxonorny of this grou~, such 

characters as the distribution of thoracic hairs and bristles. 

In this description, where possible, familiar terminology is 

retained, but for greater precision sorne rnorphological terrns 

have been ernployed. 

In his general description of the family, Curran (1965) 

mentions that they are small ta medium sized and nearly bare 

'or pilose flies. Snipe flies are predaceous in both the 'adult 

and larval stages • 

. ' Rhaqio mystaceus (Macquart) seems to favor the environment 

r 
of plots V and HWC over that of BSe, while Chrysopilus quadratus 

ft 

(Say) prefers the humid site of plot HWC. The farnily as a whole 

was not well represented in plot" BSe. 

, ' 

1 " 
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Rhagionids are found in woodS (Curran, op. cit.) near humid 

places. They are not very fast f1iers and can be found on folia-

ge, tree trunks or posts, and long grass: Rhagio mysta~eus ap-
f 

pears to be quite adaptablè and does not ex~ibit any clear ha-

bitat preference. In plot V, Duncan's new multiple-rangé test 

revealed no significant difference between the trap catches for ., 
R. mystaceus. In plot HWC, trap catches for this species va-

ried even less than those of plot V (Table 12). Therefore, 

trap location within the plots was not an important factor in-

fluencing the capture of adult R. mystaceus. ( 

Chrysopilus guadratus demonstrates a clear affinity for 
...... 

the mesic site of plot HWC. This species seems to be more ha-

bitàt specifie than R. mystaceus. Oldroyd (1966) states that 

Chrysopilus species prefer damp vegetation of the dense, shady 

type growing a10ng the edges of woods and margins of streams. 

The small cat~hes of these two species in plot BSC might 

be due to limiting factors such as insufficient landing perches 

for R. mystaceus and vegetation which is not dense or humid 

enough for c. guadratus. Possibly too, ground cover and soil 

conditions may not be ideal for the larvae of these species in 

, 
plot BSC. Larvae of Rhagio and Chrysopi1us occur in damp soi1, 

~ 

rotting wood and leaf mould (o1âroyd, 1966). J 

l~ 
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Rhagionids are an interesting family of flies because 

according to bldroyd (op. cit.), they are at the base of the , 
evolutionary tree of the Brachycera. Sorne species have more 

e'"olved habits, othe'rs are more primitive. Sorne species suck 

blood, others are predators and still others are flower feeders. 

Larvae of the sub-family Vermileoninae lead a very terrestrial 

way of life while other rhagionids have larvae weIl adapted to 

aquatic life. 

Rhagio mystaceus reaches a peak in activity at the second 

week through the third week in aIl the plots (at the third week 

in plot BSC). The shape of the activity graphs of plots V 

and ffi~C are similar. In plot V, R. mystaceus were not observed 

after the fifth week while in plot HWC none were collected after 

the seventh week of sampling. 

Because snipe flies were already around when the collecting 

_ statted the day-degrees summation was conttnued until the peak 

in activity of R. mystaceus at the second week. 

The total temperature accumulation until June 24, 1970 

inclusive when the activity of this species reabhed a peak in 

plot V was 546.5 day-degrees above 42°F. 

The peak emergence occurs the fOllowing week in plot ase, 
, 

probably due ta different microclimatic factors, but these were 

not J'(\easured. 

" -
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Chrysopilus guadratus reached a peak in activity at 

week 5 in plot HWC which is rnuch 'later than the peak reached 
1 1 

\ 
by R. rnystaceus in the same plot. C. quadratus proBably re-

quires a greater ternperature summation in order to attain its 

peak of activity. 

These two species suggest a certain primitiveness as de-

fined by Kennedy (1928); primitive flies restricting their acti-

vit Y to the cooler portions of the growing season and having 

only one peak of activity. The rhagionids in this study exhi­

\ 
bit only one. peak in activity and it occurs at the beginning 

of the season for R. mystaceus and that of C. quadratus is still ' 

in the first half of the sampling season. 

The study aims at camparins and contrasting different ha-

bi~at types with respect to flora and insect fauna. The trapping 

technique and procedure of data collection were very well suited 

to this type of research. Regular collections were possible 

and the~number and variety of insects was enormous, ~6,020 

Diptera alone. 

Because of the large amount of work involved in handling 

and identifying the great number of insects, and given that the 

identification of sorne insect groups to the'species level is 

• 
confused, the work load was reduced by identifying flies ta the 

family level only. 
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The greatest drawback lies in the fact that explanation 

and conclusions are limited, because families a~e composed of 

a number of species which are lumped together. Therefore, it 

is ~mpossible to determine whether one or many species result 
\ 

in a peak of açtivity. It is also difficult to determine the 
l ' 

part played by emergence of new generations in'the shapes of 

the activity patterns and the time of the season during which 

tlfe individual spec'ies were most numerous iit t.he field . 

• 
This is the reason for discussing first the more general 

aspects of the work, such as the differences in total catch from 

one plot to the other; seasonal activity of aIl the Diptera from 

a plot compared to that of the two other plots; and investiqa-

tions of trends in the evolutionary level of the flies. From 

this point, the study concentrates more on intraplot and trap 

location differences, e.g., trap direction, density ~f vegeta-
~ 

tion around the trap which resulted in different conditions of 

shade, hurnidit~~ etc. More specifically, the following sections 

investigated and discussed different activity patterns, occur-

rences and such of ~he important families of Diptera • 
• 

Realizing the aifficulties and limitations imposed by 
1 

considering only dipterous famil~es in this study, it was deCidef' 

to investigate one family, the ~agionidae, in detail. The 
\ ,. 

main reason for this.bei~g that little or no work of this kind 
." 
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. 
has been atternpted on this farnily or the two species observed: 

Rhaqio rnystaceus and Chrysopilus guadratus. 

This type of investigation could have been performed on 

each family.of Diptera col1ected, the only limiting' factor being , 

the tirne expended in rnounting, identifying and counting the 

insects. 

In~a project such as this one where on1y one trapping tech-
~ 

nique was used~which yielded so rnany specimens, one must know 

the shortcomings and difficulties of onels rnethods in order to 

use the data and interpret thern to advantage. It is felt that 

i~ spite of these limitations, very significant findings in com-

parison of cornmunities, trap site differences, trap direction 

comparisons, evolutionary trends, re1ationships bet~een activity 

and temperature, correlations between the activity patterns of 
. 

certain families, exarnination of these different activity pat-

terns, the study of the Rhagionidae, and more, resulted in an 

interesting and informative study. 

. '\ 
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