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PREFACE

The experiments described in this report were coredliat Entocare BV, as
part of my internship in entomology. This practipatiod is compulsory at
Wageningen University to finalise the study prognaerof my MSc in Organic
Agriculture.

Being specifically interested in the biologicahtwl of agricultural pests, my
choice of performing the internship in this compavas a result of wanting to
combine scientific research with the commerciakaspof the production of natural
enemies.

| would like to acknowledge Entocare for the oppoity to conduct my
internship at their facilities and getting acquadhtith the daily aspects of the
production of biological products (which are nottpa this report).

A special thanks to Dr. Roel van der Meiracker tfer help in elaborating all
the experimentals designs, to Miriam, for the esiem practical explanations about
all aspects of the rearing system Aalalia bipunctata and finally to Dr. Peter de
Jong, for the guidance throughout different aspefctse internship.



1.INTRODUCTION

1.1. A small overview of ladybirds’ life history

Ladybirds overwinter in shelters, often congregatim groups, and wait five
to eight months until their next meal. Adults wikkcome active and start feeding and
mating as soon as climatic conditions are good édsaml as soon as prey is available).
The cues, which help each species of ladybirdsgger to become active, are largely
unknown but temperature and day length are definitgportant (Hodek, 1973).

After feeding (first thing they do after they wakep), they will look for a
mate: there is no long-distance attraction betwsexes (no pheromones or sound
involved) and males just seem to find females bying into them (probably there
is some short-range visual attraction), and thist freaction when encountering
another ladybird is to climb onto its back. If gdles well, mating will last from one to
eight hours. Most species are highly promiscuous ianthe two spot ladybirds,
repeated matings are necessary to maintain a éigt of egg fertility. A female will
mate on average 20 times during the spring reptogtuperiod (Majerus, 1994).

Females will lay eggs (20-50 a day) in batches (tlaimum record for the
two spot is 55 eggs in a single batch) that becgreg just before the larvae hatch
(Majerus, 1994). All the larvae of a particulardiabf eggs will hatch more or less at
the same time (depending on the climate but gdgeta8 days after oviposition took
place). Duration of larval stages varies with weattonditions and food abundance
but the total duration of the larval stage is tallic 3-4 weeksn predatory species.
When a fully-grown larvae stops feeding, it is ne&ol pupate Twenty four to forty
eight hours before pupating, the larvae will becamenobile and attach itself to a
substrate. A week or so after pupation (dependimgemperature), an adult will
emerge. Adult stages of the two spot ladybirds Wwdcome reproductively mature
approximately only 1 week, after emergence (Majet@94 and Blackman, 1974).

Ladybirds have long been used to control aphidspéstth as larvae and
adults) as they are their most common natural en@tgckman, 1974) and even
though they are highly polyphagous, aphids arendefy their favourite food in the
wild. When aphid densities decrease, they will feedother available insects and
even pollen. A lot of discussion has arisen ondffieiency of these coccinellidae as
biological control agents of aphids and the dynano€ predator-prey populations
have been extensively studied. Even though morearel is needed on this topic,
these beetles are being more commonly used by farmieo reject chemicals and
their production by private companies has increasest the years. But like for the
production of every biological control agent, swssfal rearing techniques are
necessary to rear larvae and adults of ladybirds.



1.2. Overview of rearing two spot ladybirds

Most companies that produce natural enemies avddical products to fight
agricultural pests in a sustainable way, tend tepkéheir rearing systems quite
confidential. However, scientific literature is #@ahle on the different climatic
conditions and prey preference of adults and laff@enstance) and how that affects
larval development and adult mortality.

Many different authors have found that larval depment, oviposition,
fecundity and total developmental time are diredtiffuenced by the prey quality
(Blackman, 1967b; Hodek & Hodek, 1996; Mills, 198zder & Saglam, 2003)
Thus, even thougkphestia eggs are currently being used (and quite effibigray
Entocare, complementing the diet with the ladybirstural prey (many different
aphid species) seems logical (the question remaihikh is more suitable in
economical terms: buying tH&phestia eggs or rearing/buying aphids. However, that
was not a question to be answered in this report).

Kalushkov (1998) tested 10 aphid species as ethé two spot ladybird and
found six new species that are essential pré&g¢raphis betulae, Cavariella konoi,
Liosomaphis  berberidis, Acyrthosiphon ignotum, Aphis farinosa and
Macrosiphoniella artemisiae). Essential preys being those that result in cbfié
developmental rates, fecundity and survival, whistsenting different degrees of
favourability (Hodek & Honek, 1996)M. artemisiae and A. ignotum were very
profitable food (according to rate of larval dey@itent, larval mortality and adult
fresh weight), in the laboratory even though theyndt occur in the field together
with the two spot ladybird.

Also, Blackman (1965) had already addressed thelslity of different aphid
species for the two spot reared in the laboratary2( °C and 16:8 light regime) and
found that Aulacorthum circumflexum was the aphid species that resulted in the
lowest developmental time (9.5 days), a high miytaluring larval development
(16.7%) and a not so high adult weight at emergé€bht® mg). For the aphid species
used in the experiments described in this reparpisum), the mean developmental
time was only a little different (10.8 days), larwaortality was much lower (13.9%)
and adult weight a bit better (12.6 mg). Blackmaf66) also found that the worst
aphid species wasphis sambuci, which resulted in 13.4 days of developmental fime
25% larval mortality and 8 mg of adult weight atexgence.

From the research done so far, it is clear thaperature, humidity and light
regime are important factors to consider in a nrassing system for they affect
directly larval development, oviposition and adukight. Entocare, however, seems
to have that under control. Nevertheless, ladybads peculiar when it comes to
hygiene and it seems they will eat more and layeneggys, if the units where they are
reared are kept under good conditions.

As for the food factor, it is also clear that pobrg different aphid species
also affects the parameters mentioned before. liedlylare not spoiled insects and
they will eat different aphids, according to thairailability. The point is how easy
and costly it is to rear those species, considettiegresults they offer. Considering
this, the species being currently provided at Emt®ceems to be a good choice.



2. THE RESEARCH QUESTION AND EXPERIMENTAL DESIGN

The main objective of the experiments describeithig report was to improve
the existing rearing method @éfalia bipunctata used by Entocare but this current
method is not exactly the same as the one usedebeltowever, due to the
confidentiality of their rearing methods, that @rel the changes it went through until
it became the current method, will not be describetlis report.

2.1 Current Rearing Method

The method being used this year has proved todidyhiaborious and not so
efficient:

* adults are being placed in groups of 50 individual$| plastic boxes covered
with glass

» diet provided consists ofphestia eggs, provided in small plastic lids; honey
diluted in water (2:1), brushed on top of cottorgas that were placed in small
plastic lids, and the former refreshed when necgsséve or frozen
Acyrthosiphon pisumaphids (amounts given vary with their availability)

* beetles are fed every four days

» pieces of burlap are placed in the boxes as arosiipn substrate

* rearing conditions are 2%C temperature and 35 % relative humidity, in the
rearing room (these values are certainly higheidathe rearing units)

2.2. Rearing Problems

This method has proved in the past to have a maitieheck: rearing the
aphids is quite laborious and not always succegahult is quite easy to have aphid
parasitoids showing up in the rearing units).

But there are other questions regarding this rganmethod that have not
helped in achieving a successful rearing: the ainofiaphids andephestia eggs per
adult and day, necessary for the females to layntagimum number of eggs is not
known; the current fecundity per female or cagena known, as well as the
maximum number possible of laid eggs; the groupsbaing set up without sexing
the beetles first (thus, there are no guarantesssticcessful matings will occur); the
general hygienic conditions are not so goad the whole rearing system is quite
laborious, there is not enough time to keep thesadways in the best condition.

Because the main goal of Entocare is to increasauimber of fertile eggs (as
the final product to sell are larvae and not eguy) thus scale up the rearing, the
point of these experiments was to find out how thauld be achieved. The
possibilities are either to increase the total neindd adults and deal with the increase
in practical work that this implies, or to chandp tdiet in order to achieve higher
oviposition and fertility rates.



2.3. Possible Improvements

Thus, to help improve this rearing method, thesgeaments were planned
with the purpose of discovering what is the rededf of different diets on the
oviposition and fertility of adult two spot ladyds Adalia bipunctata, reared by
Entocare.

2.4. Approach

In order to do this, a decision was made of stgrtay testing individual
couples under different treatments: a control gr(hasic diet ofEphestia eggs and
honey) and two treatments, to which either polleraphids were given. Because
Entocare also uses beetles that have been in diaffausome weeks in their current
rearing, these were also included in this expertng@nd hence their oviposition and
fertility rates compared to the ones of beetles laae been reared continuously).

Because the results of this experiment provedfdraales do not necessarily
need aphids to lay fertile eggs and this can béwaet by providing pollen or even
just the basic diet, the next experiment was cotedlikeeping the beetles in groups
(and thus the effect of competition for food andtesacould be detected). So, the
second experiment was conducted using groups afldlis, to which either pollen or
aphids were provided too.

Regardless of the results of these experimentsy getup was not really
applicable for a serious mass rearing (producimgaka using individual couples or
even 40 adults groups is definitely too laborioas Entocare), and thus the third
experiment served that purpose: discover the maxirauiposition and fertility rate
of females kept in 500 adults groups, and how afietcted that. The next table shows
clearly the research objective of each of thesemrxgnts.

Table 2.1. Research objective of each experiment

Experiment Research question Results show effect of
- What is the maximum number of laid and Different diets on
Individual . . " . A
couples fertile eggs under optimal conditions (np maX|mumIOV|po_S|t|on
competition for food or mates)? and fertile period
What is the maximum number of laid and Pollen or aphids, on
40 adults . . BN .
fertile eggs when beetles are keptin | oviposition and fertility
groups :
groups? rate of bigger groups
What is the maximum number of laid and P(_)IIen and froze_r_1
500 adults . . aphids, on oviposition
fertile eggs when beetles are kept in mass .
groups : and fertility rate of
rearing cages? . )
mass rearing units




3. THE EXPERIMENTS

3.1. General Setup

Three different experiments were conducted at Emgan order to test the
diet effect on the oviposition and fertility rateAdalia bipunctata adults, kept under
different experimental setups: couples in individtentainers, 40 adults groups in
small boxes and 500 adults groups in bigger cdgeating conditions for every
experiment were 2%C temperature and 35 % relative humidity.

The basic food provided to all treatments Vizpbestia eggs and honey and
the main difference between the treatments wasdmatyroviding pollen or aphids.

Considering the fact that all of these experimemse conducted with the
specific objective of finding the maximum number laid eggs under optimal
conditions (providing more and better food thandwed to be necessary), and not
with the objective of finding significant differees between the treatments, the
number of replicates used was rather low and tlwstatistical analysis of results is
conducted in this report.

The following sections further explain the specgetups and methods used in
each of the three experiments but the next tabiesga general idea of the differences
between them:

Table 3.1. General information on the setup oéafleriments

Experiment Number of Diet Adults Extras
treatments
Basic 5 couples All treatments were repeated
Individual 6 Basic + pollen ef using beetles that had been |n
couples Basic + aphid tregtment diapause. Couples kept in
asic + apnids individual small containers.
Basic + pollen 40 adults| All treatments were repeated
40 adults 2 per once. Each group kept in
groups Basic + aphids treatment closed boxes.
Basic + pollen + aphids 500 None of the treatments was
500 adults 1x week )
3 . - adults per| repeated. Each group kept in
groups Basic + aphids 3x week
. . treatment cages.
Basic + aphids 1x week




3.2. Individual couples

Five Adalia bipunctata couples were kept in individual plastic containefs
0.5, per treatment (round, with a ventilated lid)basic diet ofEphestia eggs (10
mg/couple/day) and honey (ad libitum) was provitedll treatments three times per
week. Treatment 1 consisted of the control growgsitbdiet) whilst treatment 2 was
also given pollen (ad libitum) and treatment 3 |lagult aphids (1GAcyrthosiphun
pisum per couple, three times per week as well), as shiawable 3.2 and appendix
V.

Table 3.2. Experimental setup of the individualges experiment

Treatment Ladybirds Food Ladyp_lrd Food provided as
number condition
Ephestia spread on bottom of the
1 5 couples Ephestia + honey container, honey on a wet cotton dish
inside a small plastic lid
Ephestia + honey + |Continuou Both Ephestia and pollen spread on
2 5 couples ollen rearin bottom of container, honey on a wet
P 9 cotton dish inside a small plastic lid
. Ephestia spread on bottom of box, hor
3 5 couples Ephest;a ;igsney " on a wet cotton dish inside a small
P plastic lid, aphids released into box
4 5 couples Ephestia + honey Like in treatment 1
5 5 coupleg Ephestia + honey + . Like in treatment 2
pollen Diapause
6 5 couples Ephestia - honey + Like in treatment 3
aphids

The ladybirds used in this experiment came from dbmetinuous rearing at
Entocare (larvae fed oBphestia and their parents oBphestia, honey and aphids;
rearing conditions 28C and 35% RH) and their developmental cycle casdsn in
appendix |. All three treatments were repeated gusidults that had been kept in
diapause (at 8C) for about 5 weeks (Appendix I).

Adults were sexed soon after emergence and thdeapt up together in the
containers and fed according to the treatments. @eee (5 x 5cm) of burlap was
placed in the containers to stimulate ovipositimmoved every day (except in the
weekends) and eggs on it and around the contamerted and kept separately for
posterior counting of hatched larvae. Containenewhanged at least once a week to
ensure a highly hygienic condition.

The food provided demanded some special attention:

The Ephestia eggs were kept in the freezer (-X8) and placed in the fridge (+28)
one day before usage and the amounts providedcto cguple were always slightly
higher than the required 10 mg/couple/day. The ahaf Ephestia eggs was
calculated on the basis of practical knowledge #maadult ladybird will consume 5



mg per day, when no other type of food is provideds figure is the result of several
trials done on ladybirds’ diets.

The honey was provided diluted in water in a préiparof 1:2 (honey/water) and
given ad libitum every time the couples were fed. The cotton whieeehoney was
applied in was changed at least once a week.

The pollen provided was regular bee pollen in trenfof grains, stored in the freezer
(-18°C) and removed a few hours before the beetles fedrelhe pollen grains were
always finely smashed in a mortar to achieve tlfiesotexture possible.

The aphids came from the greenhouse rearing ofcBreqreared on bean plants) and
provided always fresh and in the adult stag®ifétar when not enough adults were
available).

After 26 days, the experiment was terminated (ggeedix II) and the best
and worst couples (the ones that had laid the Biglwed the lowest total number of
eggs) of each treatment were kept for another ¥8,dast in order to see until when
the females would lay eggs, when fed with theskeidint diets (thus, the experiment
lasted for a total of 44 days).



3.3. 40 adults groups

In this experiment, 40 aduftdalia bipunctata beetles (in a 50:50 proportion
of males and females) were kept in plastic boxe8l,oper treatment (boxes closed
with a glass plate on top). A basic dietEphestia eggs (5 mg/beetle/day) and honey
(ad libitum) was provided to all treatments three times peekwelreatment 1
consisted of the basic diet plus frozen adult apl{ftyrthosiphon pisum) whilst
treatment 2 was only given pollead(libitum), as shown in the next table and in
appendix VI:

Table 3.3. Experimental setup of the 40 adults gsaxperiment

Treatment | Ladybirds Food Food provided as

Ephestia inside small lids on the bottom

Ephestia + honey + of box, honey on a wet cotton dish inside

1&2

aphids a small lid and aphids released into bax
40 per
treatment . Both Ephestia and pollen inside small lids
3&4 Ephestia + honey + on the bottom of box, honey on a wet

pollen cotton dish inside a small lid

Two replicates of each treatment were done at dneestime, with different
beetles. Procedures regarding the ladybirds usedpasic diet, pollen and aphids
(and thus amounts provided) were all like in thpeziment described in the previous
section. When not enough living aphids were aviélafsozen ones were provided
(numbers given varied according to availabilitytloé aphids). Three pieces of burlap
(8 x 8cm) were placed in the boxes, removed evayyathd eggs on it and around the
box counted and kept separately for posterior éogndf hatched larvae (eggs on
glass and box were always destroyed, after countxgept in the weekends when
they were not counted or destroyed). Boxes weregdth at least once a week to
ensure a highly hygienic condition.

This experiment lasted for 17 days but the treatseere changed on the"12
day (appendix Ill), in order to detect if pollerddiave an effect on oviposition and
fertility rate. So, treatment 1 and 2 receivedlihsic diet and aphids for 12 days and
the basic diet and pollen for 5; treatment 3 amelcéived the basic diet and pollen for
12 days and the basic diet and aphids for 5 days.
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3.4. 500 adults groups

Big plastic cages (14l), open on bottom and togh(\glass fibre gauze on the
bottom and covered with a transparent plate on wage used for this experiment.
Two small plastic bottles full of honey were attadho the cages (the bottles had a
cotton dish adjusted that entered the cage anwvedldhe ladybirds to feed on the
honey). Five hundred, not sexed ladybirds were ,uskéemerged in the week before
or in the week that the experiment started (seeragig IV) and the experiment lasted
for 17 days.

A basic diet ofphestia eggs (5 mg/beetle/day) and honeg [ibitum)
was provided to all treatments three times per wd@ekatment 1 consisted of the
basic diet plus pollen and frozen aphids once akweeatment 2 consisted of the
basic diet plus frozen adult aphids three timeswsek whilst treatment 3 was given
frozen aphids only once a week, as seen in tallar®l appendix VII. However, after
13 days and because the number of laid eggs setniedlow, the beetles received
live instead of frozen aphids (appendix IV). Thesules section shows how this
affected oviposition and fertility rate of the feles

Table 3.4. Experimental setup of the 500 adultsigsaexperiment

Treatment Food Feeding scheme

Honey ad libitumin 2 plastic bottles on top of box, refilled wheecessary

Pollen Ephestia: 5 mg/ beetle/ day, provided in several small,litisee times per week
aphids (amounts adjusted for the weekend)

1x Pollen ad libitumin 1 big lid; refreshed when necessary (when drigw
pollen present)

week

Aphids 2 g of frozen ones, divided in 2 small lids, 1&ek
Ap3h):ds Basic diet as in treatment 1
week | Aphids 2 g of frozen ones, divided in 2 small lids, 3zek

Aphids | Basic diet as in treatment 1

1x y Aphids 2 g of frozen ones, divided in 2 small lids, 1eek
wee

Initially, three pieces of burlap (10 x 10cm) weskaced in the cages but
because this proved to be insufficient (the ladidbivere laying more eggs around the
cage than in the burlap pieces), that number wagased to six. As in the previous
experiments, those pieces were removed every dayheneggs on it and around the
cage counted and kept separately for posteriortcawynf hatched larvae (eggs on the
top glass and cage were always destroyed, aftertiogu- except in the weekends
when they were not counted or destroyed). Fronidta number of counted eggs on
the burlap pieces, only a random sample of moldess 10 batches of eggs was kept
for counting of larvae. The cages were never chadulyging the whole experimental
period but the plastic lids where the food was ftted were continuously changed.
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4.RESULTS & DISCUSSION

4.1. Individual couples

Even though this experiment lasted for 26 days.ttadl figures shown are

referring to 18 days because the eggs were naatell during the weekends and thus
the higher bars in the graphs (every 5 days) reptabe number of eggs laid during
the weekends. Table 4.1. shows the results for aatment:

Table 4.1 Results of the individual couples expenin

Ladybirds condition Continuous rearingdR) DiapauselD)
Diet | Basic Pollen| Aphidg Basic Pollen Aphids
Treatment number 1 2 3 4 5 6
Total number of eggs/treatmént 2112 3338 3921 277 1258 1562
Average number of eggs /treatmén] 676 714 883 316 313 368
Average number of eggs/couple/dajy 38 40 49 8 17 20
Fertility rate (%) 54 55 64 39 61 51

Ysum of the eggs laid by the 5 couples, during 3&da
% sum of average number of eggs (thus, eggs pete)laid per day
3sum of average number of eggs/ number of days whgs were laid

The results show clearly that couples that wereeckaontinuously lay more
eggs than those that had been in diapause, indepiiyndrom the diet. This might
have been because D couples started laying eggs tlaan the CR ones but
nevertheless the number of eggs laid in the samedoeever reached those of the CR
couples (as also seen in figure 2). The fertilayeris not consistently higher in the
continuous rearing treatments: CR couples fed thybasic diet and fed with aphids
did have a higher rate than those in D but nobties fed with pollen. Figure 4.1 and
4.2 show the daily number of eggs laid during thére experimental period, for the
different treatments and ladybird condition:
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As for the effect of the different diets within tR#R treatments, it is clear that
couples fed only the basic diet laid the lowest hara of eggs and couples fed with
aphids the highest (couples fed with pollen laiteimediate numbers). A similar
trend is found for the fertility rates. Howeverettesults are strangely different for the
diapause treatments: couples fed with pollen lagllbwest number of eggs but with
the highest fertility rate, whilst couples fed wigiphids laid the highest number of
eggs but with an intermediate fertility rate andugles fed the basic diet laid an
intermediate number of eggs but with the lowestilitgr rate. There is, thus, an
obvious effect of the diapause condition in theredpctive performance of the
ladybirds. Figure 4.3 shows the total number ofselgid per couple (or the average
number of eggs per treatment) during the entireergental period, for all treatments
and ladybird condition:

900
O CR basic
800 diet
700 @ D basic
diet
600
&
S B CR pollen
2 500-
o
2
c 400 @ D pollen
=)
2
300 —
E CR aphids
200 I
100 ® D aphids
0 : .
Treatments

Figure 4.3. Total number of eggs laid per coupleyird) the entire
experimental period, for all treatments and ladyloiondition

From these results it is obvious that, at leastnkept under optimal feeding
and hygienic conditions, the two spot ladybird dap a considerable number of
fertile eggs even when being fed only with a basst. Providing aphids does cause a
considerable increase in the number of laid eggshatched larvae but the increase is
not so different from the one caused by the pollen.

The next figure depicts the daily average numbeegts, laid during the 18
days, for all treatments, showing that there isandihear increase in the number of
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laid eggs throughout the days. Nevertheless, étaar that CR treatments laid more
eggs daily than the D ones:
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Figure 4.4. Daily average number of eggs, laidrduthe entire experimental
period

The results showed that ladybirds that have spemestime in diapause are
definitely not a good asset when the objective wfags rearing company is to achieve
the highest number of eggs possible, in the shoptessible period of time. Even by
the end of the experiment, the diapause couplesnbadaid as many eggs as the
continuously reared ones.

Normally, Entocare is not able to produce fertiggg®e just by providing the
basic diet to the beetles and pollen had never hes. The fact that in this
experiment both the basic diet and the pollen gpoaa results (in the total and daily
number of eggs and their fertility) might be expkd by the frequency with which
the beetles were fed, the good hygienic conditiohthe rearing method used and
above all, the lack of competition for mates ordoo

Because Entocare did not have information on homgloan females lay
fertile eggs, when fed only the basic food or oaphids, the experiment continued
with the best and worst couples until the numbeegifs started to decline. The next
table (4.2) shows the average number of eggs (geevhithe best and worse couple)
laid by each treatment, during the following 18 stay

15



Table 4.2 Results of the best and worst couplést tfe 28 day

Ladybirds condition | Continuous rearingdR) Diapause[D)
Diet | Basic | Pollen | Aphids| Basic Pollen Aphid
Treatment number 1 2 3 4 5 6
Average number of eggs/treatmgnt 671 617 696 185 9 40 290
Fertility rate (%) 67 64 62 14 38 33

Within the CR treatments, aphids resulted agaihénhighest number of eggs
but not the highest fertility rate. Pollen treatriselaid fewer eggs and with a lower
fertility rate than the basic one but there is mplanation for that since all couples
had the same age and were treated consistentig isaime way.

In contrast, in the D treatments, pollen resultethe highest amount of eggs
and fertility rate, followed by aphids and the lsasieatment. Also no logical
explanation can be found for these results (extteppossibility of “bad quality” of
the aphids, even though they were always consumed).

It is clear that after a certain time, the numbiela@ eggs reduced and that is
quite obvious in the D treatments (except for thikem treatment), as shown in figure
4.6 and table 4.3. The trend is not as clear ifRetreatments (Fig. 4.5). In fact that
is a very small decrease in the average numbemridf éggs by the basic diet
treatments; the difference is bigger in the pollezatments and the highest in the
aphids’ ones, as stressed in the next table (4.3):

Table 4.3. Comparison of average number of eggsinaihe first 26 days (5 couples)
and until the experiment was terminated (best amgixcouple)

Lsgrilgiltrigi Continuous rearingdR) DiapauselD)
Diet | Basic | Pollen) Aphidg Basic Pollen Aphids
Day 1- 26 676 714 883 316 313 368
Day 26- 44 671 617 696 185 409 29(

These results suggest that, when fed only a bast¢ lddybirds will lay an
average number of eggs that will stay stable thmougtheir fertile period. But if the
quality of the diet increases, not only the avenagmber of laid eggs increases in the
optimum reproductive period (the first month ok)if as the difference in laid eggs
after a certain time will be bigger.

These two spot ladybirds laid fertile eggs for @ltof 44 days, independently
from the diet they received, proving that the frelgqey with which the food is
supplied and being kept individually or in groupsktremely important to obtain the
most efficient results possible (when comparingrésilts of this experiment with the
ones obtained by feeding the ladybirds with thaenirscheme Entocare is using).
The next two figures show the average number ofdggl by the best and worst
couples during the entire experimental period (frday 1 till 44), showing that the
number of laid eggs started to decrease mostlydthmafter oviposition has started:
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4.2. 40 adults groups

Even though this experiment lasted for 17 daysrekalts will be shown only
for 15 of them since in the first 2 days not ak thggs were accounted for, due to
practical reasons. The reader should also keepnd that even though the diet of the
groups was switched on day 12, the name of eaalnient remains the same in all
tables and figures presented (thus, after day djpg aphids should be understood
as pollen groups and the pollen ones as aphidggyou

The next table shows the several results obtainedecial attention should
be paid to percentage of missed eggs (laid ardumdbdxes and thus not collectable
and unsuitable for packing and sale) and to thebmurof eggs laid before and after
the switch in the diet.

Table 4.4. Results from the 40 adults experiment

Group | Aphids 1 | Aphids 2| Pollen1 | Pollen 2
Diet | Basic diet + aphidg Basic diet + pollen
Total number of laid eggs 3954 4112 3711 1936
Total number of eggs on burlap 3047 3168 2976 1821
Total number of missed eggs (%) 23 23 20 6
Fertility rate (%) 66 65 44 53
Total number okggs laid beforehe diet switch 3325 3094 2445 1175
Total number oeggs laid afterthe diet switch 629 1018 1266 761

The results show that groups fed with aphids hagde eggs than the ones fed
with pollen but this difference in not very cleanofice the small difference in the total
number of laid eggs between group pollen 1 anddsphiand 2). However, there was
a difference in the fertility rates: aphids 1 andhdl a higher fertility rate than the
pollen groups but there was not any difference betwthem. Group pollen 2 laid
considerably fewer eggs than group 1 but the iigrtiate was higher. These cannot
be properly explained, as the number of live adoftgroup pollen 1 and 2 was not
too different at the moment the diet was changed amtil the experiment was
terminated (see table 4.5).

For both aphid groups, the percentage of missgd @gid around the box and
not on the burlap pieces) was the same. It is ¢hesrthe two spot ladybird does lay
many eggs on the box when aphids are provided. iight happen because the
aphids were walking freely around the box and asfémales forage for them, they
laid eggs in their path. On group pollen 2 the petage of missed eggs was
considerably lower, as expected, but there is aaraxplanation why group pollen 1
showed a percentage almost as high as the aphiggro

The next table shows the number of alive couplées different moments of
the experimental period and respective number iof éggs and daily oviposition
rates, which can be compared to the results olutaireem the individual couples
experiment.
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Table 4.5. Alive couples and daily oviposition saté¢ 5 moments of the experiment

Group Aphids 1 Aphids 2 Pollen 1 Pollen 2
5,18 | B |B.|2 | B |B,2 S |5, |2 | 5
SEHR S RS R T
< o O é\ ol © o o é\ o < o O é\ a < o o é\ o
P3| 233|838/ °3|23|838/°s|=23|838| °c |£3/828¢%

Day 1 124 20 6 24 20 1 62 20 3 0 20 0

Day 4 904 18 17 536 19 10 482 20 8 133 18 2

Day 8 | 1207 14 22 965 20 12 882 19 12 250 17 4

Day 12 | 1090 10 29 1569| 18 22 1019| 18 14 679 16 11

Day 17 | 629 3 50 1018| 13 16 1266| 14 18 761 13 12

This table shows how the number of alive coupféscted the results, before
and after the change in the diet. Very clearly,thimber of laid eggs decreased in the
aphids groups and increased in the pollen ones) éwaugh the number of alive
couples decrease more in the aphids groups thidae ipollen ones: it is strange that 3
couples laid more than half of the number of eggs by 13 couples (aphids groups)
as well as it is strange that 14 couples laid atnwise as many eggs as those laid by
13 (pollen groups). For both, there is no logicgblanation but what matters from
this table is that, consistently groups fed wittidp laid more eggs than groups fed
with pollen. This effect of the switch of the dietthe number of collectable eggs
(laid on the burlap pieces) is also clearly showrihe next figure, where it can be
seen that before day 12, groups fed with aphidsr@re eggs and that after day 12
(when those groups were fed pollen), the groupkfeaver eggs.
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@ aphids 1
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@ I _
S 3501
3 N _
© 300 i O aphids 2
g 250 | -Hrp
£ uy | _ _
3 i _
£ 200 — — M = — - = M
g @pollen 1
o ] i
2 150
100 1 — = -
50 —’> = - Opollen 2
O T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Days

Figure 4.7. Total number of eggs on burlap (allugps): switch in the diet on
day 12.

The next figure shows effect of the diet on thealtetumber of laid eggs:
during 12 days, aphids groups were fed aphids atiérpgroups fed pollen (blue
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bars) and during 5 days, aphids groups were felgmpaind pollen groups were fed
aphids (purple bars).

It is clear that providing aphids, results in aor@ase in eggs production as it
is consistent that those groups always laid mogs eélgan the ones fed with pollen.
Even though the period before and after the switche diet is quite different (12 vs.

5 days), the effect is clearly seen right afterdhag the diet was changed (also seen on
day 13 in the previous figure).
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3000 O Total number ¢
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& 2500 change
(@)
(¢B]
5 2000
g 1500
g 5
= B Total number ¢
1000 eggs after
change
500 r
0 ‘
Aphids 1 Aphids 2 Pollen 1 Pollen 2
Groups

Figure 4.8. Total number of eggs before and aftanging the diet (all groups)
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4.3. 500 adults groups

The results of this experiment are shown in thet naxle, where it can be
immediately seen that the pollen group laid thénbgg number of eggs, on the burlap
pieces and number of batches around the cage.g8tyathe group fed with aphids
three times per week did not result in the biggeshber of laid eggs.

Table 4.6. Results of the 500 adults groups experim

Group | Pollen + aphids 1x| Aphids 3x| Aphids 1x
Total number of eggs on burlap 3389 2575 3139
Total numbg_r of eggs kept for 1894 1774 1705
fertility rate

Fertility rate (%) 39 38 40

Total number of batches on burlap 403 297 374

Total number of batches on cage 594 248 299
Total number of dest(oyed batches 278 191 178

on burlap (unviable)

Daily oviposition rates (per couples) are not pnéseé in this table (and thus
not available for comparison with the individualuptes experiment) because their
calculations could not be done, due to two reasong, the number of dead or
missing beetles was not precisely scored durinigréiht moments of the experiment
(hence, assuming for instance, that 100 eggs lallob beetles on day 1 is the same
as 500 eggs laid by 500 beetles on day 17, is a hstake). For sure, the number of
beetles was reduced throughout the experimentr(timber of deads was roughly
scored on day 10) and it was not possible to kraretty how many couples laid how
many eggs (also because the beetles were not beftek the experiment started).
Second, there was a considerable amount of eggyofathe cages (in fact, for the
pollen group, more batches of eggs were laid arahmedcage than on the burlap
pieces). This exact number of eggs was not posgbteunt but only the number of
batches (by visual observation it was possiblertve that the number of eggs per
batch differed a lot). Thus, calculation of ovig@si rates based on these numbers is
underestimating the number of eggs that the ladglieally laid.

Figure 4.9 shows the total number of laid eggshenturlap pieces, for all
treatments: ladybirds fed with pollen and aphidseoa week laid more eggs than the
ones fed with aphids once or three times per w&bk. group fed with aphids three
times a week resulted in the lowest number of égjgs on the burlap (and number of
batches around the cage). From the samples keqttapgdeck larval hatchability, no
big difference was found as the fertility ratesaifgroups were quite similar to each
other.
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Figure 4.9Total number of laid eggs, all treatments

From table 4.6., it is also understandable thatymaatches of eggs on the
burlap pieces were lost due to destruction by tetles themselves. The most logical
explanation seems to be that they were eaten (@yailybirds) and destroyed by
physical contact of the ladybirds and/or the aphiisome nutrient deficiency was
felt by the beetles, it is normal that they comp¢ed for it by eating the eggs and
thus, normal that the pollen groups destroyed rbarthes. Strangely, the groups fed
with aphids three times per week destroyed morehleatthan the one fed only once a
week (maybe here, the physical destruction by fiteéds seems more likely). It is
clear that Entocare has to take this loss intoidenstion.
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It can be discussed that the two spot ladybird aw@esl aphids in her diet to
lay as many eggs as possible and for them to beleviaut that need might be
compensated by providing pollen and less frequeapiids. The fact that the fertility
rates obtained here are lower than the ones frenptévious experiments, might be
explained by the higher number of beetles keptpge and not by a deficiency in the
diet: groups of 500 adults are under a bigger stfesmpetition for food and mates)
and the diet provided was definetely of a bettalipuand larger quantity than it is
known to be necessary.

The next figure compares the number of batchesygé daid on the burlap
pieces, around the cages and destroyed on thepbpidaes (unviables for packing
and sale):
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Figure 4.10 Number of batches of eggs on burlap aml destroyed on burlap

It is clear that the pollen group laid the highastount of batches on the burlap
but also around the cage and these beetles destnoyee batches than the ones in the
other two groups. There is no logical reason lier high number of laid eggs around
the cage and why that number was so different fileengroup fed with aphids once a
week (the amount of given aphids was the samedtir groups). Strangely, the group
fed with aphids more frequentely (three times ak)ekid the smallest number of
batches around the cage but destroyed an interteedianber of batches on the burlap
pieces (less than the pollen group and more thangtbup fed with aphids once a
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week). If more aphids were given, fewer batcheeggs should have been destroyed
than in the two groups.

Figure 4.11 shows the daily oviposition for allogps, during the entire
experimental period. It can be seen that the resukt highly variable and that the
number of laid eggs by each treatment started dsitrg after day 10. All dead
beetles were removed and counted on this day argdtkie numbers presented here,
from day 10 till 17 represent eggs laid by some #@@tles instead of 500 (the
number of dead beetles was not very different betwgroups: 77 for the pollen one,
84 for the group aphids 3x and 116 for aphids 1x).

Number of eggs
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100

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17

1

— H [ — - O aphids 1

Days l
Live aphids for the 3Ltime

Figure 4.11Daily number of eggs on burlap, throughout the aysd

From day 12 on, live aphids were given to all tages (also frozen when live
ones were not enough), to try to increase ovipmsitlhat increase in not very clear
though, which could maybe be explained by the redodn the number of live
beetles.

It is also clear from this figure, that the resiitis all treatments were highly
variable, throughout the severeal days the expetitasted and maybe replicating it
could help determing the ideal diet for a massimgagystem.
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5. CONCLUSIONS AND RECOMMENDATIONS

At first sight, the results of the experiments cactéd to find a way of
improving the rearing system of the two spot ladylait Entocare, seemed
unexpected but somehow logical.

Females can lay up to 50 eggs per day and ovifessie eggs for more than
40 days. There is no doubt that those numbers a@serghen the rearing is done in
bigger groups and that being kept individually iowes their performance as
competition for food and sexual mates is not adfaptesent. Obviously, this is not a
solution for a mass rearing company thé&competition for food and sexual mates
should be taken more seriously in consideration.

Using beetles that have been in diapause is ddfimibt contributing to
increase the number of fertile eggs, in the shbpessible period of time. Thus,
diapause ladybirds should not be used in the periodf intense productionbut
only to have an available stock of beetles.

Aphids are indeed necessary for the females taataynany fertile eggs as
possible but that need might be compensated byidgingvpollen and less frequently,
aphids (like once a week). Provididiye aphids does really improve female
oviposition but rearing them is only profitable untl a certain extent

Ladybirds seem to be more productive when living wery clean
environment where food and mates are availableirBemse mass rearing cannot
afford to invest too much in this and thus cleagesasupporting high numbers of
beetles must exist. The current cages at Entoeam $o fulfil this (with an open
bottom and honey bottles attached on the top) ggekhic conditions are better than
when the rearing was done in smaller closed bdxewever, the frequency used to
feed the groups witkphestia eggs and aphids can be improved: providing the
Ephestia eggs more frequently than every 4 days seemspmie female oviposition
and fertility (every 2 days) but aphids are alsoassary. Some more research should
be conducted on the amounts needed but a combirattiaollen and live aphids once
a week can result in high number of eggs and lafaken should also be considered
as a diet substitute for high numbers of aphidsabse when compared to those,
pollen is not only cheaper to get (buying vs. megaphids, which often does not
work well), but also easy to provide and resulim@etter hygienic conditions of the
cages where the beetles are kept (which resulgsehours of work dedicated to
cleaning or replacing the cages).

The next table gives a final overview of the reskajuestions the experiments
tried to answer and the recommendations suggesietprove the mass rearing
system of the two spot ladybird. It seems clear tte@ number of adults (and their
correct sexing), the frequency in which tiehestia eggs are provided, the addition of
pollen to the diet and the amount of given aphrésssues Entocare should consider
to efficiently increase their production of vialdggs.
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Table 5.1. Final conclusio

ns and recommendations

Question

Conclusion

Recommendation

What is the_maximum number
eggsa female 2 spot ladybird ca
lay, when reared under optim
conditions (food, hygienig
environmental, etc)?

fjl_%eing kept in group
ailncreases considerab
competition for food ang

'sexual mates

| Adjust rearing to include competitia
l’for food and sexual mates (e.g.
j)f)eetles/cage); experiments on effec
sexual competition in a mass rearij
should be considered

How is oviposition and fertility ratg
of a female 2 spot ladybird affecte
when kept in diapaudsetween adul

emergence and first mating (under

optimal conditions)?

"(]Beetles that have been
diapause show lowe
L. g -

oviposition and fertility
rate

"o not use diapause ladybirds in t
period of intense production but on
to have an available stock

=

n
nr
of

ng

he
ly

What is the_contribution of polle
and aphids on oviposition ang
fertility rate of a 2 spot femal
ladybird?

Providing pollen and livg
aphids weekly improve
female oviposition bette
than providing aphids mof
often

n

D

> Use live aphids as a diet additive or]
sa week but increase the 2g/5
rbeetles; experiments on t
econtribution of frozen aphids shou
be considered

ce
00
ne
|d
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APPENDIX |. AGE OF THE LADYBIRDS USED IN THE INDIVIDUAL COUPLES

EXPERIMENT
Ladybird Adult Sexing and Start of the End of the
condition emergence | setting up the | experiment experiment
date couples
C?Qgﬂgous 04 -07.02.05|  09.02.05
g st week 09.02.05 07.03.05
Diapause 1204 09.02.05
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APPENDIX Il

. | NDIVIDUAL COUPLES EXPERIMENT SCHEDULE

0 1 2 3 4 5 6 7 8 9 10
09 feb 10 feb 11 feb| 12 feb 13 feb 14feb| 15febh 16fep 17fep 18 fell9 fe
Start of | First
theexp | time

eggs
were
collect

11 12 13 14 15 16 17 18 19 20 21
20 feb 21 feb| 22feb] 23feb 24 feb 25 fel26 feb | 27 feb| 28 feb| 01 mar02 m

22 23 24 25 26 27 28 29 30 31 32
O3 mar | 04 marf 05 mar | 06 mar| 07 mar 08 mar, 09 marlO mar| 11 mar| 12 mar| 13 m

End of the
exp.
Continuing
with the
best and
worst
couples
33 34 35 36 37 38 39 40 41 42 43
l4mar | 15mary 16mar 17 mar 18 mar 19 mar | 20 mar| 21 mar| 22 mar| 23 mar £2m
End
the
bes
anc
WOT
coup
exf
Weekends

Feeding days
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APPENDIX Ill. 40 ADULTS GROUPS EXPERIMENT SCHEDULE

1 2 3 4 5 6 i 8 9
07 mar | 08 mar 09 mar 10mar 11 mal2mar| 13mar| 14 mar, 15 ma
Start of
the exp.
First time
eggs
were
collected.
10 11 12 13 14 15 16 17
16 mar | 17 mar 18 mar| 19 mar| 20 mar| 21 man 22 mar| 23 mar
Switch in End of
the the exp
treatments
Weekends

Feeding days
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APPENDIX IV. 500ADULTS GROUPS EXPERIMENT SCHEDULE

1 2 3 4 5 6 i 8 9
25mar | 26 mar 27 mar 28mar 29 me30mar| 31lmar | 01 apr| 02 apr
Start of
the exp.

First
time
eggs
were
collected

10 11 12 13 14 15 16 17 18

O3 apr | 04 apr 05 apr 06 apr O7apr 08apd9apr| 10apr| 11 apr
Live
aphids
were
given to End of
all the exp
treatments
for the
first time
Weekends

Feeding days
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APPENDIX V. EXPERIMENTAL SETUP OF THE INDIVIDUAL COUPLES EXPERIM ENT
Treatment 1 Treatment 2 Treatment 3

Ephestia eggs Ephestia eggs

Ephestia eggs

Continuous Rearing couples

Diapause couples

Ephestia eggs

N @

34

Ephesti
Ephestia eggs B asans

Burlap

Treatment Treatment Treatment




APPENDIX VI. EXPERIMENTAL SETUP OF THE 40 ADULTS GROUPS
EXPERIMENT

Ephestia
eggs

Burlap
pieces

Treatment 1 & 2

Ephestia
eggs

Burlap
pieces

Treatment 3 & 4 35



APPENDIX VII. EXPERIMENTAL SETUP OF THE 500ADULTS GROUPS EXPERIMENT

///1;oney ///1;oney ///1;oney

Ephestia
eggs
Ephestia
eggs

Ephestia
eggs

Burlap
pieces

Burlap
pieces

Burlap
pieces

. Anhids 1x weel
Abphids 3x weel

Aphids 1x weel

Honey Honey Honey

Treatment 1 Treatment 2 Treatment 3 36



