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ABSTRACT

Up to now, the search for an efficient artificial
diet to rear the predator Eriopis connexa, native
to the Colombian highlands of Cundinamarca
and Boyaca has been without success. There-
fore, it is necessary to determine which of the
available preys supply the best food for its de-
velopment, survival and fertility. With this pur-
pose, under controlled conditions, three aphid
species, accessible within the natural habitat of
the predator, were evaluated. The cabbage aphid
(Brevicoryne brassicae) does not provide an
adequate nutrition for the predator, and appar-
ently, the glucosinolate content of this aphid is
transferred and affecting the predator. Based on
the demographic parameters such as net re-
productive rate, finite reproduction rate, genera-
tional time and intrinsic growth rate, for three
consecutive generations, it was determined that
none of the other two aphid species can be
considered either as optimum prey. Macrosi-
phum euphorbiae, as prey stands out over the
alder aphid, Pterocallis sp., supplied as food.
The influence that these three prey species had
on the growth potential of the larval stages of
the predator, under particular ambient condi-
tions, is reported.

Keywords: Predator Rearing; Brevycoryne

brassicae; Macrosiphum; Pterocallis sp.; The Alder
Aphid; Glucosinolates

1. INTRODUCTION

The potential use of the coccinellid predator E. con-
nexa (Germar) as a biological control agent against in-
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sect and mite pests is supported by numerous studies car-
ried out in different regions of South America [1-5].
However, its employment as a control agent in an aug-
mentative manner is limited by the difficulty of counting
on a good source of food for E. connexa, which provides
all the required nutrients to complete its development, al-
lowing to express its maximal reproductive potential.

It is well known that the most appropriate feed for
rearing a predatory insect is precisely its prey [6]. A com-
parison of studies with different insect species potentially
useful for biological control programs, comparing di-
verse artificial diets with the natural preys, has confirmed
this knowledge [7-10].

The E. connexa’s diet effect in function of two aphid
species, in which temperature also was a factor, demon-
strated that the consumption behavior and the develop-
mental rate were affected by the different combinations
of these factors [11].

Research directed to develop an artificial diet which
allows to replace the natural food sources, reduce costs
and make the mass rearing process of this coccinellid
less complex, has failed [12, authors, unpublished data].
It is necessary to continue with these efforts, however,
while positive results are obtained, it is essential to rely
on a natural food source for the efficient improvement of
the predators rearing process.

The purpose of this research was to evaluate the influ-
ence of the employment as prey of individuals of three
aphid species on the survival, the development and the
reproductive capacity of E. connexa.

2. MATERIALS AND METHODS

Brevycoryne brassicae L. aphids employed as prey
were obtained from Brassica oleracea var. capitata
caged plants; the second aphid species, Macrosiphum
euphorbiae Thomas was obtained from a natural popula-
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tion which developed on Hibiscus sp. and the third prey
species, the alder aphid, Pterocallis sp., was collected
from Alnus acuminate plants, at the campus of the Uni-
versity of Applied and Ambient Sciences, Bogota D.C.,
(4°3'56"57, 74°04'51"30) and 2640 masl.

The experiments were carried out in the agricultural
biotechnological laboratory, at 25.5°C + 2.5°C, 72% rela-
tive humidity, and a photoperiod of 12:12.

Bioassay treatments consisted of M. euphorbiae, B.
brassicae and the alder aphid confined in a 40 mL plastic
vial with snap on lid (Quality Plasticos, Bogotd). A neo-
nate E. connexa, larva was supplied with aphids of each
species ad libitum. Daily, the food was replaced and the
E. connexa mortality and molts registered.

Adults that emerged from pupae the same day were
put together in transparent 500-ml plastic cages with
perforated lids, filled with leaves of the respective plant
host with aphids, in order to facilitate mating and ovi-
position. Because of the difficulty to distinguish the
adult’s sex of the predator, since no evident sexual di-
morphism exists, it was necessary to perform dissections,
once the adults died.

Mortality, instar or developmental stage changes, ovi-
position initiation, number of eggs per group of adults
and emergence dates of each egg batch, as well as the
number of larvae emerged were registered daily.

The data of two or three predator’s generations al-
lowed to construct vertical life tables, from which the
demographic parameters: net reproduction rate A, finite
reproduction rate Ro, generational time T and intrinsic
growth rate r,, for each of the generations feed with each
aphid species were calculated. These parameters were
compared through the Jacknife method proposed by
Maia [13] using the SAS statistical program, which al-
lowed to establish statistical differences within food
sources and generations for each of the demographic
statistics. In addition, survival curves were constructed
and the comportment type for each food source observed
[14].

3. RESULTS AND DISCUSSION

Developmental time: Initially it was observed that
starting with the first larval instar (Table 1), the propor-
tion of individuals reaching the next instar was influ-
enced by the prey species offered as food, finding that
only 6% of the larvae feed on B. brassicae reached pupal-

stage, while 43% and 78% did when provided by alder
aphid and M. euphorbiae, respectively. However, atten-
tion is drawn to the fact that E. connexa fed with M. eu-
phorbiae were those which reached the pupal stage in the
highest proportion. It was interesting to note that, al-
though achieving the highest pupal development, only a
few of them (11%) reached adult stage, decreasing the
initial population to 67%. Nevertheless, it was evidenced
that for each natural food source individuals were ob-
served to reach the adult stage, although in low propor-
tions.

These unpredictable results using the aphid B. brassi-
cae as a good source of food could be explained in rela-
tion to the glucosinolates content in cabbage plants on
which the aphids were reared. According to Kushad [15]
for some varieties the concentrations of sinigrin amounts
for 7.8 pmol DW-g ™' and of 0.9 DW-g™" for glucobrassi-
cin, which could have an effect on the development of
the predator, similar to that observed by Francis [16] for
the coccinellid Adalia bipunctata fed with the same Bre-
vicoryne sp. reared on Sinapis alba L., a Cruciferae with
high content of glucosinates, which did not allow the
predator to complete its cycle. Hopkins [17] mentioned
that glucosinolates are one of the examples of plant
compounds that interfere with insect-plant interactions
and also influence higher trophic levels, via reduced host
or prey quality, or that specialist herbivores may even use
glucosinolates for their defense. As complementary work
on the topic, Kanzana [18] indicated that B. brassicae, an
obligate feeder on Cruciferae, has developed its own my-
rosinasecapable of hydrolyzing in a number of glucose-
nolates, including sinigrin and accumulate the toxin as
defense against predators.

On the other hand, it was found that under experimen-
tal conditions M. euphorbiae was the prey which was
more likely to delay the development of the pre-pupa of
the predator. This situation perhaps can be explained by
the nutritional quality that each prey species could offer
to the predatoror by the relationship between the energy
balance of predation, observed in other experiments such
as those carried out by Gyenge [11]. The authors ob-
served that depending on the number of preys offered of
either Acyrthosiphum pisum Harris or Schizaphis grami-
num (Rordani), anatomic factors such as malformations
of E. connexa were influenced.

The duration of the predator’s life cycle for each food
sources over three generations is shown in Table 2. Be-

Table 1. Effect of the aphid species used as prey on the development of Eriopis connexa.

. Preimaginal Proportion reached by each instar or stage
Diet (prey) 1 .
ongevity Instar 11 Instar 111 Instar IV Pupa Adult n
Brevicoryne brassicae 31.0+10.68 0.65 0.47 0.06 0.06 0.06 17
Macrosiphumeuphorbiae 39.21+£2.01 0.89 0.78 0.78 0.78 0.11 17
Pterocallis sp. 24.6 +13.63 0.79 0.50 0.43 0.43 0.43 11
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Table 2. Developmental time during three generations of Eriopis connexa fed with three natural diets.

Treatment Egg Larva 1 Larva 2 Larva 3 Larva 4 Pupa Total larva Adult
Generation cero
10£0  523+323bc 7.63+£2.11b 10.62+3.92ab  11+0a 13+0a 2820 540
Brevicoryne brassicae
(1oy[21]  @-12)[17] S-13)[11]  (7-18)[8] (1) [1] 13)[1] (28) [1] (5) 1]
Pterocallis sp. 7£0  728=138bc 7.9+3.56b  7+33lab  10+£2.12a 56+151b 301 22+16.92
(7 [21] 5-9)[14] @-16)[11] (2-100[71 @®-13)[5] @-DS] (29-31)[5] (2-48)[6]
. 895146 3.77+126c 493+092b  5+274b  12.07+24a 4.35+092b 2552+082 20.5+10.6
Macrosiphum
euphorbiae (7-10)[20]  (G-7[18] Q-7[16] (2-9[14] (-17)[14] (G-6)[14] (1-30)[14] (13-28)[2]
First generation
. 376+25la 48342252 3.75+142a 347+081b 6.05+1.34b 4.8+236a 17.85+2.40 40.42+27.59
Macrosiphum
euphorbiae @-1D[51] @-1)[43] @-D[41]  @-5[36] @-8)[34] (2-15)[41] (13-25)[40] (2-93)[19]
Pterocallis sp. 411£136a 556+£126a 435+1.69a 54+33a 837+£176a 5.62+1.92a 22.77+3.96 35+22.54
2-6)[26] “-8)[16] @-7[14] @-13)[10] G-1D[8] (G-98] (15-28)[9] (2-60)[5]
Second generation
_ 35+094b 5+1.13a 426+19a 436+:1.02a 103+17a 45+13la 21.4+554 ;
Macrosiphum
euphorbiae (2-5[20] “-7[5] G-8)[15] @-5[11] 7-13)[10] G-7)[12] (12-26)[5] ;
Pterocallis sp. 631+£1.77a 592+423a 5.11+136a 5+1.00a 125+4.12a S5+14la 2528+3.63 -
4-8f[16] G-1N[13] (“4-8)[9] (4-6)[5] 8-18)[4] (4-74] (20-31)[7] -

Values of the same column followed by the same letter are not statistically different (Ducan 5%) for each of the generations.

tween food sources and the initial generation, the egg
stage was not analyzed, because eggs were deposited by
females fed in a similar way in all treatments. However,
no significant differences between treatments, in the egg
developmental time of the first generation, were noted.
Eggs from females fed alder aphid in the second genera-
tion significantly extended the developmental time of
eggs.

No significant differences in the duration of each lar-
val instar of the predator fed natural prey were noted.
This tendency was maintained during the whole larval
stage. Only for the first generation, the third E. connexa
instar was significantly prolonged when fed on 4. acu-
minate, which also extended the total developmental
time of the larval stage.

Additionally, the significant increase in the develop-
mental time of the coccinellid pupa occurred when larvae
were fed on B. brassicae, observing that only one indi-
vidual reached this stage, showing again the possible
influence of glucosinolates that this aphid putatively
keeps as a defense against coccinellids [18].

Geynge [11] observed significant variation in the dura-
tion of the larval stage of E. connexa fed with two dif-
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ferent aphid, which had a marked influence on the popu-
lation growth parameters, determined by the age of the
females, their fecundity and survival.

Similar results were obtained by Stathas [19] studying
in Greece the already introduced predator to Colombia,
Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae),
which could turn into a competitor for the native E. con-
nexa. This coccinelid has been observed to feed on Aphis
sp. on citrus on the U.D.C.A’s campus. The authors fed
the predator with Aphis fabae Scopoli and Dysaphis
crataegi (Kaltenbach) under controlled laboratory condi-
tions and four constant temperatures, finding that the life
cycle duration of H. axyridis was shorter when the pre-
dator fed on D. crataegi than on A. fabae at high tem-
perature, concluding that the first aphid species might be
a better diet for rearing the predator.

However, the effect of temperature on other biological
parameters of the predator, such as fecundity, has also to
be considered.

Comparing diets for H. axyridis, Reznik [20] found
that the pre-imaginal development of the predator was
much shorter when larvae fed on green peach aphid (M.
persicae) than on eggs of the Angoumois grain moth Si-
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totroga cerealella (Olivier) (Lepidoptera: Gelechiidae).

Research carried out by Obrycki and Orr [21] on the
effect of Acyrthosiphon pisum Harris, Rhopalosiphum
maidis (Fitch) and eggs of Ostrinia nubilais (Lepidoptera:
Noctuidae) on the development of three neartic coccinel-
lids showed that the total developmental time of the
predators increased when the food was unsuitable. These
results may be applicable to E. connexa.

The bioassays conducted with the first generation,
which began with eggs laid by field-collected females,
we observed a very short duration of the adult stage in all
treatments, which can be attributed rather to the experi-
mental conditions than to the effect of the prey species.

Survival and fertility: A different survival rate for each
of the food sources was detected (Figure 1). Treatmentsl,
2 y 3 in which the predator was fed with M. euphorbiae,
independent of its generation, presented a survival which
adjusts to an idealized curve type I [14], indicating that
the predator had a probability near to 100% to live in a
constant way during all stages, and presented a massive
death within the adult stage. The massive death of the
adults coming from eggs deposited by field-collected fe-
males started on day 57, while that of the first laboratory
generation on day 59 and for the second generation on
day 50. This survival type is ideal for rearing under labo-
ratory conditions [14], therefore it is considered that the
methodology employed might be used as control in fu-
ture biological research with this predator.

Within treatments 4, 5 y 6 where the predator was fed
aphids obtained from A. acuminata different survivals
rates were observed during the three generations. In gene-
ration cero, survival control, the survival adjusts to an
idealized curve type II, which means that a constant
number of individuals die per time unit. Within the first
generation the survival adapts to a compound curve from
day cero up to day 26, which corresponds to the pre-
imaginal stages, survival which adjusts to an idealized
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Figure 1. Survival of Eriopis connexa during three generations,
fed with three aphid species. Treataments 1, 2 y 3 food: Mac-
rosiphumeuphorbiae. Treatments 4, 5 y 6 food: Pterocallis sp.
coming from A. acuminata. Treatment 7 food: Brevicoryne
brassicae. T1, T4 y T7 descendants from field collected adults,
T2 y T5 first laboratory generation and T3 yT6 second labora-
tory generation.
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curve type III representing the existence of a constant
fraction that dies during a time unit. From day 26 on,
corresponding to the adult stage, survival adjusts to a
curve type I, which is not ideal for rearing under labora-
tory conditions. For the second generation the survival
presented a curve type I, however in this case, the mas-
sive death occurred within the adult stage; it is observed
before the medium generation time which oscillates be-
tween 63 and 70 days, which cannot be considered ideal.
Overall the survival presented with in the treatments 4, 5
and 6 allow to conclude that the aphid obtained from A.
acuminata is not an ideal food for rearing E. connexa.

When the predator was fed with B. brassicae (treat-
ment 7), the survival adjusts to an idealized curve type I,
but in this case the prey cannot be considered an opti-
mum food source, since the massive death occurred pre-
vious to the adult development.

The food effect on the survival of E. connexa can be
attributed to a low palatability and to the fact that some
preys do not contain the necessary nutrients for the nor-
mal development of the coccinellid. This could be con-
firmed under both laboratory and field conditions, where
the predator has neither been observed feeding on B.
brassicae, nor on the aphid from 4. acuminata. On the
other hand under laboratory conditions a low consump-
tion of the alder aphid was observed, which suggests a
low palatability. Gonzalez [22] isolated from alder plan
tradical nods phenolic biarylheptanoid and a flavonoid
glycolsic product. If also present in leaves, these prod-
ucts could have a negative influence on the consumption
of the aphid by the predator. Although B. brassicae preys
were totally consumed, an adequate development of the
predator was not observed, which allows to deduce that
this aphid does not contain the necessary nutrients for the
development of the predator and may also contains sub-
stances such as glucosinolates, which affect the predator
survival. To confirm completely these hypotheses, phy-
siological and morphological studies looking at the fatty
corporal content of the predator and measuring the func-
tional response with the different preys have to be done.

Fertility of E. connexa, fed with M. euphorbiae indi-
cates that the reproductive phase began earlier in both the
first and the second generation, at the age of 26 and 28
days, respectively (Figure 2). The first generation was
that in which the reproduction stage was extended for
more time, almost up to 100 days of age and together
with the initial generation showed the highest fertility
peaks.

Attention is drawn to the fact that the two laboratory
generations (F2 and F3) of E. connexa were more preco-
cious than those obtained from eggs deposited by field-
collected adults (F1), starting oviposition almost 20 days
earlier. This result can be attributed to the fact that the
laboratory adults were fed during the whole cycle ad
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Figure 2. Fertility curves of Eriopis connexa fed with two
aphid species during three generations. Mac. B1F0, generation
derived from eggs laid by field collected adults supplied with
Macrosiphum sp.; Mac. B1F1, first laboratory generation fed
with Macrosiphum euphorbiae; Mac. BI1F2, second laboratory
generation supplied with M. euphorbiae; Aln. BIF0, generation
derived from eggs laid by field collected adults supplied with
the alder aphid. Aln. B1F1, first laboratory generation fed with
the alder aphid. Mac. Bio 2F1, second bioassay with the first
laboratory generation fed with M. euphorbiae.

libitum, while the field collected adults spent much ener-
gy in the process of searching for prey, and being gene-
ralists consume various species which may supply the
insects demand but not permit the full expression of their
reproductive potential.

Figure 2 shows that the predators’ F1 generation, fed
with alder aphids started their reproduction later (at age
of 56 days) and obtained lower fertility peaks. This ob-
servation confirms that this prey species, despite being
useful to maintain the rearing of the predator, is not an
optimal food source since it does not contribute to the
mass production of the insect. It could be only of use
under special circumstances as food supplement during a
particular rearing process of the predator.

Analyzing in a combined manner the survival curves
and the fertility obtained with each food source provided
to E. connexa (Figure 3), the results show that feeding M.
euphorbiae during the three generations (Figures 3(A)-
(Q0)), produced the highest mortality occurred within the
adult stage, once surpassed the age of maximum fertility,
being this condition ideal for increasing in a quick man-
ner the number of individuals of the rearing. This situa-
tion is more favorable during the predator’s second gen-
eration where 29-d old females obtained their maximum

fertility and the mortality curve accentuated from then on.

For the initial and the first laboratory generations, as
seen before, existed a mayor mortality tendency resem-
bling a type I curve, but allowing an important propor-
tion of individuals to reach the fertility peak before dy-
ing.

The results of the second bioassay arranged with M.
euphorbiae exhibited a similar behavior; however it is
more evident that when the survival decreases to a 40%
the maximum fertility peaks have already been reached
(Figure 3(D)).

Copyright © 2013 SciRes.

An opposite situation occurred when the food was the
alder aphid. Figures 3(E) and (F) indicate that the
maximum fertility peaks are reached when the survival
has already declined to almost the 20%. This determines
that the few individuals that achieve the adult stage may
die before reaching the maximum fertility, an effect that
reduces the population growth.

Demographic parameters: Table 3 summarizes the
data found for these parameters. For the finite reproduc-
tion rate (Ro) or number of new females per female per
generation, a statistically significant decrease is observed
when passing from one generation to the other for the
individuals of the predator fed with M. euphorbiae while
the contrary occurred for those fed with the alder aphid.

Despite that other indicators have manifested that the
alder aphid is not an optimum food for rearing of F.
connexa, it is interesting to find that the maximum in-
trinsic growth rate (r,) or number of new females or in-
dividuals per female per day for the first generation
predators, occurred when this prey was consumed. Like-
wise, negative r,, values were obtained for the second
generation of the coccinellid fed with Macrosiphum and
for generation cero, supplied with the alder aphid.

The generational time (T) or time that takes for a fe-
male from the start of the egg stage up to the first ovi-
position, a significantly longer time was noticed for the
predators nourished with the alder aphid, time that al-
most decreased to half by those insects in the second
generation when fed M. euphorbiae.

The intrinsic growth rate was found to be significantly
higher for the second generation of the predator fed with
the alder aphid, while between the other treatments, the
observed differences were not significant, existing co-
herence between the intrinsic growth rate’s value.

It can be concluded that the demographic parameters
are definitively influenced by the food source, even
though considered natural, produced differences within
the growth potential that a population of E. connexa can
display when supplied with different nutritional sources.
In this regard the demographic parameters that could be
calculated when using aphids as food source showed that
the values found for the net intrinsic reproduction rate
exhibit ample differences and are drastically inferior than
those determined in previous research where the predator
was supplied with other naturally occurring aphid Myzus
persicae (Sulzer) [1]. The previous found intrinsic grow-
th rate [1] is only similar to that observed for the second
generation fed with Macrosiphum, while the generation
time doubled for the initial and the first generation for
the M. euphorbiae diet, with minor variations over the
finite growth rate. These findings confirm the influence
of the food provided to the larval instars, the ambient
conditions and, particularly the prey species on the ex-
pression of the potential growth of the population.
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Figure 3. Survival curves and fertility of Eriopis connexa supplied with natural food sources: (A)-(C) with individuals
of Macrosiphum euphorbiae in generations FO, F1 and F2, respectively; (D) second bioassay with generation F1 fed
with M. euphorbiae; (E) and (F) generations FO y F1 nourished with Pterocallis sp., collected from Alnus acuminata.

Table 3. Demographic parameters of Eriopis connexa determined with two natural food sources, several generations and laboratory

bioassays.
Prey insect Predator Generat. Ro I'm T Iy
0 1.176 £ 0.08a 0.003 +0.001a 60.097 + 3.902ab 1.003 £ 0.001a
Macrosiphum 1 1.5 £ 0.395ab 0.007 £ 0.005ab 59.526 + 6.69ab 1.007 £ 0.005ab
euphorbiae
2 0.792 £ 0.515a —0.006 + 0.021a 35.87+5.773b 0.999 +0.021a
0 0.591 £ 0.224a —0.007 + 0.006a 70.92 + 0.948¢ 0.994 + 0.006a
Pterocallis sp.
1 1.789 £ 0. Ob 0.009 + 0.0b 62.879 + 0.0ac 1.009 + 0.0b

Ro finite reproduction rate; intrinsic growth rate r,; generational time T; net reproduction rate 4. Values of the same column followed by the same letter are not

statistically different (Duncan 5%) for each of the generations.

Copyright © 2013 SciRes.
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