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Physiological and Environmental Factors Related to the
Dispersal Flight of the Convergent Lady Beetle,

Hippodamia convergens (Guerin-Meneville)'

JAMES R. DAvIS AND ReeD L. KIRKLAND
Department of Entomology, University of Missouri, Columbia 65211

ABSTRACT: Ovarian development and dispersal flight were ex-
amined in convergent lady beetles collected at fall aggregation sites
and stored overwinter at 32°C to simulate natural spring popula-
tions. Fed beetles attained ovarian maturity within 8 days. Beetles
treated with juvenile hormone mimic (JHM), methoprene, showed
intermediate ovarian development but maturity was not attained.
Unfed convergent lady beetles showed 18% dispersal the day of
removal from cold storage, 84% after 3 days and 66% after 6 days.
Fed beetles showed 63% dispersal after 3 days. Fed and unfed
convergent lady beetles flight tested from 8:00 a.m. to 12:30 p.m.
did not significantly disperse until 11:00 a.m. when temperatures
were 15 to 22°C, although feeding on aphids was observed at lower
temperatures. It is suggested that naturally occuring spring dispersal
flight of the lady beetles alternates with feeding behavior until the
ovaries are mature.

Augmentation of lady beetle populations has long been a popular method
of biological control used by organic farmers to control aphids (Yebsen,
1976). The most frequently utilized lady beetle in releases of this type 1s the
convergent lady beetle, Hippodamia convergens (Guerin-Meneville). Un-
fortunately, convergent lady beetles which are collected from mountain ag-
gregations either disperse from the field upon release, or feed at low and
ineffective rates. Hagen (1962) has shown that beetles collected in the fall.
from early-diapause aggregations, remain near the release site but do not
feed on aphids: those collected in the spring, from late-diapause aggregations,
exhibit a characteristic dispersal flight away from the release site. Davidson
(1924) and Cooke (1963) also observed that even high densities of aphids
failed to suppress this dispersal flight.

The migratory behavior of the convergent lady beetle from diapausing
aggregations in California has been outlined by Hagen (1966). The beetles
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apparently overwinter in the Sierra Nevada Mountains of California until mcll
lﬂlE“ February or March. After several warm days, the beetles fly upward ﬂ“;
until they reach a specific air temperature zone. Prevailing eaﬁtc}ly winds ;61!
then blow the beetles toward the central California valleys. Under normal FFJ-I;
weather conditions, the migratory flight of the c:}nvergém lady beetle 1s muﬂ1
terminated at the valley floor. ) Tht‘

A more detailed understanding of the naturally occurring migratory dis- o
persal of the convergent lady beetle 1s necessary in order to understand and 'IH'%-]!
suppress the dispersal tendency of the beetles collected and released for nr
biological control. It is also necessary to understand those factors which s
suppress dispersal behavior and initiate normal feeding and reproductive Ti'm,m
behavior. e

Recent attempts to understand the migratory dispersal of the convergent WT;L;

lady beetle have concentrated on identifying physiological mechanisms. ¥
Hagen (1962, 1966) observed that convergent lady beetles collected from L

spring aggregation sites have undeveloped ovarnes. Rankin and Rankin
(1980). using a flight mill, showed that beetles collected 1n March Imme- i
diately after migration from mountain aggregations exhibited maximum Fantt
dispersal activity at ovarian weights of 1.0 mg. This dispersal activity con- T
tinued until ovaries were completely developed (3.0 mg), at which time ' o
dispersal activity dropped to near zero. ! I
This study was initiated to clarify and add to the information regarding \L
the feeding, ovarian development and dispersal flight of spring collected ”,{E
convergent lady beetles. Unlike studies conducted by Rankin and Rankin ;Il,a_
(1980). field releases were made of the beetles, rather than flight mill tests '
in the laboratory. o
Materials and Methods f“
INSECT SOURCE AND MAINTENANCE: The 5000 H. convergens used 1n this ;ii
study were collected from fall aggregations at a latitude of 38°to 39°N in the .
Sierra Nevada Mountains of California. Following shipments to the labo- ':I
ratory in Columbia, Missouri, they were held in plexiglass cages placed In b
an environmental chamber (Percival E-30%) for 4-6 months under 3 + 2°C _.'!I'H
and a 10L: 14D photoperiod. Food was not available 10 the beetles 1n storage, %
but adequate water was provided. Female beetles were held in reproductive .
diapause under these conditions. This was confirmed by periodic dissections, -
as all examined beetles had immature ovaries throughout the storage period. *i'w
vARIAN DEVELOPMENT: Following storage, 5 groups of lady beetles were <
removed. anesthesized with CO, and sexed. These females received the gl
following treatments; group 1 — unfed: group 2—fed 0.2 g/ ¢ of grain moth, g

Sitotroga cerealella (Oliver), eggs daily; group 3 —unfed. topical application
of 2 ug/ 2 of acetone; group 4 —unfed. topical application of 1 ug/ ¢ ol HM
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ne) disaqlw:d n 2ﬁ ul acetone; and group 5—fed, topical application
JHM fllssqlved in 2 ul acetone. During the experiment the tem-
perature was maintained at 15 + 2°C and 14L:10D. Hagen (1962) stated

that matng occurs prior to fall aggregations, so it was not necessary 10
maintain males and females together.

The effects of the JHM, methoprene, on ovarian

mined by comparing the control group 1 and the ac
THM g_roups‘d and 5. As JHM was dissolved in the acetonc be
the beetles, 11 Was necessary 1o examine the effect of acetone alone. The

heetles 1n group 3 were anesthesized with CO, and received a topical ap-
plication of 2 ul/adult of aceton€ On the ventral surface of the abdomen. The
beetles in groups 4 and 5 were likewise anesthesized and received a topical
application of 1 ul JHM dissolved in 2 ml acetone. Both the aceton€ and

JHM treatments Wert applied with a 3U ¢l Hamilton™ MiCrosyringe.
To determine the status of ovarian development, dissections were per-

formed 2, 4. 6, and & days after temperatures werc raised to 25°C. The
ovarian development of all beetles was categorized Dy using the following

qualitative rankings:

(methopre
of | ug/ *

oresence of mature eggs.

5 (Oviposition—Eges Were
PE - Treatment methodology
f pvarian development. Hippo

observed in the specimen bottles.

- was the same as prevl
described for damia convergens bee-
tles were held individually 1n 100 mm dia.

supplied by a cotton wick in a one dram via
0. 3. and 6 days after removal from cold storage. Dis

Flight tests
a corn field. These experiments
1979 and 1980, so the cOTH was

approximately |.2m
of a wooden frame CO
constructed around eac ¢ walking beetles from escaping.
Due to the logistics of itor? oht. only on€ treatment
‘ ferent treatment groups

group was g .
were tested sequentially m. : petri dishes containing
» flight pad. The beetles

H. convergens were Ope
were then allowed 20 min. 10 1 1ght. | est period an observet
counted the number of beetles flying 10 ‘ lants (non-dis-
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Iable 1. Effect of leeding S. cerealella ¢ggs on the ovanan development of 7/ cConvergens
including Student's -test.
HW
Nk Adult developmental
mny Treatment (no.) stage imean + SE)
5 Unfed |6 1.0 + .1 -
Fed |2 1.3 + ]
4 Unfed 15 Ey 3.2 .
Fed | 2 .U F 2
5 Unfed | ] L8 & 3 =
Fed 12 40+ 3
g Lnfed Q b =9 an
Fed 15 4.4 + 3

Significant at P = 0.10.
** Significant at P = 0.05.

persers) and those that dispersed from the area (dispersers). Due to the
characteristic dispersal flight of the convergent lady beetle (Hagen. 1966)
the so-called dispersers could be differentiated from those that merely flew
to adjacent plants. Dispersing beetles characteristically flew upward for 2-4
m and then flew off at a 45° angle.

To determine the influence of air i€mperature, sunhght, and feeding on
dispersal behavior, 400 females were removed from cold storage and main-
tained at 25 + 2°C. 14L:10D photoperiod for 3 days.

T'he beetles were then placed in 80 waxed cups modified to allow air flow
and direct sunlight. The 80 cups, of 5 beetles each. were divided into 4
groups. T'he beetles were placed in full sunlight at 7:00 a.m. Air temperature
inside and outside the cups was monitored throughout the experiment. Air
lemperature inside the cups was maintained near outside temperatures by
placing the cups on crushed ice when necessary.

Dispersal flight tests were conducted with the 4 groups at 8:00 a.m.. 9:30

am., 11:00a.m., and 12:30 p.m. Dispersal flight was observed as previously
discussed. Forty minutes prior to release on the pads, 10 cups of each group
were provided with 20 recently killed 3rd instar greenbugs per cup. After
the 20 min. of observation the remaining aphids were counted and aphid
consumption per beetle was estimated.

i |

Results

OVARIAN DEVELOPMENT: The effect of feeding S

cerealella CEES On ovarian
development was distinct (Table

1). The unfed group scarcely achieved the

= 10! -;ié'_illilf

g of it
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rached matur
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% O matura
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Fffect of acetone and JHM on ovarian development of H. convergens, including

f initial development (
4 significant ovarian development by day

4 maturity by day 2 It was noticed that no bee
1ty in the unfed group, whereas the fed group had a s

- aturation on all days examined.
.ND ACETONE TRIALS. Topical application

nd to increase ovarian de
tested (Table 2). Topical ap

Slag
sho'
ICd
11
ral

n those H. con-

plication of acetone alone did not increase

significantly on any day, SO apparently JHM was re-
JHM group reached an intermediate
r. oviposition did not

Wi

o -

+varian development
sponsible for the observed effect. The

level of ovarian development (2.8) on day 6. Howeve

~ccur in any of the beetles in the JHM group.
CEEDING PLUS JHM TRIALS. Studies on the offect of feeding combined with
JHM applications indicated no significant difference between the combi-
hation ireatment and feeding alone ON days 2. 4, and 8 (Table 3). A small
and inexplicable difference was obtained on day 6, butl this may have been

due to sampling error or 4 slight delay 1n reproductive maturity that was

compensated for by day 8.
S1spErsAL FLIGHT: Unfed beetles were flight tested i3 anq 6 days after

removal from cold Storage (Table 4). The extremely |
observed on day 0 coincide with Hagen's (196

2) observauion :
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rable 3. Effect of feeding S ~erealella eggs plus apphcaton of THM on ovanan development

of H. convergens, including Student's 1-1es1

Lwanan

Adult developmenial

| reatmen|
203 (group) {0, ) slage (Mean = SE)
3 Fed 12 1.3 + .1
r . : ns
Fed + JHM |16 Juty of=1u4
Fed . 20 + .3
4 _ . ne
Fed + JHM 1 0) 2.1+ 3
5 Fed |2 J 1.;} + 3 -
Fed + JHM 12 IR + 3
Fed 15 44+ .3
5 ) _ . ns
Fed + JHM 26 42 4+ 2

L Fed e eeeee—

ns = not significant.
** Significant at P = 0.05.

lady beetles exhibit only short flights before the mitiation of the major
migratory flight. The 66% dispersal rate observed on day 6 supported €x-
periments by Rankin and Rankin (1980) 1n which dispersal flight activity
continued for a greater length ol ime than that necessary for the imual
migration to the feeding sites.

Fed beetles were flight tested 3 days after emoval from cold storage (Table
4). Unlike earlier experiments (Rankin and Rankin 1980), beetles that were
fed and that presumably had attained the initial stages of ovarian devel-
opment showed lower dispersal rates than unfed beetles. It should also be
noted that unfed beetles on day 6 showed approximately the same ovanan
development as fed beetles on day 4 (Table 1) and that dispersal rates are

also similar for these two groups, 66% and 63% respectively (Table 3).
dates and may

Since dispersal flight tests were conducted on 8 separale
have been influenced by varying weather conditions, a chi-square analysis
of the effect of flight test date was conducted. The effect of test date on
dispersal flight was compared within treatments only. The analysis in the
unfed. day 3 trials showed the only statistical inconsistency. The chi-square
value of 11.28 was only slightly greater than the P = 0.05 value of 11.07.
As this difference was small, 1t was decided to proceed with the analysis ol
the effect of treatment on dispersal flight using all data obtained.

FEEDING AND FLIGHT BEHAVIOR. Davidson (1924) and Cooke (1963) ob-
served that nearly all released convergent lady beetles would disperse from
an area even when aphid densities were high. Ignoffo et al. (1970). however.
showed that when flight was prevented convergent lady beetles would feed
on aphids. Rankin and Rankin (1980) further showed that dispersal actuivity
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Dispersal flight of unfed convergent lady beetles on days 0, 3, and 6, and fed beetles

Table 4.
val from cold storage.

on day 3 after remo

beetles at varying numes.

ght of fed convergent lady

Number
' Remaining on pad

Non-dispersers

Table 5. Dispersal fi1
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Table 6. Temperatures inside and autside cups durnng study of feeding and dispersal fhight

of convergent lady beetles.

Temperature (1 3

_—__

Inwide

Time Oyutside
7:30 4 4
8:00 3 4
8:30 14 14
9:00 |14 | 4
9: 30 | 4 15
10:00 17 |7
10:30 |9 20
11:00 20) 22
1 1:30 22 23
12:00 24 24
12:30 25 26
24

1:00 —

decrease until ovaries are completely developed. Our exper-
st whether feeding and dispersal can
result in developed ovaries and

does not fully
iments. however, WeErc designed to 1

sccur on the same days and thus potentially

termination of dispersal flight.
Table 5 shows that significant dispersal flight did not occul until |
12°C. Apparently, the threshold lor

2. m. At this time, the temperature Wds ==
flight activity of any kind 1s between 4°C and 15°C and the threshold for

dispersal flight 1s between 15°C and 22°C (Table 6). Hagen (1966) hikewise
observed that migratory dispersal flight of the convergent lady beetle occurs
when the temperaturc exceeds 17°C. Cooke (1963) also found that sunlight
influences dispersal flight since dispersal was suppressed on cloudy days.
In contrast 10 dispersal behavior, feeding behavior was initiated early 1n

the day at much lower temperatures
throughout the morning to a total of 1 66 aphids per beetle in the 12::

test group. Unfed beetles showed significantly greater total
than fed beetles.

1 :00

Discussion

Results from experiments with the
naturally occurring spring dispersal flight

Table 7. Number of greenbugs consumed by convergent lady beetles at varying nm

(Table 7). Aphid consumption increased
| 30 p.m.

flight activit)

convergent lady heetle suggest thal
alternates with feeding behavior

es 1n the
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qntil ovaries arc completely developed. Apparently.
are capable of feeding within several days after SPring

hecome suitable (Rankin and Rankin,

is likely emperature-dependent and 1S sup
or environmental conditions initiate disper

gvarian development, d

a1 for ovarian development, even
| flight. Rankin and Rankin (1980) similarly confirmed that

exhibit dispersa
the dispersal flight of convergent lady beetles 1S suppressed only when the

ovaries are completely developed.
11 was noted that when beetles werc maintained outside for the entire
the percent dispersal flight in a 20-min. period was only 11% at

12:30 p.m. and with temperatures of 25°C. In addition 10 the feeding that
accurs in the morning, before environmental conditions arc suitable for
dispersal flight, it is also likely that significant feeding occurs between dis-

persal flights and in the later afternoon when conditions again become ufi=
suitable for flight. Ha ) have shown that when an €xcess
of spotted alfalfa aphids Therioaphis trifolis (Monel) are available approx-
imately 1.10 aphids will be consumed per day and ovaries will fully develop
in 3 days. The greenbugs utilized in this experiment have weights similar

‘o that found for the spotted alfalfa aphid. Under natural conditions 1t 1S

possible that fewer aphids are necessary for ovarian development and that
a longer premipositiﬂna

| period 18 satisfa
~ecessary to determine whether convergent lady be
suming the necessary amount

of aphids for ovarian
ng 18 occasionally disrupted by dispersal flight.
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NOTICE

FIFTY-EIGHTH ANNUAL MEETING OF THE
CENTRAL STATES (KANSAS) ENTOMOLOGICAL SOCIETY

DATES: April 23 and 24, 1982.
PLACE: Department of Entomology,
Student Union, Kansas State

obtained from Alberto B. Broce, Department
Qtate University, Manhattan, KS

Waters Hall and Little Theater, KSU
University, Manhattan, KS. |

Further information may be
of Entomology, Waters Hall, Kansas

66506. Phone (913) 532-6154.

Persons interested in presenting papers s
by March, 1982. (Less than one, double space, typed page please).

The Kansas Academy of Sciences will hold its annual meeting on April
73 at the KSU Student Union. The Academy has extended a formal invi-
members to participate in their meetings.

| information and an announcement of the program will be
Jate 14 mpmbers and to others on request.

A Alberto B. Broce |
I, PFCSidEI]l l




	187.jpg
	188.jpg
	189.jpg
	190.jpg
	191.jpg
	192.jpg
	193.jpg
	194.jpg
	195.jpg
	196.jpg

