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VARIATIONS IN THE COLOR PATTERNS
IN THE LADY-BIRD BEETLES
(PTYCHANATIS AXYRIDIS PALL)"

Chia chen Tan, M. S. and Juchi Li, ph. D.

( Department  of  Biology, Yenching University, Peiping, China)
INTRODUCTION

During the swarming season in the late fall of 1930, more than ten thousand ladybird beetles
(Ptychanatis axyridis) were collected on the Yenching University campus and in its vicinity. A
study of the variations of elytral and later the pronotal patterns of these beetles was made by the
present writers. The whole collection divides itself naturally into two lots: the yellow-elytra and the
black margined elytra. Within each lot, the beetles were reexamined individually and subdivided
into several arbitrary groups. Males and females were again separately considered so as to take in
the sexual differences if any. The local and seasonal variations were not taken into consideration
since all the beetles were collected in the same locality and practically during the same swarming
season.

Following the elytral studies the pronotal patterns were taken up for further analysis. Arbit-
rary classes of the pronotal patterns were created according to the extent of black pigmentation.
Then the beetles in the different groups of the elytral patterns were again classified into these
classes. Besides the elytral and pronotal patterns, the variations of the pupal patterns were also
noted during the breeding experiments. The results of these analyses are presented in the following

pages.

THE ADULT PATTERNS
The Elytral Pattern

Altogether the total number of beetles studied for elytral pattern covered no less than 10,193
individuals, among which there were 517 specimens whose pattern could not be satisfactorily
determined either because the black spots in the vellow elytra were too vague or the yellow patterns
in the black margined elvtra were not clear. Among the remaining 9,676 good ones, there were
1,648 individuals which possessed the black margined (Plate 1) and 8,028 which possessed the
yellow elytra. The yellow individuals were therefore approximately four times as many as the
black margined ones.

(1) The yellow series: Among 8,028 adults with yellow elytra, there exists a wide range of

variation in the number of black spots. With the exception of very rare cases, the number of spots

1) Reprinted from Peking Natural History Bulletin 7 175—195, 1932—1933.



and their positions are symmetrical on both elytra. The series varies from pure yellow background
with no black spot to that with ten spots or rather nine-and-half on each elytron. When the spots
are present, they often assume definite positions on the elytron. With the nine-and-half spotted
forms, there are two full round spots in a row at the upper region of the elytron. Below these there
are two rows of spots, three in each row, in the middle region and one single spot in the lower
corner of the elytron. These complete the nine of the nine-and half spotted form. The half spot is
found in the humeral angle or the upper inner corner of the elytron. This crescent-shaped half spot
of one elytron invariably matches ﬁp with a similar half spot on the other to make a total of
nineteen spots on the two elytra (Plate II, 2). For the purpose of description, these spots are
designated by letters. For instance: -using the right elytron as a standard, the two upper spots are A
and B, A being the inner spot and B the lateral one; for the second row the inner-most spot is C, the
middle one D and the marginal one E; for the third row, the inner-most one F, the middle one G
and the marginal one H; the single spot in the lower corner of the elytron is I and the half spot in
the humeral angle, J. It is an ohserved fact that individuals having the same number of spots may
be different in regard to the positions the spots occupy.

Table 1 shows a comprehensive study of 8,028 yellow adults with the number of individuals
and the percentage of the total for the different classes ranging from vellow without spots to the

maximum number ie. nine-and-half spots.

Table 1 Showing Variation in Number of Spots on Yellow Elytra

Class ! Males Females Total
No % No. %o No %
0 1,235 31.92 274 6.59 1,509 18.80
1 799 20.65 628 15.10 1,427 17.78
2 270 6.98 196 4.71 466 5.81
3 226 5.84 161 3.87 387 4.81
4 180 1.65 149 3.58 329 4.10
3 177 4.58 145 3.49 322 4.01
6 159 4.11 180 4.33 339 4.22
7 191 4.94 304 7.31 495 6.17
8 292 7.55 510 12.26 802 9.99
9 213 5.51 731 17.58 944 11.76
9.5 127 3.30 881 21.18 1008 12.56

Total 3,869 4,159 8,028

It is interesting to note from the table that among the males, the pure yellows and those with
one black spot are more than 50% of the total number of males which is 3,869, while the reverse is
true with the females, i.e. those with the maximum number of spots, 8,9, and 9 1/2 amount to

more than 50% among the 4,159 individuals. It seems that we have here a clear case of sexual
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dimorphism in the vellow elytral pattern. The distribution of the number of spots follows some-
what the bimodal curve. What is true with the total population is also true with either of the sexes.
The highest mode for the male is the yellow without spot and that for the female is the
nine-and-half-spotted form. The 4, 5 and 6-spotted forms are the least numerous. The inference
would naturally be that these intermediate forms are the least stable in nature and easilv modified
into either extremes. The tendency seems to be that in the case of the males more individuals go in
the direction of less spots and in the cases of females, more in the opposite direction i.e. more
spots.

As indicated elsewhere, within the class having the identical number of black spots, there are
always combinations of spots different in their positions. These various groupings in each class are
given the term qualitative groups and named after the combinations of the positions of spots as
designated by letters. The different qualitative groups of 10 classes are illustrated in Plate II. 2.
Attempts were made to trace out, first, the most prominent qualitative groups in each class, (i.e.
the one having largest number of individuals in the group) and, second, indirectly the relative
order of importance of spots on the  nine-and-half-spotted forms.

With the exception of the two extreme classes, viz., spotless and nine-and half-spotted, in
which no modification is possible, it has been found that there is quite a variation in the distri-
bution of different qualitative groups. The detailed analyses were made and show that in each class,
qualitative groups may occur in every possible combination. There are thus 6 groups in class 1. 11
in class 2, 15 in class 3, 21 in class 4, 30 in class 5, 22 in class 6, 15 in class 7, 6 in class 8, and 5 in
class 9 (see Plate I1, 2), With the class 5 in the center, which naturally has the largest number of
chances for combinations of spots according to the different positions, the distribution of the other
classes on either side of 5 is almost as uniform as a normal frequency distribution curve, which
means that as far as number of combinations is concerned the distribution of the qualitative groups
in each class follows the law of random combinations. These analyses further show that in class 1,
the E, in class 2 the CE, in class 3 the CDE, in class 8 the ABCDEFGH, and in class 9
“ABCDEFGHI” are unquestionably the representive types in their respective classes. Now among
the rest of the classes it is not quite so clear-cut as to which are the most popular or the typical
qualitative groups (data not published).

Based on the above analyses it is now possible to speculate directly about the relative order of
importance of these spots according to the positions on the elvtron and indirectly the relative
susceptibility or sensitiveness toward pigment development in the different regions on the elytra.
Further analyses have been made, attempting to show the number of individuals and their
percentages according to the various positions of spots in each class. The results are given in table
2.

All the figures seem to agree that position E, i.e. the marginal spot in the second row, ranks
first as the most frequently occurring spot in the series; C, i.e. inner spot in the second row, second;
J, the crescent shaped spot in the humeral angle, last or least frequent; I, the spot in the lower tip
of the elytra next to the last; and F, the inner spot in the third row, third from the last. As to the
other 5 positions, the sexes do not agree on the same spot (data not published), but differ to a
certain extent within the range of 2%. It seems clear, however, that the positions E and C are more

important than D and H, which, in turn, are more important than B, A, G and F and finally [ and J.
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Table 2 Showing Variation of Position of Spots in Different Classes of the Yellow Series

Position
Class of spot E C D H B G A F I J
No. 1.120 5 7 4 1 1
1 Yo 98.6 44 6.62 . 0.35 0.09 0.09
No 333 172 99 15 15 10 10
2 % 48.65 | 25.13 | 1443 6.57 2.19 1.46 1.46
No. 274 224 139 61 45 35 38 5 1
3 Y 38.40 | 2735 | 16.95 745 5.49 4.27 4.64 0.61 0.12
No. 235 211 107 111 92 69 83 40
3 Ya 2468 | 2220 | 11.80 | 11.65 9.66 7.25 8.71 1.20
No. 268 253 164 165 154 140 122 86 3
5 Y 19.82 | 18.88 | 12.25 [ 12,40 | 11.40 | 10.35 9.04 6.36 i 0.22
|
No. 283 278 168 236 189 243 169 124 ‘ 7 1
6 Yo 16.70 | 16.40 9.91 13.91 1140 | 14.33 9.96 7.32 1041 0.06
No. 396 349 280 37 379 384 329 242 35 1
7 Y 14.28 | 12.58 | 10.08 | 13.59 13.66 | 13.85 | 11.85 8.72 1.26 G.04
No. 662 662 633 662 644 662 643 655 71 z
8 Yo 1258 | 12,58 | 12.03 | 12.58 | 1224 {1258 |12.23 [1243 | L35 0.04
No. 741 741 738 T 720 741 740 711 734 32
9 Yo 11.11 11.11 11.07 | 11.11 10.80 | 11.11 11.10 {11.11 11.00 0.-18
No. 4312 | 2.895 | 2.335 | 2.398 | 2242 | 2.285 | 2,135 |1.893 851 36
Total Yo 20,26 | 13.60 | 1097 | 11.25 | 10.55 | 10.68 | 10.00 8.90 4.00 0.17

made the least number of appearances. These observations are suggestive as to the possible range
of susceptibility of the different regions of elytra for pigment development. The second horizontal
row, on which C, D and E are situated, illustrates the influence of the first factor, viz., regional
susceptibility, because it is the region where the pigment deposition most frequently occurs. In the
same region we also see the working of a second factor viz., marginal susceptibility: E and C being
on the margin, show more susceptibility to pigmentation. Incidentally, the evidence shows that the
pigment deposition must have started from the outer margin of the elytron. Embrvological
observations that the writers have made on the appearance of elytral spots of the newly emerged
adult seem to add further support to this view. Still a third factor viz., neighboring influences may

be appealed to in accounting for the appearance of spots in the first, third and finally the fourth
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row occupied by the spots B, A, H. G, F and I respectively. In both the first and third rows the
principle of marginal susceptibility also applies. This may explain why B is of more frequent
oceurrence than A in the first row and H is more frequent than G and F. I and J occupy rather

sccluded positions; despite their nearness to the margin, they are too far away from the second row.

Table 3 Showing Variation of Types in Class A

Males Females Mixed
Tvpes
No % No. % No %

Al 130 38.920 160 40.010 290 39.400
A2 30 8.960 37 9.280 67 9.400
A3 1 0.299 0 — 1 0.136
Al 3 0.897 2 0.502 5 0.680
A5 0 — 1 0.251 1 0.136
A6 5 1.495 5 1.255 10 1.360
A7 1 0.299 0 — 1 0.136
A8 1 0.299 0 — 1 0.136
A9 0 — 1 0.251 1 0.136
Al0 97 29.020 59 14.800 156 21.190
All | 14 4.180 13 3.254 27 3670
Al2 4 1.196 4 1.004 8 1.088
Al3 ‘ 0 — 1 0.251 1 0.136
Al4 ‘ 0 — 1 0.251 1 0.136
Al [‘ ] 0.299 1 0.251 2 0.272
Al6 | 0 — 1 0.251 1 0.136
Al7 ( 3 0.897 14 3.510 17 2.310
Al8 3 0.897 12 3.010 15 2.038
Al9 2 0.598 19 4.760 21 2.850
A20 ; 5 1.495 23 5.770 l 28 3.801
A2] ‘ 0 — 1 0.251 i 1 0.136
A22 | 0 — 1 0.251 1 0.136
423 0 — 1 0.251 1 0.136
A24 ‘ 0 — 4 1.004 4 0.543
AZ5 [ 0 — 1 0.251 1 0.136
A26 | 31 9.260 31 7.770 62 8.420
A27 ‘ 4 1.196 6 1.505 10 1.360
Total | 335 399 734




Table 4 Showing Variation of Types in Class B

Types Males Females Mixed
No. %% No. % No. Yo

Bl 262 70.500 261 48.300 523 57.500
B2 6 1.613 3 0.555 9 0.990
B3 15 4.030 45 8.330 60 6.600
B4 9 2.421 54 10.000 63 6.930
B5 3 0.807 32 5.920 35 3.850
B6 0 — 1 0.185 1 0.110
B7 0 — 1 0.185 1 0.110
B8 1 0.269 1 0.185 2 0.220
B9 0 — 7 1.295 7 0.770
B10 0 — 1 0.185 1 0.110
B11 0 — 1 0.185 1 0.110
B12 0 — 1 0.185 1 0.110
B13 0 — 1 0.185 1 0.110
B14 0 — 1 0.185 1 0.110
B15 0 — 1 0.185 1 0.110
Blo 0 — 1 0.185 1 0.110
B17 0 — 1 0.185 1 0.110
B18 1 0.269 0 — 1 0.110
B19 0 — 1 0.185 1 0.110
B20 52 13.990 105 19.440 157 17.290
B21 1 0.269 3 0.555 4 0.440
B22 0 — 1 0.185 1 0.110
B23 0 — 1 0.185 1 0.110
B24 1 0.269 0 — 1 0.110
B25 3 0.807 4 0.740 7 0.770
B26 0 — 1 0.185 i 0.110
B27 1 0.269 1 0.185 2 0.220
B28 12 3.228 6 1.110 18 1.760
B29 1 0.269 3 0.555 4 0.440
B30 0 — 2 0.370 2 0.220
B31 1 0.269 0 — 1 0.110
B32 1 0.269 0 — 1 0.110
B33 1 0.269 0 — 1 0.110
B34 1 0.269 0 — 1 0.110
B35 1 0.269 0 — 1 0.110
Total 373 541 914




