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Adults of the twenty-eight-spotted lady-beetle were marked by piercing their elytra
with a sewing needle. Sixteen of the twenty-eight natural spots scen on the elytra were
used as piercing points. Marking-and-recapture experiments made in the field suggested
that there was no significant difference between the mortality rates of needle-marked and
unmarked adults. Marking with a needle seemed to have no harmful effect on the number
of recaptures. No difference between survival rates of needle-marked and lacquer-marked
individuals was seen in a field-cage experiment.

INTRODUCTION

The habitats of any animal species are heterogeneous and discontinuous in time
and space. They usually consist of many ‘patches’, relatively isolated units of hab-
itats including food and other resources. Studies on the population dynamics of in-
sects should, therefore, be carried out with due consideration of the patchy nature
of habitats. The marking-and-recapture technique is important for assessing the
movement of individuals within and between patches.

A population of the twenty-eight-spotted lady-beetle, Henosepilachna vigintiocto-
punctata F., a pest of solanaceous plants which repeats two generations a year, was stud-
ied from 1976 to 1978 in a study area consisting of many patches of host plants. An
individual marking system was applied to gather ecological information on adults.
Marking adults with spots of nitrocellulose lacquers, which has been the most exten-
sively used methed in entomology, was not appropriate for this beetle, because (1)
it is time-consuming when we want to discriminate a large number of individuals
with combinations of different colours and (2) some marks may flake off when the
time interval from marking to recapture is long. To avoid this, adults were marked
by piercing with a sewing needle. The present paper reports the results of analyses
on the effect of two marking methods on survival rate of adults.

MATERIALS AND METHODS

Study area. The study was carried out in an area, a suburb of Nagoya surround-
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ed by wooded hills except for the south
(Fig. 1).  Many groups of one or more
small cultivated fields of host plants
were present in the area and these were
designated as ‘patches’. Aside from
these patches, there was no field of host
plants within a distance of 1 km from
the area. South of the pond (patches
No. 19-No. 26), the density of adults
was low. The investigation was carried
out in an area including patches No. 1
to No. 18 in 1976 and patches No. | to
No. 17 in 1977. 1In this area (about
150,000 m?) there were 4,112 potato
plants, 346 egg-plants and 337 tomato
plants in 1976, and 3,136 potato plants,
352 egg-plants and 234 tomato plants
in 1977. All unmarked adults were

0 200m 0 marked individually at the time of first
‘225 capture, and the dates and places of

captures and recaptures were recorded.

Fig. 1. Map of the study area. Circles in- Piercing method. The adults have

dicate patches of food plants. The study was

: twenty-eight black spots on the elytra.
focused on open circles. For other explana-

Marking was made using 16 of these
spots, as shown in Fig. 2-a. Coding
was made with a 1-2-4-7 marking
system (Southwood, 1978) which allowed us to describe all the numerals from 1 to 9
with one or two spots. Marking was made by piercing the centre of these spots
with a sewing needle (0.4 mm in diameter). By this system we can identify up to
9,999 individuals. On catching adults by hand, the elytra were opened wide with
the fingers while piercing to avoid wounding the hind wings. Beetles were not
anaesthetized, but there was no sign of any nervous action after their release.

In a routine census, since teneral adults (two or three days after emergence) were
difficult to mark with this method, they were first marked with lacquers and piercing

tion see text.

10—-80

o b

Fig. 2. Method of marking twenty-eight-spotted lady-beetles.
a: Marking points with a needle. Piercing was made at centre of natural spots.
b: Marking points with lacquer paint (sec text for further explanation).
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was done when they were recaptured after maturation.

Paint method. Four places on the elytra were marked with spots of lacquer paint
of nine different colours (Fig. 2-b), which indicated numerals from zero to eight.
‘Nine’, ‘ninety’, etc. were discarded in coding. Thus, by this method we could iden-
tify up to 8* (4096) individuals. As the marking system included a zero-class, we
could know the rate of loss of marks when we found an individual with less than four
spots.

" Field census. To test whether the pipercing method has any affect on the survival
rate of marked beetles and whether the number of times of capture affects the recapture
rate of marked beetles, the marking-and-recapture data obtained for overwintered
adults in 1976 and 1977 were analyzed. All the adults discovered during the ex-
perimental periods were marked with a sewing needle.

Field cage experiment. To test whether adults marked with a sewing needle and
with lacquer paint are equally subject to mortality factors, an experiment was made
in a field cage (3.6 X3.6 m in area, 2.7 m in height) covered with 18-mesh wire net-
ting. Twenty-two eggplants were planted before the beetles were released. Nineteen
(ten females and nine males) first generation adults collected from the fields were
released in the cage on 24th June 1977. One hundred forty-seven second generation
adults, which were progeny of the released adults, were marked with a sewing needle
or with lacquer paint regardless of the hardness of the elytra on 8th August and re-
leased in the cage (in this case, adults marked with paint were not marked again with
a needle). In both cases, the sex ratio was about 0.5. Recaptures were made till
10th September.

RESULTS

Mortality rate of unmarked beetles and beetles marked with a sewing needle

Lesuie (1952) described a method to test the absence of dilution in a population
to which a marking-and-recapture method had been applied. A prerequisite for this
method is that marked insects suffer the same mortality as unmarked ones. There-
fore this method can be applied to test whether a marking method has any effect on
the survival rate, under an assumption of no dilution (Iwao et al., 1963).

Assuming that no dilution took place and that there was no differential mortality
between the marked and unmarked individuals, the expected proportions of the num-
ber of individuals marked at a time x and recaptured at a time ¢ ({=x-+1, x+2, ....,
T) to the total number of individuals caught at time ¢ should be constant for any ¢.
Therefore ¢,,, the number of individuals marked at x and recaptured at ¢ may be re-
placed by

T T
2.z't:RtX 2 ewr/ X Ry,
t'=x+1 t=x+1

where R, is the total number of individuals caught at ¢. The expected number of un-

=1
marked individuals caught at ¢ is obtained by subtracting > ¢,, from R,.
x=1

Overwintered twenty-eight-spotted lady-bettles immigrate into potato fields from
overwintering sites in the spring. After settling on potato plants they do not move
so actively. Marking-and-recapture data showed that the rate of movement among
patches was very low (270 and 109 recaptures were recorded for this stage in 1976
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and 1977, respectively, but cases where recaptures were made in patches other than
patches where the beetles were released were only 4 in 1977). Based on the number
of adults found in the fields, it was estimated that immigration from overwintering
sites was mostly finished by the second week of May. Therefore we used marking-
and-recapture data after this period to examine the assumption of no differential
mortality (Tables 1 and 2).

The expected numbers of marked and unmarked individuals on each sampling
day were calculated using the above equation as shown in Table 3. The x2-test
showed that differences between expected and observed numbers were not significant
in ecither year. Thus the mortality rate of individuals marked with a sewing needle
may be taken as the same as that of unmarked ones.

Effects of times of capture

In the marking-and-recapture technique, it is probable that the rate of recapture
of a marked animal depends on the number of times it has previously been captured
and/or that sluggish individuals are more vulnerable to capture than active ones.
Lesuie et al. (1953) presented a method to test these possibilities. If 7, animals
are released at time ¢, of which a; have been captured 7 times (i=1,2,3, ... .;
2la;=r,), and ¢, of these are recaptured at {1, we can expect, under assumptions

of (1) random sampling, (2) no differential mortality, and (3) no differential recapture
rate, that a,c,,,/r, out of a; would be recaptured at t4-1. The results of marking-

Table 1. RESULTS OF THE MARKING-AND-RECAPTURE EXPERIMENT
IN THE STUDY Area (1976)

Dates of sampling

18 May 22 May 27 May 1 June 7 June 15 June 21 June

Total catch 129 115 117 122 39 50 40
No. of unmarked insects

captured 129 78 59 55 7 12 2

No. of marked 18 May — 37 34 33 11 15 10

insects recaptured 22 May — — 24 15 9 11 5

27 May — — — 19 7 8 10

1 June — — — — 5 4 9

7 June — — — — — 0 3

15 June — — — — — — 1

Table 2. REesuLTsS OF THE MARKING-AND-REGAPTURE EXPERIMENT
IN THE STUDY AREA (1977)

Dates of sampling

9 May 18 May 31 May 6 June 14 June
Total catch 153 123 69 89 15
No. of unmarked insects captured 153 99 47 35 6
No. of marked 9 May - 24 10 22 2
insects repaptured 18 May — — 12 23 4
31 May — — — 9 1
6 June — — — — 2
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Table 3. ComprArisON OF OBSERVED AND EXPECTED NUMBERS OF UNMARKED
INDIVIDUALS AND NEEDLE-MARKED ONES IN THE STUDY AREA
N 1976 (rop) anp 1977 (BoTTOM)

Sampling No. marked No. unmarked
dates Observed Expected Observed ‘Expected
22 May 37 33.35 78 81.65
27 May ‘ 58 54.29 59 62.71
1 June 67 77.96 55 44.04
7 June 32 30.38 7 8.62
15 June 38 40.60 12 9.40
21 June 38 33.48 2 6.52
¥2=10.324 (0.10>P>0.05)
Sampling No. marked No. unmarked
dates Observed Expected Observed Expected
18 May 24 24.11 99 98.89
31 May 22 29.05 47 39.95
6 June 54 46.01 35 42.99
14 June 9 9.75 6 5.25

42=5.993 (0.25>p>0.10)

Table 4. DISTRIBUTION OF RECAPTURES WHEN INDIVIDUALS MARKED WITH
A NEeEDLE WERE CLASSIFIED ACCORDING TO THE NUMBER
or TiMes Tuey Hap Been CapTurep (1976)

No. of Released Caught Released Caught Released Caught Released Caught Released Caught

times on on on on on on on on on on
captured 22 May 27 May 27 May 1 June 1 June 7 June 7 June 15 June 15 June 21 June
1 78  24(25.8) 59 19(17.1) 55  5(5.4) 7 0(0.7) 12 1(1.7)
2 37  14(12.2) 45 13(13.1) 48 6(4.7) 19 2(1.9) 19 2(2.7)
3 — - 13 2( 3.8) 17 1(1.7) 10 2(1.0) 14 1(2.0)
4 —_ - — - 2 0(0.2) 3 0(0.3) 4 3(0.6)
5 — - — - — = - = 1 0(0.1)

Expected numbers of recaptures are given in parentheses.

and-recapture study shown in Table 1 were arranged as Table 4. Numbers of re-
captures expected by the model were given in parentheses. There was no clear dif-
ference between the observed and expected numbers. Thus there seems to be no
tendency for animals which had been captured many times to be caught more easily
(or rarely) in the next survey.

Comparison of survival rates between adulls marked with piercing and paint methods

Suppose that the adults marked with a needle and lacquer paint suffer the same
mortality and that they are recaptured at the same rate, we can obtain Emp,,, the
expected number of adults recaptured at time ¢ (t=x+1, ¥+2,...... , T') out of the
adults originally marked with a needle at a particular time x;
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mp  (Mp g+ mlys)

Emp=- mpot+mly

Where

mp,: the number of adults marked with a needie at x,
mpy: the number of adults recaptured at ¢ out of mp,,
ml,: the number of adults marked with lacquer paint at «,

mly: the number of adults recaptured at ¢ out of mi,.

The expected number of recaptures for adults marked with lacquer paint at time ¢
is obtained by subtracting Emp,, from [mp,,+ml,]. The expected numbers of re-
captured adults marked with a needle or lacquer paint on each sampling day in a
field cage were thus calculated (Table 5). It was shown that there was no consistent
difference in the rate of survival between adults marked with a needle or with lacquer
paint.

Table 5. OBSERVED AND EXPECTED NUMBERS OF RECAPTURED ADULTS MARKED
wITH A NEEDLE AND LacQUER Paint IN THE FieLp CAGE DURING
8t Aucust TO 10TH SEPTEMBER IN 1977

Marked
with a needle with lacquer paint
No. released on 8th August 80 67

21 August No. recaptured 15 (10.9) 5 (9.1
No. not recaptureda 65 (69.1) 62 (57.9)

$$=3.923 (0.050>p>0.025)
31 August No. recaptured 8 (10.9) 12 ( 9.1)
No. not recaptureda 72 (69.1) 55 (57.9)

¥2=1.963 (0.250>p>0.100)
10 September No. recaptured 12 (10.9) 8 (9.1)
No. not recaptured? 68 (69.1) 59 (57.9)

£2=0.282 (0.750>p>0.500)

Expected numbers of insects recaptured and not recaptured were given in parentheses.
a For method of calculation of the expected number of insects not recaptured, see text.

In the field cage experiment, some of the adults marked with lacquer paint lost
one mark, but the date of the first release could be recongized. The rate of loss of
all 4 points calculated by Cormack’s (1968) method was negligible, and there was
no need to correct the number of adults recaptured.

DISCUSSION

Although mutilation for marking animals, which has been widely used for ver-
tebrates, was sometimes used with insects (QuEeRrci, 1936; SkunravyY, 1957; Grim,
1959; Scr]eTz-CHRISTENSEN, 1961; MurpochH, 1963; GANGwWERE, et al., 1964), the
only experiment to determine whether this method affects the longevity or behavior
of marked insects was made by Murdoch (1963). He found that there was no signifi-
cant difference between the survival rates of marked and unmarked marsh carabid
beetles, Agonum fuliginosum, in field cages.
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As mentioned by BucHER and TAvror (1946) and GANGWERE, et al. (1964), the
ideal marking procedure should meet several conditions: (1) ease of application, so
that large numbers of individuals may be marked without excessive labour require-
ments, and, preferably, without elaborate equipment and procedures; (2) minimal
manipulation of the organism to avoid injuring or otherwise altering its behavior and
role within the ecosystem; (3) ease of recognition of the marked organisims; (4) cer-
tainty of persistence of the marking throughout the life stages of the marked organism.

It was suggested that the method for marking twenty-eight-spotted lady-beetles
by piercing with a needle had no harmful effect on their longevity and recapture rate
in the field, so that criterion (2) may be satisfied. As to criterion (1), the method of
marking with a needle is more appropriate than marking with lacquer paint, because
it does not take as much time as lacquer paint, where the need to change colours
increases the handling time when we wish to discriminate a large number of insects.
I could mark about 150 adults per hour with a needle. As to criterion (3), marks
could be recognized easily with the naked eye, and as to criterion (4), the holes are
permanent. The only defect with this method is the difficulty of marking teneral
adults. It was considered, therefore, that the piercing method was suitable for
individual marking of twenty-eight-spotted lady-beetles.
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