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Seeing nature alive, thé bees and the flowers,
believing your own eves' response and input
vield untold numbers and figures with power

to reveal mysteries of the world clearly pﬁt.
Beware the lifeless counts which theories abound

to prove, in shop, the world turns round.
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ABSTRACT _ (

.

~

AN

Observatlons of the act1v1tv of natlvefand dbmegwre/
insect polllnators were carrled out durlng the blossom perlod
for .three consecutzve vears (1978~ 1980) in a semi-dwarf apple
orchard near Jordan Station, Ontaric. Numbers and types of' -
pollinators Qisiting bleégbms were recorded as wel%‘as weather
conditions and number of blossoms per éree. Of the 20 groups
of insects used for field identification, the honeybee.ﬂpis
mellifera L. was the most numerically significant pollinator
for all years. The Anthoﬁyiidae (Diptera)i%anked second for
1978 and 1979. 1In 1980, the Andrenidae and‘Hélictidae were of
greater importance than the Diptera. Ranges of the activity v
of the various insect groups were studied from sunéise to
sunset, throughout the blossom season and ffom §ne vear to
tﬁe.next. The 1979 blossom period was the longest and had the
greatest insect species diversity. Insect activity was
correlated with apple cultivars located on the east and west
slopes of the orchard, with the number of blossoms, with
temperatures, humidity and light itensities. The physical factors,
especially temperature, were mainly responsible‘for the variation
‘of the numbers of honevbees. Howevér, they were of little
significancé iﬁ the variation of the numbers of other Hymenoﬁtera
and Diptera; ;The other factors such as cultivar, east and wes+t
slopes, day and year werg more Qignificant for these native

. 4
pollinators. - =~
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The efficiency of the various gféups of pollinators was
determined by analysis of the pollen carried on the bodies
of.the insects. Hymenoptera had significantly more pollen
on their bodies than the Dipteré. Anmong the Hymenoptera, the
Andreni&ael?nd the pollen-gathering Large Andrenidae had the
greatestiamoun£ of fruit pollen on their bodies. Among the
Diptera;.the Syrphidae .had the‘greatest amount of £fruit pollen.

The effectiveness bf the important pollinators was
evaluated by meésuring fruiE set, seed set and the effective
pellinatior period. Golden Delicious which had the least
amount of insett visitors, had the greatest fruit aﬁd seed set.
This indicates thaé when visited, more compatible pollen was
transferred. -There was no significant difference in fruit set
between vears. During a blossom season witﬁ adverse weaskher
qonditions such as 1979, the proportion of native pollin;tors
té total insects was greater and seemed to compensate for the

-

fewer honevbees, therefore resulting in equal fruit set.

The present-work indicates that, although honevbees are
; o
. . . LT .
the most important, native insects play a significant role in

pollination and should therefore be taken into consigeratiOn
L 4

when planning pesticide applications in an apple orchard

ecosysten.
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RESUME

L'activité des pollinisatéurs sauvages et domestigues

a 8t8 suivie durant la périade de floraison pendant trois ans
(1978-1980). Les nombres et les esp&ces de pollinisateurs
visitant les fleurs ont &té& notfs v compris le nombre de fleurs
par. arbre de méme que les conditions m&t&orologigques. Des 20 .
gf;ﬁpes d'insectes identifiés sur le terngin, l'abeille domes-
tigue Apis mellifera L. s'est révélse l'espéce la plus abondante
& chaque année suibie des Anthomyiidae (Diptera) pour 1es années
1978 et 1979. En 1980, les Andrenidae et les Halictidae (Hyme-
noptera) étéient plus abondants que les Diptera. L'activité
des divers érouées d'insectes a éfé gtudiée de l'aube au crépus-
cule, pendant toute la période de floraison et pour chague année.
Cl'est en 1979, année oll la période de floraison a été la plus
longue,.que la divefsitd des insectes observés a &ét& la plus
grande. De plus, l'activité des insectes a &té corrélée avec
le type de pommiers sur la pente est ou cuest, avec le nombre
de fleurs, avec la température, 1l humidité et l'intensité lumi-
neuse. Les facteurs phyvsigues, plus particuligrement la tempé-
rature, sont responsables poﬁr 1la variatién du nombre d'abeillés
domestigues. . Par contre, ces facteurs ont trés peu d'importance

dans la variation du nombre des autres Hymenoptera et Diptera.

Les autres facteurs soit le type de pommiers, la pente (est ou

r

ouest), la journée et l'année sont hautement significatifs pour
Lod

expliquer la variation des pollinisateurs sauvages.
“r

N
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L'efficience des différents groupes de pellinisateurs

a ét& détermin&e en analysant le polien provenant du corps des

insectes. La quantité de pollen proveriant des Hymenoptera

Stait significativement plus élev?e gque celui des Dipgéra. Par-

mi les Hymenoptera, les Andrenidae possédaient le plﬁs de pollen
de‘fru;ts. Parmi les Diptera, leé Syrphidae avaient la gquantité
de_poilen de fruit la plus &levée.

L'efficacité des pollinisateurs importants a &té& évaluge
en mesurént le nombre dé fruits et de Pépins, et’ la périéde
effective de pollinisation. La varigté Golden Delicious gui
avait le meins d'insectes visiteurs, avait la Plus granée guan-
tité de fruits et de pépins par-fruit. Donc lorsgue visité,
plus de pollen compatible a &té trgnsféré. Il n'y avait aucune
différence significative entre lar quantité de Zruits de chague

2
année. Pendant une pdriofe de floraison avec des conditions

. . o
météorologiques défavorables .comme en 1979, la proportion de
pollinisateurs sauvages par rappo¥t au nembre total &tait plus
élevée et semblait compenser pour la baisse en abeilles domes-

tigues, résultant donc en un nombre de fruits équivalents.

Bien gque les abeilles domestiques soient ies plus impqri

- T
tants, les insectes sauvages jouent un role significatif dans

la pollinisation et devraient donc €tre considérés- lors de la
planification des applications de pesticide pour toute la sai-

son.
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INTRODUCTION

. »
~

The importance and significance of inéécts in .the
pollination process has_ﬁéeﬁ establ;sheﬁ for a long time
(Brittain, 1933; Free, 1960a; Kendall, 1971, 1973; Kendall
and Solomon, 19%3; Lewis and Sm;th, 1969; Maftin_and‘McGregor,
1973; Smith and Lewis, 1972;.lwilliams, 1969) . '

Most fruit blossoms are self-incompatible and therefore
reguire cross-pollfhatioh. The mechanism responsible for the
inhibit;on of pollen-tube growth'within the stigma is not
fully understbod (Heslpp-Harrison, 1975) however, the
necessity for pollen from another varietv for fruit set
has been well studied (Cailan and Lombard, 1978; Faegri
and wvan aer Pijl, 1979; Free, l960a,;19703; Free aﬁa Smith,
1974; Jaycox, 1964; Kendall, 1973; Kendall and Smith, 1973a;
Norse, 1977; Williams and Sims, 1977). Honeybees are mainly
responsible for this pollen transfer (Free, 19605; Jayvcox,
i964; Kendall and Smith, 1975a; Langridge and Jenkins, 1970;

Morse, 1976).

However, appreciable gquantities of airborne pollen are
present in orchards ané this raises the possibili&y that
pollination could occur in the absence of insects. Several
workers enclosed limbs or trees with cages, some with insects,.

Ssome without, and compared amounts of airborne pollen. and



',Jaycox,-1964- Kaeser, 1976; Langrldge, 1969, Langrmdge

fruit set‘(-Brittain, 1933;"B'urchi11 1962; Free,.-1964; i

EN

and Jenklns, 1970- Rom, 1970 Sellml, 1871; Solomon and

: Kendall 1974). It was found that pollen was not carried

for any great dlstance by the wlnd barelv between trees and

’

therefore was lneffectlve for Dolllnatlon. Also, the

percentage of fruit-'set on a tree enclosed with"insects was
-+

-

much higher than that on a‘tree from whxch insects had been

eﬁcluded.

Honeybees form a high percentage of the imsects visiting
. / -
fruit flowers. But manv others are freguent visitors.
However, becau§e of the intensive cultivation-of land and

thus the resulting decrease in nesting and overwintering sites,

"the numbers of these native pollinators have declined. ' To

»

secure adequate pollination, hives are brought in on a rental
basis for the blossom period (Free, 1960a; Kendall and Solomon,
1973; Martin and McGregor, 1973; NRCC, 1981). On the ether .
hand, the activity and effectiveness in poliinating of honevbees
is greatly dependent uﬁon weather: strong winds; (Lewis and.
Smithl 1969; Smith and Lewis, 1972 Teras, 1976), overcast skies,
and temperature below a certain threshold (Bohart, 1952; '
Chanezgzud,.1972; Free, 1960a; McLe;lan, 1876; Percival, 1947; .
Smith and Lewis, 1972; synge, 1947; Teylor, 1963, Teras, 1976)
will reduee their foraging which results in inadequate

v

pollination. During these periods of uéievourable weather,
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a great many native er wild insects are more readily -observed -

"an&'a;g:often seen on glossomslof'fruit trees. These insects
‘a£e present also while tﬁe hivé-bees are foraging but, since~
many are smaller in.size, tpey are not .as apparent upon

field observation. Nevertheless, these wild insSects seem to
be less affecteq by weather than.the hivebees agd”their role

in pollination should@ not be ignored or underestimated

(Bohart, 1952; Brittain, 1933; Chansigaud,.l972; ;ree, 1960a;

Lewis and Smith, 1969).

-
- -
.

An extensive use og pesticides is an acceptable practice |

in modern agriéulture and many non-target, beneficial insects
may suffer great losses. . Even though.nothiﬁg'is sprayved in
fruit orchards during the blossom period, bee poisonings have
become increagingly importaﬁt. These losses usually occur -
from indirect contact with‘pesticides suck as drifts from
spraved neighbouring figlds. The lafge foraging areas bf
honevbees increase the‘chance of céntacting contaminated
fiqlds {(Caine, 1977; Gary et al, 1975; Kevan, 1975; Todd and -
Reed, 1969; Weaver, 1951). Since fungicides can be applied
even at the start of the blossom period,-polleﬁ, which 4is the
main source of food for the voung larvae, méy bg ceontaminated
Véné its viability decreased ‘thus.causing major poisonings and
declining fruit set (Church and williams, 1977, l§783 éuirguis
and Brindley, 1974; Johanseg and Brown, 1972; Légge and

Williams, 1975). The effect on native insects is even greater,

-ad*
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fbecause'they.fqrage under more adﬁérse weather coﬁditions
thgé increasing the time spent in the field and possibly their
‘foraging area (NRCC, 198l). They are still present after the
blossom season and aftgr the hives are removed, and therefore
in contact wiéh all gubsequeht sprays.
The losses are considerable both monetarilv and with
regards to inséct-pollinated creps. In crops that are
dependent on wilé bee pollinators, the latter may require
three or more vears to return to_original population levels
(Free, 1970a) or they may be eliminated from a locality
inaefiﬁitelv. Beekeepers have great dlfflcultv supplvzng
strong colonles of honeybees for polllnatlon service after
'suffering chronic poisoning losses over a period of vears.
This'presents an impending dilemma with reduction of profitable
beekeeping and native pollinators on one hand and an increasing
need fér bees for crop poliination on the other (Johansen, 1977;
Martin and McGregor,-l§73). Anderson and Atkins (1968),
Johansen (1977) and the Nétional Research Council (1981).have

presented elaborate reviews on the subject of bees (domestic

and ‘native)} and "their interactions with pesticides.

Native insects may not plav as important a role as
‘honeybees but, their presence, activity, and significance to

the pollination process are worthy of investigation.



OSCHARD POLLINATION

] T

The amount of cross-oolllnatlon in an orchard depends
on. the numbers of lnsect Dollznators present (population
" density), their relatlve distribution on the various cultivars
of trees (affected by flower attractivenessj, éhe frequency
with which they.moﬁé and carry pollen between these cultivars
{affected by constancy), the amount of pollen released by
fiowers and the amount and ccmpatipility of the pollen carried
by insects (Kendall and Smith, 1975). The effectiveness of
crosé-pollination can be seen by the fruit set, the size of
fruit, and the numbér of ,Seeds per fruit (Kendall and Smith,
1975a; Smith and Lew;s, 1972) These stemé are détailed below

since they. are essentlal in evaluating the importance of wild

pollinators.

1. Population Composition:

The population density of flying insects in an orchard
has often been determined using suction traps (Lewis and Smith, -
1969; Smith and Lewis, 1972; Taylor, 1951, 1963). These
suction traps were adopted because actual flower obsérvations
of the often small wild pollinators was thought to be inaccurate.

.
Because the aerial population is not necessarily the bollinating
population, the suction traps were placed near an abundance of

blossoms, thus reducing the number of non-pollinating insects

caught.
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Most surveys have shown that honevbees form a high per-
centage of the insects visitiﬁg fguit floﬁers, from 60% to
90% (Bornus et al, 1977; Free, 1960a; Kendall, 1971). But
there are many other insect visitors belonging mainlyv to the

families Andrenidae, Halictidae, Megachilidae-in the

*. Hymenoptera; and the families Syvrphidae, Calliphoridae and

Muscidae in_the Diptera (Brittain, 1933; Bohart, 1952, 1972;
TChansigaud, 1972; Free, 1960a; Xendall, 1973). Most work has
been done on hone&bees, relating to all aspecfs of orchard

polllnatlon (Bornus etfal, 1977; Erlckson et al, 1973- Free,

=S l962b Free and Smlth 1974; Langrldge and Goodman, 1973;

T

Langridge and Jenkins, 1972, 1975;: Langrldge et al, 1976, 1577;
Morse, 19267 Waddington and Holden, 1979). More specific work
has'been conducted on the distribution of pollen ana nectar
gatherers, on the factors aétermining rollen collection, on

the time ‘spent foraging, oh the size,of the foraging afea, on
the movement betwegn trees and on the general béhaviour and
efficiency of the honeybeés visiting the flowers of fruit trees
(Free, 1960b, 1966, 1967; Free and Spencer-Booth, 1964b

Jayvecox, 1964; Kendall and Smith, l975a, Langridge and Jenkins,

1970; Langridge et al, 1876; Percival, 1947, 1955; Synge, 1947).

r

— .
Pollination has also been looked at for a variety of other

. 5 )
crops such as alfalfa (Bghart, 1957; Gary et al, 1973); field
and runner beans/}Kendgiﬁ”and Smith, 1975b, 1977), blueberries

(Finnamore and Neary, 1978; Kevan, 1975), strawberries (Pibn

¥y
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et al, 1980), cotton (Moffett et al, 1975, 1976a, 1976b),
honeydew melons (Gary et al, lé?SJ,'énioﬁ%'(Géry et al, 1977)
and ‘sunflowers (Rahéarajan et al, 1974). Visits to fiowers
and behaviour have been studied for specific groups of native
pollinators such as bumblebees (Bohart, 1972; Free, 1970b;
Heinrich, 1976; Teras, 197§), Osmia (Bohartﬂ.l§72; Kitamura
and Maeta, l§69; Torchi;ﬁ-,p}976) , And;éna ca:ntonica Perez
‘(Chaﬁs;gaud, 1975); aﬁd”Syrphid-flies (Hollowax; 1976; Solomon

and Kendall, 1%871).

Very little has been done to determine the importance of
the various.native populations as they relate to the entire
pollination process. Chansigaud (1972) ﬁonitored the flights
of wild bees in orchards and reported that the wild bees
represented 5% to 10% of the total number of bees registered.
However, observations were conducted for only one hour a day
during the blossom season. Lewis aﬁd Smith (1969, 1972)
investigated the effects of windbreaks on the distribution of
the insect fauna in orchards. Theyv used suction traps for
collections and reported honevbees, Svrphidae, Bibionidae and
Muscidae as the main groups present. These traps may give
a good estimate of the .aerial fauna, but the insects caught

by this method are not necessarily actual pollinators.

A few other workers identified species present on fruit

blossoms from general collections without moniteoring actual

Y



ﬁumberé (Kendall, 1971, 1973; Kendall and Solomon, 1973;
Williams, 1969). ' 1

» R‘ -

-

_ ) /
The activity of pollinators is influenced by a number of

2.0 Pollinator Activity:

biotic and ph¢¥sical factors.

-~

Pl

2.1 Biotic Factors:

The numbers cf blossoms present, flower morphology, pollen
and nectar availability are responsible for the attractiveness

of insect visitors to specific varieties.

Kendall and Smith (1975a) d}rected their attentioﬁ towards
the relative attractiveness of flowers to honevbees. Counts
of bees visiting blossoms were made and compared with expected
values based on the abundance of flowers. Equally attractive
blossoms of main crop and pollinizer are desirable for adequate,
cross-pollination. The blossom period of the ' pollinizer should
overlap or coincide with the variety to be pollinated (Free,
~1960a; Nyveki, 1974; Nveki and Soltesz, 1978; Rom, 1970; Williams
and Sims, 1977). The numbers of blossoms per tree of both
main crop ané pollinizer, should also be similar, because trees

with more blossoms attract more insect visitors (Brittain, 1933:



Free, 1966; Kendall and Smith, 1975a; Lewis and Smith, 1969:

Silander and Rrimack, 1578).

flower morphology may influence the behaviour of visitors
and subsequent frﬁ;t set. Insects can approach nectaries from
the side without touching the anthers or stigma. Scme flowers
have very ehort-pistils so that even wheﬁ a bee is collecting

pollen the stigma is too far below the anthers to be touched

resulting in poor setting (Free, l960b; Roberts, 1945).

Nectar guides observed under ultra-violet light present
great contrasts with the surrounding environment and readiiy
attract visitors. The study of. the ultra-violet spectrum of
vision of insecﬁs as it relaﬁes to nectar guides and pollination
is still £elatively new, with most work carried out on weeds
and vegetables (Brett and Sullivan, 1972; Grant, 1950; Xevan,
.1972; Mosgquin and Martin, 1967; Mull&gan and Kevan, 1973;

Silberglied, 1979).
Polleh\and necfa; availabilityv are extremely important
factors responsible for the distribution of insects on the main

v .
crop, on the polliﬁizer or on other competing blossoms. Pollen
is of course the important component and its transport is
essential for fruit set. From the insect's pdint of view,

however, nectar 1s the main attraction (Percival, 1955}.
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The concentration of sugar in the nectar and the amount of
nectar will determine which flowers will be visited. Thg
co;centration of nectar at the time of collection depends on
species, ambient temperature, humidity and air movement, degree
of protection, and standing of the flower (NRCC, 1981).
Therefore, nectar concéntrations vary greatly throughout one
day\éi_weather condigions change. Pollinators alter their
foraging strategies with these hourly and dailvy fIuctuatians
(Butler, 1945; Corbet et al, 1979; Heinrich, 1976; Norstog, 1981;
Pefcival, 1947; Vansell, 1952). The availability of pollen due
to anther dehiscence is also greatly dependent on changes in
weather (Mclellan, 1976; Percival, 1947, 1955; S;nge, 1947).

Apple blossoms, which are of particular interest in this study,

display greater amounts of pollen and nectar from 11:00 to 16:00

hours (Butler, 1945; Free, 1960a; Langridge, 1969; Percival, 1955).

+

The amount of pollen and the concentration of necf r will
"make various flowering plants more or less attractive to ihsgect
visitors at different times of the dav (Butler, 1945; Corbet =
et al, 1979; Free et al, 1960). This.may increase competition

both among plants andéd among pollinators.

Foraging between plants species is undesirable. However,
movement between varieties is essential for adecuate cross-—

pollination and fruit set. The foraging behaviour and constancy

vicd
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of honeybees have been well $tudied. These insects terid to
forage in close proximity of their hive, particularly during
unfavourable weather (Brittain, 1933; Free 1560a). Honeybees
have been reportedlto remain constant to one species especiélly
if it is the predominant one in bloom (Brittain and Newton,
1933; Free, 1960b, 1963; Kendall and Smith, 1975a). Apple
blossoms have been found to be more attractive thah other fruit
b&oésoms (Free, 1960a; Langridge et al, 1976; Vansell, 1952).
Free (1960a, 1960b, 1963) found that bees forage onlyv on a few
trees during one trip, and tend to move aleong a row and
comparatively little between rows, especially when the adjacent

rows are of a different variety.

The arrangement of the pollinizer and the main crop to be
pollinateé is very important and should be an integral part
of orchard planning (Free, 1960a, 1960k, 1962a; Free and
Spencer-Booth, 1964a; Kendall, 1973; Nveki and. Soltesz, 1978;
Silander and Primack, 1978: Williams and Sims: l977).~ When
resources, nectar and pollen, becomevdepleted towards the end
of the day because of.intense forgging, competition amongl
insects causes. an increase in the foraging area and pollinators
will tend to move between rows ané to more tree;, thus increasing
the amount of cross-poliination (Brittain, 1933; Brittain and

Newton, 1933; Free, 1960a; Heinrich, 1979b; Heinrich and Raven,

1972; Javeox, 1964: Silander and Primack, 1978). This decrease
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of resources may also cause some.foragers to move to species
tﬁat then become more att;activé. In this way, dandélions
can become a serious competitor to fruit blossoms (Butler,
1945; Fr;e, 1968). IXIf hives are to be taken to an orchard,
they should not be installéd until flowering has begun or
until there are enougﬂ flowérs for the bees to work, or else
the foragers will. visit ‘other species and not concentrate in
the orchard (Bornus et al, 1977;: Free, 1960a, 1962b, 1963;
Free et al, 1960; Gary et ai,'1975: Martin aﬁd McGregor, 1973).
Bumblebees and solitary bees have been reported to work
less metﬁodically than honeybees, and fly more readily from
tree to tree (Brittain, 1933;.Brittain and Newton, 1933;: éree,
*1970b; Teras, 1976). Theyv could therefore be-more efficient

cross-pollinators.

2.2 Phvsical Factors:

The effects of weather on flying activity are di¥ficult
te analyze, since weather in itself is complex. Activity can
be affected by ény Sne of temperature, light intensity, wind,
rain, or their interaction, thus inéirectly influencing the
crop. Despite this, workers have tried to define what governs
flight activities of bees. Williams and Sims (1977) suggested

that temperature alone might dictate foraging activity of hive
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bees. Tayloﬁ (1963) concluded that the chaﬁge from the
inability to £fly %o.the ability to fly occurs abruptly at
some critical temperature. This threshold temperature has
been reported to be 12°C to 14°C for honeybees}‘but some weré‘
observed flying at temperatures as low as 10°C (Eckert, 1955:
Heinfich, l979a;-Langridge and Jenkins, 1970; Percival, 1955;
Tavlor, 1963; Teras, 1976; Williams and éims, 1877). Brittain
(l935i concluded that iight had a greater influence on flight
activity once the threshold temperature was attained. And-
according to Percival (1955), direct sunlight compensates for
lower air temperature for insect flight. But a sunless dav
after a sunny one decreased foraging activity markedly

(Percival, "1947).

Native insects were found to be much more tolerant of
unfavourable weather conditions. Thev have been observed at

lower temperatures and during stronger winds than honevbees,

a

and could therefore be more efficient pollipators then (Bohart

r

1952; Lewis and Smith, 1969; Heinrich, 1976; Smith and Lewis,

1872; Teras, 1976).

3. Pellen Analvsis and Fruit Set:

The guantity and compatibility of pollen carried bv the

insects are of major importance for adeguate cross—pollination.
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Kendall and Solcmon (1973{ collected various species of
insects from applé blossoms. The pollen grain;.wgre washed
off the insects and counfed. They concluded that the insects
with the greate;t amount of pol}en grains would be the best
pollinators. The larger solitéry bees and bumbldbees had
the most pollen.

Transfer of viablé pollen of the proper variety 1s
essential since incompatible pollen reduces fertility and does
not set fruit (Silander and Primack, 1978). Milutinévic and
Milutinovic (1970) reported that” pollen mixtures showed soﬁe
advantage over-individual pbllen varig£ies on fertilization.
Kepdall (1971,11973) pollinated unopened flower clusters with
anaesthetized insects and concluded that subseguent initial
fruit set and more particularly the number of fertilized ovulés
or seeds per fruit was related tc the amount of viableland
compatible pollen carrigd by the insects used to pollinate
the blossoms. He found that most solitary bees testeé carried
larger quantities of compatible fruit pollen than honevbees.
Werthelm (1973) explained that the more seeds there are per
fruit the more sites of hormone producéion there are and the
more resistant they are to abscission, thus increasing fruit set.
Other workers also related pollination and seed content (Bornus

et al, 1977; Callan and Lombard, 1978: Sharp, 1970). They

concluded that the presence of a greater number of bees increased
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cross-pollination and also increased seed content, fruit-set,

and size of fruit.

The timing for pollen transfer is critical. Not all-flowegs
are receptive to pollen for equal periods of time. Cenerally,
the stigma is receptive tp pollen for the first~four.days
following flower opening fArnason, 1966; Ruiz, 1977; Stott,

1972; Williams, 1970). vVarieties with longer receptive periods
have a greater chance of being adequately pallinated (Stott,
1972; wWilliams, 1970). Consequently insect pollinators foraging
during this critical pﬁriod will be the only ones of value to

pollination.

OBJECTTVES )

The objective of the current thesis is to evaluate the
role of native insects in the pollinhation of a cultivateé apple
orchard. This was carried out as follows: (1) establishing
the pollinating population composition and density by'field
obseerFions of the actual blossom visits and determining the
most important groups; (2) monitoring the activity’of the
pollinators by characterizing types and numbers of insect
visitors from sunrise to sundown and cofrelating wilth recorded
weather conditions (temperature, humidity and light);

(3) assessing the efficiency of the important pollinators by

analysis of the pollen grains carried on the bodies of these
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insects; and (4) evaluating tpe-effectiveness of the pellinators :

by measuring fruit set,” seed set and the 'effective pollination

~

period. S .-

-y
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MATéRIALS AND METHODS

Field work was carried out in an apple orchatrd of semi-
dwarf trees at the Agriculture Canada Jordan Experimental Farm,

Jordan Station, Ontario. =

.~

Research was conducted ‘during three consecutive vears:

1878, 1879, and 1980.

~

1. Description of Orchard and Monitoring Equipment:

The orchard, covering a 0.3 hectare area, was planted }n
May 1974 (Fig. 1). It resembled a small vailley and had east
and west facing glopes, with a stream running north-south.
There were 240 trees in the orchard (l2 rows of 20 trees).

The trees were planted every 2.5 meters in rows 5 ﬁeters apart
(Fig. 2).

Distributéd evenly throughout the orchard, and within each
row, were four cultivars: McIntosh, Empire, Red Delicious, and
Golden Delicioug. Both lavout and cultivar distribution were
highly appropriate for accurate field work. Honeybees haée
been reported +o mové readily along a Yow of trees and compara-
tively iittle between rows on a single foraging trip especially
when trees within rows were‘cl&ser than trees in aéjacent rows

(Free, 1960a). Cultivar distribution thus ensured proper cross-

pollination.
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Figure 1. ' General view of the orchard
{looking east) with Red and
Golden Delicious in full bloom

to the far right.
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Figure 2. Layout of the Orchard.
0 represent sample trees.

<#l represent beehives, and
the arrow the entrance.
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Four trees of each cultivar were sampled and selected
..
from rows 2, 4, 8, and 11. A few sample trees had to be changed
from one yéar to the next because some appeared to blossom only
every second year. When this occurred, the next flowering tree

along the row was then chosen. Whenever changes were required,

the trees were always selected so that the adjacent ones were

of the same cultivar.

Tree size played an important role in this study. Height
ranged from 1 to 3 meters making it possible to observe the
entire tree without choosing a select few branches that visiting
insects might seem- 'to avoid. This also eliminated shading in
the lower branches which had been reported to discourage foraging'

- when compared with sunned areas (Free, 1960b).» He alsc noted
that during a single foraging trip, bees tended to move only to
one or two large trees. Tree size, here being semi~dwarf, in-
creased the chance of expanding their foraging area, and thus
the diversity of pollen belng carried bv the insects which is

imperative for proper cross-pollination.

In an attempt to reproduce culitivated orchard conditions
but still maximize visitations by native populations, pesti-
cides were not applied in the orchard unless during a major
pest infestation when the lives of the trees were endangered.
This situation occurred at most once a year late in the summer.

The, pesticide applications were kepf to a minimum in adjacent
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plots. - Rbsolutely no spraying was done during the blossom

season.because the Bees Act 1970 makes it illegal to do so in

Ontario.

In the immediate vicinity, there were a few open fields,
a small forest and pond, thus offering many possible over-
wintering and nesting sites for native insects. In mono-
cultures requiring cross-pollination, it is common practice to
introduce domesticated species. If Bfought'in too early the
hivebees which are often constant té a2 single plant spec@es,
ﬁight forage elsewhere and continue to do so until the resources
fail before coming back to the immeg}ate area around the‘h;ve
{Free, 1963). Therefore, two'ﬁives were introduced after the
.first blossoms appeared. Hives were placed in rows 4 and 7
between trees 19 and 20 with entrances facing the stream.
éompetition from other flowers, mainly dandelions (Free, 1968),
was kept to a minimum by regular mowing of the lawn. There was
little overjap in flowering times with other fruit trees as
applé trees‘blossom last. Consequently, bees tended to remain
in the orchard. The.hives were removed at approximately 80%

petal fall when most flowers had alreadv set.

Temperature (°C), relative humidity (%) and light energy
(Wm'z) were recorded continuously. Thermocouples for temperature
monitoring were placed on trees 10 or 11 of each of the sample

rows. They were positioned at soil, trunk, canopy, leaf and

-
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blossom levels. The temperature readings used in this study
were recorded at blossom level. The various thermocouples
were connecE?d to a Data Aquisition System and miniprgcessor
(Esterline Angus, PD 2064) which were located in a~tfﬁiler9
just north of row 5. This apparatus had been programmed to
print ouﬁ\temperatures every half-hour. The standard temper-
ature ranges ﬁere -10°C to 40°C plus‘or minus 1.5% error.
Relative humidity was recorded with a thermohygrograph
(Lambrecht No. 252) which had been placed in a Stevenson Screen
adjacent to tree 10, row 6. The humidity range was 5% to 100%
relative humidity plus or minus 2.5% error. Total light energy
was monitored using a2 meter master Solarimeter (Tip ZOneh CM6)
and a digital multimeter {Phillips PM 2421) placed adjacent to
tree 10, roﬁ 5. This apparatus originally read in millivolts.
t was calibrated in calories per cenfimeﬁer sguared per minute,
then converted to Watt per meter squareé according to the

following eguation (Latimer, 1974):
1 mv = 0.119 cal em™? min~2 = 83.095 Wm~2

The accepted radiation term is Radiant Flux per unit area, but

for simplicity will be referred to as light or light energy.

2. Population Composition:

As many insects as possible were collected from %Pe

PRI GIRUNPR



blossoms for identification purposes. and for pollen analysis..
Each insect had to be collected individually to eliminate polien
contamination. Therefore, individual killing jars were made
_from small vials by inserting within the plastic caps a piece

of foam which had been soaked with ethvl acetate as a killing
agent. Once the insects were dead, a doubled up square of

"kim wipe$ held by an elastic band replaced the cap to allow
insect and pollen to air dry. Date, time of day, and cultivar
were recorxded on each vial as the ;nsects were caught and later

correlated with previously monitored weather conditions.

Insects not being used in pollen analvsis and insects
whiéh haé been used for pollen studies were relaxed, mounted,
pinned, and labelled according to Martin (1977).

Thgy were identified to family, then sent to the Biosvstematics
Research Institute, Agriculture Canada for identification to
species. Insects caught in 1978 were used for identification
only, those collected in 1979 and 1980 were used for both

identification and pollen analysis.

3. Bloom Development:

Observations started when the first blosscms opened and
ended when the last few fell. The number of opened blossoms
on each sample tree was counted daily. A flower was considered

open when an insect could actually enter, and was no longer
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counted when only two of the five éetals were left.

N

4. Activity of Native Pollinators:

]
z—Daily observations of pollinators during ‘the entire

“blossom period were carried out from sunrise to sunset. Since
the general aerial fauna of an orchard is quité different from
the pollinating.insect fauna (Lewis and Smith, 1969), and .
since many insects_just sit on the.pgtals or approach the
necﬁaries from the side without getting covered in pollen
(Free, 1960a), observations and collections were made only of

insects actually visiting and touching the reproductive parts

(anthers and stigma) of the blossoms (Fig. 3).

Number and types of pollinators were recorded for each
visit. A visit consisted of a 5-minute observation period of
each tree, and a total of 16 trees was used for observations.
Thus, each tree was visited approximatély every 2% hours

~

throughout the dav. Since identificapion of insects to species
while in £light was %mpractical, the insects visiting ﬁhe‘
blossoms were subdivided into 20 easily recognizable.éroups
(Table 1). Therefore for each visit, a record of the numbers
and types of pollinators, the specific cultivar, ana the weather

conditions, was obtained from approximately 7:00 to 21:00 hours

for each blossom day.
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Figure 3. apis mellifera L. nectar feeding
but still touching the reproductive
parts of the blossom. This behaviour
is necessary for an insect to be

considered as a visitor.

\_/
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Table 1. List of the 20 groups used to identify pollinating
insects in the field :

~
l. Apis mellifera
2. Bombinae ., ' ® _
3. Andrenidae ' ) e
4. Large Andrenidae >  Hvmenoptera
5. Ealictidae
‘6. Green Halictidae
7. PFormicidae
8. OEhérs
. 9. Syrphidae b
10. Scathophagidae
11, Bibionidée
12. Anthomviidae > Diptera
13. Chironomidae '
14. Others Large
-15. Others Small P
16. Elateridae h
17. Nitidulidae >  Coleoptera
18. Others

1%. Lepidoptera

20. Hemiptera
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5. Pollen Analyﬁis:

[§]

Insects caught at peak time (between 11:00 and 15:00
hours) and during peak days (from May 18 to May 28 in 1979,

and from Mayv 19 to May 25 in 1980) were used for pollen counts.

Many honeybees, bumblebees, and solitary bees when fbraging
collect pollen into "pollen baskets"” on_gheir hind legs. These
loads are moistened with nectar and salivary secretions and
adhere well during foraging. Therefore, when present, the hind
legs of these insects were rembtea before washing because these

"pollen baskets" are of little significance iﬁ pollination.

The method of washing and ‘counting was adopted from
Kendall and Solomeon (1973). It consisted of washing each
insect with a fine jet of 70% ethanol over a small glass dish
approximately 3 centimeters in diameter. The insect was then
‘placed in the liguid and brushed with a fine brush, removed
and rinseé again. The pollen was allowed to settlé. Because
an even distribution was difficult to obtain, 1/10 of the fl
surface area was counted as opposed to 1/30 ég mentioned by
Kendall and Solomon (1973). This was done bv placing a érid
with a blacked out area egual to 1/30 of the surface area
under the-glass &ish and éounting the pollen grains within
threé of tﬁese areas. The efficiency of recoverv of po;len

was cHecked for a few insects of each main group by repeating
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=
the washing and bruéhing procedure a total of three times.
The third treatment yielded little or no more pollen. The
first treatment was then compared with the total of the three

considered as 100% recovery.

Under the light microscope, it was not possible to
differentiate apple pollen grains from those of other Rosaceae
which may have been visited by the insects. Rosaceous pollen
is generally oblong when dry, but takes up moisture readily
becoming flattened and angular in outline. The grains are
tricolporate with long furrows extending almost to the polar
axis. Given these characteristicg, apple pollen grains were,
however, easily distinguisheé from the usuallv rounder éollen
'grains with a much more textured exine of nearby flowering
weeds or bushes. Conseguently, not only.was the total number

of pollen grains recorded for each insect but also the number

of fruit versus non-fruit pollen grains.
6. Fruit Set: -

"Fruit Set" is an estimate of the vield of an orchard
and is related to the amount of effective pollination. Fruit
set was calculated from the ratio of fruitlets and fruit to

the total number of potential blossoms.

Apple blossoms are arranged in clusters of six flowers,
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five laterals surrounding one blossom called the King Blossom
(Fig. 4). The King Blossoms are first to open. It is rare

that more than four of the laterals open. ) i

The total number of potential blossoms was therefore
estimated by multiplyving the total number of clusters by 5
(Williams, 1970). The total number of clusters was counted
for each sample tree when the developing blossoms were well
advanced at the "full pink stage" (Agriculture Ontario, 1980)
and before the leaf-buds expanded. During peak blossom, the
total number of blossoms that would open were counted on three
treeg to verify the ratio of clusters to potential blossoms.
Fruitlets were counted from each sample tree 21 days after
80% petal fall (Williams, 1970). Just before full .ma..'turity,

all apples from the observation trees were picked and counted.

In 1979 and 1980 a sample of 25 apples was randomly
selected from each tree. The size of each one of these fruits
was measured by watex displacement and recorded as volume in
milliliters., The apples were then cut in half and the number
of seeds counted. When worms had eaten their way to the core,

the apple was ‘discarded for the purpose of seed counts.

7.. Effective Pollination Period:

2

The Effective Pollination Period (E.P.P.) is an estimate

A
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Cluster showing the King Blossom
in bloom surrounded by 5 laterals

at the "full pink" stage.
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of the number of days the stigma is receptive to pollen after '
the flower opens. It was determined in 1980 only, in the

following manner.

One tree from each of the four cultivars was selected.
?ivé sleevé cages were ihstalled.on each tree. Each cage was
placed over a branch to enclose four clusters (Fig. 5). The
. King Blossom and one lateral flower was pinched off before
installing the cages, thu§ leaving each cluster with four
uniform flowers. The sleeve cages made of transparent nvlon
mesh of lmm2, were instéiied,just before the blossoms opened

RS . .
to preclude pollination from outside sources.

Hand péllination was carried out in each cagg using the
prropriatelpéllen for each cultivar. A total of 15 flowers
from each varietv was collected dailv. To obtaa éollgn_,
petais were removed and the anthers were left overnight to
dehisce. Flowers in-one cage were pollinated on day '0’
which was the first day of ppening, then those in one more
were pollinated on eaqpqu days '2', '4', and '6' following
flower openggg. %He\éégf clusters left were available as a

-

reserve. Each of the four flo s of each cluster was polli-

nated in turn.by rubbihg the stigma with the anthers of one
flower prepared as above for pollen\release; then using a
second flower, each was pollinated again in reverse order.

Following this hand pollination procedure, the clusters were
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Sleeve cage made of 1 mm2

‘transparent mesh enclosing

clusters in full bloom to
preclude pollination from

outside sources.
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well marked, and initial and final fruit set were later

recorded.

This procedure was followed for each of the four cultivars.
McIntosh and Empire served as reciprocal pollinizers, so did

Red and Golden Delicious. These were grouped because each pair
blossomed at slightly different times.

tL el W
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RESULTS

1. Population Composition:

Observations and collections were made only of insects
actually visiting and touching-phe reproductive parts of the
blossoms. A total of llT::jQI§§;bts were observed throughout
the three years. Altogether 106 different species belonging
to 77 genera and to 40 different families were identified

from the 758 insects caught. They are presented according

to the 20 general groups used in field identifications
(Table 2}). |
-“WJ;pis mellifera L. were tﬁe.most numerous of all visitors.
The numbers observed increased greatly from one vear to the
next, with 162 in 1978, over three thousand in 1979 and more
than four thousand in 1980. Five different species of Bombinae
were idéntified, four Bombus and one Xylocopa. All were caught
in 1979 and only the latter in 1980, There were also many more
observed in 1979 than in the other vyears. The Andrenidae were
the secﬂnd moOsSt numerocus group within the Hymenoptera (Fig. 6).
Six different species were identified. Andrena miserabilis
Cresson was the most important for all three years. Although
1979 had the greatest diversity of species, many more }Ere

observed in 1980 than in the previous years. No Large

Andrenidae were caught or observed in 1978. Five species were
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Table 2. Variation of the number of species caught
for each vear. Theyv are presented
according to their field identification
into 20 general groups. The numbers
following each species represents the
numbers of individuals caught and
identified.



- 36 -

HYMENOPTERA

l. Apis mellifera L.

2.

8
Total number observed
Bombinae

Bombus sp.

Bombus bimaculatus Cresson
Bombus Impatiens Cresson
Bombus sandersoni Franklin

Anthophoridae
Xylocopa virginica (L.)

Total number caught
Total number observed

Andrenidae

Andrena sp.

Andrena Imitatrix Cresson
Andrena miserabilis (Cresson
Adndreha nasonii - Robertson
Andrena sigmundi Cockerell
Andrena wilkella ZKirby

Megachilidae
Osmia atriventris Cresson

Total number caught
Total number observed

Large Ancdrenidae’

Andrena sp.

dndrena carlini Cockerell
Andrena crataegi Robertson
Andrena dunningi Cockerell

Andrena milwaukeensis Graenicher

Andrena vicina Smith

Total number caught
Total number observed

1978 1979 1980
3 50 17
162 3227 4479
1
1
1
2
1 1
6 1
2 30 7
12 37
3
2 44 20
14 4
8
2
1
2 82 63
3 278 439
11 9
4 6
1
2
2
2 1
20 18
51 65
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5. Halictidae 1978 1979 . 1980

bialictus sp. - 8 41

Dialictus admirandus Sandhouse )

Dialictus inconspicuus (Smith) - 48 29

Dialictus pileosus (Smith) 1

Evylaeus foxii Robertson 1 3

Evylaeus pectoralis Smith 1 1

© Halictus confusus Smith . 1
Lasioglossum coriaceum (Smith) 1
Anthophoridae l

Ceratina calcarata Robertson . 3
Total number caught 2 62 76
Total number observed 170 216

6. 'Green' Halictidae
Augochlorella striata Provancher 3 17 10
Total number observed 31 28
7. Formicidae

Camponotus sp. . 1

Formica fusca group 11

Formica glacialis Whlr. 2

Lasius neoniger Emery ' 1

Prenolepis imparis (Say) 13 2
Total number caught 3 24 3

Total number observed 24 264 50
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Other Hymenoptera 1978

1979

1980

Anthophoridae
Nomada sp.
Chalcidoidea

Anacharis sp.
Pholetesor ornigis Walsh
Sympiesis marylandensis Girault

Ichneumonidae

Diplazon laetatorius Fabr.
Fycnocryptus director (Thunberg)
Syrphoctonus flavelineatus Gav.
Tryphon (Symkhoethus) seminiger (Cress.)
Tymmophorus rufiventris Gravenhorst

Tentredinidae
Eutomostethus ephippium (Panzer)
Vespidae

Vespula (Dolichovespula) maculata (L.)

Total number caught
Total number observed 12

Ho

HNHNDH-

12
16

W~
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DIPTERA

9,

10.

11.

Syrphidae

Allograpta obligua (Say)
ristalis sp.
Eristalis arbustorum -(L.

)

Eristalis dimidiata Wied.

Eristalis tenax (L.)

Helopkilus fasciatus Walk.

Helophilus latifrons Lw.
Melanostoma ép.'

- Metasyrphus Sp.
Metasyrphus latifasciatus
Platycheirus guadratus |

{(Macg.)

Say)

Platycheirus scutatus (Mg.)

Sphaerophoria sp.
Sphaerophoria philanthus
Syrphus rectus 0.8S.
Syrphus torvus 0.5.

(Mg.)

Toxomerus ceminatus (Say)
Toxomerus marginatus (Say)
(s

Total number
Total number

Scathophagicae

caught

observed

Scathophaga furcata ({Sav)

Scathophaga stercoraria

Total number
Total number

3
!

Bibionidae

Bibio sp.
Bibio albipennis Say

Total numnber
\ Total number

(L.}

caught
observed

caught
ohserved

HIE N

1978 1979 .1980
2
1
2 1l 4
3
3 1
1 6 2
1
1
3
ey l
6
2
4 25 21
24 46 114
2 -
1 2
3 2
6 4
5
8
13
35 2

VS aad
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12. Anthomviidae 1978 1379 1980°
Hylemya (Delia) sp. 2 9 1l
Eylemya (Delia) brassicae
T . (Wiedemann) 3
Hylemya (Delia) florilega
. (Zetterstedt) 1 12 1
Hylemya (Delia) platura (Meigen) . 37 2
Bylemya (Pegohylemya) sp. (/ 8 7
dylemya (Pegohylemya) fugax \
(Meigen) - 2 © 26
¥upedia dissecta {Meigen) 1
Total number caught 5 83 14
Total number observed 65 1070 188
13. Chironomidae -
{
Chironomini (genus unknown) 1 5
Chironomus sp. 4
Chironemus maturus Johannson 1
Cricotopus sp. r __ -
Endochironomus sp. L
Limnophyes (?) sp. 1
Micropsectra sp. 2
Orthocladiinae (genus unknown) 3 5
Orthocladius sp. . 11
P:ocl%iius sp. 1
Total number caught 4 27
Total number observed 3 78 5
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15.
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Large 'Other' Diptera
Calliphoridae
Bufoluecilia silvarum (Mg.)
Lucilia illustris (Mg.)
Phormia regina (Mg.)
Pollenia rudis (Fab.)
Conopidae
Myopa vesiculosa Say

Muscidae

Fannia sp.
Fannia coracina (Stein)

Sarcophagidae
Boettcheria sp.
Ravinia (Chaetoravinia) latisetosa
Park.

Tachinidae

Periscepsia helymus (Walker).
Tachinomyia nigricans Webber

Total number caught
Total number observed

Small 'Other’ Diptera
Agromyzidae

Japanagromyza viridula (Coc.)
Ephvdridae

Hydrellia gp.
Dolichopodidae

Dolicgvpus sp.

<3

Total number caught
Total number observed

1978

1979

1980

’Z}II—‘MN

| il (V)

20
44
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COLEOPTERA
16. Elateridae " 1978 1979 1980
Ctenicera lodbata tarsalis (Melsh.) 4 4
Total number observed 21 6
17. Nitidulidae
Meligethes canadensis Easton 2
Meligethes nigrescens Stephens 5 1
Total number caught 2 5 1
Total number observed 14 3
18. Other Coleoptera -
Cantharidae
Cantharis bilineatus Say | 1 3
Coccinellidae
Coccinella transversoguttata
- richardsoni Brown 2
Scarabaeidae
Phyllophaga sp. 2
Phyllophaga rugosa (Melsh.) 2
Pyrrhalta lIuteola (Mill.) . 1
Total number caught 1 10
Total number observed 14 23 2
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20.
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LEPIDOPTERA 1978 1979 1980
Gelechiidae {genus unknown) 1
Geometridae '
Haematopis grataria (Fabr.) 1
Gracilariidae
Lithocolletis sp. 1
Hesperiidae
ry;n;s Juvenalis (Fab.) 2
Noctuidae h
Anagrapha falcifera Kby.- 1
Apamea finitima Gn. 1
Pseudalgtia unipuncta Haw, 2
Nymphalidae
Vanessa (Vanessa) atalanta rubrcia
(Frubstorfer) 1l
Olethreutidae
Pseudee*entera sp. 1
Total number caught 11
Total number observed 1 12
HEMIPTERA
Anthocoridae
Orius insidiosus (Say) 1
Coreidae
Kleidocergs resedae (Panzer) 1l
Miridae
Lygus sp. 4
Lygus lineolarius (Pal. de Beau.) 2 1
Total number caught 2 6 1
Total number observed 1 8 1
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identified; four different species were found in 1979 and

three in 1980. As with the other Andrenidae, more individuals

e

—_—

were observed in 1980 than in the other Years. The pattern

was similar for the Halictidae, with a greater variety in 1979,
but greater numbers in 1980. Altogether eight species were
identified, six different species in 1979 and three in 1980.
Dialictus inconspicuus (Smith) was the most important for these
two years. The 'Green' Halictidae consisted of only one species,
Augéchlsgella striata Provancher. The numbers obser;ed were
more or less equal in 1979 and 1980. Five species of Formicidae
were identified. The diversity was similar for each vear, but
many more were observed in 1979. There were very few 'Other’
HymMenoptera caught. Of the 1l species identified, ten were
present in 1979 and one in 1980. Few were observed, 1979

having the Xargest number.

'Diptera_were the second largest group. The Svrpkidae

were very diverse with 18 identified species (Fig. 7):

three in 1978, nine in 1979 and 13 in.1980. The greatest

diversity and the greatest numbers observed were in 1980.
No Scathophagidae were observed or caught in 1978. Two species
were identified in 1979 and one in 1980. Very few individuals

were observed with more in 1979. Few Bibionidae were caught

.and only in 1979. None were observed in 1978 and only two in

1980. The Anthomyiidae were the- second most numerous group of

pollinators after the honeybees. Seven species were identified,
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Figure 7._ Syrph.{dae feeding on pollen.
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three different species were ﬁzesent in 1978, six in 1979

and five in 1980. The numbers observed were much greaté& in
1979 than in .the other vears. The Chironomidae were‘a very
difficult group to identify. The diversity and the numbers
observed were greater in 1979. The iarge 'Other' Diptera
consisted of 11 spécies belonging to five different families.
None were caught or cbserved in 1978. In i979, ten species
were identified and in 1980 only two. The diversity and the
numbers observed were much greater in 1979. The Small 'Other'
Diptera ansisted of three species belonging to three differ-

ent families caught in 1979 onlv. A few were observed in

19890, bﬁt a2 much greater number was recorded for 1979.

The Coleoptera w;;éﬁmainly observed in 1979, thev con-
sisted of eight specie§ belonging to five different families.
They were considered chance pollinators because they were on
the blossoms for other resources besides pollen and nectar.
The Elateridae, the Cantharidae and the Scarabaeidae fed om,
plant tissue such as peta;s and anthers. The Nitidulidae
were sap feeders, and the Coccinellidae were predators on

°

other insects.

The Lepidoptera were nectar feeders. They were few

in numbers and observed almost exclusively in 1979.

The Miridae were the main Hemipterans observed for the

LA
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. three years. However, the diversity and the numbers ob-

served were much greater in 1979.

In 1979, additicnal observations were conducted during
two nights at peak blossom. The three species of Noctuidae
~and the two species of Scarabaeidae were the only insects

recorded during these nights.

AN Apis mellifera L. was by far the most important group
<F5%”all vears (Fig. 8). In 1978, the Anthomviidae ranked

second, followed by the Formicidae and the Syrphidae.

Species and group diversity was the greatest in 1979.
The Anthomyiidae were again second in importance after the
honevbees, followed by the Andrenidae, the Formicidae and the
Halictidae. The total percentage of Diptera was however

greater than the percentage of Hymenoptera (excluding the

honeybees).

There was much less diversity in 1980 than in 1979.
However both groups of Andrenidae and both groups of Halictidae
were of greater importance than the Diptera. Among the Diptera,

the Anthomyiidae and the Syrphidae were the main groups of

significance.

Apis mellifera L. increased in relative importance from

4

-

y
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The yearly distribution of the

20 groups of pollinators expressed
as the percentage of the total
number of insects observed, then

summarized as the four main groups.
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3

Comparison between vears of the
four main groups of pollinators
and the relative importance of
these groups for all vears
combined.
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1878 to 1980 from 50% to 80% of the total pbllinator gpgﬁlation
(Fig. 9). ?he other Hymehoptera were more or leSs’equal for
éll three vears around 15% of the total insects. The Diptera
ana the other insects decreased in relative importance from
1878 to 1980 with the Diptera ranging from 30% to 6% and the
other pollinators from 16% to less than 1% of the total
pollinator population. With all three vears combined, Apis
mellifera L. was of greater importance consisting of 69% of

the total number of insects; the other Hymenoptera and the

~ Diptera were of equal importance consisting each of 15% of

the total and the others (Coleoptera, Lepidoptera and

Hemiptera) were less than 1% of the total number of pollin-

ating insects.

2. Bloom Development:

~

Each blossom season was very different as a result ef
tree growth and variable weather conditions. The M-16 root-
stock gafe a semi-dwarf appearance to the‘trees only if proper
- prunning was maintained. Despite this, the trees increased in
size. Thus, the total number of clusters increased markedly
from one vear to the next for all four cultivars (Table 3).

In 1978, McIntosh and Golden Delicious had the greatest number
of clusters but in 1979 and 1980 Red Delicious replaced
Mc%ntosh in ranking. Both Delicious also developed ihto the

-

largest trees with Empire remaining the smallest for all vyears.
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Table 3. Variation in the number of clusters for four

sample trees of each cultivar for each vear.
3

Tree . 1978 1979 1980
McIntosh 307 . 521 1470
Empire - 185 634 1048
Red Delicious 168 848 1723
Golden Delicious 318 1315 1671

-~

LR )
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For comparisons within each season and between cultivars,
daily blossom counts were transformed to ‘the number of
blossoms open per 100 clusters as a mean of the .four sample

trees for each cultivar (Fig. 1g0).-

The shortest season lasting only ten days from May 24
to June 2, with peak blossom from May 26 to 28 was in 1978.
Temperatures (Fig. ll) were above 20°C and relative humidity
averaged 60%. The longest blossom period, lasting 21 days
from May 14 to June 3, with a main peak from May 20 to 22
and a minor second peak extending until May 26 was in 1979.
Temperatures during this year were very cool, usuallv below
15°c. They averaged 10°C or less from May 22 to-27 accounting
for the extended peak in the number of blossoms. HEigher
relative'humiditQ, over 70%, also coincided with this period,
with continuous showers on May 25. The 1980 season was inter-
mediate consisting of 14 days, from Méy 17 to 30 with peak
blossom May 21 to 23. Weather conditions were humid and cool
for the first few déys but stayed warm and dryv for most of
the remaining season. For ali three vears, McIntosh and
Empire peaked together and Réd and Golden Delicious two davs
later. 1In addition, Red and Golden Delicious started blos-
soming one to two days after McIntosh and Empire, and also

matured later in the fall.

e i e



Figure 10. Bloom development for the four

<

cultivars for each vear.
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Figure 1l1. Average daily temperatures (°C).
' and the relative humidities (“?V{
for gach blossom season.
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3.0 Activity of Native Pollinators:

P

L

‘Activity in the context of this study refers to the pres-
ence or absence oﬁ the flowers of the various groups of
pollinators. Over the three blossom seasons, a total of 2 ;736
five-minute observation periods m;nltorlng the number and tvpes
of pollznators was conducted. The distribution of these vari-

ous groups of insects with respect to the variables recorded

is discussed.

3.1 Seasonal Distribution of Pollinators:

The numbers of insects present in each group throughout

each blossom season are represented in Figs. 12, 13 and 14.

Apis mellifera L. was present throughout the blossom b
season and peaked’with the peak blossom of Redjand Golden
Delicious in 1978 and 1980. In 1979, the bS8s were active
enly when Red(and Golden Delicious started bldssoming, they
increased in number with the number df“biosébﬁs but peaked
only towards-the end of the season when weather conditions
became favourable. The Bombinae were rare for all vears.

Only two were observed in 1978 at peak blossom for McIntosh
and Empire. In 1979, thev were present more or less through-
out the season but only after McIntosh and Empire had over

100 blossoems per 100 cluster, and Red and Golden Delicious
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Bloom development and seasonal
distribution of the total number
of insects of each group of
pollinator observed each dayg;
for 1978. ’
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/Figure 13. Bloom development and seasonal
distribution of the total number
of insects of each group of
pollinator observed each day
for 1979.
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Bloom development and seasonal
distribution of the total number
of insects of each group of
pollinator observed each day

for 1980.
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had stgrted blossoming. 'They were present only at peak
blhssom of Red and Golden Delicious in 1980. In71978,
the Andrenidae were present only at the peak blossom of Red
and Golden Delicious. They were present throughout the blos-
som period in 1979 and peaked towards the end of the season
when weather conditions were favourable. In 1980, they were
present once the blossoms were well established, and peaked
with peak blossom of Red and Golden Delicious. The Large
Andrenidae were not observed in 1978. In 1979 and 1980, thev
were observed a few days later than the other Andrenids when
. the McIntosh and Empire blossoms started peaking. fhey were
Present throughout both seasons and peaked, as the other
Hymenoptera discussed so far, in 1979 towards the end of the
Season and, in 1980, with the peak blossom of Red and Golden
Deliéious. The Halictidae and 'Green' Halictidae were not
observed in 1978. In 1979 gﬁd 1980, the Halictids followed
the same pattern as the Anéggnids and the 'Green' Halictids
followed the Large Andrenids. The first ghir were active a
few days earlier than the second pair, with ali peaking to-
wards the end of the season in 1979, and, in 1980, with the
peak blossom of Red and Golden Delicious. Both groups of
Halictidae were fewer in humber than the Ahdrenidae. The
Formicidae were active more. or legs evenly throughout each

of the three years.{-'Other' Eymenoptera were present ”~“\\~_ﬁ__/

sparsely throughout 1978 and 1979, and only at peak blossom

time in 1980.
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The Syrphidae were present throughout each of the three
seasons. In 1978 and 1980, they peaked with thg peak blossom
of Red and Golden Delicious. In 1979, they were evenly dis-
tributed throughout the blossom period except for their ab-
sence during three very cool and rainy days in the ﬁiddle of
the season. Thé Scathophagidae were not observed in 1978.

In 1979, a few were present at the beginning and at the end

of the season. In 1980, they were present at peak blossom
time. T&e Bibionidae were not observed in 1978. They were
present toéards the end of the season in both 1979 and 1980.
The Anthomyiidae were present throughout each of the three
seasons especially at peak blossom time. The Chironomidae
were present towards the emd of the season in 1978. 1In 1979
and 1980, thev were more active at the beginning. ‘The 'Other’
Diptera, Large or Small, were not observed in 1978. Thev were
present sparsely -throughout the season in &3}9 and, in 1980,

during peak blossom.

The other groups: Coleoptera, Lepidoptera, and Hemiptera;
were very few in number and were present mainly at the begin~

ning of the season for each vear.

3.2 Daily Fluctuations in the Number of Insects for Each
Group of Pollinators:

- -

* .
The distribution of the presence of each group of insects

@
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throughout the day was compiled on an hourly basis indicating -

H
the total number of insects for all years (Fig. 15).

Apis mellifera L. was present after 7:00 hours, peaking
arouﬁd 14:00 hours and slowly decreasing until sunset. The
Bombinae were few and mainly active in the afternocn. The
Andrenidae were active between 10:00 and 19:00 hours peaking
around_l4:00 hours. The Large Andrenidae had a similar‘
-range of activity but were much fewer peaking around 15:00
-hpurs. The Halictidae were present between 10:00 and 18:00
hours, peaking around 14:00 hours. The 'Green' éaliétidae "
showed a similar distribution but were much fewer in number.
The FOﬁg}cidae were present throughout the observation times,
but were greater in number later in the dav. The 'Other' N
Hymenoptera were present sparsely thronghdut the day after

8:00 hours.

Most Diptera were active throughout the observation
-times. The numbers of Syrphidae increased slowly, peaking
around 17:00 hours, then decreased rapidly until sunset.

The Scathophagidae were few and present sparsely between 7:00

. i 4
and 20:00 hours. The Anthomviidae were active throughout the
o

dav, peakifg around 16:00 hou%}. The Chironomidae were most -
- active early and late in the day. ‘The Large 'Other' Diptera

were present mainly in the afterncon. The Smalﬁ/*Other' Diptera

»

L4



&

-Figure 15. Distribution of the total number
of insects of each group of
pellinator observed over the

three vears for each hour of the
day from 6:00 to 21:00 hours.
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appeared sparsely throughout the observation times.

The other groups (Coleoptera, Lép;doptera and Hemiptera)
were sparseiy represented and were mainly active after 14:00
hours. - |
~

3.3 Distribution of Each Group of Pollinator with Respect
to Weather Conditions:

Weather conditions haveﬂpeen reported to -account for
dallv fluctuatlons in the number of pollinators (Free, 1960;
Lewis ané Smith, 1969, 1972). The range and distribution of
the 20 different groups with respect to temperature, humidity,

and light energy are presented in Figs. 16, 17 and 18_

A few bees (apis mellifera L.) were present when the
temperature was as low as 7°C but ﬁheir numbers increased with
temperatures aboﬁe 10°C. Thev were présen£ thrpughout the
range of humidity, but peaked around 50% relative humidity
(R.E.). They were distributed over the entire range of light
with their numbers increasiné slightly at higher readiﬁgs. N
Few Bombinae were present aﬁd only ébove 11°C and between 30%
and 80% R.H. ihey were evenly distributed with respect to
light from 0 to 900 Wm™2. The Andrenidae were present above
10°C and increased in numbers wiéh increasing temperatures.
They were present throughout.the range of humidity with a

- ’J .
slight peak at 50% R.H. They were present between 0 and .
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Figure 16.

A

Distribution of the mean number
of insects of each group of
pollinator observed per visit for
the three vears over the range of

recorded temperatures (°C).
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Figure 17.

1

Distribution of the mean number
of insects of each group of
pollinator observed per visit for
the three vears over the range of
recorded relative humidities (%).
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Figure 18. Distribution of the mean number
of insects of each group of
pollinator observed per visit
for the three vears over the
range of recorded radiant flux '

or light energv (Wm™2). !
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§ﬁn Wm™2 with their numbers increasing slightly at higher
readings. The Large Andrenidae displayéé a’ narrower range of
.activity.. They preferred temperatures above 12°, humidities
between 30% and 90% R.H. and light intensities of “00 to 800 Wm-2.
The Formicidae were present wﬁether temperatures were 8°C or
the maximum temperature 32°C, but in greatest-phmberg below
26°C. They were present when humiditv was 20% to 100% R.é., ‘
and light ranged from 0 to 900 Wwm™2 with a slight preference"
for higher intensities. The numbers of 'QOther’ Hymenoé%era
were few and observed when temperatures were from 10°C to
29°C. They were preéent when humidities were between 30%

and 100% R.H., and light ranged from 0 to 800 Wm—2.

The Syrphidae‘were present above 11°C and increased in
numﬁers with increasing temperatures. They preferred humidities
between 20% and 100% R.H., and light intensities of 0 to 800 Wm=2.
The Scathophagidae were few and had a very narrow range of aci-
ivity. They were present when temperatures were from 13°C to

26 °C,when humidities wgre between 40% and 90% R.H., and when
light ranged from 0 to 500 Wm~2. The Bibionidae preferred
temperatures between 10°C and ‘26 °C, humidities between 30%.

and 100% R.E. .and light intensities from 100 to 800 Wm~2.

.The Anthomyildag were the most widely distributed group. They
were present tﬁé%ughout the entire recorded ranges of temper-

ature, humidity, and light energy: £rom 5°C to 32°C, between

0% and 100% R.H., and from 0 to 1200 Wm—2. The Chironomidae
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were present when temperatures were from 5°C to 27°qf when
humidities were between,éO%'and 100% R.H., and when light
ranged from 0 to .800 Wm‘zt The Large 'btherK‘Diptera pre-
ferred te;peratg;es between 11°C and 21°C, humidities between
30% and 100% R.H., and light intensities from 0 to 800 wWm™2.
The Small 'Other' Diptera had a much wider range with temper-
~ atures ranging from 8°C to 28°C, humidities between 30% and
90% R.H., and light from O_to 900 Wm‘é.
The E;ateridae were pr&bent when témperatures were from
8°C to 25°C, when humidities were between 30% and 90% R.H.,
and~when light ranged from 0 to lZOQ.Wm'Z. The Nitidulidae
ha& a much narrower range of activity. They preferfed temper-
atures from 14°C t0.24°C, humidities between 30% and 80% R.H.,
and light intensities from 0 to 805 Wm—2. The 'Other'
Coleoptera had a wide range of activity since this group con-
sisted mainly of Cantharidae whieh were diurnal, and of a few
Scarabaeﬂ?ae which were nocturnal. They were present when
temperatures were from 4°C to 28°C, when humidities were -
be;ween 20% and 100% R.H., and when light ranged from 0 to

700 Wm—2.
>

The Lepidoptera also consisted of diurnal and nocturnal

species. They preferred temperhtures between 7°C and 15°C,
with a few present at 27°C, humidities from 30% to 100% R. H.,.

-

and light intensities between 0 and 800 Wm=2.

~
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- The Hemiptera were present when temperatures were from
9°C to 25°C, when humidities were between 30% and 100% R.H.,

and when.light ranged from 100 to 600 Wm~2.
. ) : N

- .
by

- 3.4.0 sSignificance of the Factors Responsible for the
Fluctuations in the Numbers of Pollinators:

kY

As seen in the previous sections, the numbers of insecés
present varied considerablv. The factors responsible for
these fluctuations were divided into two categories: discrete
‘and continuous vériableé. The discrete variables were static,
well delimitgd factors; these consisted of the number of
”-blossoms per trée, the kingé 5f cultivar, the different rows,

" the day: and the vear. The continuous variables or covariates
were time, temperature, humidity, and light energy. For sta-

tistical analvsis, manv of these variables were reorganized

and recoded as follows.

/

Much unavoidable variation was introduced because of the

differences in the number of blo;§oms present each vear on

-

each tree and cultivar. As expected and predicted, there
i) ‘ :

were more insects present on a tree which had a greater
nunber of blossoms. This was verified via a Stepwise
‘Multiple Regression'and 'F' test (Tabie 4) Qhere the number
of blossoms ranked among the first and was highly_fignificant

for the three main groups of pollinators. Therefore, for

meaningful comparisons among the other variables, the number



Table 4. Significance of the discrete and continuous variables
responsible for the fluctuations in the numbers of the three
main groups of pollinators. A Stepwise Multiple Regression of
the mean number of insects per visit was used.

Variables B Mule.R chhange F Sign.F
Bees -
1. # Blossoms ¢.0080 0.5727 0.3279° 1406.566 ~ 0.000
2. Temperature 0.2515 0.6588 0.1062 139.457 0.000
3. Humiéity -0.0429 0.6649 0.0082 38.930 0.000
4. Light 0.1139 0.6674 0.0032 12.226 0.000
5. Day 0.2801° 0.6687 '0.001s8 5.162 0.020
6. Tree -0.1672 0.6695 0.0009% 5.120 0.020
7. Row. ) 0.3357 0.6700 0.0G08 4.205 0.040
8. Time . - =0.0893 0.6706 0.0008 3.751 0.070
(constant) -1.7041 b
Wild 1
1. Temperature 0.0557 0.3358 0.1128 '54.428 0.000 -
2. # Blossoms 0.0011 0.3971 0.0445S 206 .755 0.000
3. Light _0.1262 0.4387 0.0348 119.191 0.000
4. Day 0.1701 0:4445 0.0052° 15.140 0.000
5. Tree -0.0838 0.4479% 0.0030 10.203 - 0.001
6. Humidity-- -0.0059 - 0.4508 0.0026 5.919 0.020
7. Row -0.1515, 0.4528 0.0018 6.804 - 0.010
8. Time -0.0289 0.4538 0.0008 3.133 0.070
(constant) -0.8099 :
wild 2
1. # Blossoms 0.0005 0.1718 0.0285 898.178 0.000
2. Humidity -0.0071 0.2083 0.0139 17.598 0.000
3. Time 0.0604 0.2399 0.0092 28.808 0.000
4. Light 0.0471 0.2199 0.0049 34.989 0.000
5. Temperature =-0.0167 0.2473 0.0036 10.284 0.001
6. Row -0.1126 0.2527 0.0027 7.932° 0.005
.7. Tree. -0.0058 0.2528 0.0000 0.104 0.25
8. Day ©0.0085 0.2528 0.0000 0.081 0.25
(constant) 0.9457 -




- 72 -

LAY

of 1nsects Present for eacdh group per v151t was transformed

to the number of insects present per 100 blossoms.

il

.,

. ) o .
;(\The four different cultivars: McIntosh Emplre, Red

. Delicious,-and Golderr Delicious} were classrf;ed as 'Tree
.pow was separated into east (rows 8 and 11) and west
(rows 2 and/4) fac&ng s¥opes. The three seasons,_1978, 1879,

and\1980 were grodpe as 'Year'. 'Day’' was subd;vroed into

three periods representlng the beginning, the peak,,and:the

i end ofithe blossom season: The peak day started when 160 |
_biossoms were present on each cultiuar, and ended when C‘Lout
. 100 blossoms or less were left (Figs. 12,13 and 14) ™~ 'Time’
was divided on a hourly basis from 6:00 to 21:00 hours.
Tempg;ature, humidity, and light energy remained as contin-
_ uous variables.

For adequete testing, the logarithﬁ t¥™rase 10 of the
numbers of lnsects per 100 blossoms was used to approximate
normal distribution. When means were tabulated, they were
expressed as geometrlc means since they had to be retrans- -
formed from the logarithms.

To obtain adequate sample size, the 20 groups of insects’
were reolassified into thé four groups as previously seen in
Fig. 8. Group 1, Apis mellifera L. or Bees, rema;ned un-

changed. 2ll other Hymenoptera were classified into a second
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groﬁp named Wild'l. The Diptera became Wild 2. The
' Coleoptera, the Lepldoptera, and the Hemiptera together con-

“.stituted Wild 3. Since Wild 3 only consisted of 1% of the

1‘
+

total polllnator populatlon, it was excluded from statistical

analvsxs.

)

L 3

e N
All tests were ¥ms at the 5% significance level.

-

- -
t

3.4.1 Statié or Discrete Variables:

-

'Tree’', 'Row',"Dayt, and 'Year' are considered static or
discrete variables (ma&% effects) and were thus analyvzed
- fixst¥using an analvsis of va}iance (standard Anova), While
still ac;ounting for the covariates: temperature, humidity,

-

i light, "and time. According to the 'F! test (Tables 5, ¢ -
\\mf“ﬂT\\ T?ee' '‘Day', and 'Year' were highly significant

in etplalnlng the number of Bees, other Hymenoptera (Wild 1),
and Qiﬁtera (Wild 2) present. 'Row'. (east and west facing
slopéﬁlwﬁgsrnbt significant for Bees, but was slightly signif-
_lcant for Wild 1 and wild 2.

. :
. The larger the value of thé Sum’of Squares (SSJ, the

greater 1s the contribution of the faétors'to the variation

of the numbér'o} insects. For the Bees, the cova;iates had

a much greater value of S5 than the main effects. For wild.l

and Wild 2, the main effects had a much greater value of SS



Table 5.  Significance of the discrete.variables

-
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responsible for the fluctuations in -the numbers of Bees, using
a standard Anova accounting for the interactibns of the covar—
iates. This test was conducted on the logarithmic values of

the number of Bees per 100 blossoms per visit.

A\

{«J\

Analysis of Variance

[ -3
®ource af S.S. M.S. F Sign.F
Covariates 4 20.711 5.178 69.094 0.000
Temperature 1 2.661° _2.661 35.506 0.000
Time 1 0.768 0.768 10.250 0.001
Humiditys 1 3.920 3.920 52.309 » 0.000
Light 1 0.220 0.220 2.939 0.087
Main Effects 8 5.899 0.737 9.840 0.000
Tree 3 2.999 1.000 13.338 0.000
Row 1 0.004 0.004 T 0.050 0.823
Day 2 0.934 0.467 6.234 .. 0.002
Year 2 2.323 1.161 15.499 0.000 _
Explained 12 26.61 ° 2,218
Residual . 2723 210.844 0.077.
Total 2735 237.454 0.087 .
N —

(For detailed explanations of.abbreviatibns and statistical
- tests refer to Snedecor and Cochran (1967); this applies to

all subseguent tables.)

(main effects)
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Significance of the discrete variables (main effects)
tions in the numbers of Wild 1, using
g for the interactions of the covar-
ucted on the logarithmic. values of

00 blossoms per visit.

Analysis of Variance

Source

Covariates

Temperature

Time .
Humidity
Light

Main Effects
Tree
Row
Day
Year

Explained

Residual

" Total

df

o e s

BN W

12
2723

2735

S.5. M.S. F Sign.F’
. 3.492 0.873 12.432 " 0.000
0.102°  0.102 1.459 0.227
0.255 0.255 3.628 0.057
0.021 0.021 0.295 0.587
2.190 2.190 31.186 0.000
18.558 2.320 33.035 0.000
1.285 0.428 6.101 0.000
0.285 0.285 4.056 0.044
15.015 7.507 106.908 0.000
-1.865 0.933 13.280 0.000
22.050 1.838
195.681 0.072
217.731 0.080
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Table 7. Significance of the discrete variables (main effects):

responsible for the fluctuations in the numbers of Wild 2, using
a standard Anova accounting for the interactions of_ the covar:l
iates. This test was conducted on the logarithmic values of

the number of Wild 2 per 100 blossoms per visit.

Analysis of Variance
Source . as s.s. M.s.”  F Sign.F
(

Covariates 4 1.440 0.360 4.329 0.002
Temperature 1 0.368 0.368 4.425 0.036
Time 1 0.091 0.091 1.098 0.295
Humidity 1 0.114 0.114 1.369 0.242
Light 1 0.372 0.372 4.468 0.035

'

Main Effects 8 29.720 3.715 44,679 0.000
Tree 3 4.769 1.590 . 19.119 « 0.000
Row 1 0.327 0.327 3.938 0.047
Dav 2 18.807 9.404 113.093 0.000
Year 2 5.626 2.813 33.832 0.000

Explained - T12 31.160 2.597

Residual 2723 239.306  0.088

Total 2735 270.466 0.099

B
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than thé covariates. Therefore, weather conditions were
responsiblé for the variation in the number of Bees; whereas
the static factors,"Tree',"Roﬁ', 'Day', and 'Year' were
more responsible for the variation in the numbers of Wild 1

and Wild 2.
S

Each of the main éffects was then analféed individually

disregarding interactions from the other variables.
s} =

The Duncan. Multiple Range Test for the numbers of in-
sects present per 100 blbssoms per wvisit, on the foEr culti-
vars, indicated that there were significantly morétéees on
Empire and Red Delicious than.on McIntosh and Golden
bPelicious, with Golden Delicious having they fewest Bees
(Table 8 ). There were no significant differences.in the -~
numbers of other Hymenoptera (Wild 1) on McIntoéh, Eméire,
and Red Delicious. But there were significantly less Wild 1
on Golden Delicious than on McIntosh and Red Delicious.
There were no significant differences in the numbers of
Diptera (Wild 2) on McIntosh, Empire, and Red Delicious, but
significantly less on Golden Delicious. The numbers of in-
sects present were significantly different according to the
'F' test, among the four different cultivars for all three
groups of pollinators.

The Duncan Multiple Range Test for the numbers of insects

a—



Table 8.
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DUNCAN MULTIPLE RANGE TEST for the number of

insects per 100 blossoms per visit on the four cultivars.
The test was conducted on the logarithmic values.

Bees Wild 1 . Wilg 2
Tree Geom.x SSR Geom.x SSR Ceom.x SSR
McIntosh 1.109 ab 0.994 a 0.891 a
Empire 1.187 be 0.947 ab 0.880 a
Red Delicious 1.248 c 1.019 a 0.84% _a
Golden Delicious 1.037 a 0.918 b 0.724 b
Analyvsis of Variance
Source df S.S. M.S. 3 Sign.F
Bees 3 2.628 0.876 10.192  0.000Q
Residuals 2732 234.829 0.086
Total 2735 237.457 -
wild 1 T3 0.887 0.296  3.724  0.011
Residuals 2732 216.847 0.079
Total 2735 217.734
- \. ’ J
wWild 2 3 -3.579 , 1.193 12.211 0.000
Residuals 2732 266.900 0.098
Total 2735 270.479
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présent per 100 blossomé per Visiﬁ, during the three periods
of the blossom season, indicated that there was no signifi-
cant difference in the number of Bees during the start and
the peak of the blossom season, Day 1 and 2, but signifi-
cantly more at the end of the season {(Table 9 ). There were
significantly leés»other Hymenoptera (Wild 1) during peak
blossom, and significantlv more towards the end of the
season. The numbers of Diptera fw;ld 2{ showed no signifi-
cant differences between the start and the end of the season,
but were significantly less during peak blossom. The 'F'
test for the numberg of insects present indicated that there
were significant differences between days for each of the

three groups of pollinators.

~

The Duncan Multiple Range Test for the numbers of insects
preseﬂt per 100 blossoms per visi%v during the three vears,
indicated that there were significant differences in the )
number of Bees between 1978 and 1979 (Table 10). Howevegg'
there was no significant difPeirence ip the number of Bees
between 1978 and 1980, nor betiween 1979 and 1980. There were
significantly fewer other Hymenoptera (Wild 1) and Diptera
(Wild 2) in 1979 than in 1978, and significantly fewer in 1980
than in 1978 and 1979. The 'F' test for the numbers of insects
indicated that tHbre were no_significant differences in the
number of Bees between years, but there were significént

N

differences among years for the numbers of Wild 1 ané wild 2.

-



Table 9.

DUNCAN MULTIPLE RANGE
insects per 100 blossoms
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TEST for the number of
per visit for each blossom period

or day. The test was conducted on the logarithmic values.
Bees wild Wild 2
Dav Geom.X SSR Geom.x S8R Geom.x S8SR
1. Start 1.110 a 1.031 a 1.030 a
2. Peak 1.113 a 0.842 b 0.704 b
3. End b 1.276 o 1.053 a

1.235

Analysis of Variance

Source

Bees
Residuals
Total

wWild 1
Residuals
Total

wWild 2
Residuals
Total

S.S. M.S. Sign.F
1.096 0.548 6.337 0.002
236.360 0.087 o
T 237.456-
16.372 §.186 111.105 0.000
201.362 0.074
217.334
19.643 9.821  107.007 0.000
250.837 0.092
270.480

-
/

e
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Table 10.

insects per 100 bl

MULTIPLE RANGE TEST for the number of
ossoms per visit for each of the three
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years. The test was conducted on the logarithmic values.
Bees wild 1 wild

Year Geom.X SSR Geom.x SSR Geom.x SSR

1978 1.269 a 1.219 a 1.199 a

1879 1.127 b 0.987 b 0.854 b

1980 1.15¢0 ab 0.901 c 0.741 c
Analysis of Vagiance

Source - as S.S. ‘M.S. F ' Sign.F

Bees 2 0.412 0.206 2.377 0.093

Residuals 2733 237.043 0.087

Total 2735 +237.455

wiid 1 2 2.678 1.339 17.015 0.000

Residuals 2733 215.053 0.079

Total 2735 217.731

wilg 2 2 6.759 3.379 35.026 ¢.000

Residuals 2733 263.719 0.097 )

Total 2735 270.479

\——-.
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Table 1l1. .Significance of the east“ynd west slopes '
(Row} on the variation of the number Rf insects per 100 bleos-

soms per visit. The test was conducteX on the logarithmic
values. =

Bees wild 1 Wwild 2
Row Geom.x _SSR- Geom.x SSR Geom.x S8R
East 1.150 a 0.997 a 0.856- a’
West 1.137 a 0.8945 b

(_\2.808 b

Analysis of Variance

Source 4af S.S. M.S. F Sign.F
Bees 1 0.018 0.018 0.209 0.647
Residuals 2734 237.435 0.087

Total . 2735 237.454

wild 1 1 0.357 0.357 4.495 0.034
Residuals 2734 217.374 0.079

Total 2735 217.731

wild 2 1 0.436 0.436 4.415 0.036
Residuals 2734 270.042 0.099

Total : 2735 270.478
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The 'F' test for the numbers of insects present per 100
*

blossoms per visit, between rows indicated that there were
no significant differendes in the numbér of Bees between east
‘and west facing slopes (Taple 11). Howéver,_there were signi-
cantly more Wild 1 and Wild 2 on the east fgcing slope than

on the west facing slope. ~

3.4.2 Covariates or Continuous Variables:

¢
. . : N
Temperature, humidity, light energyv, and time are con-
tinuous variables, and were analyzed using a Stepwise Multiplé
Regression, which accounts for interactions among variables

and ranks them to indicate which is responsible for the

.greatest variation in the numbers of insects. T

Temperature, humidity; and time were ﬁighly significant
in the variation of the number of Bees, with temperaéure
ranking first (Table 12). For the other Hymenoptera (Wild 1},
only light was significant. None of these variables was- -
significant for the variation in the numbers of Dipﬁera
(Wild 2. . . \
This arnalysis was conducted using ali observations.

Once the insécts were present (excluding observations when
the insects were absent or not recorded), humidity ranked

first as a factor responsible for the variation in the



- 84 -

L 1]

Table 12. sSignificance of the contihuous variables reséoggible:.

for the fluctuatiens in the numbers
A Stepwise Multiple Re
logarithmic values of the mean number

pollinators.

per visit.

4

£ the three,main groups¥of.-
ession was” used.-on tHe 7
f.insects per 100 blossths

£ . .

o 2 N~ A
Variables.-- B Mult.R R change ‘ Sign.F
Bees v.‘ !

1. Temperature 0.0080 0.2573  0.0662, ' 0.000
2. Humidity ~0.0032 9.2850  0.0150 0.000
3. Time © -0.0044 0.2938  0.H051 0.002
4. Light 0.0036 0.2953  0.0009 0.150
{constant) 0.1651 '
Wild 1 >
1. Light 0.0113 0.1191  0.0142 27.946 ° 0.000
2. Time -0.0025 - 0.1248  0.0014 3.243 0.07
3. Temperature -0.0016 0.1263  0.0004 1.310 0.250
4. Humidity -0.0002 0.1267 0.0001 0.265 0.250
(constant) 0.0029 : -
wild 2 !
1. Temperature --0.0029 ° 0.0489 0.0024 3.746 0.060
2. Light 0.0047 0.0656  0.0019 3.775 0.062
3. Humidity 0.0005  0.0706  0.0007 1.152 0.25
4. Time ~5.0015 0.0730  0.0003 0.926 0.25
(constant) ~0.0746 '
ol
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Table 13. Signif&glnce of the continuous v bles responsible
for the fluctuations in the number of the three\main gnéﬁps of
poE@inators, only when the insects were present.\ A Stepwise:6 -
‘ Multiple Regression was used on the logarithmic ues of the
j..;i,nu@ber of insects different than zero per logjblossoms per visit.

} . /
V%riables B Rult.R chhaﬁge F Sign.F
Bées )

1. .Humidity -0.0091 0.3249 0.1055 75.172 0.000
2. Time -0.0200 0.3653 0.0279 7.920 0.000
3. Temperature 0.0107 0.3795 0.0105 0.000
4. Light 0.0165 - 0.3916 0.0094 0.000

(constant) . : -

Wild 1 )

1. Light 0.0521 0.3067 0.0941- 37.870 0.000
2. Time . =0.0173 0.3136 0.0043 4.328 0.035
3. Humidity -0.002 - 0.3186 0.0032 1,261 0.25
4. Temperature 0.0009 0.3186 0.0000 .027 - 0.25

{constant) -0.0911

wild 2

1. Light 0.0211 0.0934  0.0087 11.278 . 0.001
2. Temperature -0.0065 0.1079 0.00 2.861 0.15
3+ Time ' 0.0052 0.1141 0.0014 1.119 0.25
4. Humidity -0.0002 0.1143 0.0000 0.031 0.25
' (constant) ~0.2369

4
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number"of Bees (Table 13). Light energy remained the
signifigant forjwild l, and became the only variable

ficgnt for.Wildvz.'}//

[
{-.

!

4.0 Prollen Analysis:

N 2 |

Pg}%ep analysis éa&bléted of washing the polien grains

-~

off the bodies of a few insects from each group of -Hymenoptera
" and Diptera. The pollen grains were counted and the numbers

for® each group of pollinator compared.

- the counts varied ovef a considerable range, loga-
ransférmation was required to givecfn approximation
of the normal distribution for aéeéuate statistiéa} treat-
ment. Therefore, the average amounts of pollen grains are
presented as geometric means and the standard deviations are

multiplicative.

4.1 Efficiency of the Washing Method:

The efficiency of recovery of pollen from the insects
was checked for a few groups, by repeating the standard
washing procedure a total of three times. The first washing

was then compared with the total of three considered as 100%

recovery. From t@g,gfeugs tested, the standard method yielded

over 85% of the total pollen (fable 14). This was considered



R e TR A

Table 14. Estimates of efficiency
from insects by washidfy
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-

of removal of pollen grains-
and brushing in 70% alcoho}.
T

Geom. X pollen
removed by

Yield of pollen by
standard method as
$ of total vielad

. . , standard following 2 additional
Group # Insects method treatments
Arith. X S$.D.¥
1
- Apis mellifera’ 7 10210. 8§6.2 4.6
Andrenidae 11 9297 85.8 8.1
Large Andrenidae 5 39250 93.8 2.2
. Halictidae 10 - "5388 97.8 3.1
Syrphidae 5 2674 91.8 3.9
. ~

ot
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adequate since it would be impossible to determine the
percentage of pollen on an insect available to be brushed

onto the stigma of a blossom.

4.2 Nectar Versus Pollen Gatherers:

Among the Hymenoptera.céllected, two categories can be
distinguished, pollen gétherers ané nectar gatherers. Tﬁe
pollenrgatherers have pollen baskets on their hind legs,
which were removed before washing. The nectar gatherers did

not have such loads and were simply washed.

The differences in the numbers of pollen grains on the
bodies of these inseéts were comparéd for six groups of
Hymenoptera. Only the Large Andrenidae and the Halictidae
diéplayed signifi;ant differences between their pollen and
néctar gatherers for the numbers of fruit pollen anéd the
numbers of total pollen grains {(Tables 15 and 16). There
were no significant differences in thé numbers ofjpollen
grains‘between-nectar and pollen gatherers for the Bees
(Apis méllﬁfe:a-L.), the Bombinae, the Andrenidae, and the
'Green' Halictidae. Theréfore, the ' pollen and nectar
gatherers were distinguished only in.the case of the Large

Andrenidae and the Halictidae.
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Table 15: Comparison between the mean number of fruit
pollen grains washed from the Bodies of insects with and
without pollen baskets for six groups of Hymenoptera.

Geom. X of fruit pollen washed from insects

Groups with pollen baskets wilithout pollen baskets
Apls mellifera ' 8480 7718
Bombinae - 22589 2559
Andrenidae 8788 - 4016
Large Andrenidae* _. . 36074 . 6747
Halictidae* o 1488 186
'Green' Halictidae 2346 168

* Insects with pollen baskets significantly different from
those without, at the 5% level.
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Table 16. "Analysis of the significance of the mean number of
fruit pollen grains washed from the bodies of insects with
and without pollen baskets for six groups of Hymenoptera.

Analysis of Variance

p—_ .
Source [<$3 S.S. M.S. F Sign.F
Bees 1 0.004 0.004 0.045 0.837
Residuals 9 0.737 0.082
Total 10 0.741
Bombinae R 0.597 0.597 3.013 0.333
Residuals 1 0.198 0.198
Total 2 0.795
Andrenidae 1 0.222 0.222 1.137 0.292
Residuals 48 9.381 0.195
Total 49 9.603
Large Andrenidae 1 2.997 2.997 26.326 0.000
Residuals 21 3.390 0.114
Total 22 5.387 2

. \;"\_\ IR
Halictidae 1. 6.571 6.571 5:333 0.026
Residuals 38 48.058 1.232 :
Total 40 54.629 :
'Green' Halictidae 1 0.050 0.050 0.165 0.691
Residuals 14 4.246 0.303 .

Total 15 . 4.296
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4.3 . Amount of Pollen on the Bodies of the Various Groups
of Hymenoptera and Diptera:-

The differences in the numbers of fruit pollen grains
for the wvarious groups were tested using the Duncan Multiple
Range Test at the 5% significance level (Table 17).

The Hvnlenoptera and the Diptera appear more or less as
two distinct classes including a few overlapping groups, with
the Hymenoptera having more fruit pollen grains than the

Dipféra.

The' amount of fruit pollen was-not significantly differ-
ent for the Bees, the Bombinae, the Andrenidae and the Large
Andrenidae (pollen and nectar gatherers). There were also
ne significant differences among the Bees, the Bombinae, the
nectar gathering Large Andrenidae, and the 'Green' Halictidae.
Similarly, there were no significant differences among the
Bombinae, the pollen gathering Halictidae and the "Green'
Halict%dae. The nectar gathering Halictidae, the Formicidae,
and the 'Other' Hymenoptera had significantly less fruit
pollen grains than the Hymenoptera previously mentioned, and

had amounts similar to those found on the Diptera.

There were no significant differences in the amount of
7
fruit pollen grains among nectar gathering Halictidae, the
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. .
'Other' Hymemoptéra, the Syrphidae, the Scathophagidae, and
the Large 'Other' Diptera. There were also no significant
differences among the nectar gathering Halictidae, the
'Other'\Hyﬁenoptera, the Scathophagidae, the Bibionidae,
and the ‘Large 'Other' Diptera. There were no signficant
differences among the Formicidae, the 'Other’ Hymemoptera,
the Scathophagidae, the Bibionidae, the Anthomyviidae, and
tﬁe Large 'Other' Diptera. Simila:ly, there were no signi-
ficant differences among the Formicidae, the Anthomviidae,

the Chironomidae, and the Small 'Other' Diptera.

4.4 Constancy of the Various Groups of Hymenoptera and Diptera:

Insects having greater percentage of fruit pollen in re-
lation t¢ total pollen were more constant to fruit blossoms

than other insects.’

The Bees, the Bombinae, the Andrenidae and the Large
Andrenidae (both pollen and nectar gatherers) had the greatest
percentage of fruit pollen (Table 17). Thé-Halictidae {pollen
and nectar gathe;ers, and 'Green' Halictidae) were the least

constant among the Hymenoptera.

Besides the Chironomidae which had no pollen and the
Small 'Other' Diptera which had very little, the Svrrhidae,

the Anthomyiidae, and the Large 'Other' Diptera were the
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least constant with more or less 64% fruit pollen.

5.0 Fruit Set:

Fruit set was calculated as a percentage of the ratio of
fruit to the number of potential blossoms. According to
Williams (1970), the total number of potential blossoms can
be calculated by multiplving the number of cluéters'%y five.
This was verified by counﬁing the total number of clusters
and the total number of bloséoms that would open on three
trees each year. -The ratio of clusters to potential blossoms
was 5 in. 1978 and 1979, as expected, but it was 4 in 1980
(Table 18): Conseqguently, the number of clusters-on each of
the sixteen sample “rees was multiplied by the appropriate
factor, and fruit set was calculated for each tree each vear.
For adequate statistical treatment, logarithmic transformation
of the calculated fruit set was required to give an approxi=-

mation of the normal distribution.

‘Tree', 'Row', and 'Year' were the possible factors
recorded responsible for the variation in fruit se:. With

inferactions between the three variables taken into con-
"

sideration, the 'F’' test (Standard Anova) indicated that only’

'Tree' was significant in explaining the variations in fruit

set (Table 19).



Table 18. Comparison between the total number of clusters

per tree and the total number of possible blossoms per tree
for each year.

Year Clusters #Blossoms Factor
Blossoms/Clusters
1978 21 S 107 5.1
58 302 5.2
91 , 437 4.8
1979 98 . 524 - 5.3
218 1088 4.9
293 1563 5.3
1980 148 : 611 - 4.1
344 , : 1346 3.9
546 2293 4,2




Table 19. Significance of the discrete variables (main effects)
responsible for the fluctuations in the Fruit Set.
was conducted on the logarithmic values of the percentage of
,the number of fruit per number of possible blossoms per tree.

The test

i

Analysis of Variance

Source df S.5.
Main Effects 6 1.532
Tree 3 1.319
Row 1 0.066
Year 2 0.147
Explained 6 1.532
Residual 41 l.765

‘Total 47 3.297

M.S. F Sign.F

0.255 5.575 0.001

0.440 9.601 0.000

0.066° 1.444 ° 0.241

0.073 1.601 0.222

0.255

0.043

0.070 \

¥
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Table 20. DUNCAN MﬁLTIPLE RANGE TEST for the fruit set
on each of the four cultivars. The test was conducted on
the logarithmic values of the percentage of the number of

fruit per number of possible blodsoms per tree.

Tree Geom.X SSR
McIntosh, §.5 ab
Empire . , 13.2 b
Red Delicious 10.4 a
Golden Delicious 23.5 c

Analvsis of Variance

Sign.F

Source gﬁ S.5. M.5. F
Tree 3 1.319 0.439 9.786 0.000
Residuals 44 1.977 . 0.045

Total - 47 3.297 0.070




"~ og -
k .

The Dﬁntan Multiple Range Test for the percent of fruit
that set on each of the four ;ultlvars, indicated that there
was no significant difference in the percent of frult that
set on McIntosh and Red Delicious, nér on McIntosh and Empire
(Table 20). HoweVer, there was a significantlf greater per-
centage of fruit that set on Golden Delicious than on any of
the other cultivars.

£ - -

5.1 Seed Set:

The ‘number of seeds per fruit was determined for a sample
of 25 apples from each observation tree, in 1979 and 1980.
'Tree', 'Réw', and 'Year' were the possiblé factors recorded
responsible for the variation in the number of seeds per apple.
With interactions among the three variables.taken into account,
the 'F' test (Standard Anova) itdicated-that 'Tree' dnd to a
lesser extent 'Year' waé significant in explaining the vari-

ation in the number of seeds per apple (Table 21).

The Duncan Multiple Range Test for the number of seeds
per apple of each of; the four cultivars indicated that the
number of sec r apple was not 51gn1f1cantlv different
for Empire and Red Delicious (Table 22). There were signifi-
cantly more seéds per apple of McIntosh.than of Empire and

Red Delicious, and significantly more of Golden Delicious

than of any of the other cultivars.
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Table 21. Significa{ée of the discrete variables (main effects)-

s of seeds per
apple per tree. The test was conducted on the logar%thmic
L 4 .

responsible for the fluctuations in the number

values.

Analysis of Variance

Source S.8. )3

Main Effects 1.431 14.970
Tree l.32¢9 23.171

~ Row 0.626
Year 1l 0.0890 4.203

Explained 5 1.431

Residual 722 14.020 "0/019

Total 727 . 15.451 0.021

Sign.F

0.000
0.000
0.429
0.041
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Table 22. DUNCAN MULTIPLE RANGE TEST for the mean number
of seeds per apple per tree for' each of the four cultivars.
The test was conducted on ‘the logarithmic values.
Tree ¢ Geom.x SSR
McIntosh 7.41 a
Empire ' 6.86 b
Red Delicjous * 5.98 b
Golden Delicious 7.74 c

Analysis of'Vériance
Source T af 'S.S. M.S. F Sign.F
Tree 3 1.337 - 0.446 22.863 0.000
Residuals 724 14.114 : . ’
Total H 727 15.451
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T

on the logarithmic values.

Significance of the vear on the variation of the

number of seeds per apple per tree. The test was conducted

727 15.451

Year Geom. X SSR
1979 6.761 a
1980 7.122 b
Analysis of Variance
Source df - S.5. . M.S.J F *8ign.F
Seeds 1 0.093 0.093 4.397 0.036
Residuals 726 15.358 0.021
Total
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There were significantly more seeds per apple in 1980

than in 1979 (Table 23).

6. Effective Pollination Period:

The effective pollination period is an estimate of the
length of time the stigma is receptive to pollen. Fruit set
following hand pollination at various times was used for this

estimate.

According to the Initial'Fruit"Set (Fig. 19), McIntosh
and Red Delicious were receptive to pollen from dayv '0', the
day of opening of thé blossoms, until day '2', whereas
Golden Delicious was receptive from days '2' to '4'. McIntosh
was élso,recepti&e on the fourth da& but did not set final
fruit (Fig. 19). The Final Fruit Set followed the same trends
as the Initial Frui; Set except for Red Delicious which did

not produce any apples.

The numbér of seeds per fruit (Table 24) displaved simi-
lar results, with McIntosh and Empire having similar numbers
of seeds for days '0' and '2', and Golden Delicious with

similar numbers of seeds for days '2' and "4°'.



Figure 19.
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Initial and Final Fruit Set

following hand pollination for

each of the four cultivars for

1980. Day of pollination represents
the number of days after the blossoms

opened when hand pollination occurred.
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Table 24. Mean number of seeds per apple per tree for each
of the four cultivars. Day represents the number of davs
after the blossoms opened when hand pollination occurred.
'The number in ( ) represents the total number of apples.

Tree

Dav
0 2 4 6
McIntosh ‘ 5 (2) . 7 (2) - -
Empire 7 (4) 6 (1) -

Red Delicious - - - \%\—5 -

Golden Delicious - 9 (1) 8 (1)
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DISCUSSION

The curfent work represents é significant contribution
to our understanding of the wvarious insect components of an
orchard and their activity. The preceding results underline
the significance of detailed observations on parameters as
ldiverse as insect population composition, bloom development,
attractiveness of the cuitivars present and effective pollina-
tion period. It also reveals the impact weather conditions

have on pollination success.

1. Population Composition and Seasonal Distribution

The first six groups of Hymenoptéra, Apis mellifera L.,
Bombinae, Andrenidae, Lérge Andrenidae, Halictidae, and
'Green' Halictidae are true pollinators. . They feed on pollen
and nectar, and actively collect pollen to feed their brood.
Except for the Syrphidae which actually eat pollen, all other
groups are 'chance' pollinators. Many feed on nectar and may
brﬁsh the anthers, thus accidentally carrying pollen between

flowers. . ;)

Apis mellifera.L. was the most numercus_for all years.
‘In 1978, the Anthomyiidae, the Formicidae and the Syrphidae

followed in numbers. In 1978, the sequence was the Anthomviidae,
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the Andrenidae, the Formicidae and the Halictidae. In 1980,
the honeybee population was followed by the Andrenidae, the
Halictidae, the Anthomyiidae and the Syrphidae.

The Bombinae, often thought to be more important poliina—
tors than the honeybées, were extremely rare foE all vears.
- In acceordance Qith Heinrich (1979%b), apis and B;;bus seem +o
.compete for similar resources, and thus, few Bombus are present

when apis are overly abundant.

The numbers of honevbees increased markedly from vear to
vear over the three vears. The nuthbers of Hymenoptera,
excluding Apis, were more or less equal through the years,
whereas, the Diptera and the other groups decreased from one
vear to the next.

General conclusions regarding tgg‘i978 season would be
very difficult since there were only 167 obsgertioﬂ periods.
In comparison, 1653 observation periods were conducted in

1979, and 916 in 1980.

The 1979 season was very long mainly because of adverse
weather conditions. Towards the middle of the season, there
were five davs of veryv cool temperatures slowing down blossom
development considerably. A much greater diversity of species

was recorded because of this extended period. Discounting the
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honeybees, the various Diptera (except for the Syrphidae)
were the main groups present. The Hymenoptera dominated in

1980 when the blossom period was short with excellent weather

conditions.

In general, trees regquire a minimum number of blossomg
for insect visits. The number of insects increased to ‘a peak
with the peak blossom of Red and Golden Delicious which was
two days after the peak blossom.of McInﬁosh ang Empire.

This inérease>in the'numbe; of insect visitors with the

- increase in the numbé? of blosgoms has -been reported by many
researchers (Brittain, 1933; Free, 1966; Kendall and Smith,
1975a; Lewis and Smith, 1969; Silander and Primack, 1978).

In 1979, however, most insects had a greater peak towards the

end of the blossom period because of unfavourable weather earlier®

Thus, flowers that open at different times are exposed té

different insect pollinators (Lewis and Smith, 1969). Only

the insects active during the critical receptive period
(efficient po}lination period or E.P.P.) of the flowers will
contribute to their pollination. The E.P.P. was calculated

and it was found that McIntosh énd.Empire were receptive to
pollen for two days'following flower opening. Red Delicious
did not set final fruit but, from the initial fruit set, was
also receptive for the first two davs. Golden Delicious was °

receptive to pollen from day 2 to the fourth dav following
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flower opening. Although these;observations-apply to 1980
only, it is reasonable to extrapola%é that the insects present
or peaking from the beginning to peak blossom are of greater
significance in pollination than the insects present or S
peaking towards the end of the blossom season. The most
numerous groups méntioned abovéicorrespond'to the main pollina-
Qst present during this. crltlcal Derlod The Blblonldae are

the only group active mostly at the end of the blossom periocd;

therefore, thev do not contribute s;gnificantly to pollina&}on._

The ambunt of pollen on tée body of an insect is a good
indication of its efficiency-in pollination_(Kgndall and
Solomon; 1973).  Thus, an insect with a greater amount of
pollen will bé a better pollinator. Hymencptera, which possess
morphological structures for pollen collection, had significantly
more pollen on their bodies than the Diptera. For the first
six‘éroups of Hymenoptera fﬂpis mellifera L., Bombinae,
And?enidae, Large Andrenidae, éélictidae and 'Green' Halictidae),
pollén and necta; gathérers were separated on the basis of the
presence or absence of pollen loads on their hind legs.
Hymenoptera with and without pollen baske&s were compared;
it was found that only the Large Andrenidae:;nd the Halictidae
had significantly less pollen on the nectar gathefers than

the pollen gatherers. Therefore, nectar gathering Large

Andrenidae and Halictidae would be less efficient in pollination.

v
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Pollen gatherers have been reported more valuable as pollinators
since they must necessarily touch the anthers and stigma,
whereas many nectar-gatherers can approach the nectaries from
the side Qithout contracting pollen (Brittain, 1933; Free,
1960a, 1960b, 1967; Roberts, 1945). Of the Hymenoptera, the
Andrenidae and the pollen-gathering Large Andrenidae had the
greatest amount of fruit pollen on their bodies, .-followed in
decfeasing order by Apis mellifera L., the nectar-gathefing
Large Andrenidae, the Boqpinae, the 'Green' Halictidae, the

pollen and nectar-gathering Halictidae.

Kendall and Solomon (1973) reported that the larger
solitary bees had the most‘pollén. They found that bumblebees
also had great amounts. However in this study, because
bumblebees were rare and only three were usgd for the pollen
analysis: the discrepancies are likely due to a too small.
sample size. Following pollination of unopened flowers with

anaesthetized insects, Kendall (1971, 1973) reported that

) . ) .
most solitary bees tested cdrried larger guantities of fruit

& -

pollen than honeyvbees. This supports the idea that greater
amounts of pollen on an insect corresponds to a better pollina-
tor. Among the Diptera, the Svrphidae had the greatest amount

of pollen.

The honeybees were the most numerous of all nollinators but

were less efficient %Eifzéke Andrenidae and their activity
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fluctuated greatly during adverse conditions. The Anthomyiidae,
which ranked second numerically in 1978, and 1979 even during
unfavourable conditions had however very few pollen.grains,

and therefore contributed very little to pollination. On the
other hand, the Syrphidae, which had the greatest amount of
pollen amoné the Diptera, were mainlv active during‘seasons
with better weather conditions.. The Andrenidae and Halictidae
compensated for the poor perfo:mance of the honevbees in 187895.
The unfavourable weather during the 1979 season might have
extended the receptive period of the flowers and thus incréased
the -chance of better pollinatié%. The percentage of fruit
pollen was greater fof the Andrenidae, and apis. Therefore,
these groups are more constant to fruit trees andéd thus appear to

be better pollinators than the others.

2. Dailvy Fluctuations in Pollinator Activity:

All groups were mainly active in the afternoon corres-
ponding to the greater availability of pollen And nectar
{Butler, 1945; Free, léGOa; Langridge, 1969; Percival, 1955).
21l bees (hivebees and native bees) peaked between 12:00 and
16:00 hours. The Anthomyviidae, tH® Formicidae and the Syrphidae
were active earlier in the morning and peaked later in the
day corresponding to periods of reduced competition. Temperature,
humiaity and light seem to be mainly responsible for these

daily fluctuations in activity.
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Honeybees seem to be the only group affected by fémperature
changes. The numbers of honeybees increased markedly with
higher temperatures; ‘The other groups are constant throughout
the ranges of temperature. However, all have a definite

threshold below which they are not active. This critical

temperature is higher for the native bees than for the honeybees.

The change from inability to fly to abilitv to fly'&ecurs
abruptly at the threshold temperature (Taylor, 1963)'but,
once attained, the other factors become important to the
fluctuations in the numbers of active insects. The Ronevbees
again seem to be the only group affected by changes in humidity
as they peak at lower readings around 45% relative humidity.
The other groups are constant throughout the ranges of humidity.
The'native bees however, are less tolerant of higher humidity
readings than the other groups.

All groups are constant throughout the ranges of light
readings. The Andrenidae and the Halictidae, though, are not
active at low intensities.

The numbeng‘of active honeybeeg fluctuate greatly with
temperature and humiditv. The native bees thought to be more
* tolerant to adverse conditions have definite threshold
temperatures, humidities and light intensities for.their

activity.



- 112 -

L e

-

3. Significance of the Factors Responsible for the ",
Fluctuations in the Numbers of Pollinators:

According to the analysis of variance, the covariates:
temperature, humidity, and light were the most important
factors responsible for the variation in the numbers of
honeybees.i However, the main effects: tree, row, day, and
yéar, were more importaﬁ; in explaining the variations in the

numbers of other Hymenoptera and Diptera.

fhe analysis of the covariates (Gia a Stepwise Multiple
Regression) \gupports the conclusions deduced qualitatively
in the previoul section. Temperature is the most significant .
factor for the' honevbees followed by humidity. Only light is
significant for the other Hvmenoptera, and for the Dipteré,
none of the factors are signif;ggnt. Once the insects are
active, in other words once they have reached their.threshold
temperature, humidity is the most important for the honevbees.
Light still remains the most significant faétor for the other
Hymenoptera and became +the only signifigant one for. the Diptera.
In more concrete terms, the Diptera were active early and later
in the day, and once the temperature was above 10°C (thresQold
temperature) thevggﬂéybees became active'followed by the other
Hymencoptera more towards midday ;zﬁgreater light intensities

and higher temperatures.
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The type of cultivar was signifieant for all pollinators.
Empire and Red Delicious were more attractive to honeybees
than the orher cultivars. - McIntosh and Red Delicious were
more attracrive ro the orher Hymenoptera; and McIntosh,
Empire, and Red Delicious were equally atEractive to the Diptera.
" There were sfqnificantly'fewer insects ber 100 blossoms on
Goldeﬁ Delicious than on the other cultivars for all three
groups of pollinarors. However, there were sigﬁificantly more
fruit that set on Golden Delicious than on any of the others.
Golden Delicious also had singificantlé more seeds per apple
from the sample trees'aS'well as when hand pollihateé; Golden
De11c10es has been reported to be an ertremelv fertlle cultlvar
(Milutinovic and Milutinovic, 1970), and therefore seems to
regquire less pollinator visits. In addition, i9 the‘insects
prefer the other cultivars, when they do visit Golden Delicious,
they will transfer a greaéer aﬁount of compatiblﬁapollen. The
Effective Pollipation Period for 'this cultivar was twice as
long as-for the others, therefore there was a better chance
of being adecuatelv‘polllnated (Stott, 1972; Wllllams, 1970)
Red Delicious was very attractlve to all polllnators, vet
it had a ldﬂ-frult set and the lowest seed count. Since there
were more insect visitors on Red Delicious, little cross-
pellination occurred ‘particularly because Golden Delieieus,

whose flowering period is in phase‘with Red Delicious, was less

attractive to pollinators. Red Delicious alsc was not very
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receptivé to pollen because no fruit sét following hand pollina-
‘_tioh.. McIntosh and Empire wére‘intermediate between thesé
two extremeés with adequate.f;uit'and seed set, and a receptive'
period of two days foilowing flower op;nipé.

There was no éignificant difference in the number of
honeypegs-on east and west-slopes. The;e were, however,
' siénificantly'more other Hymenoptera and Diptera-on, the east
slope. This can be explained by the imporﬁgn;e of light on‘

the other Hymenoptera‘énd Diptera as seen previously, because

the east slope would be illuminated over azlénger'period towards

the end of the dayv.

For the three main éroups.éf pollinators, there were
sign}ficantly less insects present during peak blossom and
significantly-more at the énd. This céﬁ be related to the
greater numbers of in;ects observed in 1979, when mos£ insect
groups ‘peaked at the vend of the season a-s weather conditioné
beéame more févorable. In 1978 and 1980, there were mdre‘
inéects during peak blassom, as eﬁpec?ed.

Each blossom season was extremely diﬁferent because of
floral differencqg)_bloom de?elopment, flucéuating #gather
conditions. The, pollinator population was also,&efy diverse.
There wef% significaqtly fewer honeybees -4in 1979. There were

significantly more other Hymenoptera and Diptera in 1978
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than in 1979 and more in 1979 than in 1980. However, there
was no significant différenpe in fruit set between vears.

The 1879 blossom season was the longest, with £he most adverse
weather conditions, and with'the greatest insect species
diversity. The proportion of native pollinators te total

insects was greater. This seermed to compensate for the fewer

honeybees and resulted in equal fruit set.

-

The greater proportion of honeybees in 1980 can explain
the increase in the number of seeds between 1979 and 1980
(Bornus et al, 1977; Callan and Lombaxd, 1978; Sharp, 1970).
There was also a greater proportion of other Hymenoptera
than Diptera in 1980. A %reater number of seeds per apple
resulted fromw greater nuﬁber of bees (honevbees and native

bees). and thus from more effective pollination.

4. ConélusiOn;

Although hqneybees‘are by far the most important pollinator
for commercial orchards, native insects play an important role,
eséecially during seasons with unfavorable weather conditions,
where they compensate for the reduced activity of the honevbees.
‘More care should be taken during the pre and post-blossom
per!odslin the timing of pesticide applications. This thesis
revealed the important physic;l and biot4ic factors responsibie

for the fluctuations in the numbers of pollinators. These

. 8



- 116 -

factors should be considered when planning the pesticide
applications for the entire growing season. The natural
breeding sites of these native fnsects should also be

protected to ensure an ongoing supply of insgcts so far

considered as rather insignificant in the general ecology and

economy of the orchard.
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SUMMARY

Experimental work performed in the field and in the
laboratory on the pollinating populations in apple orchards

showed that: *°

1- Field observations of insects actually visiting‘the
blossoms are feasible anﬁfare much more accurate than

suction traps for determining the pollinating population.

2= Apis mellifera L. are the most numerically significant
pollinators for all vears. Their relative importance,

however, decreased with unfavourable weather conditions.

3~ The Bombinae, thought to be the most important pollinators,

are rare when honevbees dominate. L2

4- A much greater species diversitv was recorded during a

season with adverse weather conditions.

’

5- The Diptera, especially the Anthomyiidae, were second in
numerical importance following the honeybees during a
season of unfavourable weather conditions. Théy were less

important during better seasons.

6= The Hymenoptera other than honeybees are egually important

during all vears.

NN
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Insects with greater amounts of pollen on their bodies
are better pollinaEg;s. Hymenoptera have significantly

more pollen on their bodies than the Diptera.

Only the Large Andrenidae and the Halictidae had signifi-
cantly less pollen on the nectar-gatherers than the pollen-

gatherers, the nectar-gatherers would thus be less effective

N

Among the Hymenoptera, the Andrenidae and the pollen-gathe-

pollinators.

ring Large Andrenidae'had the greatest amount of fruit.

Pollen on their bodies.

Among the Diptera, the Syrphidae had the greatest amount

of pollen.

The Hymenoptera other than honeybees thérefore compensate
for the decreased honeybee activity during unfavourable
weather, because they are more efficient pollinators than

the more abundant Diptera.

The Andrenidae and 3apis are more constant to fruit trees

than the other groups.

The numbers of active honevbees fluctuate greatly with
temperature and humidity. The native bees thought to be
more tolerant to adverse conditions have definite threshold
temperatures, humidity and light intensities for their

activity but, remain constant throughout their ranges \\\_,/’\

once active.



- 119 -

14- The main effects: tree, row, day, and year, were more
important in explaining the variations in the numbers
of other Hymenoptera and Diptera than the covariates:

temperature, humidity, and light.

15- Of the covariates, temperature is the most significant
factor for the honeybees followed by humidity. Only light
is significant for the other Hymenoptera and, for the

Diptera, none of the. factors are significant.

lé— Golden Delicious had the least amount of insect visitors
vet had the greatest fruit set, the greatest amount of seeds
per apple and the longest effective pollination period.
Therefore, when visited, more compatible pollen would be

transfered.

17- There was no significant difference in the number of honey-
bees on east and west slopes. There were however significan-
tly more other Hymenoptera and Diptera on the east slope;
this can be explained by the importance of light on their
activity because the east slope would be illuminated over

a longer period towards the end of the day.

18- The number of insect visitors increased with an increase

in the numbers of blossoms except when weather conditions

were unfavourable.

18- There was no significant difference in fruit set between

vears.
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During a blossom season with adverse weather conditions,
insect species diversity increased. The proportion of
native pollinators to total insects was greater and seemed
to compensate for the fewer honeybees, thus resulting

in equal fruit set.

A greater number of seeds per apple during a good season
resulted from a greater number of bees (honevbees and

native bees), and thus from more effective pollination.

Although honeybees are the most important, native insects
play a significant role in.pollination. Their behaviour
and activity should therefore be considered when planning

the pesticide schedule for the entire growing season.
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