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W. A. Lamborn’s Breeding Experiments upon Acrwa encedon (Linn.),
in the Lagos District of West Africa, 1910-1912. By EpwaArD
B. Povrtow, D.Sec., F.R.S., Pres.L.S.

[Read 2nd April, 1914.]

Tar typical form of Aerea encedon is a tawny batterfly with a black,
white-barred tip to the fore wing. The pattern thus closely resembles that
of the type form of Danaida chrysippus, Linn. A. encedon is polymorphic
in both sexes, and the following forms are referred to in the present

memoir :—

Infuscata, Staud., “the tawny areas of the typical forms are replaced by
smoky brown” (p.112%*). This form is transitional in one direction into
dark-grey butterflies without any tawny tint, and in the other into dark
forms of encedon.

Aleippina, Auriv. ¢ The h.-w. has a white central suffusion of varying
extent ”” (p. 212), thus reproducing the pattern of the alcippus, Cram., form
of chrysippus and of transitional varieties between alcippus and chrysippus.

- Daira, Godm. & Salv., “the black of apical half of f.-w. and the white
subapical band are absent. In some cases the subapical band may be traced
as a slightly paler area on the ground-colour. All the black markings much
reduced ” (p. 212).

Commizta, Poulton T. This form is a combination of the two preceding,
having the central white patch on the hind wing of alcippina, and a fore
wing approaching that of daire in the tint of the subapical bar, which is tawny
like the ground-colour. The pattern thus resembles the albinus, Lanz, form
of chrysippus, but the mimetic relationship is not suggested because of the -
rarity of the model and its restriction to the parts of Africa where dorippus
is abundant.

Lycia, Fabr. ¢ The ground-colour of both wings is white, the black
markings being as in the typical form ™ (p. 112). “Kxamples of the lycia
form may have the ground-colour pale creamy yellow ”” (p. 213), and are
thus transitional towards the sganzine form.

Sganzini, Boisd. * The tawny areas of the typical form are replaced by
a dusky yellowish colour ” (p. 212).

* This description and those of the other forms except commizia are quoted from
H. Eltringham’s great work, ¢ Monograph of the African Species of the Genus derea,’
Trans. Ent. Soc. Lond. 1912, pt. i.

t Trans. Ent. Soc. Lond. 1913, p. 409.
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The Geographical Distribution and Mimetic Associations of the forms
of Acreea encedon.

The account contained in the following four paragraphs was drawn up by
the present writer in 1907 but has not hitherto been published.

Aerea encedon, like the female of Hypolimnas misippus (Linn.), presents three
forms mimicking the three forms of Danaida chrysippus (Linn.), but, being
without the extraordinary powers of fligcht possessed by the Nymphaline
co-mimic, their geographical coincidence with the forms of the model is
closer. This superiority is particularly interesting in relation to Miillerian
mimicry when we remember that the Acraine are a highly protected group.

In South Africa the predominant form is encedon, resembling the pre-
dominant chrysippus. Dr. Dixey and Dr. Longstaff, from their experience
of it in this part of the Region, state that encedon was ““so successful in its
mimicry of L. chrysippus as at first to make one of us believe it to be that
species ”.* There is also a black and white form, lycia, F., and, even more
commonly, a black and yellowish form (sganzini, Boisd.) which occur not
only here but throughout the East Coast range of encedon. Mr. Marshall
has recorded that lycia, when upon the wing, shows a decided resemblance
to the whiter forms of Acrwa esebria, Hew.T

As we pass northwards, forms with white hind wings (alcippina, Auriv.)
and forms in which the black and white tip to the fore wing is evanescent
(daira, Godm. & Salv.), both rare in the South, begin to increase in numbers,
intermixed with the type encedon. Tinally, in British East Africa, all three
forms occur commonly, daira and encedon being most abundant, just as
are the corresponding models—the dorippus, Klug, and type forms of
D. chrysippus.

In the West, all forms except sganzini occur, but the late Mr. Herbert
Druce, F.L.S., received I from a locality in Sierra Leone several specimens
of aleippina, which seem to show that the aleippus form of D). chrysippus has
here at least produced some effect asa model. The specimens in Mr. Druce’s
series are not only all aleippina but unusually pronounced examples of this
form, and beautiful mimics of the tropical West African form of D). chrysippus.

H. Eltringham remarks of the distribution of encedon: ‘ None of the
forms seems to be specially characteristic of any particular locality, though
the ale/ppina form seems to attain its maximum development in West
Africa” (l. e. p. 213). “The lycia, alcippina, and infuscata forms are more
numerous in West African localities than elsewhere, though they seem
liable to occur elsewhere »’ (p. 211).

% Trans, Ent. Soe. Lond. 1907, p. 318; also p. 328. See also p. 321 for the converse
mistake, viz. of model for mimie,

+ Trans. Ent. Soc. Lond. 1902, p. 479.

1 Trans, Ent. Soc. Lond. 1902, p. 480. The daira form is extremely rare in the West.
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Since the appearance of Eltringham’s monograph much evidence has
accumulated proving beyond doubt the strong development of the white-
hind-winged alcippina form in the interior of Sierra Leone, from which
area it is probably continuous into N. Nigeria. The following list of examples
of aleippina and its model alcippus, recently received by the British Museum
of Natural History, has been kindly prepared by Mr. N. D. Riley, F.E.S.
The extraordinary predominance of the female alecippina over the male—
50 to S—strongly suggests the prevalence of all-female families such as
Mr. W. A. Lamborn finds in the Lagos district.

Dated examples of Danaida chrysippus, f. aleippus, and Acraea encedon,
f. alcippina wn the DBritish Museum, from Sierra Leone and
N. Nigeria.
Collected by J. J. Simpson.
D. chrysippus,
f. alcippus.

[.—SiErrA LBONE.
A. encedon,
L. aleippine.

: /_.___._.r"\_ R r.__._./\.....___\‘
Kambia. 24 111, 1912, 143 — = =
Bassia. 2 T 1 53 — — —_
Kokona, 2T 53 — — —
Yana. S0 Wil o 13 - — _
Taminaia 23-25. iv. 18 s - —
Port LLokko. 9-11. wv. ,, 13 19 — —
Batkam. 15-18. v. ,, 33 5Q — —
Kafogo. 28, Vi 5 53 29 — 19
Kaballa. o 43 — — 1
Benikoro. SOIy s — — — 1Q
alaba. i i, — 19 — i9Q
Tirikero. 15-17. vi. ,, — - L& 19
I{eneura. 205 v — — — 19Q
Bumbanya. 2 W o 13 — — —
Johanna, el Tk o 13 — — —_
Giema. 6. viii. ,, — -— 13 —
Jowati. 19. viii. ,, — — — 1Q
Gigbema, D2 Vil — — 1L g 38 Q
Bo. 1.ix J 39 — —
Mafwe. G 54 — — 29
II.—N. Nigrrra. Collected by G. 1. Fox.
Panyam. 2. vi.1910. — 29 — —
(Banchi Prov.). 3. vi. ,, — — 18 19
ds Wi s — 19 1g 1Q
Sl vy o — — — 1
13. viii. ,, 13 — — —
Wovals ol S by 563 159 53 509

In addition to the above, the British Museum Collection contains a single
undated female alcippina from Panguma, N. Nigeria, another undated
female from 70 miles up the river from Freetown, Sierra Leone, and an
undated male from Liberia.
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The predominant development of aleippina in Sierra Leone will be
rendered evident by the following list of the other West African forms of
encedon in the British Museum, also prepared by Mr. N. D. Riley, together
with all West African forms, including aleippina, in the Hope Department,
Oxford, and the Tring Zoological Museum :—

! J '
| < |
LOCALITIES AND [ = |
MUsEUMS. % [
| < e ;
I. British Museum. | g i 5 | = ‘ S =
II. Hope Department.! 3 1S | : v S5 5 = :

II1. Tring Museum. g S = B = S S
- S R S
| L) L) | =3 = ) LE) ~ [

Gambia River ...| IIIL. | | | g i gaien

Sierra Leone ... ... T ‘ k2 | 2 d 29 | 4Q
. I

II. | et ([1g 19
| | i S ‘ 30
| Gold Coast ... 50| i | | ] e
Nigeria, N.&S...| I | 24 209 15%35 19|58 179
115, | 13 73 208137 18 19| 738 59
! | !
| I | ' | | 2Q
Cameroons ......... 1k ;1 d 12| ‘ ‘ '
[l [ j ‘_ 19
Congo State ...... !I 151 2Q '-‘i i |
. | I | 29| 2gw i i | 28
| . | l2ag 79| ‘ o Bi=ds e
S0 | [
Amoola S STERT T | TR 1Q : ! ‘ \ ! 1Q
| | I | | o | | |
| T ‘ Fld“ 69| | ‘ | 7¢ 3@

| == = = e | et = Gy s —1

| T |
iotals i o bk 13 09")13 109!12 ch; 42| 1@; (}C; 42253 399
| | | |

! Including a few specimens from the collections of M. Charles Oberthiir and of the Luxembourg
Museum, which I have had the opportunity of studying at Oxford.

a
&

8 Port Liokkoh :
4
b
f The @ @ very dark:

7 Thadan. S. Nigeria :
5

10

Transitional towards lycia.

1912 : Mrs. Addison.
The type of the form, from Lower Niger.

Not including the captured parents of any of the families tabulated on pp. 407, 409-414,

one & with a fulvous f.-w. bar.

May 1910 :

Rev. Lake S. Noble.

5 Included in the 73 J is an injured specimen of which the sex is not quite certain.
One Q is the type of “ fulva,” Doubl,, Westw., and Hew.
Very dark specimens

I One  tramsitional towards alcippina.
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The relative proportion of males and females suggests the prevalence of
all-female families, especially in Nigeria. The figures from Old Calabar,
included in the Nigerian totals from the British Museum (I.), are remark-
able :—18 9 infuscata, 1 @ commiata, 14 ¢ lycia.

The two lists confirm Eltringham’s conclusions as to the West African
forms quoted on p. 392. The second list also shows the excessive rarity
of datra, the predominance of lycia, and, next to it, infuscata and infuscata-
encedon, followed by commizta. The two lists together show that aleippina
is rare except in Sierra Leone.

The nearest approach to the proportion of the encedon forms on the West
coast, S. of Sierra Leone, is to be found in Madagascar, where the pale form
sganzini is predominant like the still paler lycia, and a dark dull form of
encedon represents infuscata. The Madagascan sganzini are transitional into
a cream-coloured lycia. 1 have not seen any form from Madagascar except
those above-named and intermediates between them.

In the Hope Department there are 15 3 and 3 @ of sganzint (1 § might
be called a cream-coloured lycia), and 6 & 1 @ of encedon-infuscata (1 &
showing transition towards sgamzini); in the Tring Museum 9 & and 1 ¢
of sganzini ; in the British Museum 4 g and 19 of sganzine ; in the Luxem-
bourg Museum 1 @ and 1 @ of sganzini and 1 & transitional between
sganzini and infuscata.

On the opposite East coast of the continent the pale forms are chiefly
sganzini, like Madagascar, but their proportion is very different, being much
less than that of encedon. Thus there are 15 encedon and 4 sganzine from
Natal in the Hope Department. The lycia of the West is replaced by the
yellower sganzini, somewhere about the Rift Valley, in British East Africa.

The much larger amount of material now available supports the conclu-
sions, arrived at in 1907 (p. 392), as to the geographical relationship hetween
certain forms of encedon and those of ). chrysippus. The form dawra is
common where dorippus is common, and becomes rare where dorippus is rare
or wanting : the typical, brightly coloured encedon is predominant where the
type form of chrysippus prevails: the only locality where alcippina is
abundant is part of the area over which a’{cw;us displaces every other form
of D. chrysippus. Mimicry occurs in both sexes, although the female,
at least in the encedon form,is a better mimic than the male, partly on
account of its larger size but also because of the whiter subapical bar to the
fore wing.

The Forms of Acraea encedon in the Locality of the
Breeding Ezperiments.

The following specimens, captured by Mr. W. A. Lamborn in the Oni
district, about 70 miles east of Lagos, are included in the Table on p. 394.
From Oni : 1 & 2 Q lycia, 1 9 infuscata ; from Idakun, 4 miles N.W. of Oni:
4 & infuscata, 1 3 1 9 commiwta, 1 3 1 ¢ lycia. To these must be added
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the captured parents of Families 1, and 3-16, recorded on pp. 407, 409-414,
viz. 2 8 7 @ lycia, 13 3 ¢ infuscata, 1 § commizta, from Oni; 13 19 lycia,
1 ¢ wnfuscata, from Idakun. The totals from the Oni district are therefore
16 lycia (5 & 11 2 ), 10 infuscata (5 & 5 2 ), and 3 commizia (1 3 2 2 ).

The artificial conditions produced no apparent effect, the lycia, infuscata,
and commixzta of the breeding experiments being similar to the captured
specimens of the same forms. The families were examined by Eltringham,
who states that ““the majority . . .. consist of two forms, viz. infuscata and
lycia. The latter are somewhat unusual in having broad suffused orange
internervular markings on the hind margin of the secondaries on the under
side, also some basal markings of the same colour” (I.c. p. 213). It is also
noticeable that the males of these Southern Nigerian lycia are distinetly
yellower than their females, and that the subapical bar of the fore wing in
the infuscata forms is yellow in the male, white in the female. Lamborn
concludes that lycia is certainly three and probably four times as numerous
as infuscata in the neighbourhood of Oni, and his material shows that com-
mixta is much raver than infuscata. He did not meet with any other form
except these three, nor did any other appear in his long series of breeding
experiments.

Tabular Statement of W. A. Lamborn’s Breeding Experiments (pp. 397-8).

It will be observed that Companies 5 and 7, together with Family 8§,
sugzest that lycia and not infuscate is dominant, a conclusion rendered
improbable by the rest of the figures. These 3 sets, together with Family 7,
are probably to be explained by comparison with Families 4 and 13. The
lycia @ parents of these two families laid eggs in two batches, which were
kept distinet, and the larvee reared separately. Both families as a whole
yield approximate equality of infuscata and lycia, but the constituent batches’
depart widely from this ratio. The 4 irregular results referred to above are
all manifest in relatively small numbers, and they may be fairly referred to
the causes which produced the constituent batches of Families 4 and 13.

The inferences as to the Mendelian constitution of the parents were sub-
mitted to my friend Mr. L. Doncaster, who has had so wide an experience in
this line of research. He kindly wrote, April 16, 1913 :—

“1 think lyeta must be recessive in spite of the inverted 3 : 1 cases, because
of Family 2. DBoth parents were from Company 4, and it lycia were
dominant all the lycia individuals would presumably be heterozygous.
I think all your inferences as to parentage are correct.”

Mr. Doncaster also remarks :—* It is a pity there are no known cases of
infuscata 9 X lycia 3 and vice versa, which would test whether the infuscata
character is sex-limited in the 9 ; but as none of the mixed families have all
the & & infuscata and ¢ Q lycia, it does not scem likely.”
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The results of breeding the Wild Larve, the Companies, and Families 1-5 have been
recorded in Proc. Ent. Soc. Lond. 1911, pp. liv-lvi, before the appearance of
Eltringham’s monograph, containing a thorough account of all the forms of A. encedon.
The darker forms found and bred at Oni, named encedon in the 1911 publication, are
now recognised as infuscate, and a few as commixitu.

INFUSCATA,
with a few

Source of the Broods, with | 5
COMMIXTA.

the forms of the

LICTA:

parents when known. —— |
\

| Male. ‘ Female.

Wild Larvee (1) 6 | 8

Male. | Female,

5

Inferred Mendelian constitution of the
Parents.

|
Remarks. !

o6

Two & 5 & 1 @ commixta and 1 transi-
tional & are included among the
infuscate. The 27 latest emergences
were all @.

17

(13

One Q commizte is included among the
infuscata. The 8 & & appeared with

|
\
|
2 @ @ in the 5 latest emergences. f

46

| Both parents recessive (lycia). Two

& & approach commizta.

24

One parent heterozygote (infuscata), the
‘ other recessive (lycia).

35

| One parent dominant (infuscata), the
other either dominant, heterozygote
| (infuscata), or recessive (lycia).

(=
)

One parent heterozygote (infuscata), the |
other recessive (lycia).

2 5

16

| The proportions, suggesting heterozygote
| lycia for both parents, are more pro-

bably due to a special batch of ova.
| (See Fams. 4 & 13.)

| Both parents recessive (lycia). |

i Inference as in Co. 5. .

48

‘ Both parents recessive. '

[

g 2 lycia

|
Sl@lyeng |
|
fr. Company 4... |

19

13

|]30th parents recessive.

One & ap-
proaches commizta. '

Q infuscala ... 5 11

13

| The @ parent heterozygote, the 4 reees-
sive (lycia).

Q lycia 33

36

iThe Q@ parent recessive, the § hetero-
| zygote (infuscata). Fggsin 2 batches, |
yielding very different proportions. ,

5 5. & Q infuscata ... 28 ‘

One parent dominant, the other dominant
or heterozygote. @ parent with ful- |
vous subapical bar inherited by 13 off- |
spring, of which 2 approach commizta. |
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INFUSCATA, | |

K ; 5 with a few || TTCIA. ;
Source of ‘th‘e Bumds:, s | comarrxza. || | Imferred Mendelian constitution of the
the forms of the | { : fHiceen i T
parents when known. . e arents. Remarks
| | |
Male. | Female. | Male. Female. |
: - | i
Fam. 6. Q@ infuscata . ﬁ i 21 21 The @ parent heterozygote, the § reces-
| | sive (lyeie). A single J§ lycia, per-
i | | haps accidentally introduced, is not
[ ! | ineluded.
| 1 |___—
5 7 Q commigte...| ... | 3 | 9 | The 3 @ @ in 2nd column are comnicta.
| |

Inference as in

8. Q lycia

Co. 5: 2 heterozygote
lyeie parvents are here excluded.

71 | 7 i 21 Inference as in Co.

S

9. Q lycia

...... i3 T el 1 The Q parent recessive, the & hetero-
| zygote (tnfuscata).

el () O T cra/ e [t 4 N 12 I Both parents recessive (lycia).

Ll Q infuscata .. ___ 12 L 14 5 -Thc Q“I;L;c;; heterozygote., the d reces-
' sive (lycia).

i L21 Q I-yr:;— ...... | J ““_-_‘ 41 Both parents recessive (lycia).

| P, e 45 . 42 The @ parent recessive, the & hetero-

zygote (infuscata).

yielding different proportions.

LA O e miE e It [ 19 Both parents recessive.
5 D Tt e I eI W R S g Rl 2 5
| {
|
RO S TRORTcr s | 2y | 12081 2 .
L L O e e ‘ (I Sda » >
|
SIS 0O Licin v } M L
T S Olitin e \ 24 160 | .
., 20. Parents unknown| 35 ST O | One parent heterozygote (infuscata), the
‘ | ' other recessive (lyeia).
a2l = 5 16 | 53 | One parent dominant (infuscata), the
| F [ other dominant, heterozygote (infus-
| ! | cata), or recessive (lycia).
2 | | | [
= e | | — | S
Torats ....:| 85 | 294 | 129 | 539 |
| |

Segregation into infuscata, commixta, and lycia.

Looking at the 998 bred specimens * as a whole, it is remarkable how

completely they segregate into infuscata, commizta, and lycia, and how few
specimens can be considered as intermediate between these.

* Including the single @ which appeared in Family 6.

Those that did

Eges in 2 batches,
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appear are transitional between commiazta and infuscata on the one side, and
commizta and lycia on the other, rather than directly between the two chief
forms. Hence, by selecting the examples, a fair transition from #nfuscata to
lycia may be constructed by way of commiats. This latter form is clearly
hereditary. Thus the female parent of Family 7 is commixta, and all 3 of
her non-lycia offspring are commixta. Particularly interesting in this respect
is Family 5, of which the female parent possesses the fulvous bar but not the
white hind wing of commixzta. About half of the offspring, namely 13 out of
28, resemble the mother in this respect *, while 2 of them have also the white
hind wing. Other evidence of the hereditary transmission of this combination
of characters will be found under Family 2 (pp. 407-8).

Famzlies of which the female parent only is known.

When the only known parent is a female infuscata (or commizta) the off-
spring show, in all four families, a mixture of infuscata (or commizta) and
lycia with approximate equality three times. In the single exception,
Family 7, the numbers are small. The inference is that one parent was
recessive and the other heterozygote.

When the only known parent is a female lycia, the offspring are all lycia
twice and mixed lycia and infuscata four times, with equality thrice (including
the small Family 9) and irregularity once (Family 8).

In the absence of selective breeding, for which there is insufficient evidence,
the great numerical superiority of lycia would result in the majority of the
pairings being between males and females of this form, or between lycia
and nfusecata, the latter being far more commonly heterozygote than pure
dominant. We can thus, on the hypothesis that {ycia is recessive, understand
why the families bred from a female of this form were either all lycia or mixed
lycia and infuscata, but, owing to the relative rarity of the pure dominant,
never, in the author’s experience, entirely made up of heterozygotes bearing
the appearance of the dominant (infuscata). It is unfortunate that the
infuscata in the families with equal numbers of the two forms never happen
to have been bred from, so that their heterozygote constitution could be
tested.

Families of which both parents are known.

Both male and female are of the form lycia in 8 families; both are of the
form infuscata in only 1, namely Family 5. The 8 former produced only
lycia offspring ; the latter only infuscata.

* The numbers suggest that, as regards this character, the parents were recessive and
heterozygote respectively. If this be so, the female, belonging to the rarer form, was
probably heterozygote, while infuscata, although dominant in relation to Jycia, is recessive
to the form with a fulvous bar,
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The fact that 2 lycia parents should 8 times have produced offspring which
were nothing but lycia strongly supports the view that this form is recessive.
It is unfortunate that there was only a single family with infuscata parents,
and that this one should have failed to afford evidence as to the dominance of
the latter form.

Companies and Families with equality of infuscata and lycia.

The frequency with which there is exact or approximate equality between
the two forms is striking. Omitting very small numbers, we notice con-
spicuous instances in Company 2, Families 3, 4, 6, 11, 13, & 20. It is to
be observed that Family 3 is the only one of these that is not all-female.

The female parents of these groups, so far as they are known, are infuscata
3 times (Families 3, 6, & 11) and lycia twice (Families 4 & 13).

The Proportion of the all-female Companies and Families and of
the Sexes in the mized groups.

The two series bred from Wild Larvee are omitted from these considerations
because of the uncertainty which naturally attaches to them,although it must
be remembered that there are good reasons for believing that the great
majority of each set belonged to a single all-female family.

Three out of the 7 companies, and 16 out of the 21 families, are made up of
all-female offspring. On the other hand, there are almost precisely 50 per
cent. more males than females in the mixed sets. In 3 out of 4 companies
with mixed sexes, the males are more numerous ; in the 4th (the very small
Company 6) the numbers are equal (3 of each sex). The totalsin these mixed
companies are 68 males and 45 females, and in the 5 mixed families 82 males
and 56 females. In this latter series there is also one exception, and a very
marked one, namely, Family 3 with 11 males and 24 females. The totals, in
all mixed companies and families, are 150 males and 101 females. ,

Relationship between the all-female and the mized Families.

It is important to notice that the male parents may produce very definite
hereditary effects upon their female offspring in the all-female families. Thus
the Mendelian relationship between the forms of parents and offspring appears
to be the same in all-female families as in those with mixed sexes.

It is quite clear that the all-female families bear no special relation to one
of the local forms of Acrwa encedon rather than another. They may be all
infuseata or they may be all lycia, or approximately half infuscata and half
lycia.

Considering the 19 all-female groups among the companies and families,
2 are all infuscata (the known parents of one being & Q@ wnjuscata), 7 are all
lycia (the known parents @ lycia twice, & 2 lycia five times), and 10 are
mixed infuscata or commizta and lycia (the known parents @ infuscata twice,
Q commizta once, and @ lycia four times).



EXPERIMENTS UPON ACRAA ENCEDON. 401

Seven out of the 10 mixed groups are exactly or approximately half
infuscata and half lycia. The remaining three are Company 5 with 6 infuscata
to 16 lycia, Family 7 with 3 to 9, Family 8 with 7 to 21. It is rather curious
that the proportions are here

exactly in the 2 families and approximately in
Company 5—the Mendelian expectation if lycia were dominant and 2 hetero-
zygotes had paired : an interpretation untenable for Family 7, of which the
? parent was not lycia. The l)lOlJclble explanation of these 11'1'90111'111t1e=; and
that exhibited by Company 7 has been suggested on p. 396.

Among the 9 groups with mixed sexes, out of the 28 companies and
families, 1 is all infuscata (parents unkunown), 5 are all lycia (known parents
d @ lycia three times), and 3 are mixed /nfuscata and lycia (known parent

infuscata once). Of these 3, Company 7 with 3 infuscata to 13 lycia is
considered above, while the other two give approximate equality (Family 3)
and probably rough equality (Company 4).

Probable existence of two strains of females, one producing all-female,
and the other male and female families.

It will be observed in the Table on pp. 397-8 that Family 2 with mixed
sexes was produced by a male and female lycia from Company 4 also made up
of males and females. These facts favour the conclusion that the power of
producing mixed sexes is hereditary. Confirmation is also provided by the
offspring of Family 16, with mixed sexes, bred from a pair of lycia captured
in the wild state. From two of these offspring sprang Family 19, also of
mixed sexes. The relationship between Families 16 & 19 is shown in the
following Table.

Wi 3 Lrea P

Fany 13. - F2.Q LrciA 45 @ EncEpon
//’ “,
//
.:/ o
W0 3w g trcia T U caer invcor $ iveis Q xwiendireia R R LrciaSx wizo & tyera R
£ane. /6. JE,{.: resa: 8 RiLye/A FAM. /% /8 P LYCIA Lan /5 f9RvCiA
i AN
N e L
Nt ,
\ / — —
4\ e o .
v = e
AL oS N
Lreva Z2'x dLrciA 2 Fovcia WR ereia ¥ Riveia Y x d.ereiAa X
Am. 19 22 8trciA 16 RLYCIA.. Fam /7 3% RLrerA Aam (8. /B LyeiA

The existence of a strain producing nothing but females is supported by
stronger evidence ; for the breeding experiments extended over 3 generations,
also set forth in the accompanying Table. In this we see that two males from
the mixed Family 16, paired with females from the all-female Family 14,
produced mnothing but females in the resulting Families 17 and 18.
Another male from Family 16, paired with a female from the same family,
produced, as stated above, the mixed Family 19.
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Although further evidence is desirable, the whole of Mr. Lamborn’s
experiments, so far as they bear on this subject, point in one direction.
There are no grounds for the belief that parthenogenesis ever takes place in
this species, bul the determination whether the family is to be all-female or
mixed rests solely with the female parent.

W. A. LLAMBORN’S BREEDING EXPERIMENTS.

WiLp Larva.—Two sets of wild larva collected on Commelina were bred,
and it will be seen that there are indications of an all-female company in the
later emergences of the first set and in all except the very latest emergences

of the second.

about April 25 to Nov. 15, 1910.

Wild Larve 1.

These larvze were collected in Googa Creek, about five miles north of Oni.
Their whole life-history fell well within the wet season, which lasted from
The dates of emergence and some of the

dates of pupation are shown in the following Table :—

Pates of Datesiog mfuscata and commirta. lycia.
Puapation. Emergence.
1910. 1910. Male. Female. Male. Female.
|
June 19. June 26. 1 !
_._, e ; b S |
L0 e Y, i g
. 22, e BT w_i'—h___’
G ey B TR e G [
2y - .
TR e B T
i A il o
IR i . o I |
o ; R i 2 .'
R A e R = s
LIS e T P
ul (IR e o __; e _i
| I | T e i i 7l
e : e R
: — ’|r o talsg e e 6 8 5 ]J 26 |[
| |
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Three commixzta are included in the series of infuscata, namely, 2 males
emerging July 7 and 1 female emerging July 9. Commizta possesses a
fulvous fore-wing subapical bar with a white hind wir g, approaching that of
the form alcippina. One other male of July 7 has the former of these
characters only, and is thus transitional. Some lycia of this series also

exhibited a slight suffusion of the fore wing with a fulvous tint.

Wild Larve 2.

The larvee were collected on the bank of Oni River, about two miles
north-west of Oni. Their whole life-history fell within the dry season,
which lasted from about mid-Nov. 1910 to mid-March 1911. The dates of
emergence are shown in the following table,

| it infuscata and commairvta. lycia,
Emergence. Vo T e
| 1910. Male. Female. Male. Female.
li)e Rl S 4
B Pl i P T e
y o 14 " A T o W
T e 6
R A Tk T
SO e R ] T B e
AL T
TR e ’ S e
D 2
iPotalsetin s ii7 3 | 18

One female commizta, emerging Dec. 10, is included in the series of
infuscata. The hind wing is whiter than in most other examples—so much
so, indeed, that the specimen might, except for the fulvous fore-wing bar,
be fairly classed under the form alcippina.

CompANTES :—The following 7 companies of larvee were bred each from
a bateh of eggslaid on a single leaf of the food-plant Commelina, by the
Oni River, about two miles north-west of Oni Camp. Great care was taken
LINN. JOURN.—ZOOLOGY, VOL. XXXII. 33
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to ensure that the larvze of each company should be kept separate. The eggs
themselves formed in each case a clump no larger than a threepenny-bit, and
it may be assumed that each was laid by a single female. The dates at which
some of the batches of ova were found were not preserved, but all of them
foll into Dec. 1910 or Jan. 1911, and therefore well within the dry season,
which extended from about mid-Nov. 1910 to mid-March 1911.

Company 1.

The eggs hatched Dec. 24, 1910. The 2 imagines which emerged on
Jan. 21 pupated on Jan. 16. The other dates of pupation were not preserved.

The eggs produced both males and females, all of the form lycia,;which
emerged on the following dates :—

|
Dates of lycia.
Emergence. e
} 1911. Male. ‘ Female.
[
|
Jan 2l s 2 ‘
| » 22 3 i
1 2 se s e 2 |
DA el R
R SO SR 18 8
SR N 5 18 |
2B e 3
LR B 1
Totals ¥ 46 32

The individuals of this company are unusually dark, and in many speci-
mens, principally males, the basal half of the fore wing is suffused with a
faint fulvous tint varying in depth of shade. In the most extreme of these
the fore wing may be called intermediate between infuscata and lycia.
The two varieties in which the suffusion is most pronounced are males,
emerging respectively on Jan. 23 and 25. In both of these the subapieal
bar of the fore wing is of a deeper shade than usual, so that these specimens
approach the form commixia.
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Cump(my 2.

Eggs were found Dec. 24, and hatched Dec. 27.
The eggs produced 47 females, made up of nearly equal numbers of
infuscata and lycia, which emerged on the following dates :—

E:Sz;iiscfe Female Female

1911, imnfuscata. lycia. |

|

|

JansaDht - e 4 4 ,

SRS o s ) T

A S 2 gy
I T s S or il
R T e
> 2o e naot 4 i L
| iilofal SR v 24 i 23

Company 3.

Eggs were found Jan. 1, and hatched Jan 3.
The eggs produced 35 females of the form infuscata, which emerged
on the following dates :—

Dates of Beraaic l

O I

| |

AL e Saki

ERoEaT 11 "
N 9
AR S 4

s 5
TRGE RO 6
Total' s n o< 35
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Company 4.

Egos were found Jan. 1, and hatched Jan. 3.
The eggs produced males and females of both infuscata and lycia :—

Dates of mfusca . lycia.
Emergence, - = = -
TNt Male. Female.] Male. | Female.
Feb iR AR S 4 | 2 |
TR i 0 AR
R e [ T
sl 1 |
| e N —— s e
% ORI S e l | 1 | .
IEoTal SRR S Gl D B |

1 Parent C, of Family 2 (p. 407).
2 Parent D, of Family 2 (p. 407).

The individuals of this company were typical and uniform, with the single
exception of the male parent, lycia, of Family 2, in which the basal half of
the fore wing was slightly tinged with fulvous, a variation which appeared
in many of its offspring.

Company 5.

The dates of capture and hatching were not kept.

The eggs produced 22 female offspring, of which 6 were nfuscata and
16 lycra :—

. Eg :fi;ﬁe Female Female
’ e infuscata. | lycia,

| |

iFeb. Al e ]

| » 22 1
PR T e 4
iR 5 11

i Totals 6 16

Company 6.
The eggs hatched Jan. 28, 1911.
The eggs produced 3 males of the form lycia, which emerged on March 2
and 3 female lycia which emerged on March 2, 3, and 4, respectively.



EXPERIMENTS UPON ACRAA ENCEDON.

Company 7.

The egos hatched Feb. Il JEEILT
The eggs produced males and females both of infuscata and lycia:—

407

? Dates of infuscata. lycia.
Emergence. :

1911. Male. | Female.| Male. | Female.
Marehi 108 S0 4
| o loa e 1 3
e e VTN e 1
e : 5
A e 1 1 vy
' Totalsiel oo 2 1 7 6 |

Faminies.—We now come to the series of 21 Families, in 19 of which
either the female parent or both parents are known.

Famuly 1.

Parents A and B, both of the form lycia, were captured in cop. by the

river at Idakun, 4 miles north-west of Oni, Dec. 1, 1910.

Dec. 4.

The male A died

Eggs were laid on the back of a leaf, Dec. 2, and the female

parent B was killed Dec. 4. The eggs had all hatched by Dec. 9.
The eggs produced 48 female offspring, ali of the form lycia, which
emerged at the dates shown in the following table.

are also included :—

The dates of pupation

Dates of Dates of o 2
Pupation. Emergence. 1{,?2;?"
1911. 1911. Jn
1
i Jan. 1. dlery, 7 25
0 0 Gk 12
s L), 3
oy o L0 3
‘ iMool 48
{ |

Family 2.

Parents C and D both of the form lycia (but it has already been pointed

out on p. 406 that the male was slightly suffused with fulvous).

Both

parents belonged to Company 4, and both emerged and paired on Feb. 17.

Eggs were laid Feb. 18.
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The eggs produced both males and females of the form lycia :—

The effect of the male parent was obvious in many specimens, especially
in a male emerging March 27, which exhibits the same tendency in higher
degree, and approaches commizta, like the 2 males of Company 1 (see

p- 404). It must be remembered, however, that these two latter differ in

Dates of lycia.
Emergence. —
1911. Male. ‘ Hemale.
|

WEREN D7 o s 5 1
Tl D e e 12 11
St e S 2 1l
lotalsPesme. . 19 13

other respects, belonging, as they do, to an exceptionally dark series.

Parent B. The female parent, of the form infuscata, was captured on the

river-bank at Idakun. Bigos were laid Feb. 9-10 and hatched Feb. 13-14.

Famaly 3.

The female parent died Feb. 10.

The eggs produced males and females both of infuscata and lycia, which

‘emerged on the following dates :—

Dates of infuscata. bycia.
Emergence.
1911. Male. Female. Male, Female.
!
BTN IS o ¢ 1
S DU B ) ! 9 1
oD o T e 1 1
. oo i 2
TR, Y TR e 2 1
e an, : i 4
B R ) 1
R T e
iR e 2
ey e J . 1
otalsis wars 5 11 6 13
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Family 4.

Parent F. The female parent, of the form Zycia, was captured in Oni
clearing mnear the lagoon. Two batches of eggs were laid with a day’s
interval. The first batch began to hatch on Sept. 6, and pupation com-
menced on Oct. 5.

The eggs of the first batch produced 51 all-female offspring, of which
29 were nfuscata and 22 lycia. One infuscata emerged Oct. 12 and the
remaining butterflies from this day onwards, but precise dates were not
recorded.

The eggs of the second batch hatched Sept. 7-8, and pupation took place
from Oct. 5. Of the 18 resulting females, 4 were infuscata and 14 lyca.
These emerged on the following dates :—

E]ni‘;fi:, 1?(1:;. Jemale Female
1911. mfuscata, lycia.
@t 2 9
i 25 1 4
Sl e i
Hromie il e 1 A
TS 500000 4 14

Famaly 5.

Parents G and H, both of the form énfuscata, were captured in cop. in
Oni Clearing by the lagoon, Sept. 15, 1911. The male G is a typical
West African infuscata, although the subapical fore-wing bar is paler than
usual, perhaps as a result of wear. In the female, however, the same
marking is of a fulvous tint, as in commizta and daira. Kggs were laid
Sept. 18 and hatched Sept. 26. The female parent died Sept. 20. No dates
of emergence were kept, but the whole cycle fell well within the wet season,
which lasted from about mid-March to Dec. 8, 1911.

The eggs produced 28 female offspring, all of the form infuscata—15 with
the white subapical bar of the ordinary female encedon, 13 with the fulvous
bar of the female parent. In two of this latter set, the hind wings are
partially white, so that the specimens closely approach the form commizta.
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It should furthermore be noted that some of the 13 specimens were much

worn, but the scales still remaining left no doubt that the bar had been
fulvous and not white.

Parent 1.

(Clearing, April 27, 1912.

and the butterfly died May 2.
The eggs produced 42 female offspring, which emerged on the following

dates. A single male lycia may have been accidentally introduced :—

! In addition 1o the above, a sincle lycia was found in this category.
1 b=} J D .

f
|
i

Famuly 6.

10 ]Jnﬂii’v:l:'(ji Female Female
1()’1“2 S nfuscata, lycia.
Miay: 200 SR i 1 2
U 1 1
P 1 [ 2 5
nnofedi s i 131
Aoyl o o 21 21

The female parent, of the infuscata form, was captured in Oni

Eggs were laid between April 30 and May 1,

It 1is

axeluded from the table because it seems probable that its appearance was due to accident.

Family 7.

Parent J. The female parent was captured in Oni Clearing, May 5, 1912.
This female is much worn, but there is no doubt that it is of the form
commiata. The pale fulvous fore-wing bar is evident in the specimen. Eggs

were laid May 6, and the butterfly died May 8

)

The eggs produced 12 female offspring, of which 3 were commiazta and

9 lycia.

Parent K.

Clearing, May 7, 1912.

May 8.

Family 8.

The date of emergence, June 6, was only noted for a single lycia.

The female parent, of the form lycia, was captured in Oni

Kggs were laid May 7, and the butterfly died

The eggs produced 28 female offspring, of which 7 were injuscata and

21 lycia.

The dates of emergence were not noted.
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Foamaly 9.

Parent L. The female parent, of the form lycia, was captured in Oni
Clearing on May 8, 1912. Eggs were laid May 9, and the butterfly died
May 11.

The eggs produced on June 13, 2 female offspring, of which 1 was
infuscata and 1 lycia. The latter is noticeably darker than its parent.

Family 10.

Parent M. The female parent, a rather dark lycia, was captured in Oni
Olearing on June 1, 1912. Eggs were laid June 2, and the butterfly died
June 4. .

The eggs produced 12 female offspring of the form lycia, of which
5 emerged July 14 and 7 July 15.

The offspring are uniformly dark like the female parent.

- Famaly 11.

Parent N. The female parent, of the form injuscata, was captured in Oni
Clearing, June 1, 1912. Eggs were laid June 2, and the butterfly died
Jnone 5. .

The eggs produced 26 female offspring, of which 12 were injuscata and
14 lycia. Emergence took place on the following dates : —dJuly 12, infuscata
11, lycia 12 5 July 17, infuscata 1, lycia 1 ; July 18, lycia 1.

Family 12.

Parent O. The female parent, of the form /lycia, was captured in Oni
Clearing on June 8, 1912. Eggs were laid on June 8-9, and the butterfly
died June 10.

The eggs produced 41 female offspring, all of the form lycia, which
emerged as follows :—July 13, eighteen ; July 17, six ; July 18, fourteen :
July 19, three.

Famaly 13.

Parent P. The female parent, of the form lycia, was captured at the
edge of the lagoon near Oni Clearing on April 19, 1912.  The larve
produced by the first batch of ova, laid April 21, were reared separately from
those of the second batch, laid April 22. The parent died April 24.
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The ova of the first batch hatched April 27, and produced 61 female
offspring of both forms which emerged on the following dates :—

The ova of the

tes of -
Eggrrrsence TFemale Female
ol infuscata. lycia.
Miay: 24 03 2 2
2B 15 7
OB 3 9
. <) [3
OB 12 2
P 9
D e 2 7
(Lofals It 34 27

second batech hatched April 28, and produced 26 female
offspring of both forms which emerged on the following dates :—

Dates of

Bumegonce. [ o 2t0l | Ve
My e 0 91
S ) 5
T e i :
2 i s R ) 0
y 28 ..., 4 T
Bl aaedes 11 15

! These 2 lycia females became respectively the female parents S and Q, see p. 413.

Both infuscata and lycia were typical, but the latter varied in the extent
of the black pigmentation of the fore wing.

Family 14.

Parents R, Q. The male parent R, of the form lycia, captured in Oni
Clearing, May 24, 1912, paired May 24 with the female parent Q, of the
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form lycia, one of the .offspring emerging May 22 of the all-female family
of parent P. (The male parent R subsequently paired with S.) Eggs were
laid May 25 and 26 and the female parent died May 27.

The eggs produced 19 female offspring, all of the form lycia, which
emerged on the following dates :—June 29, one ; June 30, sixteen ; July 1,
two.

Two of the females which emerged on June 30 became respectively the

female parents W and Y (see p. 414).

Fanuly 15.

Parents R, S. The male parent R, of the form lyecia, captured in Oni
Clearing, May 24, 1912, paired May 26 with the female parent S, of the form
lycia, one of the offspring emerging May 22 of the all-female family of
parent P. (The male parent R had previously paired with Q.) Eggs were
laid May 27-29, and the female parent died June 1.

The eggs produced 19 female offspring, all of the form Iycia, which
emerged on the following dates :—

Eﬁi&g:zflf e Homdle
1919, lyciu.

JJallg 1l ooso0nsoas 3
B 2 noinab e 4
LS 6
I R s 2
5 D cacbontsgs 4
iRotalEnea 19

Fanuly 16.

Parents T, U, both of the form lycia, were captured in cop. in Oni
Clearing, May 24. Eggs were laid in 3 batches May 25-27, and the female
parent U died May 29.

The eggs produced hoth males and females, all of the form lycia, which
emerged on the following dates :—
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Dates of lycia. r
Emergence — |
1912 Male. l'emale.

June 28FEEIT e 0
e RN 2o 38
P DU GRS Rt & 1

Jsth L 2 1 |
N 0 1
Lo 0 1
B e il L il 1 1
diopal s 12 8

! This male became parent V, see helow.
* Two of these males became respectively parents X and Z, see pp. 414, 415.
¥ One of these females became parent Z', see p. 415.

The series exhibited much variation in the extent of the black pigmenta-
tion of the fore-wing and the hind-wing border.

Famuly 17.

Parents V, W. The male parent V, of the form lycia, was one of the
offspring, emerging June 28, of the mixed family of parents T, U. The
female parent W, of the form lycia, was one of the offspring, emerging
June 30, of the all-female family of parents R, ). Pairing took place on
June 30. Eggs were laid June 30 and July 1, and the female parent died
July 4.

The eggs produced 34 female offspring, all of the form lycia. The dates
of emergence were not noted.

The family exhibits variation in pigmentation, but to a less extent than that
of Family 16.

Famaly 18. ‘

Parents X, Y. The male parent X, of the form [lycia, was one of the
offspring, emerging June 29, of the mixed family of parents T, U. The
female parent Y, of the form [lycia, was one of the offspring, emerging
June 30, of the all-female family of parents R, ). Pairing took place on
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June 30. Eggs were laid in 4 small batches July 2-4, and the female
parent died July 6.

The eggs produced 11 female offsprin
of emergence were nct noted.

The variation in pigmentation is about the same as that of Family 17.

o, all of the form lycia. The dates

Famaly 19.

Parents Z, Z'. The male parent Z, of the form lycia, was one of the off-
spring, emerging June 29, of the mixed family of parents T, U. The
female parent Z', of the form lycia, was also one of the offspring, emerging
June 29, of the same parents I, U. Pairing took place on June 30. Kggs
were laid July i-2, and the female parent died July 5.

The eggs produced both males and females, all of the form lycia, which
emerged on the following dates :—

Dates of lyciu. s
Emergence. — —
1912. Male, I'emale. |
|
iAug’. e o et EE Bt 10 2
Al OhE e 2 '_-_’___ |
RO | : 4 1 |
Sl I ST U : 4 7 i
B R 4 e
Lotalsltss n 24 16

The variation in pigmentation is rather greater than in Kamilies 17

and 18.

Family 20.

The parents of this and the next family were not found in Myr. Lamborn’s
material, and there is no note as to whether they were infuscata or lycia.
A box of specimens appears to have gone astray, and it is probable that
these two parents were included in it.
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The family, all of which bore the same number (“834”), consists
of females of infuscata and lycia in approximately equal numbers, which
emerged on the following dates :—

E]?lgewzgge. Female Female :

l 1912. wmfuscata. lycia. l
| July 4 .......... 2 7

e e q 5 Ui

S AT Fe
e T T 0
AR T 0 2
T L e oan 17 6
Totals 35 36

Parent unknown.

Famaly 21.

The family, all of which

bore the same number

(“ 846 ), consists of males and females of infuscata, which emerged on the

following dates :

| Dates ot wnfuscata.
| }‘_‘.mergf_znce. 5
' 1912, Male. Female. |
il L7 cad s dan s ) 3
ool s MU e e 9 0
| » IORTERL an 0 1
2Ok S 2 1
Dotals, e 16 5
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