DEPARTMENT OF ZOOLOGY
UNIVERSITY OP GHANA
LS80K, ACCHA

GHANA

This Is to certify that this -fessis has not been
submitted for a degree to any other University. It is
entirely my own work, end ell help has been duly acknowledged™

(SHADMCK BBKE WSCMUZI IHtHIZK)



STUDIES ON 1HB LEPIDOPTSM 5" COCOA FARMS IN GHANA

By

SHADRACK BEKX WUSIMUZI MKHIZE

A thesis submitted for the degree of Master of Science
st the University of Chana, 1971

SEPTEMBER 1971






lit
CONTENTS

1. INTBODUCTIQN
2.1 Description of sampling sites
2.2 Seleotion of semple trees on each fem
2*3 Sampling methods
2.4 Weekly scoring of cocoa flushing
2.5 Larval descriptions and chaetotaxy
2.6 Bearing methods ...
3. FIELD OBSERVATIONS
3*1 Seasonal changes in coooa flashing
3.2 Seasonality of leaf-feeding Lepidoptera ...
3.3 Seasonality of pod-feeding and pod-boring caterpillars
3.4 Seasonality of the pockeri.ning gradLllarid, Marmara sp.
3*5 Influence of Shade and spraying
3.6 Seasonal ohsiges in diversity
3.7 Seasonal migration in butterflies
lu EXPERIMENTS fITH CATEHPILLAES
4.1 food preferences
k.2 Seleotion of feeding leaves
5. THE IDENTIFICATION OP LARVAE.
5.1 Larval descriptions "

5.2 Keys for the identification of the larvae

Page

10
11
12
19

3n

51
58

61

73
74

106



5.2.1 Identification key for unhaiyy last inster larvae

5.2.2 Ildentification key for hairy last instar larvae

5.2.3 ldentification key for hairy early instar larvae

6. BIOLOGICAL OBSERVATIONS
6.1 Oviposition and larval period
6.2 Moulting
6.3 Pupation
6.4 Protective mechanisms
6.5 Myrmecophillous caterpillars
6.6 Parasitism
6.7 Predation
7. LEPIDOPTERAN DIIMASE SO (OBCOA
7.1 Mode and patterns of feeding
7.2 Leaf damage in relation to shade
7.3 Damage by other insects
DISCUSSION
AFP3IDIX 1
SUMVMARY

AOTTOILEDCTSHFCS
HEFEHINCES .-

Page
107
110
112
113
114

119
122
126
130
131
134
136
137
143
344
147
169
191
1%

195



ABSTRACT

Fluctuations in populations of leaf-eating Lepidoptera at
Aburi are not only tied up wife availability of food In the fan®
of flushes hut to a certain extent also vdth the changes iIn
seasons of the year* Fluking was greatest in Februaiy-ilarch at

months of October-December. Pod-boring caterpillars such as
Characoma stictigrapta paused more damage in Ootober-November when
there were many pods available, the increase in numbers of
Lepidoptera ®ecies is also associatedwife cocoa canopyj cocoa
trees kith a poor cans# harboured much hi$ief* numbers of seme
lepidopterous species such as Barias Malaga and Anomis leona than
trees with a good canopy- Much larger numberd; of caterpillars
occurrSd in regularly sprayed areas such as at Kade end Safe then

at the rarely sprayed fanas at Aburi. For instance, the iIncidence
of the pod-husk miner, iiamara sp., was greatest in regularly sprayed
fems, probably because, with fee implication of insecticides, fee
free-flying parasites of Marmara get killed thus upsetting the natural
biologicsl balance.



1, FFlpaODDCTICN

Cocoa Xllce many other plants of economic Importance, has
a host of its own attendant pests among which lepidopterous
caterpillars feature fairly prominently. Early reports on
entomological pests in Wsst Africa (larborm, 191U-1915j Patterson
IHa Peacock, 1913) almost invariably included one or other
lepidopterous pest attacking some part of the cocoa tree or
seedling. Recent reports* too, abound in information an the
problem of Lepidoptera on cocoa e.g. Entwiatle (1960, 1962),
Gerard (1962) and Alibert (1951).

The extensive use of iInsecticides in the control of other
cocoa pests has indirectly and inadvertently increased the
incidence of certain lepidoptera (Johnson & Efoxtwistle, 1959)
Ehtwistle et al., 1959). It has also been observed that cocoa
grown without overhead shade trees, as is often the case with
young seedlings, suffers intensely from some lepidopterous cater-
pillars (Gerard, 196U, 1970J Leston, 1970). Some coooa trees and
seedlings may harbour a higher number of various species a€
lepidopterous larvae afcccartaln times of the year than at others,
especially after the rains following on the dry season when more
food in the form of new leaves, pods and ditgpons is available
(Gibbs ft Leston, 1970j Lavabre, 1965] Leston & Gibbs, 1971} Smith,
1961).



Quantitative work on lepidopiera affecting cocoa has not been
extensive and most of the available knowledge on seasonality and
distribution of these pests, and of the damage they cause is based
mainly on nan-numerical data e.g. Snith (1965), Cotterell (1928)
and others * Gibbs and Leston (1970) being an exception. In the
present project, therefore, an attempt has been made at a numerical *
approach to the Lepidoptera problem, such that fluctuations in
their numbers are viewed in relation to such factors as seasons of the
year, cocoa Flushing and production of new foliage, stems and pods.
Further, upsurges in numbers of caterpillars after treatment of
trees with finsacticides- as well as on cocoa growing in the sun have
also been studied.

A working identification key of some of the caterpillars
frequently encountered in coeoa farms has been prepared with a view
to facilitating their quick recognition without the use of a
airtwwofs, partian rdtf la ficlk, InaSvVen, « list of tte
a»*sr»pMe»i . off €M mng Moot is «Vk Affrtoa

IMMMEft««|.WW b * to ttilU dissertaion m that it nay «»

availabl* at ait times for consultation.
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2. METHODS

2.1* Description of sampling sites

Four cocoa farms, A, B, 0 and D with varying degrees of
shade were selected near Aburi, Akwaplm, Eastern legion (Fig.2.1).
Tamers were notified that their farms were being used for research
purposes, and requested that they should not prune or cut away young
chitons lgrowing out at the bases of trees.

Eam. 1 is about 1 .60km from Aburi and is situated on the right-
hand side on the road to Hsawam. It is a large farm composed of old
tall cocoa trees most of whlchare multi-trunked due to early
coppicing or lack of pruning. Spacing is randan. The canopy an the
whole is good on this farm, though there are areas where It is
completely broken, with trees standing in the open. Where the canopy
is broken smell patches of cocoyam and cassava have been established
by the famera. Undergrowth is usually vary thick and tall at places
where the eanopy is not completely closed, but suppressed and scattered
Where the canopy is good. There is a variety of shade trees rising well
above the canopy.-

7am B is situated on a slope about 2_UOkm from farm A on the
same Aburl-Nsawam road. The cangpy on this farm is poor, but some
of the cocoa trees receive shade from tall banana, palm and cotton
trees. The undergrowth is very thick and is cut very irregularly.

Leaf litter is abundant but is mostly obscured by the dense undergrowth.

Farm C Is also very large and is located about 800 metres from

farm A on the other side of the road. The canopy is good. Spacing is



1m6 Km

Fig,2,l , d(jp shondns location of fauna A, B, G sad 5, where sampling
Woe cenied out.
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2.3* Sampling methods /

Leaf area sailed was kept constant far each of the 10 op
20 trees, i.e. amaximum number of 20 leaves per tree ware examined
every time, starting with the top-most succulent flush leaves on
accessible chupons and moving downwards to the hardened and the
senescent leaves.

leaves were classified in four categoriesi flush (red);
post-flush (brom or green), tender limp and expanded! green partially
hardened and horizontal} dark green, hardened and senescent.

3h looking for caterpillars both upper and lower surfaces of
leaves were examined, end l&ere two or more leaves were held
together with silk, they were separated to see whether caterpillars
8Uch as ffirtri* djgojajL
and others were present. Chupaa tips were closely inspected for either
Eariaa biplaga or C. stictlerapta.

To record the patterns of damage resulting from the feeding of
the mere important caterpillars, leaves on which the various species
had been found feeding in the field were collected, tagged with the
name of the caterpillar and noted for colour and age. They were then
pressed between newspaper pages and left until dry. Diagrams of
feeding patterns characteristic of each caterpillar were subsequently
traced on translucent paper.

Pods in various stages of development e.g. cherelles and mature
green pods were examilr_1ed f9r Marmara scrikzbl ing and Characoma

. \
gtictigrapta damage. Records of numbers of accessible infested and



uninfested pods ward kept includingthe shade regime. Notes were
also taken of any other caterpillars that were found feeding m the
pod epicazp, Maps of farms where Mamnara surveys were carried out
were preparedf i.e. Eade and Araanokram.

(Ed rotten pods left hanging on trees were trought down in
order to check whether they harboured any Lepldoptera. Tree trunks*
low-hanging branchesf the undergrowth and leaf litter at the bases of
senile trees were scrutinized for caterpillars that might hare migrated
there for pupation.

Caterpillars encountered were collected and placed together with
part of the leaf an which they were feeding in a specimen tube, The
colour of the head capsule and the rest of the body was recorded at
the moment of collection, including the position of the larva on the
leaf. All caterpillars were kept separately, labelled fully and
brought back to the laboratory £9)m purposes of identification and
description as well as rearing to the adult stages. Reference

specimens were preserved in ?0£ ethyl alcohol or in Pampel’e fluid,

2,Iit weekly scoring of cocoa Hushing
An arbitrary method for scoring the flushing of chupons on
cocoa trees on the four sailing sites was adopted for the eight
sample blocks* i.e. the four blocks of 10 and the four blocks of 20
trees. Every week, when one of the sites was visited the degree of flushing
of tdie 10 and the 20 trees sampled was recorded. The scores for the

30 trees were lumped and a score of 1 was given to eaeh tree that was



in flush. If all the 30 trees were in flush, a total score of 30

was obtained, which signified 100# flushing.

2.5%* <mweriptlop8 and chaetotaxy

Head capsule widths of all caterpillars caught la the field
and of subsequent moults were measured In the usual nay by means
of an eye-piece graticule. The greatest width was taken through
and Including the genal ocelli. The measurements were subsequently
converted to gtlUlmetres. Identification and naming of the caterpillars
was done by following Smith"s (196%) kagr as well as larval descriptions
and diagrams In Allbert (1951). In critical eases the larvae were
reared to adult. Description of the larvae was based oh the odour of
the head capsule, dorsal shield of the prothorax, thoracic legs, abdominal
prolegs, integument and setae, especially where these were present
in the fem of tufts as in arctlids and lymantriids. The chaetotaxy
of the prothorax, sixth and eighth abdominal segments was also studied
and used in describing the larvae. She preparation of larval skins
for the study OF setal patterns of the more important Lepidoptera was
done according to the method described toy Hinton (1957). Setal maps
were made with the aid of a camera lucida end an eye-piece graticule.
In naming the setae Hinton"s (91"6) nomenclature was followed. Seme
of the diagnostic characters suggested by Gardner (19#6) and Hinton (12U3)
were used in the making of larval identification keys. Mich more

emphasis has, however, been laid on those characters of the caterpillars
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that can easily be seen with the naked eye or with the aid of a hand
lens in the field e.g. hairiness, general colour patterns, presence
or absence of prothoracic verrucae, osmateria and prelegs an the

third, fourth end fifth abdominal segments.

2.6* Rearing methods

larvae ware reared in either tall 1[Q z 20cm rearing cylinders,
marmalade Jars, or 3.5 x 10cm specimen tubes. Zzh the first™ two types
of rearing apparatus leaves were supplied with their petioles dipped
in water contained in small cotton wool stoppered specimen tubes.
In the third type, which was found very convenient, leaves were
provided without water} the tubes were corked loosely to permit air
to circulate. Pupae were left in their rearing cylinders till

emergence.-



Chapter 3t Field Obaawratioms.
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3. FUSED OBSEEVATICKS.

3.11 Seasonal changea la cocoa flushing

Resultsi It can be seen In tables 3*1 * 3»h that at fans B

few trees flushed as compared with those at the other three sites. 2h
view of this stay conclusions arrived at on the degree and pattern

of Flushing of ooooa trees at Aburi are therefore broadly based on
what obtains on sites A, C and O only. Si drawing the histogram
(Fig.3.1) the actual numbers rather then percentages of flushing
trees on sites A, C and D were used, those from B being exscinded
because it was realised that in certain weeks (Tfeble 3.2) less than
ten trees out of the thirty sampled were in flush on this site. It
was felt therefore that such low numbers would affect the total
pattern. There was a peak In weeks 9-12 (Hovember-December) which
was relatively small and insignificant in contrast to the latter one
of weeks 21-28 (February-March). It can be noted further that there
were two separate periods in which a higher number of trees on farms
A and B were flushing at the same time, and this bimodal situation
has come out dearly in Flg.3.2 which plots the polygons of the four
sites separately. Site C and D, however* do not show this bimodality
at all distinctly* though it may still perhaps be recognised as existing

in the light of the position on the other two farms.
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Tables 3.1 - 3*In Weekly scoring of coooa flushing* Numbers of
trees flushing in the 10-tree and 20-tree
blocks with totals, 1970-71*

Table 3.1 Site A

Date Week 10 20 Total -
trees Tt trees Sscore
19/9 1 3 7 10 30
1[*/10 5 3 9 12 ho
11/11 9 6 11 17 56.7
9/12 13 3 9 12 il
13/1 17 3 11 n 6.7
10/2 2 7 17 2€ 80
8/3 25 9 18 27 )
7/h 29 6 15 2 70



Date

25/9

21/10

16/11

18/12

1971

16/2

17/3

16A

1Vv5

Week

10

iy

18

22

26

3k

Ik

Table 3,2

10
trees

Site B

trees

10

13

13

16

12

Total
score

12

16

17

22

16

10

%

20

o

26.7

20

53.3

56.7

73*3

53.3

33.3



Sate

2/10

23/1(

21/12
26 /N
23/2
23/3
>

20/5

Week

11

15

19

27

35

15

Table 3.3 Site C

10

trees

1*

20

trees

10

16

16

18

11

10

Total
seore

12

11>

13

15

23

Z_*

25

15

12

"0

6.7

133

76.7

83.3

"0



Bate

8/10

2/11

2/12

\A

2/2

5/3

29/3

28A

28/5

Week

12

16

20

2h

28

32

36

16

Table 3.4 Site O

1o
trees

20

trees

10

12

13

13

19
18

12

Total
score

15

17

19

17

20

29

26

18

13

56.7

63.3

56.7

66.7

96.7

86.7

1’33
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Fig.3.1: Cocoa flushing at Aburi.
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Months ix-x X-xi xi-xii xih i-ii ii-m  hi iy v

Fig- 3.2t Numbers of trees flushing on the sampling sites A,B,C and D
at Aburi, 1970~7U



3.21 Seasonality of leaf-feeding lepldgptera

Bool-feai  Sampling results of the lepidopterous defoliators of cocoa
at Aburi appear In table 3*5 and figures 3.3 * 3.25. Figure 3.21

gives kite diagrams depleting the distribution of the lepldgptera

as percentages of the separate four weekly totals, Table 3.12 gives
the record of rainfall in inches and equivalent metric units, milli-
metres, for Aburi for the year 1970 up to June, 1971. Rainfall figures
for December, 1970 ware not available at the Meteorological station.
Item the results it can be seen that various species could more or

less be classified in the order of the times "when each species was at
its highest peak. For iInstance, there are seme with early single peaks,
double peaking periods and also others with relativelyrone, or with
minor peaking.

Single early peak* Soadoptera littoralis (fig- 3.5, 3.21a) was absent
in the first four weeks of sampling in September to October, only a
few larvae being found between weeks $ and 20 (October-Fetaruary)e

The peak period of S. littoralis came in weeks 9-12 (Nowveraber-Decenber),
which is at about the end of the wet sunny season and at the threshold
of the dry sunny season. The average percentage distribution of this
insect (fig.3.21a) in weeks 5-16 (October-January) was 6.2$, which was
on the whole higher than that of some other equally less abundant
caterpillars at the same period. Similarly Selepa leuecerapta
(fig.3.7, 3.2lb) was not encountered in weeks 1-* (September-October)
but appeared in weeks 5-3, in fairly larger numbers than in the

following eight weeks tdien there was a decline. No Selepa caterpillars



Table 3.5

The species of lepidopteroua caterpillars encountered at the I sampling sites at
Aburi, 1970-710

Months IX-X X-XI  XI=X1I  XII-1 I-1l n-in m X2 Vv Totals

Species Weeks 1-1* 5-6 9-12 13-16 17-20 2-21* 25-28 29-32 33-36

NGCTBIBAE
/ Ancmis leana 23 2 30 Niiad 68 115 120 9o 2 536
2 Characoma stictigrapta 7 3 n 17 28 31 i3 I 13 207
3, Selepa leucograpta « 6 2 3 - 0 1 2 17
H; Spodgptera littoralis - 7 10 9 3 » « - - 29
~aLophocrama phoenicochlora 2 1 2 i 7 6 3 1 mm 26
6-Earias biplaga u 6 2 - * 6 2 - 2r
7 ElLusia chalcites 1 1 ¥ 1 2 - 2 1 - 12
2 Noctuid sp. 1 1 - 1 1 - gl - m - 3
dFKoctuid sp.2 1 - 1 w - - - 1

LXMHTR1 1DAE
Q. Eaproetis xanthomelana 7 i 11 13 10 15 30 32 7 129-
I-E. melanopholis 1 6 3 5 8 8 12 20 ol 6?
IZE. lepidographa - 3 - - 3 5 1?
/3E. dewitzi - N 3 *» m - 3 1 - 7
/™MQrgyla basalls 3 6 1 1 2 o 8 3 2 30
#0 . mixta 1 3 m - 1 2 P 3 m 1=
Ie.Argyrostagma nlobe 3 1 2 3 1 7 5 * m 26
/7Rhodogastria sp. - - - 2 1 - 1 1 - 5



Table 3*5 (continued)

IX-X X-XI xi-xni xn>i I1-EE n-m 11 HF \Y Total
Species 1-U 56 912 13-16 17-20 21-2I* 25-28 20-32 33-36 'otals
/& Ymantriid sp. 1 1 - m - 1 g ' m 2
19 Hroetriid sp. 2 - # m 1 il - - 1
ASCTIIDAE
z0- Diacrisia auriantiaca 2 7 3 1] 16 12 5 2 52
34i- S. rattrayi 3 1 - 1 it 1 2 2 m 10
22-Diacrisia sp. m - Me 1 - m 1
23 Aretiid sp. 1 1 m m W w M 2
SXNTCMIDAE
2H-. Euchraaia lethe 3 1 2 3 m 2 1 7 m 16
MOTQDCRT IDAE
US, Graphidura sp. vin - 1 1 - - - m 2
GECMETRIDAE
'Ms. Neocleora sp. 3 u 2 1 3 6 8 k 1 32
27. Ascotis reciprocaria 2 2 3 2 1 2 | + 13
2$ Colocleora divisaria 2 u 6 3 2 2 3 5 - 27
2 ?,Hyposidra smith! - - - 1 2 1 kn U
>3(?,Cearetrid sp. 1 2 - - ol - & M - - 2



Species
UCAMIDAE
31 Hypokopolates eleala
3 1 Xjjreaenid sp.l
MS I0CAMP3DAE
33. Leipoxais peraffinis
iH- L. rufobrunnea
35, Lasioeampid sp-
TGETSICIDAE
3 £=Tortrix dinota
37 Arehips occidentalis
PSYCHIDAE
3¢ Eureta rougeoti
3" Psychid sp« 1
*f~0, Psychid spo 2
LIMA_CGDIDAE
H-i Cosuma rugoaa

N 2 Teinorrhyncha pyrososnoides

i Idraacodid sp.l1

4~ Liniacodid sp.2
Total individuals
Total no. of species

x -

IX-X
i-*

13
1*

Table 3.5 (continued)

M
5-6

8

;-:

112
28

10

X1-X11
9-12

[EN

1174
28

10

X11-1
13-16

13
1Q

$¥ 3 3 3

ru

10

i-n

17-20

15
12

NN 309

19
27

n-m

7
21-2* 25-28 29-32 33-36 Totals

1

19
32
pal

37
23

17

21
21

296
21*

*

3

e

16
12
18

oG
11

h

ru
it

mws
*2

95

1
1

2
1*

1788 1
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Table 3,12

Record of rainfall at Aburi for the periods Januaxy-December,
1970 and January-June 1971e

Tear Month Rain days Rain fall
inches mm

1970 January 2 1.85 6.9
February 3 2.30 38.1*1
March o 1.87 *7.20
April 6 4.91* 15.1*
May 9 12.19 309.5
June 8 10 O1* 205.0
July- 6 3.1"8 83.39
August 5 1.27 32.25
September 15 2 21> 568.9
October 15 10.11 256.7
November 12 3.86 98.01*
December m -

1971 January 2 2.27 57.65
February 6 .M 121.6
March 1* 2.98 75.68
April 5 S&7 128.5
May 8 3.75 95.23

June 12 9.50 21*1.3



ANOMIS LEONA CHARACOMA STICTIGRAPTA

Months ix-x X-Xi xi-xii xn-i i-n ii-m in iv

Seasonal changes in numbers of lepidopterous larva® at Aburi, 1970-71 (solid Une)
percentage flush (dashed line)
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Fig-3.21: Kite diagram showing percentage distribution of the more important
lepifiopterous species ,at Aburi.
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were seen in weeks 17-21* (February-March) but smaller numbers were
counted from weeks 25-36 (Maroh-May).

lata ainple peek» Numbers of Eunrootls xanthomalana were highest in
the weeks 25-32 (March-April) well within the season of greatest
flushing at Aburi (Fig-3.9). laFig.3.2ld, it can be seen that this
caterpillar formed 10.8# of the total larvae sailed in April, and ranked
as the third coranonest lepidopteroua larva in that period. Buproctls
nelangpholia peaked at the same tine (Fig.3.10) and with 8.5# abundance
rate (Fig-3.2Ic) was the next eaterpillar after E. xaathoaelana with
most numerous individuals at the same period. A higher number of
Eenhoerama phoenicochlora individuals was seen in weeks 17-20 (Feferuary-
March than in other weeks. Though the numbers of larvae sampled were
not greater than ten in any week (FIg-3.6) this core is seen as
representing a peak at that time. With Characcma etietigrapta (Fig-3.1%)
the population steadily and continuously Increased with practically no
drops in numbers until a peak was reaehed in April when 16.2# of the
total number of caterpillars counted during that month were Characaaa
individuals (Fig-3.21e). There was a sharp slump in numbers in weeks
33-36 (May) when also at the same time fewer trees were flushing.

Anomie leona on the other hand peaked a little earlier than Characona

in weeks 21-28 (February-March). OfF the total number of caterpillars
scored for this period, Anomie accounted for an average of 31*.9%
individuals (Fig.3.21F). It can be seen that among the commonly

occurring caterpillars at Aburi, Anomls was by far the most plentiful.
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An appreciable decline in numbers of Anomie larvae followed in April

and the numbers dropped to a mere MdcLe in the last four weeks of

the sangsling period in May when it became practically impossible to get
any larvae on flushes. The paychid, Eumeta rougeoti (Fig,3.17) ms
present in relatively high numbers throughout the period of

sampling. Its highest peak was in March, and it coincided with the
period of greatest flushing at Aburi when about 87% of the trees had
bright red croons. Paychid 1, too* had its highest numbers at this

time (Fig-3.18).

Double-peaking caterpillarsi Earias biplaea had two population peaks
(Fig.3.18), the first occurring in weeks >*8 (Qctober-Novaaber) when
Tlushing was about UOB. The second peak in weeks 21-Z% (February-March)
followed a period between weeks 13-20 (December-February) when Earias

was scarcely to be found due perhaps to lower numbers of Flushing chupons.
Numbers of Earias gradually decreased from the second peak until Kay

when no more larvae were seen. Paychid 2 had two periods of peaking,

one in weeks 21-21* (February-March) and another in Miay following on a
sharp drop in numbers in April (Fig-3.19). OFf the total number of
caterpillars sampled in May 18.7% were Psychid 2 individuals and after
Anomls this psychid was the second most plentiful species in that

month (Flg-3.2In).

Minor ab relatively no peakingi Generally, Qrgyia basalis. Argyroatagma
niobe. Diaerisia auriantiaca, TortriK donota. Neocleora sp. and Colocleora
divisaria (Flg.3.11-3.16) occurred in such low numbers that it would

not be meaningful to recognise as significant peaks any slight increases



in their numbers* Dlacriaia. however, may be an exception In that
some fifteen individuals of this species were seen in weeks 21-21*
(February-March) thus signifying seme minor peaking (Fig.3.13). The
kite diagram for Diacrisia (Fig.3*21j) also shows that this insect
was commonest among the other rarely occurring iepidoptera during
that period. 2h like manner Tortrix could be seen as having had a
minor peak at the same time as Diaerlsia (Fig,3.11*). The kite
diagrams of 0,. basalls. C. divlsaria. Neooleora sp. and A. nlobe
(Fig-3.21) show also that these X«pldoptera were frequently in low
percentages of the total population counts made in the various months
of the sampling period. Among the caterpillars with relatively no
peaking could 1alsO be includled Plusla chalcites. Eaproctis lepidoerapha.
S. dawittl. G. mixta. Hhodogastria Sp- Asootis rleciproearia. feg—ipcpgis
Beraffinls and Archipa occidentalis (Figs.3.22-3.25) which were rare
and were encountered only very occasionally in field. The rest of the
others in -this category including also those which were eneountered an

not mere than three occasions appear in Table 3.5.

3.3* Seasonality of pod-feedlne and nod-boring caterpillars

Methods* In carrying out this survey, only these pods on which live
caterpillars were found at the time of Inspection were scored. The

others were not, even if there were signs that a pod had been freshly
eaten possibly by a caterpillar found on an adjacent pod. Shis precaution
was taken for the reason that caterpillars are not alone involved in

causing this damage but also some Eumolpld beetles such as Paraivengius sp.
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No sampling was done in the period December-February because, as

most pods had ripened, harvesting was then fully under way, and as a
result there were virtually no mature green pods available apart from
very small newly-forming ones which were not Inspected.

Resultst Table 3.6 summarizes the results of an Inspection of green
pods at Aburi for pericarp damage by lepldgpterous caterpillars that
eat away surface tissue of pods* Table 3*7 on the other hand gives the
data on the damage done by the pod-borer Gharacoma stictigrapta. The
caterpillars that were found during this period were Aftomis leona.
Argyrostagma niobe and Euoroctis melanopholis. The latter two species
were seen on pods examined in November, March and May, while Anomis
dominated the scene In the other months. E. melanopholis was found on
the two pods growing on unshaded cocoa, and also on three out of the
five pods in the shade during sampling in November. In March, two

of the three pods had E. melanopholis while A. niobe was on the
remaining one. The Hay sampled four pods had three Euoroctis larvae

in the sun and one A. niobe on shaded cocoa.

3»kt  Seasonality of the pod-mining gracillarid. Marmara sp.

Methodsi At Aburi pods were sampled alternately on the four sample
sites -through four weeks, but at both Amanokrom and Kade sampling was
done intensively only occasionally and was designed to coincide with
the time when pods were most plentiful, as in November, March and April.

After sampling a runs test for randttmess (Langley, 1968) was used to



Table 3,6

Numbers of lepidoptera found eating superficial tissue at Aburi, 1970-1971

Total pods inspected

No. of pods with
larvae

No. of larvae per
pod

September

Shade No

211

shade

202

1970

October

Shade No

297

shade

189

November

Shade No
shade

29 201

March

Shade No

381

shade

206

1971
April

Shade No
shade

0 369

May

Shade No

w1

shade

355



Table 3.7

Numbers of pods attacked by the pod-borer Characoma stictierapta at Aburi,

1970-1971.
1970 1971
October November March "April May
Shade No Shade No Shade No Shade Ne Shade No
shade shade shade shade shade
Total pods inspected 29% 212 280 223 393 23) At 383 2 35
No. of pods infested 8 99 116 82 101 78 156 3] 199 123
% pods infested 196 1%6.7 Uo.5 36.7 25.9 3.1 31.8 255 u2.7 35.6

Overall % damage ug|2 37.7 25 2.1 39,7
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estimate the aaoumt of eluetering of observations on each of too plots
inspected. The observed attribution of ram in all plots will be random
it * is lose than 1*96*

Resultaa Table 5.0"0 give a awaaxy of reaialte of aarapling of mature
green pode at Aburi, Aonokrora and Kade £br the occurrence of Hamers.

the mioro-lepidoptera that mimes beneath the widens of pods. Figs. 3.26-

3.28 aid 3.29-3*31 *** *»» of Par*s of ito plots and the fame inepected
at Kade and Aaanekrom respectively. The results of the runs teat
eatimafce file mount of clustering of observationa on plota Il, 1?7e and TOI
at Jace are aa folloasj s »0.57, 0*32 and 0.59 respectively. The observed
ilatribution of runs in all three plota is waacbo because a is leas than
1,%. aiailaifly, at Aaanokrco the value of a is leaa than 1.96 i.e. 0.73,
0*61 and 0*55 respectively! hence the distribution of runs is also randam,
to Table 3.8a It can be seen that at Abusi t&ere was a greater prevalence

ofaBMB . at the wh#n aor® Pwls were available, that is, in Qetober-

Hovanberw Similarly in April-May more m& more poda were being infested as

tby became m&turer, 2h Table 3*8d la shorn the reeulta of an attempt at

oceunting the larvae of the miner by carefully peeling off the r&iaed epidena
to locate then beneath. This ana, however, abandoned becanae it «aa felt that
the very minute Firat instar larvae ware posaibly being missed in this any.
She roeults do, honvever, show that aa many aa fifteen of fee easily visible
later instar larvae could be ibund on a single pod. At Araanokwm (Table 3.8b)
Mi at Kade (Ts”® 3.80) more pods acre infested in the fruiting season of
0oa0a.

35, prance of stedo and iroraving

Methods* SmpHns at Abu*4, “nanokros, Hedo and Tafo was carried out
rtth another aim also of finding out whether shade and apraying had any
tffeoto o« populations of Lepidoptewu The BhRde regime and the sprcting

history e a3aost 611 1319 r&ms visited were thus recorded. Per instance,



Numbers of mature green pods infested with Marmara at Aburi, .Amanakrcm and Eade

Table 3*8a
Aburi
1970 1971
September October November March April May
Shade No Shade No Shade No Shade No Shade No Shade No
shade shade shade shade shade shade
No, of pods
inspected 211 273 202 298 322 313 21? 36U 3P 295 301 299
No. of pods
infested 29 83 to a 7U 112 u8 99 69 1072 9% 111
% pods infested 13.7 32.2 2.4 305 23 35 21 272 208 36,3 258 37,2
Overall %

infested 22.9 25.9 29 276 28,5 31.5



Table 3.8b
Amanokrom, 2.17. 721

Farm 1 Farm 2
Canopy Good Moderate
No. of pods inspected 888 $$\
No. of pods infested 116 83
% pods Infested 13.3 16.0
Table 3.8e

Jadke, 25.1H.71

Plot 11 Plot IVc

Canopy Moderate Poor
No. of pods inspected k,29 596
No. of pods infested 126 300

% pods Infested 2.t 50.3

Farm 3

Poor

737
202
27.4

Plot ¥HI
Moderate
U99
187

37.5
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Table 3.8d

Numbers of ~Awnara larvae on pods In Hot ¥111 (D.D.T. sprayed)
at Kode, 15. 21.70

No. of pods Inspected 319
No. of pods infested 152
% pods infested k?»6
No. of larvae in infested pods 364
Mean no, of larvae per infested pod 2.2;
Range 0-15

Distribution of larvae in the 319 pods
larvae per pod 0O 1 2 3 h 5 6 7 891® 1 12131k 1S
No. of pods 67 6* VO Zat 1 3 3 0 30 1 1 01 0 1
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Table 3»8e

Ganparison of numbers of pods Infested with Marmara on
one unsprayed plot and two sprayed ones at Kade, 16 .X1.70.

Plot 1 Plot 17A Plot VI

Qraprajred D.D.T. sprayed D.B.T. sprayed
Shade No shade Shade No shade Shade No shade

No. of pods :

Inspected 266 305 312 393 201 178
No. of pods infested 58 122 ke 199 72 99
% pods infested 29.3 0 36.4 50.8 35.9 hg*7
Overall %

infestation 317 1(3.6 2.8
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plots at Kade had practically all been sprayed with DDT, with the exception
of plot number one, which was left unsprayed during the intensive
November and February spraying operation (Table 3*11)= Similarly at
Tafo some experimental plots have been under routine spraying with a
variety of insecticides. Farms at Aburi and imanokrom“however,
received virtually no spraying during the year* At Tafo sampling for
the common Xepidoptera was done once monthly and more or less on the
same lines as at Aburi. Twenty trees each were randomly selected on
each of two plots, one with shaded trees and seedlings and another

with little or no shade. A constant number of ten leaves per tree was
inspected.

Results* In Table 3.6 with the exception of Table 3«81, which summarizes
results of a survey carried out exclusively in the shade, a distinction
is made between sampling done In the shade and in the sun. Lepidoptera
found eating superficial tissue e.g. Attaois lecna. Argyrostaana niobe
and Euprootis melanopholis (Table 3.6) occurred mostly in the shade

in September-November and on poorly shaded cocoa in March and Hay.

With gharacoma dtlctierapta at Aburi (Table 3.7) there is a fairly
significant difference between the amount of damage done by this
caterpillar to pods on shaded cocoa and those on trees with a poor
canopy, though results for March show a slightly higher percentage
damage to pods on unshaded than an shaded cocoa. Marmara an the other
hand seems to thrive on unshaded pods (Fig.3.8a). At Aburi a greater
number of pods on trees with a poor canopy was infested +.ha those

that grew on shaded trees. Similarly at Aranokrora (Table 3.8b) it is



Plot

17 C

IV B

17 A

C.C.

C.C.

&
Date on which spraying was done to completion.

50

Table 3.11

Record of dates on which DDT Insecticide was applied at
various cocoa plots at the Agricultural Research Station,

Kade, in November, 1970 and February, 1971

Date sprayed

2.X1.70
1*.21.70
5-X1.70
6.X1.70*

9.X1.70

2 10.X1.70

2 11.X1.70*

Plot

Vil

C.C.6&7

Vi

1 XA

IXB

VIl

Date sprayed

12_X1.70
13.21.70
16.X1.70
9.11.71
17.H.71
18.H.71

19.11.70
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dear that Marmara Infestation iIn the case of trees growing in the

shade is negligible in contrast to the condition on isolated trees

whose pods are frequently under heavy attaok from Marmara. A chi-

squared test of the results gave a value 5U.8, proving a highly significant
association between unshaded cocOa and a high rate of Marmara infestation
(3] 0.1). Ah almost equally high chi-squared value of 101 was

obtained from the Kade sampling results (Table 3.8c). 3h Table 3*9

is shown the distribution of the more commonly occurring tepidoptera

at Aburi in relation to shade categories* Wiile C. stictigracta. D. auria-
ntiaea and E. roueeoti occurred mostly in shaded areas, it can be seen
that the rest were found mainly in the suk. Results of sampling done

at Tafo appear in Table 3.10* from which it can again be noticed that,

with the exception of a few species such as 0. stictigraota. E. xanthcroelana.
0. baaalis. D. auriantiaca and T. dinota. which were found constantly in
the shade most caterpillars occurred in the unshaded plot. In Tables

3.5 and 3.10 it can be seen that regularly sprayed farms such as at

Tafo and Kade showed much higher numbers of lepidoptera than the rarely
sprayed peasant farms at Aburi. For instance, Ancmis and Earias occurred
in much higher numbers at Tafo than at Aburi in the same period.

Marmara infestation at Kade (Table 3.Be) was more marked in plots 17A and VI
than in plot I which had not beensprayed for 6 long time. Further, the

incidence of Maimara at Aburi was still lower (Table 3.83).

3.61 Seasonal changes in diversity

Results! Table 3.5 shows seasonal fluctuations in the diversity of



Table 3.9
Distribution off some of the commonly occurring lepidoptera with respect to shade at Aburi, 1970-71

loatbs IX-X  X=11  XI-XII XII-1 i-n n-m in v 7
1-it 5-8 912 13-16 17-20 21-21* 25-28 29-32 33-36 Totals

ieels Sh sun  SunSh Sun Si Sun Sh Sun Sh Sun Sh Sun Sh Sun Sh Sun  Sh Sun
Species
inanis 91U 1011 1317 17 At 23u$ 3877 5172 U 53 12 9 21%322
iharacana 5 2 3 U 92 710 1711 2215 2815 2028 10 3 121 &6
Selepa leucograpta - 15 B2 - 3 @ e D 1 ~ 3 w2 5 12

littoralis D 25 37 -9 3 tb €4t Do _ & g 2
L. phoenicochlora "2 -1 B2 22 2 5 2n -3 1 =+ 6 5
E. biplaga m iy 2 Kk Y% 2 - b O 2 g # F  _-e2 - B g 20
E* <\nthvittl avn 3 h ©®©F 3 & 5 8 u 6 0 6 1119 1319 -7 ' a
E* melancpholis 1 © 1 5 3 5 ® 1 7 D 8 5 7 8 12 k O 28 39
Qrgyia basalis 3 - 2@ bl 1 /. 2 ON 31 3 5 3 - 2 17 13
D. auriantiaca 1 * 2 5 2 3 B 3 | 15 k 9 3 5 - 2 © 42 10
Neocleora b3 §Jlo m2 1 D 3 h 2 3 5 o U -1 11 21
Eometa rougeoti k 3 6 3 2 6 8 n y 712 2u13 912 11 5 &

Total 263 3372 3851 U62 6385 99133 19&M 102131 39:22 583 7IM
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Jan.

May

Total

53

Table 3.10

Distribution of some of the commoner apeoiea of Lepidoptera with

relation to shade at Tafo, 1970-1971e
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species of lepidgptera that were found at Aburi during the period of
sampling. Figs. 3.32-3.3U are histograms depleting the number of
species in separate four-weekly scores each of weeks 1-1; (September*
October), 21-2;. (February-March) and 25-28 (March), when the number
of individuals ranged from 23-1, 11£-1 and 120-1 respectively. The
resulting curves approximate to log nozmal distribution curves as the
number of individuals per species gradually thins down to two or one
individual as the rarer species show up. The index of diversity was
not calculated but was read off from Williams (196b)»

Discussion! This index of diversity parameter, &€ , has been used
by many authors in comparing different trap catches of Lepidoptera
either at various sites or in different seasons (Williamns, 196k}
Onen, 1969). It can be seen from the results that there was a
greater variety of species In weeks 1-1* (Septeiaber-October) in spite
of the fact that there were fewer individuals, as coopered with weeks
21-21; (February-March) when individuals were more plentiful, about
three times as much as.in September-October, yet the number of species
was very low and not very diversified. Similarly, in Sierra Leone,
Owen (1969) found that diversity was high when aphingids were least
abundant and low when they were most abundant. The largest numbers
of sphingids occurred with the pzisst of the rains in May-June but th”™e
was only a small increase in the numbers of species and a drop in
diversity. At Aburi numbers of caterpillars increased during the

Flushing season of coooa in weeks 21-21; (February-March) but there was
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Fig.3.32* Diversity of species of lepidopterous larvae at Aburi
in September-Ootober 1970
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Fig.3.3t, Pivgrsi];y j®*peoies of leoidopterous laivae at Aburi



no appreciable increase in the number of species and diversity was lev.
From the results it could be concluded that species diversity is
inversely correlated with abundance of individuals in a tropical
environment (Onen, 196?) in contrast to temperate conditions (Williams,
196K) where diversity increases with seasonal abundance of individuals.
The biological explanation for this inverse correlation between species
diversity and abundance ef individuals at Aburi is likely to be that
when Flushing was low especially in the drier parts of the year the
majority of caterpillars that normally feed on Fflush leaves became

very scarce while the other group of caterpillars which feed mainly on
hardened leaves, such as Psychids, Limacodida, Lasiocampids, and
Notodontids were commoner. The latter group, probably because of
their fairly large size or in the case of Psychids, the added weight of
the cases they carry, may prefer harder and more robust leaves to
support their weight. The soft pliable flush leaves may not be suitable
in this respect. It should be noted* however, that though the flush-
eating lepidoptera were relatively few in the dry season their numbers
were still higher than those of, say, the ldmacodids, Lasioeanpirds , and
Notodontids, which on the whole were rarely represented by more than

one individual.

3.7* Seasonal migration in butterflies

Early in April, about the middle of the wet sunny season, Libythea
labdaca (Libytheidae) was seen in large numbers flying southwards near
Aburi, Amanofcrem and Koforidua districts. The butterflies avoided the
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forests and cocoa farms and flew in the clear of highway* As far as
could be ascertained (Leston, 1971) J* labdaca is in no nay connected
with cocoa, and has been included here for the reason that it shows

a migratory pattern directly geared to the seasons of the year*
Farquharson (1922), Leston (1971) and William (1930, 1958) have
reported that I. labdaca is a regular migrant in West Africa, migrating
from the Northeast towards the south in the two wet sunny seasons.

It returns dying to the North towards the end of the rainy season.



Chapter k* Experiments with caterpillars.



It. EXPERIMENTS WITH CATEKPUXABS

* Food preferences
Methods» A few experiments were performed In the laboratory te find
out whether cocoa leaves, especially flush leaves tdiich are almost
always preferred by leaf-eating <aterpillars, have any substances
in them that attract caterpillars. In the First experiment flush
and green tender leaves OF cocoa were used* They were crushed
separately in a mortar and thereafter small pieces of Whatman No.1
Filter paper were soaked in the resulting liquid pulp, and then used
in place of actual leaves as food for caterpillars, Eleven caterpillars,
namely five Anemia leena. ene Neodeora sp-» two Diacrisla auriantiaca
and three Euoroctis xanthomelana were used in the test. The caterpillars
which had first been starved for about 12 hears were divided into two
groups such that one group received the flush-soaked filter paper and
the other group the green-leaf-soaked paper* Medium sized glass bowls,
were turned over the caterpillars and the soaked filter papers to
restrict the movement of the former. Caterpillars were either placed
directly onto the soaked filter papers before covering than or at same
distance from the papers. Observations were made at $ minute intervals.
Results» It was soon observed that the caterpillars that had been placed
directly onto the flush-soaked paper, namely, two Anomie larvae and one
Neodeora after crawling or looping on the flush-soaked paper for about
three minutes, stopped to eat off small notches at the edges of the
paper. On the other hand Diacriaia. a naturally fidgety and active

caterpillar, never settled on the paper for any length of time, but



Just moved about alongside the rim of the overtoed: bowl. On re-
encountering the soaked paper* however* it paused for a while end
brought i1ts mouth parts sad antennae close to the paper without
starting to eat* After this it continued wandering around until alter
about Five minutes when it stopped moving and remained at one place.
It quickl;I/.m(nged gff wh§n disturbed.i. -
The sane oaterplllars after being starved for a further three
hours were placed a few centimetres away from the flush-soaked paper
to see whether they would move in its direction. Che of the Anonis
larvae* after crawling shout for about three minutes was seen to
approach the~soaked paper. Without climbing on to it it started to eat
a small part off the paper from the side. Zt did not stay long at the
paper, it left to move about a little* hut finally came to rest at
one apot not far from the paper and remained there for over six minutes.
The other Anemia eventually reached the Tilter paper,itsfinal arrival
at the paper being seemingly undirected. It climbed onto the paper*
First walking aeross it tomato the edges along which it moved keeping
lift mouth parts and antennae vary close to the paper. It began to eat
the paper for about three minutes after which time ithadeatena
sizeable area. It remained on the paper for a long time hut did not
continue eating. Neodeora remained quiet at one place after taking
a few short "loops™ around, hut not in the direction of the soaked
paper. It straightened Itself into Its characteristic stick-like
stance with its thoracic legs folded against the ventral part of the

thorax. It was prodded several times to encourage It to move so that



it would eventually approach the flush-soaked paper. After taking a few
loep-walks about it stopped at one place and assumed a half-loop or
twig-like resting poise* Finally it was moved to within 1cm of the
paper and watched for Its reaction* Without actually climbing onto

the paper Neocleora started to nibble at the margin of the paper and
eventually ate away fairly large portions* Macrisia as usual first
scurried about for seme time and seemed to be attracted towards the
TlLush-paper whidi it first felt with its mouth parts and antennae after
reaching it and then quickly passed on again without eating any part of
it

The second group of eatezpillars namely three Anemia larvae and
Q116 Diacrisia were each given green-leaf-soaked papers under similar
conditions as for the first group. When placed Hush on the paper one
of the three Anomie larvae began to eat the paper; the other two moved
about on the paper or occasionally got off and moved about under the
bovl. Alternatively, they remained at one place either on the paper
itself or off 1t. _Diacrisia immediately moved off the paper and
started its usual energetic rovings. It did not eat the paper even
after feeling it for some time on re-encountering it.

After an hour the caterpillars were® removed from under the bowL
and kept In large specimen tubes for about two hours without food.
Fresh geen-leaf-soaked filter papers were prepared and the procedure
repeated with the caterpillars placed a few centimetres away from the
papers. Macrisia, still fairly active, was seen to reach the paper

earlier than the others but it did not appear as if it were attracted
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towards the paper. It started to feel it and ended up eating small
areas along the margin. It kept at this intermittently for about three
minutes before moving away again in the usual fashion. One of the
Arrris larvae on reaching the paper climbed onto it, moved along its
margin and stopped for a few minutes to eat some of the paper* It
moved onto another part of the paper where it again nibbled at the
paper .
When the second Anemia eventually arrived at the paper it began
to feel the paper In the usual way after which it ate some parts of the
paper. The third Anemia remained statio”y at one spot for a long Ok
time and wiggled violently when prodded in an attempt to get it moving.
It was later realized that it was in the process of moulting® It was
therefore removed and placed in a large specimen tube and left there
until it had completely moulted. Mien placed on a green-leaf-soaked
paper this freshly moulted larva immediately started to eat and kept
at it for about three minutes. It continued to eat also when transferred
to a flush-soaked paper. The two Ahamis larvae that were an the green-
leaf-soaked paper made no further attempts at eating the paper,
although they kept on feeling It as they moved about on its surface.
The Eiroroffés xanthemelana larvae at first made feeble attempts
at feeding on the flush-soaked paper, biting off small areas at the
margins, but were apparently unmoved by the green-leaf-3oaked paper.
These caterpillars, however, became increasingly lethargic and when

examined under a dissecting microscope It was found that they were

heavily parasitised.
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U.2* Selection of feeding leaves
Methods! In the second series of experiments an attempt was made at
finding out whether the caterpillars selected the kinds of leaves
they fed on.

This time the feeding material was given in four different
corbinationst a, b, c and d. Firstothfe leaves including the
soaked filter papers were numbered serially as follows!

(O Flush-soaked paper*

(@ CGreen-leaf-soaked paper,

@ flush leaf and

@ Green tender leaf.
The eatexpillars were presented with these in turn as shown below. (Ta&Fir4»1)»
Four Anemia and four E. xanthomelana larvae which had been initially
starved for about 12 hours were used in the experiment. Observations
were made after every five minutes for one hour. Two caterpillars were
used with each ccabination of the"feeding material prepared* The
variously combined treatments were presented alternately so as to
afford better observation. Four rectangular plastic dishes with lids
were procured* in which the various food materials were placed in
such a way that they could be suspended in a triangular array from
cords such that their free ends touched the base of the dish to enable
caterpillars to climb onto then with ease.
Resultsi Two Anemia larvae were placed in the dish with combination
a and watched for their reactions. First *£ __caterpillars moved about

at the base of tR" &idj. After about two minutes one of the larvae



Table 1*.1

The four different combinations in which the feeding
materials were presented to caterpillars.

Combinations

a b e d

t 1 1 2

2 2 3 3
It h U
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reached the flush-soaked paper and after feeling It for some time It

ni -nHfld onto It and began eating the margins. The second Anemia

climbed onto the Flush leaf <m which it first moved along its edge

for a little less than one minute before starting to feed on it near

the petiole. After about twenty-five minutes both larvae had eaten fairly
large areas from the Various feeding substances chosen except that the
caterpillar on the flush-soaked paper had not eaten very much in
comparison with the other. After another 35 minutes the larval an the
Flush leaf had almost eaten the whole leaf up leaving only part of the
midrib and a few veins uneaten.

For cciibination b two Et xanthomelana caterpillars were used.
Instead of climbing directly onto the leaf or paper First encountered
these moved about for same time, then from one leaf or paper to
another before finally settling on one, One of them climbed onto the
green tender leaf and walked along its margin bobbing its head up and
domn, and feeling the leaf with its antennae and mouth parts. It
descended again without having eaten any part of the leaf. It moved
about for a few minutes Until it came into eontact with the green-soaked
paper from which it also descended after being on it for a little less
than a minute. It then stopped at one spot without moving, for about
four minutes. The second E. xanthomelana mounted the flush-soaked
paper, fed on i1t continually for about two minutes, climbed down again
and moved about for a minute before encountering the green tender

leaf on whieh it fed and rested for over fiftem minutes. The first



E. xanthomelana was seen to move straight towards the Flush soaked
paper as if it were attracted. It fed on the paper for gone time and
remained feeding on it intermittently till the end of the one hour
observation period*

Che Anomis and one E. xanthomelana were used in combination c.

It was soon observed that both caterpillars moved in the direction

pf the flush-soaleed paper and flush leaf respectively. Anomis fed on

the paper for some time and then moved off and after briskly wandering
about it finally reached the green leaf. It did not climb Onto this

but ate away small areas from it while standing on its prolegs at the

base of the dish. E. xanthomelana remained feeding on the flush leaf

till the end of the one hour of observation time.

For combination d one Anomis and one E. xanthomelana larvae were
used. It was interesting to note that Anemia First made feverish
searching movements lay swaying its anterior end from side to side as
well as by keeping its antennae close to the base of the dish. When
it encountered the flush leaf it climbed onto it and began to feed
on it ravenously. E. xanthomelana remained at one spot for some time
before moving in the direction of the flush leaf, on which Anomis was
already feeding® It began feeding on i1t too, slowly moving up towards
the petlolar end on the margin opposite to that on which Anomis was.
As feeding progressed a point was reached when the two larvae touched.
Anemia immediately wriggled off the leaf and fell to the bottom of
the dish where it continued to writhe for some time. According to

Munich (1925) this kind °f behaviour is likely because certain



non-hairy caterpillars are very sensitive to touch. It paused for a
uhlle, then moved about a little* until It reached the green leaf on
which it fed. The results of the above experiments are summarized

in Table U.2 below. The plus sign signifies those leaves and papers

which were either wholly or partially eaten.

U.3* Discussion

From the experiments (Table 2) it can be seal that green-leaf-
soaked papers were not touched nor were there any larvae that moved
in thelr direction. The general behaviour of the caterpillars, that
is, their active use of antennae and mouth parts seems to suggest that
the caterpillars depend to a certain extent on seme odour probably
emitted mainly by the flush leaves. Wilgglesworth (1965) states that
the sense of smell is of some importance in caterpillars* Mien, honevei
the various cocoa leaves used iIn the experiment were smelled to find
out whether any scent was given off by them none could be detected™
Further in this connection Wigglesworth (1965) does mention that the
scents in question may not be perceptible to man, although, on the
other hand, Dethler (1937) feels that the relationship between the
olfactory thresholds : of man and caterpillars remain the same for
practically all odorous substances; plants that appear odourless to
man are probably odourless to caterpillars. The question remains then
as to how caterpillars that feed on flushes distinguish than from
other maturer leaves. It is still possible that the flush leaves of
cocoa contain some odour slightly different from, though related to,

that of otiiexvooooa leaves, which attracts caterpillars more. It is
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Table 4.2

Apparent selection by caterpillars of feeding material
presented in four different combinations to them.

Feeding material presented to caterpillars

Combinations Flush soaked Green-leaf Flush leaf
paper soaked paper

Caterpillars used:
FOr a, o and ds Aaomls leona and Buproetis xanthomelsaa

For bs  Euoroatis xanthoaelana only.

Green leaf



worth noting, too, that larvae placed some distance away from the
leaves never seemed to bis attracted tonards. #e/"leaves from that
distance as judged by their initial non-directional wanderings before
reaching the leaved. This may be explained by the fact that the sense
of srell in caterpillars has a short range, which is correlated with
the fact that they move about with their olfactory receptors, the
antennae, exceedingly close to the source of the stimulus, the leaf
(Dethler, 1937)# Altematively, however, contact chemoreeeption, a
sense fairly distinct from smell and functionally concerned principally
and immediately with the act of feeding are possibly stimulated as soon
as the caterpillar has mounted me\leaf* Though the regions concermed
with contact chemoreception lack easily recognized sense organs to
which a chemoreceptive function can be confidently assigned, Dethier
(1937) and Bethier & Chadwick (191*8) abserved that longer and shorter
thin-walled spines are the only types of sense organs common to the
epipharyngeal and hypopharyngeal surfaces of the preoral cavity iIn
lepidopterous larvae* Since these were the only areas which yielded a
response to contact chemical stimulation, they concluded that one or
both are among the specific receptors involved! the removal of antennae
was without effect. In the foregoing experiments it was seen that in

a number of cases the caterpillars placed seme distance away from the
leaves wandered around without shwwing signs of being attracted

towards the leaves or soaked papers. They might possibly have been
responding to other external stimuli such as light, moisture and

gravitys rather than to odours, if any, given out by the loaves.
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It would appear therefore that direct contact with the leaf is
necessary before feeding actually starts} smell probably plays a

minor rde*



Chapter St The identification of larvae*
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5. THE IDENTIFICATION OF IARVAE

5,1* Larval descriptions

Methodsi The main aim was to provide means of identification of
caterpillars in a form suitable for use by field assistants* In
describing the various commonly occurring species of lepidopterous
larvae (Table 3.5 and Fig-3.2l) attention has thus been paid mainly
to obvious characters such as hairiness, colour of head capsule,
integument, setal tufts and thoracic legs, and the shape of the body
where it seemed to deviate from the normal, uniformly cylindrical form.
The chaetotaxy of the various species was also studied, and the
segments used for this study were the prothoraeic, the sixth and the
eighth abdominal segments. In hairy larvae the chaetotaxy of the
prothorax was not studied. Figs.5.1a«-b are general diagrams of the
chaetotaxy of the prethprftx and abdomen of an unhairy caterpillar*
Fig.5.2a-b shows the arrangement of verrucae or setal tuberoles on an
abdominal segment of a hairy larva. In the descriptions that fallow
reference will be regularly made to these diagrams, except in cases
where the setal patterns are different frcm the ones depicted in the
above diagrams, such as in Sariaa biplaea. where certain setae arise
at apices of fleshy projections. In such instances separate diagrams
have been provided for clarity* The names of the setae proposed by
Hinton (191"6) appear In Table 5.1 together with other abbreviations
used ,In the text. In order to distinguish the setae of the

caterpillars, It was necessary to stain and mount the cuticle as described
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KLg.5.1 : Diagrams of 1lhe chaetotaxy of the prothorax (left) aid abdominal segments
(right) of a glabrous caterpillar*



Fig.-5.2: Diagrams showing different patterns of arrangement of verrucae on the sixth
abdominal segrent of some Lymantriid caterpillars.
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Table 5.1

The_names of the setae of the
lepidopterous larva according

prothorax

ad
to Hinton (

abbreviations used In the text.

Symbol

frothorax HI
212
MXDI
Th.

Prothorax &

Abdomen D1 ,02

SDb1,SD2

El
SF1,572

M3
Ab.

Name

XD group

microscopic XD seta

Thoraoig

dorsal

aubdorsal

lateral

enibventral

ventral

subventral
microscopic dorsal

microscopic ventral

abdominal

abdomen of a
191*6), and other

Function

Tactile

Proprioceptor

Tactile

do

do

do

do

do
Proprioceptor

do

Mo special name in relation to position is given to this group of
setae, but both are always on or near the anterior margin of the
sderotized prothoraclc dorsal plate*



by Hinton (t9$7h a slit is First (At along one aide from the anus

to the anterior margin of the prothorax leaving the head attached. The
thorax and nMemup are then opened and the gut and other intermal

organs scraped away. The larva is then immersed In \Q% potassium
hydroxide for 2-3 days to facilitate the removal of any other tissues
that may still be adhering to the inner wall of the skin. Fallowing this
the specimen is washed vigorously in water and afterwards in dilute
aeetie acid. It is then stained in weak earbol fuschin for one or

two days. The thorax and abdomen are spread out in cedar-weod oil

and later mounted in Canada balsam or DPl moantant. A binocular
dissecting microscope Fitted with a camera lucida was used in describing
the chaetotaxy and in making setal maps of the various segments* Details
of setae found on the mandibles* the labrum* the spinneret and antennae
have not been used. 3» almost all oases descriptions are of larvae

as caught in the field, as it was seldom that unhatehed eggs from

which larvae could be reared, or freshly emerged caterpillars* were
encountered. Where earlier instar larvae were found* however, descriptions
were made so as to bring out contrasting characteristics* if any* between
earlier and maturer larvae* especially where tie .earlier instar larva

has a different appearance from later instars. More than five specimens

of each species at about the same developmental stage were examined.

NOCTOIDAE
Anomie leona (Schaus)

Earlier larvae* Head capsule light yellow to yellowish green with six
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dark brown fairly conspicuous ocelli present on eirther side of head}
body yellowish green* but may be pale green or light orange with
number of black round spots on each segment bearing fine setagj
integument smooth and tender* at times translucent in newly-hatched
larvae making it difficult to spot young caterpillar when resting chi
green leaf. Prothorax with more dark spots than raeso- and metathoraxj
white narrow line from Th.1 to Ab.10 present mid-dorsally, two closely
applied dorse-lateral lines one yellow and another white present from
prothorax to last abdominal segment} thoracic legs generally colourless
and translucent but may have feint greenish tinge} prolegs light green
with yellow crochets.

last instar larva; Head capsule usually yellowish green to deep
green* or ground colour green with tinge of pink or orange at vertex*
wholly orange with only genae and frons retaining green colour in
pre-pupation stages} body dark green with dorsal and dorso-lateral
lines prominent} two cream dorsal patches present on Ab.8* absent or
Very indistinct in early instar larvae} thoracic legs yellow with light
brown tarsi} prolegs similarly coloured} prepupation larvae with
enlarged segments having pink colour in between them.

Chaetotaxya Prothorax (Pig.-5.1a) with XD1 and XD2 setae* XDb and

XDc punctures and microscopic seta MD1 not distinguishable} D1 and D2
more or less vertically in line along posterior margin of prothorax}
S and SD2 present* D1 shorter than 2, both setae from same

sclerotieed plate separate from main dorsal shield, 91 above and
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slightly anterior to spiracle) £1 end L2 from small sclerotized plate
antero-lateral from spiracle) SV1 and SV2 near base of prothoracic legj
coxal setae usually four) VI snail but distinct especially in last
instar larvae. Almost all long setae from round dark staining discs.

On sixth abdominal segramt (Fig.5.1b) D1 and 02 more or less
parallel to mid-dorsal line, 1 and SD2 present) D1 far above and
posterior to spiracle and in vertical line with D2 above, SD2 above and
slightly anterior to spiraclej £1, 12 and L3 in triangular pattern
below and posterior to spiracle, W not noticed in early instar larvaej
SV1, SV2 and SV3 present on bases of prolegs, SV3 not observed in
earlier stagesj VI present on proleg.

Ch eighth abdominal segment D1 and D2 as on Ab*6j SD1 anterior
to, and slightly above level of the upper extremity of spiracle, SS2
not distinguishable in both early and late instar larvaej El, 13 below
and posterior to spiracle and more or less vertically in line, L2
more anterior and below lower tip of spiracle in same horizontal line
with L1) SV1 present below L3, SV2 and SV3 absent) VI present mid-
ventrally.

Descriptions of the caterpillar of this species are also given
by Alibert (1951) and Smith (1965)* The adult has been described by

the same authors, and also by Burle (961)*

Charaeoma stiotierapta (Hampson)
Earlier larvae* Head capsule dark brown) body light pink generally

but may also be light greenj dark brown sclerotized dorsal plate
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present on prothorax with numerous fine setagj two light streaks

on either side of middorsal line from Th.2 to Ah.9* number of

dark brown spots present on all segments except on Th.1 and Ab.10
dark brown sclerotized plate present dorsally On Ab.10 as on Th.1
with fine backward directed setae; thoracic leljs with dark brown
coxae and femora but tibiae light brom} ventrum generally light
throughout.

last instar larva* Head capsule light browmn with small dork patches}
body light to deep pink in larvae feeding on flush or tunnelling iIn
pods* green in larvae feeding on green tender leaves* earlier and
last instar larvae with similar body colour} dark brown sclerotized
prothoracic dorsal plate with small dark patches on its lighter
lateral margin with setae arising frcsa these dark patches as in early
larvae several dark brown spots bearing setae present on each segment
except Th.1 and Ab.10 and on uniformly coloured ventrum} dorsally
four parallel lighter streaks running antero-posteriorly from Th.2

to Ab.10 present* similarly coloured streak present laterally and
concurrent with spiracles} coxae and femora dark brom“tarsi light
bromn.

Ghaetotaxsri Prothoracic setae and punctures on dorsal plate (Fig-£.1a)
as in Anemia, but MXD1 and XDb not distinguishable in early larvae}
D1 and SD2 not on sclerotized dorsal plate in last instar larvae*
SD2 only seta on plate at this stage* Dic small* much higher than

and anterior to spiracle} L1 only seta of lateral group present in

earlier larvae* not arising from sclerotized plate* horizontally in
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line with and anterior to spiracle} in last instar larvae, L2
present in addition to L1 and both from same solerotized plate Just
below extended lower tip of solerotized dorsal shield, L2 very Short,
immediately below and slightly posterior tol11j SVl and SV2 from
solerotized plate above coxa of prothoracid leg} four coxalsetae
present! VI very minute but prominent.

Qa sixth abdominal segment (Fig.-5*1b) DI and D2 obliquely in
line with each other, D2 longer than, far below and posterior to
DI} Bl and SD2 present, SD2 very short, above and anterior to
spiracle} 1 longer, Vertically above spiracle; L1 poster©-lateral,
from spiracle, L2 below and more or less in vertical line with
spiracle, L3 inferior and more posterior +toboth LI and L2; SV1,
ST2 and SV3 present and also VI on bases of prolegs in both early
and last instar larvae.

On eighth abdominal segment dorsal and subdorsal setae as on
sixth abdominal segrent} D1 directly above upper tip of spiracle,
SD2 minutej lateral setae in forrR of triangle, all below lower
extremity of spiracle, L1 and L3 more or less in vertical line, L2
anterior to L1 and L3} Sl present and in line with VI below, 52
and SV3 absent.

The caterpillar of this species as well as the adult are
described by Alibert (1951), Burle (1961), Nicol 09ItfF), Smith (1965),
and Urquhart (1961).
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Earias biolaga (Walker)

Earlier and last instar larvae with similar colour patterns
generally; head capsule dark-browmn or black with forked white stripe
on frons, head partially retractable Into prothoracic collar when
larva disturbed! body rather stout and spindle-shaped particularly
in larvae nearing pupation; ground colour of body light brown with
certain areas of darker shades; number of pointed fleshy projections
present on all segments except on prothorax and with colour of
particular segment on which present* each process with fine seta at
apex on each segment at least one dorsal and another lateral process
present.

Chaetotaxri Catprothorax (Fig.-5.1a) ZD setae present* in earlier
larvae not issuing directly from dorsal plate as in last Instar
larvae but slightly in front of it®XDg* XDb and XDg not distinguishable
in early larvae, MXD1 absent in both early and late instar larvae;
dorsal setae present towards posterior margin of dorsal shield;
subdorsal setae of unequal length* 1 longer and posterior to SD2*
directly above spiracle* in later instar larvae surrounded by darkly
staining sclerotized circular plate; SD2 minute but prominent and
horizontally in line with SD1; L1 and L2 also unequal in length* L1
longer and directly above Z* both setae anterior to spiracle and not
from sclerotized plate; ST1 and SV2 from sclerotized plate above coxa
of first thoracic leg; VI below coxa* minute but easy to distinguish.

Qa sixth abdominal segment (Fig-5.3a) D2 arising from apex of

Fleshy dorsal process* DL slightly above point of origin of D2 process;



84

Fig-5»3s Chaetotaxy of the sixth (left) had ihe eighth (right)
abdominal segments of Barias blplaga.



65

D1 directly above gpiraole, SD2 not presentj 1.1, L2 and L3 on apices
of soft projections with exception of 2] L1, L3 and D2 In vertical
rowj subventral setae present an prolegs Including VI.

on eighth abdominal segment (Fig-5.3b) dorsal setae as In sixth
segment, MD1 present below and anterior to D1, minute but easy to
distinguish and absent in last instar larvae; 1 much longer than 2,
directly above upper extremity of spiracle, SD2 minute and antero-laterad
from spiracle* not distinguishable In early larvae; L1 from apex of
freshy projection, below lower tip of spiracle and posterior to it,

L2 directly below spiracle, L3 below L1 and in vertical row with S71
and VI .

The descriptions of the caterpillar and the adult of Earias biplaga
have also been given by Alibert (1951), Entwistle (1962, 1969),

Pearson (1958) and Snith (1965).
Spodoptera littoralis (Bolsduval)

Earlier and last instar larvae generally light to dark grey in
colour, with longitudinal fairly broad streaks from Ab.1 to Ab.7»
thoracic and remaining abdominal segments not striped; setae on all
segments whitish except on Ab.10 where they are brom; head capsule
yellow or orange with prominent dark brown cranial setae and brown
ocelli; prothorax with yellow or orange solerotized dorsal plate
with long setae, rest of prothorax dark grey to black; meso- and metathorax
with dark grey anterior half and lighter posterior half, all three

thoracic segments black ventrally; thoracic legs dark grey or black;



Abl-Ab7, with round black spots from which setae arise; Ab.8 with
large "nrivl light grey patch on either side of ntid-dirsal line,
in some larvae these patches nay coalesce mld-dorsally, each patch
with setae arising from small round bright yellow nipple-like tubercles,
lateral and ventral surfaces of segment black) Ab.9 black with white
setae from black nipples} Ab.10 with yellow sderotized dorsal plate
bearing setae arising from small dark-topped Ihipples*
Ghaetotax7» On prothoracic dorsal shield (Fig.5.1a) XD and dorsal
setae present on anterior and posterior margins of plate respectively,
punctures not distinguishable; 1 and SD2 of almost equal length,
both on same sderotized plate immediately below dorsal shidd, SD2
above and slightly posterior to SD1, both setae above spiracle, EDI
anterior to spiracle, SD2 directly above it, L1 and X2 on same
sderotized plate anterior to spiracle, £2 shorter, slightly inferior
and posterior to EI; S/1 and SV2 arranged as lateral setae both from
same sderotized plate above coxa of prothoracic leg, SV1 shorter than
SV2, below and posterior to SV2; Yl very small but prominent.

On sixth abdominal segment (FIg.-5»1b) dorsd setae frcm dark
staining circular discs, obliquely in line to each other with D2
lower and more posterior to D1; subdorsal setae of unequal length,
DI long and with darkly staining round base almost directly above
spiracle, SD2 very minute but prominent and almost in line with upper
end of spirade anteriorly; lateral setae arranged in form of triangle,
El Just about 3a line with lower tip of spirade, with deep staining

round basal disk, similarly with E2 and E3] L2 directly bdow spirade,
E3 much lower down and nearer posterior margin of segment; subventrd



and ventral setae present on bases of prolegs.

Ch eighth abdominal segment dorsal, subdorsal and lateral setae
as on sixth segrent? D1 and L1 without dark-staining roundish areas
at their basesj SV1 and SV2 an same sclerotized plate, SV2 shorter
and anterior to SV1, usually not present on eighth abdominal segrent!
71 present, well developed.

Descriptions of the caterpillar and adult of S. littoralis are

given also by Alibert (1951)* Pearson (1958) and Smith (1965).

U&ahoorama phoenlcoehlora (Hargpaon)

Earlier and last instar larvae with generally similar colour
pattemj head capsule light brown to brown with number of dark brown
mettles bearing setae} prothorax light brown with four dark brown spots
in transverse row at anterior margin of dorsal shield and four
similar ones on posterior margin} mese- and metathorax dark brown
dorsol&terally and laterally, bright cream ventrally, conspicuous
dark brown circular spots bearing setae present dorsally, dorsolaterally
and laterally! thoracic legs cream to light browmn} abdominal segments
mainly light brown to brown with numerous dark brown markings or
round spots in various patterns, lighter areas present dorsally from
Ab_3 - 8 giving saddle-like impression and tapering posteriorly up
to Ab.8, posterior half of Ab.@ darker with feint tinge of military
green, two brown to dark-brown dorsal nipple like tubercles closely
applied to each other present dorsally and with setae at their

spices, small dark brown spots present anterior to nipples! Ab.10 with



solerotized dorsal plate with several darh brow spots bearing
setae} prolegs light-brown with dark brown solerotized plates on
outer surfaces} ventrally larva bright cream,
Chaetotaxyi Dorsal and 2D setae present on prothoraeic shield
(Pig.5.1ta), puncture XDc only distinguishable} subdorsal setae
unequal and from same sclerotized plate below dorsal shield} 1 longer
than SD2, above and slightly anterior to upper tip of spiraclej LI
and L2 below and far anterior to spiracle, situated on same sclerotized
plate, L1 small and above L2 SFl and SV2 on separate plates immediately
below LI and L2 and slightly above coxa of prothoraeic leg; FlI present
below coxa, minute but prominent.

On sixth abdominal segment (Fig,5-1]b) dorsal setae short and
not in line with D2 lower than and posterior to D1} SD1 above but
slightly posterior to spiracle, SD2 not seen on Ab.6} L1 postero-laterafi
frcm spiracle, L2 below spiracle, L3 slightly below and posterior to L2
and above prolegj subventral and ventral setae present on bases of
prolegs.

On eighth abdominal segment (Fig.S.Jw) D2 above and posterior
to D11 and arising centrally from stubby dark setiferous nipple} D1
from slightly raised dark spot andéaiirectly above upper end of spiracle,
SB2 very minute but clearly visible and antero-latera& of spiracle}
L1 just below lower part of spiracle and posterior to it, L2 inferior
but slightly anterior to LI and directly below spiracle, L3 In horizontal

line with L2 and more towards posterior margin of segrent} SV1 below and



Profhorax
Abb

M .M. Chaetotery of *. prothorax, olrfh ~ eishth M - bd -~*t« of Lo™oora
phnenicochlora.
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a little anterior to L3j VI present small but dearly visible.
Descriptions of the caterpillar and adult of tlls species are

also given by Smith (1965).

" Flusia ohalcites

Both early and late instar larvae pale green; head capsule light
green with small broan, markings on vertex and many tiny but prominent
whitish spots on rest of capsule; prothorax with numerous pimply
swellings some bearing short fine setae; thoracic legs light green;
from Ab.1 to Ab.S wrFirtish broad lateral streaks present* also numerous
wavy yellowish green longitudinal lines present* oblique whitish
markings present darsdaterally and continuous towards the ventrum,
orange cdour between abdominal segments* abdominal setae fine and
short generally; prolegs absent cm Ab.3 and A,I]-* present only on
ib.5* Ab_6 and Ab.10 all light green*
Ghaetotazr! On prothorax (Fig-5-1a) XD and dorsal setae short* fine
and issuing from dorsal plate* associated punctures not distinguishable;
D1 and SD2 small and below prothoracic shield* both above spiracle*
not arising from common sclerotized plate nor with individual sclerotized
plates basally* 1 anterior to spiracle* SD2 above; K and L2 fine and
small* below and anterior to spiracle; subventral setae also very
small above coxa of prothoraeio leg; VI very minute* rather difficult
to distinguish.

On sixth abdominal segment (Fig.-5.1b) setae on same general
plan as in noctuid species described above; DI from larger dark
staining basal disc than D2; 91 minute* above but slightly posterior
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to spiracle, SD2 not distinguishable! lateral setae present, equally
minute and short! subventral and ventral setae snail, on bases of
prolegs.

Qa eighth abdominal segment dorsal setae as on Ab.6j both
subdorsal setae present) D1 minute and directly above upper end of
spiracle, SD2 antero-lateral frcm spirade) lateral setae small, iIn
triangular array below spirade) subventral and ventral setae dso
small and Cifficult to distinguish.

Descriptions of the larva end adult of this species are dso

given by Smith (1965).

Sdepa leucograpta (Hampson)
last instar larva* Head capsule light bromnj thorax light brown
prethorax, meso- and metathorax with long, dubbed setae mainly dark
brom™ to black, metathorax with prominent dorsolateral banded black-and-
white setae, transverse white line present between metathorax and
First abdominal segrent! abdomen conspicuously light brown bordered
with white dorsally from Ab.2 to about Ab.6, laterally abdomen dark
brom, all abdominal segments with dubbed setae some dark brawn others
w&itish, setae very long on last two abdominal segments, setae on
whole body flicker gently when larva in motiOnj osmeteria absent.
Chaetotaxyi On prothorax (Fig-5.1a) XD and dorsal setae together
with associated punctures present, XBb not distinguishable! subdorsal
setae above and slightly anterior to spirade and from sderotized
feintly staining plate Immediately bdow shield) lateral setae from

sderotized plate partially constricted between the two setae, L1



antero-lateral, and L2 antero-ventral frcm spiracle; subdorsals above
coxa of prothoraeic leg; VI present below coxa unclubbed.

On sixth a¥xdarfTnil eeforent (Fig,.5.1b) setae arranged as in
other nectuids studied; 1 directly above spiracle; subventrals on
prolegs.

On eighth abdominal segment 1 above and a little anterior to
spiracle.

Descriptions of the catexpillar and the adult are also given by

Alibert (1951) and Smith (1965).

LIMANTHI IDAE

Euproctia xanthamelana (Holland)
Earlier larvaet Head capsule dark brow; prothorax with large light
orange setal tubercles or lobes dorsolaterally bearing grey setae at
angle of about Us degrees with long axis of body; dorsal setae grey, short,
forward-directed and somewhat over-lapping head capsule; meso- and
metathorax with dorsal off-white or light-grey setae; Ab.1 and Ab.2
with black setal tufts dorsallyj Ab_3-Ab.7 with either off white or
greyish setal tufts smaller than on Ab.1 and Ab.2, sparse, revealing
light brown integument with dorsal yellow markings, Ab.8 with rather
thick grey tuft of setae, Ab.9 with bright orange integume” setae long,
light-brown and directed backwards; lateral setae an all segments -
straight, whitish and from off-white tubercles; thoracic legs dark brown;

prolegs light-brown osmeteria small, orange.
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Laat ingfcar larva8  Head capsule dark brown with fine brown cranial
setae] prothorax with dorsal setae grey and directed forwards slightly
over head capsule* dorsolateral setae from large orange tubercles,
forward directed at Us degrees with long axis of bodyj mesa- and
metathorax with bright white dorsal setae} thoracic legs with greyish
coxae and femora™black distallyj Ab.1 and Ab.2 with black dorsal setal
tufts, Ab.3 to Ab.8 with small white dorsal setal tufts, lateral setae
from small orange tubercles, Ab.9 and Ab.1Q with fairly long backward
directed grey setaej prolegs grey near body but much lighter near
crochetsf osmeteria orange.

Chaetotaxyt On sixth abdominal segment (Fig.5.2a) single enlarged
round dorsal setal tubercle or verruca present directly below osmeteriumj
supra-spiracular verruca partly antero-ventral from dorsal verrucaj
infra-spiracuLar Verruca sausage-shaped, postero-ventral from spiracle
and above proleg.

Cl eighth abdcminal segment dorsal verruca bean-shaped above and
partially posterior to supra-spiracular verrucaj supra-spiracular
tubercle directly above spiradej Infra-spiracular verruca also slightly
bean-shaped and directly below spiracle.

Descriptions of the caterpillar and adult of this species are
also given by Smith (1965).

Euproctis melanopholis (Hampson)
C

Earlier and last instar larvae» Similarly coloured; head capsule dark
broim with numerous cranial setagj prothorax with short dark brown

dorsal setae, dorsolateral setae long, dark brownj integument blackj
ventrolateral and lateral setae also white, brown patch between
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mego- and metathorax present dorsally, small brightly white setae
present at bases of dorsal setae) thoracic legs light brom} integument
of thorax black} Ab.1 and Ab.2 id.th dark brown dorsal tuft of setae
each and smaller dark brown lateral tufts present, but generally
lateral setae from Th.2 to Ab.10 all off white, on Ab.3-Ab.? dorsal
tufts with long white peripheral setae encircling dark brown shorter
setae, small groups of very short white setae present both anterior and
posterior to main setal tufts giving impression of spottedness, these
short white setae present also at bases of lateral setae} intersegmentally
colour light browms dorsal tufts present on Ab.8, dorsolateral setal
tufts smaller than dorsal tufts, lateral tufts off white with short
white setae at bases} Ab.9 with backward directed long brown setae
with veey short, white basal setae) abdominal prolegs orange near body”
with dark patches on outer surface and yellowish at ends.
sixth abdominal segment (Fig.5.2a) dorsal verruca

below osmeterium, slightly smaller than, and in vertical line with
supra-apiracular verruca and spirade) infra-spiracdar verruca
directly bdow spirade and superior and a little anterior to prdeg.

On eighth abdcsnind segment dorsal verruca about twice as large
as, and directly above siflpra-spiracdar verruca, the latter above and
very slightly anterior to upper extremity of spirade) infra-spiracular
verruca bdow and with about two-thirds its length posterior to

( spirade.

The larva and addt stages of this Species have been described by

Smith (1965).



95

Qrgyla basalis (Walker)

Earlier instar larval Head capsule dark brown; prothorax light-
brown with black or dark brown sclerotized dorsal plate with fine
off-white or light grey forward-directed setae arising from anterior
margin of plate; large orange dorsolateral setal lobes or tubercles
with grey setae at angle of about U5 degrees with body axis; lateral
setae light grey and frcm small black tubercles immediately below
large dorsolateral lobes; mesothorax with two yellow seol-triaoguLar
marks an either side of mid-dorsal line and bearing off-white to
light grey setal tufts, orange tubercles with light grey setae present
laterally; metathorax as mesothorax but yellow marks larger with

thoraoic leg. a * «d rfc.2 with dor«l
black setal tufts each* small tuft of black setae f3s«”.small "black7® T
verracae pregentidorsolaterally; lateral setae black awl from black
orange-capped verrucae; Ab.3 with dorsal tufts of black and grey setae;
amall dorsolateral black tubercles carrying dark grey or black setae
present, lateral setal tubercles orange with small black central part
bearing setae; Ab,I* with grey* sparse dorsal setae from small black
tubercles* dorsolateral setae off-white, lateral tubercles yellow*
aetae grey* yellow markings present at posterior margin of segment;
Ab_5 with broad dorsal saddle-like yellow marking* grey setae from
deep yellow verrucae dorsally and sparsely distributed* dorsolateral

setae also from yellow tubercles; Ab.6 with small yellow marks anterior

to dorsal setal tubercles* grey setae from black tubercles present*
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dorsolateral setae also from black tubercles! Ab.7 as A6, but with small
fairly inconspicuous yellow markings anterior to dorsal setal

tubercles, dorsal setae grey* lateral setae from orange tubercles!
osmeteria orange! Ab.@ with black dorsal setal tuft, dorsolateral setae
grey and from black tubercles! Ab.9 with greyish backward-directed
seifee from orange verrucaej prolegs light brown with dark brown
markings on outer surfaces.

Last instar larvas Head capsule dark bromn! prothorax with reddish-
brown sclerotized dorsal plate bearing short white setae, dorsolateral
setae long, grey and at angle of about US degrees with Icmg axis of
body, setae from large orange lobes! meso- and metathorax with fine
sparse white setae from tiny orange tubercles, lateral setae white on
all thoracic segrents, thorax dark brown ventrally; Ab.1 with thick
white dorsal tufts of setae, lateral tuft of setae also thick and white
and arising from orange tubercles, dorsolateral setae small, off-white,
sparse! Ab.2 with same thick white setal tuft dorsally but lateral tuft
black and fanned out like native hand-broomj Ab.3 with white dorsal
tuft as on Ab.2, lateral Ltuft white, fanned out, but not very thick,
dorsolateral setae white, sparse and from orange tubercles! Ab.It

with yellow longitudinal streak between prolegs 3 to 6 and running

up to Ab.8, white spots present on Ab.5>-Ab.7, osmeteria on Ab.6 and Ab_."
orangei dorsal setae on Ab.8 light-brown and fairly erect, dorsolateral
setae fanned out, brown and from large orange verrucae, lateral setae
fine sparse, off-white and from medium sized orange tubercles! Ab.9 with

closely associated white spots antero-dorsally, brown setal tufts
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backward-directed end from orange verrucae present! prolegs light brown
with dark brown sderotized outer plates*
Chaetotaxvi Distribution of verrucae On sixth and eigth segments

follows the same pattern as in 0. mixta (Fig-5.-2b).

Qrgyia mixta (Srellen)
Earlier larvae* Head eapsde brcronj body black with pairs of white
spots and orange markings on posterior abdomind segments from
Ab.5-Ab.9J long forward-directed dark setae present on prothorax and
anterior abdomind segments) intermediate instar larvae with black
dorsd setd tufts on first two abdominal segments and off-white or m
grey setae on second two abdomind segrents! thoracic legs browj
osmeteria deep yellow or gold.
Last inetar larval Head eapsde dark browi! prothorax with group of
long black or grey setae on each side stirected forward at an angle of
about 1(5 degrees! first four abdomind segments each with pair of
dosely apposed dense yellow or cream tufts of setae! lateral setae
on Ab.2 dark, the remaining setae whitishj dark setae present dorsally
on Ab_8] integument pde green except for greyish yellow or black raid-
dorsd line posterior to dorsd tufts on Ab.1-Ab_Uj osmeteria gddj
thoraeie legs broHnj prolegs light brown.
Chaetotaxri  On sixth abdomind segment (Fig-5#2b) inner dorsd
verruca small and antero-ventral from osmeteriumj upper end of
outer dorsd verruca below osmeterium but lower portion in vertical

e
line with osmeteriunj supra-spiracular verruca like slender ellipse



below spiracle; first ventral verruca Immediately above proleg with
anterior end promoted very close to proleg.
On eighth abdominal segment inner dorsal verruca larger
than sixth segrent, antero-dorsd from, and closely apposed to large
outer dorsal verruca; supra-spiracular verruca horizontally arranged
above spiracle; infra-spiracular verruca with anterior half directly
below spiracle, and a third of its length slightly anterior to spiracle.
Descriptions of caterpillar are given by Smith (1965) and of the
adult by the same author as well as by Gollenette (955).

Argyroatagma niobe (Weymer)
Earlier larvat Head capsule brom; prothorax with light and dark
longitudinal stripes, dorsal setae short and light brom, dorso-lateral
tuft arising from orange lobes, lateral setae light brown, black spot
present just behind dorsolateral orange lobe; meso- and metathorax with
long dorsal setae from light tubercles, lateral setae forward directed,
from orange verrucae; Ab.1AAb_ 1T dark brown with dense tufts of dark
brown dorsal setae; Ab.5 with two conspicuous white patches dorsolaterally
starting from base of dark-brown dorsolateral setae; Ab.6 with same
but smaller white patches than on Ab.5; orange osmeteria present on
Ab.6 and Ab.7; prolegs with dark bands outwards.
last instar larval Head capsule reddish-brown with dark-brown fronsj
prothorax with pink or maroon sclerotized dorsal plate, dorsolateral setae

long, black and projecting forward at angle of about k$ degrees; meso-



and metathorax with transverse row of light brown setae from tubercles
with light blue rings, lateral setae with pink tinge and arising from
pinkish brown tubercles, posterior part of Th.2 with dark brown saddle
and cream stripes on either sidej Ab.1-Ab_U each with dense tufts of
brown dorsal setaej Ab.5 with crescentic transverse band dorsally
and just posterior to it another light blue one bearing setae,
dorsolateral pale brown setae from blue tubercles present} Ab.6 and
Ab.7 with pale yOllow osmeteria, dorsal setae d¥-gw ana-arising from blue-
tinged dark tubercles, dorsolateral setae from larger blue tubercles}
Ab.8 with conspicuous grey dorsal setae and arising from blue-tinged
dark tubercles, dorso-lateral tuft of setae from blue verrucae, dorso-
lateral setae also from blue tubercles, large orange markings between
dorsal and dorsolateral verrucae} intersegments! membrane between
Ab.8 and Ab.9 cream} prolegs with orange and dark brown colour pattem}
thoracic legs dark brown.
Chaetotaxyi  On sixth abdominal segment (Fig.5.2b) dorsal verruca
split into inner and outer dorsal verrucae, the latter sausage-like,
below and longer than inner dorsal vermicaj both supra and infra-
spiraeular verrucae sausage-shaped with about one third their length
antero-dorsal and antero-ventral from spiracle respectively} first
ventral verruca small, about one third thelength of infra-spiracular
verruca and postero-dorsal from proleg.

(o eighth abdominal segment outer dorsal verruca shorter and more
rounded than on Ab.6 and about same length as inner dorsal} similarly

infra-spiraoulLar reduced.



Descriptions of the caterpillar of this species also have been
given by Bullock & Smith (1968), Collenefcte & Carpenter (1933) and
Smith (1765), and those of the adult by the same authors.

ABCTXXDAB
Diacrisia auriaatlaca

Earlar inetar larva® Head capsule light brown) body covered with
light bronn and white setae; thoracic legs light brown) prolegs similarly
coloured.

last Instar larva* Head capsule orange or brown) prothorax deep
orange or broon with similarly coloured verrucae bearing black setae)
ibsso- and metathorax with black ad. white dorsal setae) body basically
orange with mid-dorsd whitjg sfrea=& running entero-postariorly from
Th.2 to Ab_9j setae frcm masothorax to Ab.10 arising frcm black tapped
orangee verrucae) prolegs on Ab.3 - Ab.6 pale yellow with broad dark
band en outer surface, Ab.10 prolegs generally black.

Qieetotaxsr*  Not studied.

Descriptions of the caterpillar and adult of this species have

also been given by Starth (1965).

GEQVETR3DAE
Neodeora sp.

Early and late instar larvae with similar odour pattermn, early
larvae much lighter in shade) head eapsde light pink with dark green

specks, cdour varying frcm dark green to brown with dark mettles)
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body Integument military green, also light brown occasional%j
Ab_2 with hiar® spot dorsally at anteMor margin of segment;£Ab.3 and
Ab.1* extended into stripe running posteriorly; abdomen generally with
small dark dorsolateral spot above each spiraclej thorax black ventrally,
but light-coloured streak present frcm behind metathoracic legs tip to
prolegs on Ab.6.
Chaetotaxy? On prothorax (Fig.5.1a) XD and dorsal setae present bn
prothoracic shield, D1 slightly towards XD1 and antero-dorsal from D2,
only XDa puncture discernible; SD1 anterior to and a little below upper
end of spiracle, SD2 absent; £1 antero-ventrai frcm spiracle, L2 absent;
Sv1 and SV2 on feintly staining sclerotized plate below L1, SV1 shorter
than STS; VI minute but prominent and immediately below coxa of
prothoraeic leg.

On sixth abdominal segment (Fig.5.1b) dorsal setae present, 02
being postero-ventral frcm @1, both setae frcm dark staining bases;
sm abovarand anterior to spiracle and more or less in line with upper
extremity of spiracle and also from dark staining disc; LI postero-
lateral from spiracle; L2 directly below spiracle; L3 slightly antero-
ventrai from L3; subventral and ventral setae on bases of prolegs.

On eighth abdominal segment dorsal setae as in sixth segrent;
1 more or less directly above spiracle, SD2 absent; LI postero-
lateral of spiracle, L2 antero**ventral of spiracle, L3 postero-ventral
of L2; SV1 in vertical line with minute but prominent VI.

Descriptions of the caterpillar and the adult are also given by

ALlbert (1951) and Smith (1965).
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m fiQionieoya diviaaria (Walker)

BEarljy 3w *> l«w»i  Head capsule brown vith lighter frcmsj body brown
and smooth with Fine setae; prothorax forming cellar behind head
capsule, anterior margin of segment white) meao- and metathorax brown!
Ab.1-Ab.5 brown with transverse white markings in form of rows of
clustered white spots on each segment! Ab.6-Ab.8 brown,with no such
transverse markings! Ab.9 with two white dots anteriorly separate from
each other, two other white dots at posterior margin have coalesced and
each Individual dot a little larger than each one of the anterior two!
Ab_10 with pink tingej thoracic legs bromj prolegs reddish brown.

Last instar larvai Head capsule cream with brown markings! body

light bromn, striped longitudinally with fine brown lines! protharax
with cream anterior margin bearing large dark brown patches on membeane
between head and prothorax and usually concealed when head retracted!
meao- and metathorax with fine Itagitudinal brown and cream stripes,
small dark-brown spots bearing setae present} ventrally thorax with
military green colourj thoracic legs reddish-brown with black patches!
Ab.1 with dark brown or black semi-triangular mark on either side of
mid-dorsal llnej laterally spiracle conspicuous with dark brown

area around itj Ab,5 with two nipple-like dark swellings dorsally
bearing fine setae! Ab.6 with prolegs, not present an Ab.3-Ab.£
prolegs reddish brom! Ab.8 with two short dark stripes from anterior
margin of segment to about midway its length, two dark brown nipple-like
swelling present dorsally bearing setagj Ab.9 and Ab.10 with uniform

cream colour and amall brown spots, Ab.10 prolegs maroconj ventrally



abdomen with light mid-ventral stredls: frcm Ab.2**Ab.5, broader and
brighter on Ab,5»
Ghaetotaxyg (e prothorax (Fig-5.1a) ZD aSd dorsal setae present at
anterior and posterior margins of prothoracic sclerotized plate, ZD
punctures not distinguishable! subdorsal setae anterior to and
adjacent to upper end of spiracle, 1 shorter than 2, immediately
anterior to spiracle and postero-dorsal frcm SD2; LI antero—dorsaij
from L2, both setae below and far anterior to spiracle and not
arising from sclerotized platesj 8vi shorter than and postero-ventraS.
from SV2, both above \coxa of prothoracic leg! ™ present below coxa.
(o sixth abdominal segment (Fig-5*1b) dorsal setae present
D2 postero-ventral frcm DI and orach shorter, both setae without sclerotized
basal discsj 1 antero-dorsal from spiracle# L2 directly below spiracle,
L3 antero-ventrai from L2 and spiracle, sub-ventral and ventral setae
present on preleg.
On eighth abdominal segment D2 Issuing from large round dark
staining basal disc, DI net clearly distinguishable! 1 long and
antero-dors™L from upper extremity of spiracle! L1 slightly posterior-
ventral from spiracle, L2 below spiracle, L3 far below spiracle and
antero—dorsal. from SV1; VI about half length of SBt.
Descriptions of the caterpillar of this species have also been
given by Allbert (1951) and Smith (1965) and those of the adult by
the same authors.



1HCRTHICIDAE

Tortrix dinota (Meyrick)

Both early and late instar larvae with similar colour patterns}
head capsule deep yellow or brom; body reddish brown throughout with
dark spots from which setae arise, two dorsal white lined and lateral
ones present fro® Th.2 to Ab.9; prothorax with cdourlOss dorsal
plate) Ab.10 with smaller but similarly sderotized dorsd plate
bearing fine silvery setae; thoracic legs dark brown or black;
prolegs light brown or colourless in some oases*

Chaetotaxvi  On prothorax (Fig-5.1a) XD and dorsd setae very ldog?
XD2 longer than XD1 and 02 much longer than 01, XOa and 2Dc present,
H)b not distinguishable, 02 more or less in horizontd line with 201,
01 far superior to both X01 and 02; aub-dorsd setae situated on
protherade plate, D1 slightly shorter than SB2 and antero-dorsal
from spirade; three lateral setae present! W, £2, 13 more or less
horizontally in line with each other and on same sderotized plate adjoin-
ing dorsd shield, El longest seta and situated between L2 and 13, all
entero-ventral from spirade with £3 nearest to spirade; STl postero-
dorsafl. frem and Sorter than SV2, both setae from same sderotized
plate above eoxa of prothoracic leg; VI present bdow oxca.

Qa sixth abdomind segment (Fig.-5.1b) dorsd setae long and
partially in horizontd line with each other, D2 being very slightly
poster(ventral from D1; 01 very long about twice length of SD2,
directly above spiracle, SD2 an same sderotized dark staining plate
as 12, antero-ventral frcm spirade andabove and slightly anterior to

L2, arising frcm sderotized plate™.S In vertlcd line with D2 far above
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and postero-ventrai from L2] subventral setae closely arranged on
base of prolegj VI present also on proleg.

Qn eighth segment D2 postero-ventrai from and shorter
than Si; D1 long anterior to and more or less in line with upper
extremity of spiraclej £t and L2 close together below spiracle, Ll
postero-ventrai from spiracle, L3 lower down and posterior to Llj
SVl and SV2 present, SVI a little longer than SV2 and postero-dorsal
from SV2j Vi and anterO-ventral front SVl =

Descriptions of the caterpillar of this species and adult have* also

been given by Alibert (1951) and Smith (1965).

Archipa occidentalis (Walker)

Early and late instar larvae with same colour pattem; head
capsule black; body light green with minute black spots on thorax and
abdomen, but relatively few on abdomen; prothorax black, meso- and
metathorax light green; thoracic legs black; prolegs pale green.
Ghaetotaxyt Hot fully studied, but on same basic plan as in T. dinota
but sette shorter, 1 on eighth abdominal segment a little farther
anterior to upper end of spiracle than on the same segment in T. dinota.

The of this the adult have also been

described by Stalth (1965),
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SENTCMIDAE
Euchromla lethe (F.)

Early instar i«nra» lead capsule orange or light brom; body deep
yellow to orange) prothorax with short sparse dark grey setae; meso*
and metathorax with daw aflong, blade dorsal setae mixed with the
short ones) thoracic legs light brom) ventrally thorax greenish)
dorsal setal tufts on Ab.1 to Ab.10 uniformly black but may be
intermingled with few white setae) dorsolateral setae in same kind of
tufts as dorsal setae) prelegs an Ab_3-Ab.6 and Ab.10 orange) osmeteria
absent™

fast instar larra* Head capsule) deep yellow to orange) body light orange
or yellow) prothorax about same colour as head capsule* dorsal setae
grey, but short and inconspicuous) meso* and metathorax with black and
anteriorly projected dorsal setae) thoracic legs orange or light bmm)
Ab.1 with dorsal and dorso-lateral Setae in thick black tufts
intermingled with yellow setae; Ab.2 to Ab.7 with dorsal setae bright
yellow with very few black ones here and there, dorsolateral setae
black; Ab.8*Ab.10 with sparsely distributed black setae) ventrum of
thorax orange, of abdomen greenish; prolegs orange.

Description of caterpillar and adult of this species is also

given by Allbert (1951).

5.2* Keys for the identification of the larvae
The characters used in the identification keys that follow are
mainly those of last instar larvae, but separate keys have been

prepared to facilitate identification of some early instar larvae of
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hairy caterpillars where thes® have a different appearance from final
instar larvae* For clarity the identification key for hairy caterpillars

has been prepared separately from that of uphairy larvae™

5%2.1* ldentification key for uahairr last instar larvae
1e Larva green with conspicuous black spots, prolegs
present on third, fourth, fifth, sixth and tenth abdominal
SEgmeNtS L ieeaaaaaan
e Larva pale green, not with apotsj prolegs present only
an fifth, sixth and tenth abdominal segments 3
2* Mediodorsal white line and two dorsolateral yellow
and white lines presentj large cream patches present
dorsally on eighth abdominal segment h
Mediodorsal white line absent, but two broad dorso-
lateral white lines present; eighth abdominal segment
without any patches ......ocoiioiii i 5
3. Oblique white markings present dorsolaterallyi setae
short, 8ffl on eighth abdominal segment directly above
spiracle ... ... . ... ... ...... glusia chalcites (Es.)

- Not with above features .. .............
I;. Seta SRI on eighth abdominal segment anterior and slightly

above upper extremity of spiracle ... Anemia leona (Schaus)
e Seta $B1 on eighth abdominal segment vertically above
spiracle .. .. ... ... ....
5. Seta L3 always present in addition to L2 and L3 on
prothorax - dinota (Meyriok)
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If 13 present on prothorax, then head capsule, prothoracic
dorsal plate and thoracic legs always black...... .

..... -....Archlps occidentalis (Walsingham)
Body always grey to black with conspicuous orange prothoracic
(0] =1 o ; 8
Body always light brown with areas of darker shadesj
prothoracic plate not as above .. ... . _..._._..... .9
Larva with dark brown sderotized dorsal plates on

prothorax and on tenth abdominal segment] usually tunnels

in pod pericarp or may eat Flushes binding them together

with silk .. ___._. Characomastletieraota(Hampson)

Not with above characters  __._.. 10
Light grey streaks present from first to seventh abdominal
segrents! setae on all segments whitej setiferous nipples
on eighth abdominal segment always bright yellow, those
an ninth abdominal segment alwayswhite — ____.
______ * L. Spodoptera littoralis (Boisduval)
Not as above ..... n
Prothoracic plate always collar-like with whitish anterior
rimj body spindle-shaped and with fleshy projections on
all segments, each process with fine seta at apexj 1 on
eighth abdominal segment not frcm such process. . - -. .
.............................. Earlas blolaga (Walker)

Not with abovecharacters 12
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10. Body military greenj second, third and fourth abdominal

segments always with dark rectangular spots dorsally,
dark spot on fourth segment extended into stripe;
prolegs present on sixth and tenth abdominal segments...

..... Neoeleora sp,
*  Body brom, with dark lateral longitudinal stripe oh

thorax; second, third and fourth abdominal segments

not with dark spots; fifth abdominal segment with

small setiferous nipples dorsally; prolegs present an

sixth and tenth abdominal segments ... .Colocleora diviaaria (Walker)*
11. Body with various shades of brown, light brown areas

always giving saddle-like impression dorsally. .. __.__._. _.... 13

IT body light broan, then broad white streak present

dorsally from second to sixth abdominal segment............ 12
12. Setae on all segments dubbed and particularly well

developed on thoraoic and posterior abdominal segments .....

.- Selepa leucoerapta (Hampson)

Hot as above o L...... 13

13. Body tapering posteriorly; dark browmn setiferous nipples

present dorsally on eighth abdominal segment . .._._..._.._._...
..... liophocrama phoenloochlora (Hampson)

Early instar larvae of 0. divisarla are dark brown with conspicuous
white transverse markings consisting of rows of white spots.
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5.2.21 Identification key for hairy last Instar larvae
1. Prothoracic lobes present! dorsal setae on prothorax grey ....2
- Prothoracic lobes absent! dorsal setae on prothorax black ....3
2. Dorsal setae an meso- and metathorax whit. on First and®
second abdominal segments black. ... .. ._._._..._.. k
IT dorsal setae cm meso- and metathorax white then additional
small white setae present as tidy spots at their bases)
dorsal setae on first and second abdominal segments dark
brown._._.___..___... 5
3. £11 body setae black, but may be mixed with white setae on
meso- and metathorax, and with yellow setae on first and
second abdominal segments) osmeteria absent ................
................... Diacrisia auriantiaca (Hampson)
2f osmeteria absent and setae m meso- and metathorax, and
an first and second abdominal segments bvMcfe, thfeh dorsal
setae on third to seventh abdominal segments bright yellow
..................... Buchromia lethe (F
- Conspicuous pair of lateral orange streaks always present
on third to seventh abdominal segments) lateral setae an

all segrents whitej osmeteria orange ——- -

................ Euproctis xanthomelana (Holland#

- Hot with above characters =  ........ .6



Dorsal setae on third to seventh abdominal segments sparse

and surrounding short dark brown tuftsj osmeteria light brown
and inconspicuous »««. .*._eee» Eupoctis melanopholis (Hampson)
Not with above features ... ... .. oiiioi e ciiiicaaaaannn 7
Dorsal setae on first to fourth abdominal segments brown)

blue, white and orange markings present above eupra-apiracular
verruca on all segments; meso- and metathorax with black dorsal

setagj osmeteria pale yellow...*.... Areyroatagma niobe (Weymer)

IT osmeteria orangey then lateral setae on First abdominal
segment white and on second abdominal segment black)

prothorax with white dorsal setae.... Qrgyia basalts (Walker)

Dorsal setae on First to fourth abdominal segments bright

yellow) prothoracic dorsolateral setae long and black)

EMIM frgiaifist. <MIn»O
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5.2.3* Identification key for hairy early Instar larvae
1« Dorsal setae on first and second Abdaminal, segments black,
on third and fourth segments grey

*_o....2

3f dorsal setae on first and second abdominal segments

black, "then dorsal setae on third and fourth segrentedwMte. .. .3

2. Fifth abdominal segrent with saddle-like yellow dorsal
markingj osmeterla orange.......... -Qrgyia basalls (Walker)
Not as above L e - i
3.

White and orange spots present on fifth to ninth abdominal

segrents} osmeterla yellow. Qrgyla mixta (Srellen)
Not with above features

................... 5
A. Dorsal setal tufts on first to fourth abdominal segments dark
brown; fifth and sixth segments with two large white patches
dorsolaterally. ... ... .__.._.__.. Argyrostaema niobe (Weymer)
Not with above characters...... —- e .6
5. Body covered with mixture of light brown and white setae; setae
not in distinct tufts; medlodorsal line feintly distinguishable;
osmeterla atttent o Diacrisia auriantiaca (Hampson)
IT osmeterla absent, then body setae not as above........... ,---6
6.

Body setae uniformly black and In thick distinct tufts;
medlodorsal line absent., ... ... ....... Euchrcmlalethe(P)



Chapter 6 Biological observations*
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6. BIOLOGICAL OBSERVATIONS

Feeding is discussed in the next chapter, iIn relation to
damage.
6.11 Ovipoaition and larval period
Methodsi Chupon tips, axillary buds, flush leaves and chupon stems
were inspected for eggs of Ij-Lepidoptera. It was seldom that unhatched
eggs were discovered in the field, let alone a female moth encountered
ovipositing. If found, unhatched eggs were brought back to the
laboratory to see whether they would hatch. Larvae hatching out of
these eggs were ensleeved singly onto separate cocoa seedlings and
checked for their activities.
Results! In October eggs of Earlas binlaaa were found at Tafo an
the green part of a chupon stem not very far below the growing tip.
The eggs were in small groups of two, three and four, and the total
number counted on the one seedling was twelve. Out of these, nine
hatched out successfully on the very day that they were brought back
from the field. The remaining three did not hatch even after having
been kept for over a week in the laboratory although there were no
signs of parasitism. Each egg is spherical but rather slightly
Flattened where it is cemented to the substratum. It is deep yellow
in colour and has a number of longitudinal ridges. The average diameter
of twelve eggs was O.ljIym, with a range of Olj1 - O.U6in. The egg
groups were very scantily covered with pale yellow Scales probably from

the terminal abdominal segments of the female moth.



The newly hatched larvae were light brown generally, but
had darker areas on the integurent* Five of these first instar
larvae were placed on small flush leaves near the tip of five separate
seedlings. The other four were kept in marmalade jars wherein flush
leaves had been placed* (athe following day it was observed that
three of the larvae placed on flushes near the chupon tips had
migrated to the terminal buds of the respective seedlings where they
had partially bored into them. The other two had remained on the
flush leaves on which they had been left the previous day and there
were no signs either that the leaves on which they were had been eaten.
The larvae in marmalade jars did not feed oh the leaves provided.
After another day the two larvae on the flush leaves had not moved to
the tip of the chupon still. At first it was thought that they were
about to moult, but later in the day the two were found curled up
and motionless at the lower part of the muslin, looking sick and
apparently dying. Similarly caterpillars in the jars did not eat
any part of the leaves provided and had also dropped to the bottaa of
the jars* When transferred to terminal buds they did not take to them
because, although they still showed same signs of life, they were already
very weak and unable to start eating. It seems as if early instar
larvae of EariaB prefer buds to flush leaves which they may attack only
after having First bored into and eaten part of the buds, particularly
terminal buds. The three surviving Earias caterpillars had bored down

to about a centimetre and half into the tip of the chupons. Further,
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In their burrows were found cast head~capau3.es and frass pellets,
which showed that moulting and excretion took place inside the burrows.
Cast skins were not found inside the burrows but near the entry

point, which would suggest that the head capsule is shed a little
later an. Head width measurements, in millimetres, of the newly
hatched larvae as well as of subsequent stages were recorded™

Table 6.1 shows the head widths of the three surviving Barias larvae
together with the means; the Roman numerals represent the various
instars, and the capital letters represent the three larvae.

Bran these measurements it can be concluded that Barias biplaga
has five larval instars. The average pupal period was 13 days, with
a range of 11-15 days.

With regard to Anomie leona. Spodoptera littoralis. Euproctis
xanthcmelana. E. melaaophdls and Argyrostagma niobe m eggs were
found in the field, only empty egg-shells from which larvae had
already emerged. It was possible to conclude in each case that the
egg-shells were of the species Afi question because the newly emerged
eatezplllars were frequently found on the same chupons as the shells.
It was, however, difficult to come to a definite conclusion if on the
sane chupan there was more than one species of newly hatched caterpillars.
From the positions in which the various empty husks were found on the
seedlings, it would appear that Anomie leona females oviposit on the
under surfaee of green tender leaves.”Spodoptera llttoralls on the under ,

surface of expanded flush leaves and the three lynantriids al the stem

and on the upper surface of hardened leaves.
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Table 6.1

Head capsule widths, in millimetres, of various instar larvae

of thyeft TfatHes Malaga caterpillars reared on terminal buds

and Flush leaves of cocoa seedlings at Legon.

2hstar larva

Mean width

0.18

0.24

0.19

0,1?

0.31

0.29

0.3U

0.31

0.52

0.159

0.57

0.53

1.09

1.11

1.01*

1.38

1.32

1.u1

1.37



There were two instances when adult female moths were seen
laying eggs} these were with newly emerged E. melanopholis and
A* niobe females in the laboratory* B» melanopholla laid on the wall
of the emergence oage several batches of yellowish white eggs that
were thickly covered with light brown Seales. The eggs of A* niobe
are similarly coloured and are covered with brown scales. The eggs
did not hatch into larvae probably because they had not been fertilized.

In February a larval case of the psychid, Eumeta rougeotl was
brought from the field and opened to find out whether the larva
inside was alive or not. A large legless, wingless and larviform
adult female of this species dropped out* It was motionless and
apparently dead, and was preserved in alcohol. In the case there was
in addition a barrel-like reddish-brown pupal exwium from which the
adult female moth had emerged* One end of the exuvium tapered to a
point 83 the other was open with yellow FluiS showing out. The tiny
larvae with greyish-brown bodies and black head-capsules and thoraeic
tergites started carairg out of the exuviur®* They were active and
moved about briskly with their abdomens tipped at about 90 degrees to
the horizontal* AS they moved along these early instar larvae laid
a network of silk threads on their way. For instance, in one
petri-diah in which seme of them had been kept so much silk was laid
that the two halves of the dish were held together.

To find out what materials were used iIn the construction of
eases, sane of the newly-hatched larvae were plaoed on séedlings

kept outside, some on indoor seedlings and others in petri-dishes
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containing «««e» soil particles and wood shavings and large pieces
of filter paper. It was scon noticed that the larvae placed on
seedlings had constructed small, silk oases in which small shavings
from the chupon steirns, pieces of twigs and leaves were incorporated®
Similarly also the larvae placed in petri dishes with soil particles
and other debris”constructed cases with some of these substances
added to the outer fabric. Not many of those placed on filter paper
built cases, but those that did, however, used paper fibres for the
purpose* At a later stage short pieces of sticks, arranged longitudinally
Were added. The process by which the sticks are obtained and
incorporated in the case has been described by Entwistle (1963). As
late as July some of these larvae could still be found on the cocoa
seedlings onto which they had been distributed in February, which

shows that psyehlds have a long larval cycle*

6.2* Moulting

It has been observed that before moulting starts caterpillars
always stop feeding and remain motionless at one spot on the leaf
or rest, in the case of laboratory reared larvae, on the wall, lid
or base of the rearing cage. If disturbed, however, the larvae may
either move away to another part of the loaf or cage, or remain where
they are and simply curve the disturbed part slightly away from the
disturbing agent, such as in lymantriids. lke geometrids retain
their stick-Uke stance™ Anomis leona usually wriggles off the leaf,
while Tortrix dlnota and Chiaracama stictlarapta retreat deeper into

their leafy &airs. In three noctuid caterpillars that were observed



namely A»ami« leona, flharacama stlotigrapta and Spodoptera llttoralls
and also in the georeetrlids, Heocleora and Colodeora as well as iIn
the tortrleid, Trmtrix Hinota. moulting took place in the following
mannerj the larvae became gradually enlarged and remain so until
the old skin is split all around the neck, that Is, between the head
and the prothorax. The larva gradually withdraws frcm this old
cuticle by steady, continuous rhythmic movements of the body, such
that the eld skin passes te the posterior end of the body. Once the
thoracic legs have been withdrawn the larva begins to crawl out of
its cast skin which remains attached to the substratum. The freshly
moulted caterpillar is smooth and remains motionless at one spot
some distance from the grey cast-skin which later shrivels into a
shapeless lump, or rmains flattened out on the surfacel of a leaf.
The head capsule is not shed at the same time as the body cuticle,
but remains attached for about a day; Usually, before the onset

of moulting the new head capsule is seen to be partially withdrawn
from the one to be cast such that its new ocelli are exposed just
behind the occipital margin of the head capsule about to be shed.
The mouth parts of the next head capsule can be seen through the
translucent old one. When a greater part of the new head capsule
has been exposed the larva then drops the Old one by vigorously
shaking its head and thorax together from side to side. A few
minutes after, feeding begins.



In the psychids moulting takes place by a midventral split
of the old cutiele. All this takes place within the larval case
which is first securely attached™to a hardened leaf* The freshly
moulted larva withdraws from the cast skin which eventually is pushed
to the outside in small fragments through the lower hole of the larval
case* Pieces of east skin can often he seen dangling from the lower
end of the ease. The freshjy moulted caterpillar is off-white or
cream in colour with a few dark markings on the head capsule and
thoracic ifoergitec. Darkening of the body to the natural d ark brown
shade of the sclerotized parts generally takes a little over six
hours.

In E. xanthamelana. E. melanopholis and other lymantriids that
were observed, moulting takes place by a mid-dorsal longitudinal
split of the cuticle to be cast* The split starts from the region
of the metathorax and ends on the second abdominal segment* Before
moulting, however, the caterpillar loses a large amount of its hairs
and becomes shaggy as a result of seme of the hairs remaining loosely
attached to the body* The various coloured markings of the cuticle
stand out more prominently. The open dorsal slit enables the moulting
larva to push its anterior abdominal segments out of the old skin.
Gradually, the thorax and the head capsule are polled out by ihe larva
making heaving and other rhythmic movements* The posterior parts are
withdrawn next as the larva slowly crawls forward thus pulling itself
free from the cast skin that remains attached to the substratum by the

prolegs. In contrast to the position in noctuids, the head capsule iIn
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lymantriids Is csmpletely withdrawn at t&isame time as the rest of
the body is pulled out of the bid cuticle. In some lymantriids,

such as -Argyrost™fg"”” niobe for instance* the subsequent instar larvae
may be differently coloured from the preceding ones. The moulting
process in the eyntamid, Euehromia lethe takes place In the same wap

as iIn the lymantriids.

6.31 Pupation

When Anami3 leona is ready for pupation, feeding stops. The
body segments begin to thicken and become more markedly distinguishable
frcm each other. The green colour of the body darkens and the
thoracic segments in particular take on an additional pink coloured
hue. The head capsule becomes deep pink or light orange on the
vertex, and this same pink tinge occurs also between the segrents.
The large creany white spots on the dorsolateral aspect of the
eighth abdominal segment lose their brightness, gradually become
dull and unnoticeable. Slime is produced profusely all over the
body of the larva and silk is spun, with the result that thoracic
legs and prolegs become held together mid-ventrally in the silk
strands. Silk spinning is done with the aid of the spinneret, a
modified labium, which is iIn turn assisted by the labial palps on
either side. The silk serves to secure the larva against the
substratum on which the pupal cocoon will be constructed. At this
stage the larva is very sensitive to touch} it twitches violently
on being prodded, so much so that at times it extricates itself from

the binding silk though not completely. It moves about unsteadily



123"

because the prolegs to a great extent retain much of the entangling
strands of silk; After seme time the larva settles again and the
preliminaries of cocoon-making are resumed.

The cocoon may be made from silk alone, iIn which case it is
merely a makeshift see-through structure of loosely interwoven silken
threads occasionally mingled with pieces of frass. Pupae found on
eoGoa trees are almost always attached to leaf blades in this way.
When the larva pupates in the ground the cocoon is made from silk-bound
soil and dust particles, tiny twigs, rotten leaves and seme such
debris, and it looks very coarse. In the laboratory pieces of paper,
wood-shavings and sawdust, and green leaf fragments from the feeding
leaves provided can also be neatly held together and lined with silk
to construct a coooon. In both these types of coeoons the anterior
ends are thinly woven with silk and often exhibit a hole through
which the adult would emerge. Specimens plating in tubes on the way
back frcm the field usually make thin silken partitions above themselves
such that the space encompassed by the septum and the''base of the tube
served as a pupation chamber. T/Jere pupation occurs between two
leaves, these are drawn together and held with silk such that the
resulting enclosure is used for pupation with no further laying down
of a silken fabric. Some Mcmis larvae may pupate in the rolled leaf
shelters of Tortrix dinota and Characoma stictlgrapta. Ga two
occasions some pupae of Anemia were found attached to the fairly large

pieces of eocoa leaf fixed on to the cases of psychid caterpillars.
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At Kade several Anemia larvae were found preparing to pupate in the
velvety and cushion-like mosses at the base of cocoa trees and also
occasionally on stems.

The pupa is not formed until about a day after the completion
of the coeocon. When it is ultimately fully fomed the larval skin
splits along the mid-dorsal line including the vertical suture of
the head capsule. The newly formed green-coloured, soft pupa
gradually emerges as the larval skin is slowly passed backwards by
rhythmic abdominal movements of the pupa. At the posterior end,
where 1t remains loosely fixed to the tip or cremastral spines of the
abdomen of the pupa, the cast larval skin shrivels and dries up
into an amorphous husk. The process of pupal emergence from the
larval body was observed to take between 9 and 13 minutes in Anomis.

edarkening of the newly emerged pupa sets in a few minutes afterwards
and takes up to about four to six hours, at the end of which the
pupa is eilther dark or reddish-bromn. When clamped between tweezers,
the pgpa twirls the abdomen incessantly round and round.

Moths of Anomis were observed during emergence from the pupa.
Before emergence of the adult the pupa becomes a little more active
than usual, twirling and rotating the abdomen fairly continuously.

At emergence the pggal case splits across the head end or occiput and
also an either side of the eye and antennal encasement such that the
plate covering these origans sags making emergence easy. The cremastral
spines retain the pupal case in the cocoon as the moth pulls itself

outo In instances where pupal cases were not attached to Gocoons by
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terminal spines, moths were still able to emerge unhindered by pupal
eases dragging behind then* The emerging Anomie moths are almost
invariably active, but pause for a few minutes to get their wings
stretched and hardened before beginning to flutter about in the
emergence cages* All newly emerged moths were seen to excrete a
light brown liquid a short distance from the pupal cases.

Characcma stictrierapta. Lophocrama phoenleoclora and Earlas
biplaga constructed tough ~Lt-like cocoons from silk strands only,
rarely including other materials* Their cocoons are always cemented
to some part or other of the cocoa tree. The cocoon of Characcma
closely resembles that of Earias in shape. TEecocoon of the latter
caterpillar is shaped like an inverted boat and is of a disrty-white
or pale brotm colour, and that of Characcma is bright off-white and
straw-coloured, blunt anteriorly and rather rounded and semi-conical
generally. The cocoon of Lophocrama is partially domed anteriorly and
gradually tapers to a point posteriorly. It is shaped more or less
like the larva itself. It is a dull off-white colour like that of Earias.
Freshly woven cocoons of all the three species are greyish, and take
up their respective shades of colour as they gradually dry 19*

Charaeoma cocoons have been found on cocoa stems, pods, pod

pMuncle* ~  inside tunnels made by the larva in the pod pericarp.
Occasionally some cocoons were found under the blotched epiderm of
Marmara infested pods. Lophocrama fixed its cocoons mainly on cocoa
stems but also on petioles of mature leaves, rarely on flush leaves.

Insleeved Lophocrama larvae pupated on the fabric of the muslin sleeve.
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Earlas* cocoons were found on sterma, petioles, branches and at times
also on hardened leaves. At the anterior end of the cocoons of the
three species Is a vertical slit with the apposed lips loosely sealed
with silk so that the emerging adult can easily pass through it to
the outside. The texture of the cocoon of Selepa leucograpta is the
same as in that of the above species except that in Seleroa faecal
pellets and also its clubbed setae may be incorporated into the
silken mesh. Furthermore It is differently shaped, resembling a
light brown Fimpet.

The lymantriids, E. xanthomelana. E. melanopholis. A. nlobe.
0. basalls and others, including also the syntomid Euchromla lethe
and the arctiid, Diacrisia auriantiaca. make their cocoons by plucking
most of their hairs which are then included in the wall of the cocoon.
Ihe hairs are held together with silk. That part of the cocoon through
which the adult will emerge is less thickly interlaced with silk and
hairs than the other parts of the eoeoon.

The average pupal periods of the species discussed appear In
Table 6.2.

6.1ts Protective mechanisms

The green colour of such caterpillars as Anomls leona. Plusia
chalcites and Seooleora makes it difficult at times to spot these
larvae on the green leaves on which they usually rest when not
Teeding on Flush. They become ve*y conspicuous, however™on flush leaves.
It has often been observed that early larval stages of Anomls seem to

take up the colour of the leaves that they eat, thus becoming fairly



Table 6.2

Average pupal periods and range of duration of the pupal stages of some laboratory-reared
Lepidopteras (in days)-
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Pupal period
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blended with the leaf. This may possibly be due to the fact that the
gut which is Filled with pieces at flush, stands out boldly through the
semi—transparent cuticle. It has been observed also that larvae of
Characamn appear pink when feeding on flush leaves or burrowing in pods,
but greenish when eating green tender leaves* Earias and Lophocrama
have certain parts of their bodies darker than others, and this may
serve to break % the body outline of these caterpillars so that seme
parts of their bodies fade into the background thus making it difficult
to spot them readily. There was, however™no instance when it was
difficult to locate these caterpillars on flush leaves. The notodantid,
Grapfaidura 9, has a large reddish-brown saddle-like patch extending
from the First abdcminal segment to the eighth. The rest of the

body including the head capsule is pale green. This caterpillar,

which feeds on senescent leaves with parts of the lamina dried up,
bromish and curled, can easily pass unnoticed because the dry parts

of the leaf blade blend well with the reddish brown saddle of the
caterpillar, while the pale green body matches with the greyish-green
undried area of the leaf. There are two bright yellow eyespots immediately
behind two dorsal reddish brown horns on the eighth segrent. When
disturbed the posterior part arohes sharply revealing these eyespots,
the thorax is raised and the head is cocked inwards against the
prothorade legs. If the -caterpillar is held by tweezers it
violently swings its head round towards tHestweezers, biting them
repeatedly with its powerful mandibles. Ancmis. Charaeoma and several

other caterpillars behave this way also when pinched foy tweezers.
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The lymantrilds, R. ximthomalana., 0. baaalls. A. niobe and
others, possess osmeteria, one each cm the sixth and seventh
abdominal segments. These are repugléatorial glands. They are small
everaible fleshy structures, often conspicuously coloured (Smith, 1965)
and contain an oily substance that glistens when light falls an it.

Zt has, however, net been observed that these osmeteria are used by
the above caterpillars in protection as is said to be the case iIn

seme caterpillars of papilionid butterflies (ir&iglesaGrth, 1966). The
Limacodids, which are generally very brightly coloured, have
urticating hairs which produce chemical substances that cause intense
itching and inflammation of the pricked or scratched area of the skin.

Neocleora. Colodeora and to a certain extent also Plusia
chalcites can be mistaken for dry twigs or petioles and passed over
because they are capable or remaining motionless and as straight as
twigs. The thoracic legs are folded under the thorax, and the head
la partially withdrawn into the prothoracic collar. When disturbed
they either drop off the leaf and dangle in the air on their silk
threads er aemain where they are without moving. [If held, however, the®
wriggle and writhe by way of trying to free themselves.

Anemia. Characana. Selepa. Diacrisia and TortrlIx react to
mechanical stimulation, which may be ah additional protective
endowment* 1t Anomie is lightly prodded with a pin dr bristle it
reaots by first curving the affected part of the body away from the
disturbing agent. If prodding is continued it quickly drops from

the leaf and continues to writhe and twist for same time on the ground.
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Characomn and Tortrlx quickly retreat Into their leaf ishelters.

Selepa and Dlacrl irWpkip and twist about for some tine until they are
"satisfied* that ihe disturbance has ceased* Spodoptera. Heocleora.
Colocleora and seme lymantrlids are generally unmoved by prinking,

but if squeezed they writhe vigorously* It was observed in Cassia

and others that the reaction to prodding was evoked more readily from
areas immediately around the long tactile hairs than from those between

the hairs*

6.5* Hvrmeeophilous caterpillars

WhOn old pods left hanging on trees or fallen to the ground
were caacked open a large number of green dorso-ventrally flattened
lycaenid caterpillars tended by the ant Crematoaaster striatula were
found. The lycaenids either clustered on the inner wall of the pod or
inside beans whose endosperm had aleeady been eaten away* Though the
general odour of the larvae is green, there are some rfiich are light
green and others which are cream, especially those that are about to
pupate, tfiose segments are also much thickened. The head capsule is
dark brown and is concealed by a large prothoracic collar. The sides
are broad and flattened with the result that thoracic legs and
abdominal prolegs are hidden from view. There are numerous light-brown,
short, clubbed setae m all segments except for the sclerotized
prothoracic dorsal plate. It appears as if the Crematogaster associated
with these caterpillars derive something that probably exudes from the
setae. In some bean husks larvae and pupae of C. striatula were found

together with the lycaenids. In another pod there were several light
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brown lycaenid pupae In addition to the caterpillars. The pupae have
deep purple wing buds and dark brown thoracic tergltes. Adults have
purple wings with white eye-spots along the inner margin as well as
small tails at the tormus. Some lycaenlds, e.g. Bieda esmeralda.
are also associated with Macroralschoides aculeatua (Aryeetey, 1971).
Several lycaenid pupae were frequently found in the nests Of this

ant.

6.61 Parasitism

Methods!l Parasitized caterpillars were scored and then brought back
to the laboratory for rearing the parasites to the adult stage. Sickly
larvae were dissected to see whether they had internal parasites.

Some of the emerging adult parasites were carded and others preserved
In 70$ alcohol together with the dried up carcasses of their hosts.
Results: Anomis. Charaeoma. Euproctis xanthomelana. Argyroataama
nlobe. Bumeta rougeotl and several others (Table 6.3) were frequently
found parasitized by braconids, ohalcidids and ichneumonida in the
field. Charaecoma is also parasitized by a tachinid. 3h Table 6.3 it
can be seen that Anomis was the most frequently parasitized caterpillar
followed by Characcma. Eumeta. E. xanthomelana and Spodoptera. Further,
it can be noted that parasitism in relation to the total population of
Lepldgptera at Aburi (Table 3*5) was low, averaging about 7.$%, From
Fig.6.1 it woulld seem that there was no dear-out single peaking period
in parasitism, the numbers of parasitized larvae being generally high

between weeks S2It (late October - early March), that is, the period
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from, the short wet sunny season through the dry sunny up to the
early part of -the long wet sunny season. During this period the
numbers of caterpillars were gradually increasing on flushes and more
of their individuals were at the same time being affected by
parasitese The dry conditions in the December-February period did
not seem to have any effect an the parasites, although it could be
argued that the sporadic rains that fell at that time probably
lessened the severity of the drought (Table 3.12). The results seem
to show that there is a close correlation between the incidence of

parasitism and availability of lepidopterous hosts.

6.71 Predation

Hot many caterpillars were found predated upcm in the Ffield.
CGa one occasion two Oeconhrlla ants were seen pulling an intermediate
instar larva of Anemia. one ant at the anterior end and another at
the posterior much as iIn a tug-of-war. The larva which had not yet
been killed was continually twitching, but was apparently unable to
free itself £rm the ants® grip. When examined later under a
dissecting microscope, It was observed that some haemolyngah was oozing ou*
of the wounds made by the ants®™ mandibles and part of it had formed a
dark elot around the wounds. On that same branch one Oecophsila was
seen carrying an early instar larva of Anomis towards a nest at the
end of the low-hanging branch. Five Oecophylla nests were collected
in plastic bags, treated with chloroform to Mil the ants and then
opened to see Aether there were any caterpillar remains in them.

two nests parts of cuticle very closely like that of Anomis were
found. There were no remains of hairy caterpillars. On one occasion



several Oecoghjrila were seen carrying a dead acraeid caterpillar up a
tree trunk. Phatdafft attacked Colocleora, Argyroatagma and Rhodogastrila
caterpillars that had been placed in sleeves on cocoa seedlings at
Legon. These caterpillars were attacked after Pheidole workers had
managed to make their way through the netting* Occasionally, these
ants would attack the caterpillars from outside the muslin sleeve,
that is, when the caterpillars were resting on the fabric rather than
on the enclosed leaf* In this case the larva would be tom and pulled
bit by bit through tie netting until only those parts which could not
be forced through the "‘eyes™ of the muslin bag, such as head capsules,
woulld be left behind. In faot, Pheidole was responsible for the high
predation of eneleeved larvae. When ostico was smeared on the stems
of the seedlings no mere Pheidole could reach the sleeves. Although
reduviid bugs will feed on chopped up caterpillars in the laboratory
(Louis, 1971), these bugs were never found feeding on lepidopterous

caterpillars in the field.
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Chapter 7* Lepidopteran damage to cocoa.
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7, LEPIDQPTEKAN DAMAGE TO COCQA.

7.1> Mode and patterns of feeding
Methodst To study patterns of feeding damage of the various species
leaves which had been eaten were pressed between newspaper pages and
left until dry. Diagrams of characteristic feeding patterns of
each caterpillar were subsequently traced on translucent paper. It
should be noted that the feeding patterns of some species are very
similar so that it is difficult to distinguish them unless the
caterpillar is actually present on the leaf at the time of inspection.
Results« Anomls leona takes several positions while feeding on
cocoa leaves* The early instar larvae sit flush on the leaf on which
they are feeding and make small holes in a random fashion on the
lamina. Oharaeoma. Earias and SpodoPtera larvae feed™ , in a similar
way during their very early stages and so also do some eumalpid
beetles. Later instar larvae of Anomis usually expand the small holes
made earlier by eating away more tissue, and when doing this they
adapt themselves to the curvature of the partially circular hole.
Altematively, they may migrate to other yet uneaten leaves, position
themselves on the margin of the leaf blade and start feeding. Anomis.
Neocleora. E. xanthomelana and other caterpillars are fast feeders,
eating out large areas of tissue in a short space of time.

In most caterpillars that were observed, continuous feeding at
one point was rare. After having eaten a small area the.caterpillar

moves on to another part of the leaf. Parts that have already been



130

eaten out are rarely eaten again. Before eating, larvae first explore
the surface of the leaf with their antennae, keeping their mouth parts
very close to the leaf surface or edge. Caterpillars such as Anomis.*"
Beocleora and seme lymantriids rest for a few minutes between meals

or may move on to Other leaves to resume feeding*® The tortricids
including Charaeoma feed on the rolled leaves in which they hide.
Occasionally they vacate exhausted leaves and start binding new leaves
together before feeding is resumed.

Anemia usually eats off apices Of leaves and larger larvae may
devour large areas (Fig-?.1-7.3)» Themidrib and side veins are almost
always eaten near the apes. It is quite common to find 4 chupon with
almost all its leaves badly damaged by Anomis. leaves that have been
eaten % caterpillars retained the scars till maturity, very few were
ever found wilted. The psychids begin at the base of the leaf and
devour the lamina On either side of the midrib. At times the whole lamina
may be devoured before a larva moves to another leaf, only the base of
the midrib remaining (Jig-7.1t-7.S>). Leaves that have been partially
consumed by psychids can be recognised by large holes eaten out on
either side of the midrib starting from the leaf base towards the
middle part of the lamina. In the absence of leaves psychids may eat
the bark of chupon stems. Moat species OF lymantriids start by eating
a hole in the middle part of the lamina after which they move to one
side of the leaf blade (Figs.7.7, 7*8). The side to which they migrate
first is usually extensively eaten In contrast to the other to which

they rarely shift. Leaves eaten by Charaeoma and Tortrix have numerous
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holes (Fig.7,6). nrinttfitearamay also bore into chiton tips more or
less in the same way as Earias. Tips attacked by this caterpillar
can be recognised by the presence of a network of silk strands to
which some pellets of frass may be entangled.

Faecal pellets in Anomis. Neocleora. Cdoeleora. Plusla. Diacrisia
and several other caterpillars, are usually ejected forcibly from the
anus, which process frequently occurs at the same time as the larva is
feeding. In other caterpillars such as lymantriids frass is not
discarded in this fashion, but on leaving the anus the pellets erther
drop to the ground without apparently being *catapultedl out, or may
remain attached to hairs around the anus for some time before eventually
falling off. 3a pod-boring Characoma. frass is bound in silk and
muci lage around entrance holes to tunnels in pods. This can be seen
at a point where a pod is in contact with the tree trunk Or with an
adjacent pod.

7.2* leaf damage in relation to shade

Methods! Eaten and uneaten flush and green tender leaves were counted
weekly. This was done from February to May because flush was more
plentiful at this time. a few cases it was possible to conclude
from the feeding pattern, which species caterpillar had been feeding
on a particular leaf e.g. Ancmis. E. xanthamelana and the psychids.
When patterns were those characteristic of several species It was
necessary to depend upon the presence of a caterpillar on the chupon

inspected to identify the species responsible for the damage. Cocoa
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trees with good and poor canopy were inspected.

Results! More flush leaves were eaten by Anomis then by any other
larvae, the greatest damage being on cocoa trees with a poor canopy
(Table 7.1). It would appear also that a large number of flush and
green tender leaves was consumed in March and April respectively when
Flushing was at its highest level* Psychids devour flushes, too,
particularly in the early stages of their larval life, but their
activities become confined to maturer leaves in later instars. It
is noteworthy that while flush leaves are relatively more heavily
attacked in the open, the tendency is far less marked with mature

leaves.

7.3* Damage by other insects

Cocoa leaves and superficial tissue of pods were frequently-
found damaged by such insects as tettigoniidrf grasshoppers and
eumOAIpid and ela'terid beetles. Pods were also found with parts of
the pericarp eaten away with the result that cocoa beans were either
exposed or completely dislodged fronit pods. This kind of damage is

probably due to rodents and other mammals.
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Table 7.1

Number of flush and mature green tender leaves eaten by same
caterpillars at Aburi from February to Hay, 1971~

February
Shade

Species Flush Mature Hush Mature

No. % No. % No. % m . %

eaten eaten eaten eaten eaten eaten eaten eaten
Anomis 62 30.5 32 9.2 205 5h.2 1l 9
1. xanthomelana 1 6.9 30 7.9
Neodeora Nl 1.9 1 2.9 10 2.9
Psychids 3 spp. 5 2.5 105 30.2 9 0.3 96 27.9
Others 5 2.5 10 2.8 k 011 6 1.7
Totals 90 I3 M7 122 218 65.9 U3 ui1.7
Total leaves

203 38 378 33

March
Anomis 83 28.6 22 8.7 162 186 26 10
1. xanthomelana 21 7.3 - 338 1.1* =
Neodeora 15 5.2 5 2.0 9 2.7 13 5.0
Psychids 3 epp. 5 1.7 6l 21 19 57 76 29.3
Others 8 2.8 7 2.8 11 3.3 10 3.9
Totals 132 157 95 375 239 71.7 125 1*83
Total leaves 289 253 333 259

inspected
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Species

Anomis

E* xanthamelana
Neocleora
Psychids 3 spp*
Others

Total

Total leaves
inspected

May

Inaais

E. xanthcmelana
Neocleora
Psychids 3 app*
Others

Totals

Total leaves
Inspected

Shade
JSLush
No* %
eaten eaten
89 39.8
6 2*7
12 5+U
6 2.7
113 0.1
22h
Vi 3k.3
16 71t
_ mh
0 1+1.7
216
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Table 7.1 (continued)

No seide
Mature Slush Mature
No*  u No. % No. %
eaten eaten eaten eaten eaten eaten

- 159
- al 21
- 15

& 25*6 5

70 M7 20k
168
- a
- 2h
- - ]
29.0 18
* — —_—
66 137
152

55.2
7.3
5.2
1*7
1,h

70.8

286

10*8
1.8

8.0

223

33 1*u
70 33.3
U 1.9
109 51.9
210
2 1.3
39 25.8
7 1.6
73 1*8.3
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DISCUSSION

At Aburi flushing Has greatest In February-March at the end

of the dry sunny season getting into the wet sunny season. This
period therefore came earlier than expected* For instance, Greenwood
and Fosnette (1930) recognised a major flush in March to April and

two others in Qetober to December* The small and relatively insignificant
Flush in Noveraber-Dacember may therefore be taken to coincide with the
findings of Greenwood and Fosnette (1950) as regards the second burst
of flush during this period. The high percentage flush in February-
March may have been triggered by the February rains* Gibbs and leston
(1970) hove suggested that a large flush after the dry season may be
due to the decreased leaf complement caused by drought stimulating
replacement and beeause the weather conditions, rain alternating with
long hours of bright sunshine in the vet sunny season, are conducive
to growth at this time. The ooeoa trees at Aburi had hocrever, some
degree of flush throughout the sampling period. In Deceraber-Januaiy,
for instance, more than h$% of the trees sampled were in flush in spite
of the faet that It was during the dry season* Ib has been suggested
that, beeause of poor soil conditions or insect attack, some trees

may produce Flushes at regular Intervals (Gibbs and Leston, 1970), and
this may possibly have been the case at Aburi* It would appear that while
cocoa flushing at Aburi in 1970-71 had a seasonal pattermn, this did not
exhibit a distinct blmodalltyy If it does normally occur, it may have

been obscured fey the moderate but relatively continuous production of

Flushes throughout the season.



Ik the course of sampling, a greater number of lepidgpterous
caterpillars at Aburi were found on flush leaves than on mature
hardened or senescent leaves. This preference for flushes may be
due to the fact that caterpillars have weak concentrations of such
essential enzymes as amylases, sucrases and proteases, and depend
on those enzymes already produced in the tissues of the plant
(Hocking and Depner, 1961), This, however, may still be unlikely in
Flush leaf-eating catezpillars because the food value of flush
per gram of leaf is probably higher than in hardened leaves, as
Flushes have generally much less cellulose than hardened leaves. It
has frequently been observed that fragments of leaves ingested by
caterpillars often appear in the faeces, this being more evident in
larvae that feed on mature leaves than on flushes. Some indication
of the efficiency with which leaves may be utilized for growth is given
by figures obtained in the Noctuid caterpillar Prodeniai of 10,8gm
of food eaten by 60 larvae, £«%&*appeared in the excreta, 3.6gm
was addled to the weight of the larvae (Crowell, 19113, in WLgglesworth,
1965) Apart from deriving organic nutriment from the growing tips and
Flushes of seedlings, caterpillars may also be gaining essential
mineral substances from the flushes. Vessel (1968, 1970) conducted
pot trials with cocoa in Nigeria, and showed that the development of
a new Flush of leaves removes 39% of the phosphorus and 25% of the
potassium frcm the mature leaves of the proceeding flush. It could
be concluded from these experiments that leaves of previous flushes

contribute most to the development of new leaves and are the main

reservoir of mobile leaf phosphorus and potassium, which may be essential
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constituents in the growth of caterpillars. Nelson and Palmer (1935)
for instance, showed that in the larva of Trjbolium (Coleoptera)
phosphorus composes about 0*19% of thejwet weight at all stages, and
that growth is delayed 1T the phosphorus content of the floor is
below 0.1%.

Sampling has shown that fluctuations in populations of leaf-
eating iepidoptera at Aburi are not only related to the availability
of food but to a certain extent also with the changes in seasons of
the year* According to Gibbs and leston (1970) increase of the
population of various species occurs In the period from the latter
part of the dry season in February through the build-up of the rains
to May and June in the wet season* At Aburi rainfall figures for
1970 (Table 3*12) show that less rain fell in September, when sampling
was begun, than in October* At that time a number of lepidoptersn species
were either absent or present in low numbers. During the wet sunny
season and getting to the early part of the dry sunny season, that is,
from October to December, a steady build-up in numbers of such
caterpillars as Anomis. Characoma. E* xanthomelana. E. melanopholiB
and S. llttoralis was noticeable, possibly beeause flush production
stimulated by the October rains was gradually increasing. Anomis and
Characatma show this Simultaneous increase in their numbers with the
gradual availability of Fflushes rather clearly, but in the dry months
©F December-January not many larvae were collected (Plg.3.2le-T).

In Table 3.5 and Fig.3.2le-f it can be aeon that the numbers of Anomls

and Gharaooma were much higher in weeks 17-20 (Januaiy-February) than
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In the previous four weeks, 13-16. At about this time too, there

was a high percentage of trees in flush (Fig,3.1). No sooner had

the rains came in late February-April than many more caterpillars

were seen on flushes. It is likely, as has often been observed,
that during the drier parts of the year such as in December-January”™
Anemia. on the one hand, survives by feeding on green tender or even
slightly hardened leaves, while on the other, Characoma. which normally
tunnels in pod husks, makes do with a few Flushes that may be

available especially on basal chupons or else that there is pupal
cpieﬂ(;enoe. During the short dry dull season in August and the early
wet dull season in September, 1969, Lestan (1971) collected caterpillars
at Kade and Asamankese in the Eastern Region. He concluded from the
low numbers of individuals present* of thirteen species, that this is

a trough period although the lack of collection at other times of

the year leaves this conclusion without valid evidence, which may also
be true for the December-January and the Hay periods at Aburi (Fig.3.21).

Spodobtera Iittoralis. however, peaked in November-December, a

period well inside the dry season. This would suggest that at Aburi
this insect is more abundant on cocoa during the drier parts of the
year, as no caterpillars were found in February-May which was the
period in the wet season. lyon (1968) gives light trap capture data
for five years at Samaru in the savanna zone of Nigeria. He shows that
S. littoralis builds vp through several generations in the wet season,
reaching a peak at the end of the rains around late September or

early October. It should be noted therefore that lyonks data does
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not clearly bring oat the dry season peaking which was observed at
Aburi, Frcom *m« information, however, as well as from Benson and
Leston"s (971) data it seems likely that this Insect not only moves
in savanna areas In the course of its dispersal flights, but also flies
to clearings in the forest zone where, iIn the dry season, it is
capable of building tg> substantial populations on eocoa as well as

on ether forest crops.

At Aburi, the numbers of Earias blnlaea were very low throughout

the sampling period, even at times when flushing was at its highest.
This iIs in contrast with what was observed at Tafo in the same period
(Table 3*11), It is likely that in unsprayed farms such as at Aburi,
the increase in numbers is checked by natural enemies, which are
probably killed off in regularly sprayed areas (Qatwietle, 1760 ).

No larvae of SSEifis were found in Deceraber-February, which seems to
suggest that the dry season has adverse effects on the insect* It Is
possible that at this time Earias may undergo pupal diapause which,
though rather infrequent In the tropics as compared with the temperate
regions (Wigglesworth, 1966), may still oeeur where there is a dry
season that must be survived, or Just quiescence with release by rain.
Earias caterpillars reared between November and January in the
laboratory changed into pupae in the nomal way, but most of them
remained iIn the pupal stage far beyond its normal duration of
approximately eleven days. Mien the pupal cases were cracked open it
was found that the imagines had formedjail right but did not emerge, and

had completely dried up within the puparia. This failure to emerge,
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due probably to lew humidity conditions of the dry season was also
observed In other caterpillars such as E. xanthOmelana. 0. baaalia and
some psychids. Entwistle (1969) has observed that in the absence of
flush leaves, eld larvae of Earias may continue to feed by burrowing
vertically down the stem below the already destroyed apical bud.
Alternatively Earias may leave the damaged bud and feed on the bark of
of the upper portion of the stem, especially if this is unhardened,
occasionally burrowing into the stem, near the petiolar attachment.
When the rains came in the Fehruary-March period at Aburi, Earias
caterpillars were again encountered on flush leaves. The situation at
Tafo was different because the young seedlings that were usually
sampIM [flushed more often than did mature trees (Greerwood and
Posnette, 1950) with the result that food was available in virtually
all the seasons. Entwistle (X3 & ) observed that at Gambari,
Nigeria, there were two population peaks of Earias. one between November
and December and another in March, the numbers falling to a very low
level in between* The last peak was the largest and followed on the
first rains of the dry season, while -fcslerfirst appeared to follow

on the rains breaking a short drought in the previous wet season.

Xh Entwistle*s view the observed population changes were not directly
the result of rainfall, but rather were associated with an Increase

in available feeding sites. Youdeowei (971) recorded insect damage
on the regenerated chupons at Gambari from April, 1968 to April, 1969,

The results show that the most important insects were the leafeeecating
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caterpillars which attacked the young flush leaves, and in most
cases whole leaves were completely eaten. The amount of damage by
these defoliators e.g. Earlas. Anomis. Spodontera. Lophocrama and
others was highest in Hay to August which is a period in the rainy
season In Nigeria* Fewer chupons were attacked in the drier months
from December to February.

The peaking of the three psychids is of interest because It was
synchronous with the period of greatest flush in late February-March.
Generally, psychids feed on hardened or senescent leaves (Entwistle,
1963) but it has been observed that the early instar larvae first feed
on young flush leaves before migrating to hardened ones in subsequent
instars. While on flush the young larvae attaeh tiny pieces of leaf matter
and small light twigs onto the outer fabric of their cases* On
transferring to harden leaves longer twigs, usually petioles of hitherto
uneaten leaves, are eventually incorporated. Older leaves are preferred
by later instar larvae possibly because they are better suited fo¢*
supporting the increasing weight of the caterpillars. Because of the
extremely long larval period (Entwistle, 1963) the psychids were
present in high numbers throughout the sampling period (Fig.-3.2In-p).

E. xanthomelana and E. melanopholis had more or less identical
peaking periods, and both were usually found co-existing on the
same chupon in the field, though rarely on the same leaf. The likelihood
is that either their larval stages are of about the same duration or
that the female moths of the two species have fairly similar ovipositing
habits. Smith (1965) gives the larval life of E. xanthomelana as 36 days
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and -that of fF ti»nrholi« at about 29 days. It would appear likely
therefore that larvae of E. melanopholls pupate about a week earlier
than those of the other caterpillars, this may explain why higher numbers
of E. xanthomelana were scoredlthan those of E. melanopholls. A X
pattern fairly similar to that of these two caterpillars is exhibited
by 0. baaalls and A. nlobe (Figs. 3.11-3.12). AL1 the four caterpillars
belong to the same family, lymantrildae, and it may therefore be
expected that they may have related behavioral traits. The geometrlds,
Heocleora and Colocleora diviBaria did not appear in large numbers on
cocoa during the period of sampling (Figs.3.15, 3.16). There were
higher numbers of Heocleora In March than those of Colocleora at the
same time. In the November-Deeember period more Colocleora caterpillars
than Mwodeora ones were found in the field in spite of the fact that

it was in the dry season and flush was lew. It should be noted that
these caterpillara are eapable also of switching on to mature leaves

if flush is scarce* It is also likely that these caterpillars are not
adversely affected by conditions of low humidity, which usually

prevail In the dry season, because they occasionally pupate in the
litter on thie™orest floor where some moisture is usually retained.

The seasonal pattern of the rare species such as Flusla ohalcites.

E. lepldographa and others (Fig-3.22-3.2$) did not differs much from
that of the comoner species. The Infrequent occurrence bf some
species cm cocoa may be due either to competition for feeding sites

with the more successful caterpillars such as Anomis and Characoma.



or to the fact that some of them prefer other plants to cocoa.

The in lepidopteran populations at Aburi may therefore
be associated with the maximum availability of flushes. Several
species were abundant in the wet sunny season from the second half of
February to April. Gibbs and Leeton (1970) have also shown that
non-lepidopterous insects such as* for example* the leaf-feeding
eumdpid beetle, Paraivongius viridlaeneus. have two main periods of
population increase which correspond with times when leaves produced in
the two periods of major flushing approach maturity! that is* frcm
the late wet sunny to the early wet dull season in Hay-July* and from
the wet sunny to early dzy season in October to early December.
Similarly* the psydlid Tyora tessmanni which attacks leaf-buds wherein
it both oviposits and feeds (Leston* 1970) had its main period of increase
in numbers in the first wet sunny season in April ia 1966, when cocoa
shoot tips were plentiful.

Although the number of catezpillars observed on green pods at
Aburi is not large* it is dear that certain liepidoptera which normally
confine their feeding activities to flush leaves can direct their
attention to green pods when flush is absent or scarce. Cotterell
@930)* Navd (1921) and Smith (1965) recorded that Euproctis mediosauamosa
caterpillars eat the surface of cocoa pods in Ghana. At Aburi* Anomis
leoa,» Argyroatac™ma niobe and E. melapholis were found eating superficial
tissue of pods. The damage done by A. leona and to a certain extent
also by ghiplgff biplaea to the pericarp of pods in Ghana has been
reported by l<odos (1967). In Nigeria Gerard (966) has reported that
of the three lymantriid species occasionally found damaging pods*
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A. aloha is the most important and was unusually abundant on cocoa

trees with a elosed canopy at Gambari near Ibedan.. Characcma stlctigraotai
apart from feeding on flush, also bores Into husks of green pods, though
rarely reaching the beans iIn its tunnelling activities* It can be seen
that more damage was done by Characoma caterpillars in October when

there were many pods available* In March fewer pods were attacked by
Charaecma probably because new Flush leaves were plentiful at the time
(Pig-3.1)= More pods were infested in May when flush was again at a

low ebb. Pod infestation by Characcma appears to be correlated with a
good canopy. Lodes (196?) has observed that Gharacona frequently

causes wilting of cherelles. The actual damage done by the borer is

not serious, but there is a danger of fungal attack (Entwistle, 1961j
fatterson, 191K). According to Lodos (1969) the eumolpid, Parajyonelus
aemjplceus. is another common coooa pest which attacks pods and cherelles,
eating the exoearp. The damage can be serious. It would appear that
when more pods are produced in the period September-Kovember, which is

in the wet dull season to the beginning of the wet sunny season,

the numbers of Marmara also increase, probably because of an abundant
Tood supply.

Results show that there Is an association between shade and the
increase in numbers of lepidoptera found on cocoa. Coooa trees with a
poor canopy harboured much higher numbers of some lepidopterous
caterpillars such as Earias biplaga. Anomis leana. Spodoptera littoralis
and others, toutwhere the canopy was good Characcma atictigranta.

1

Europjoctls xanthomelana. Diacrisia anriantiaoa* Tortrix dinota and
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Orgyia basalis were constantly encountered. Gerard (L 1970;) and
Xavabre (1965) have, however, reported Anaraia as occurring on shaded
cocoa. Cotterell (1928) reported that C. stlctierapta attack on pods
was more prevalent in areas of heavy shade and humidity. Similarly, at
Aburi, there was a higher percentage of Characcma infested pods where
there ms good canopy. Data from shade versus no-shade experiments
(Johnson, 19625 Sn 1 t h s s h o w that de-shaded plots were in an
unhealthy condition, as many trees lost terminal buds due to the
activities of E. Malaga which was more abundant on deshaded trees.

It is possible that more light results in an increase of iaEia™*

because the adult female moth may prefer lighted to shaded areas for \

oviposition. At Aburi, Tafo and Kade large numbers of Earias individuals
were frequently encountered on seedlings growing on shadeless plots.
Shaded seedlings remained healthy, few being damaged apieally. In
Hgeria, Shtwistle (1963, 1962*, 1965) and Gerard (196l*, 1970) observed
that numbers OF Earias larvae were much higher on unshaded trees despite
the poorer stature and leafiness of the plants. Lavabre (1965)

found a similar situation in the Ivory Coast, where was inlarge
numbers on yofng cocoa seedlings grown in the open. It should be

noted that destruction of the apical bud by the early instar larvae

of Earias biplaea leads to production OF regenerative lateral shoots
which, in their turn may be attacked (Entwistle, 1962%). Formation of

a jorquette is also delayed or prevented and in case of heavy attack the

canopy never forms fully. Vertical growth is hindered resulting in
bushy seedlings.

N
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surveys at Aburi, Amanokrom and Kade have for the first
time brought to light the significant relationship between this
pod-husk miner and cocoa gram in the sun, judging from the high chi*
squared values obtained.

With regard te the after-effects of insecticides cm I™'pidopteran
populations, the results have shown that much larger numbers of
caterpillars were found in regularly sprayed areas such as at Xade and
Tafo than at the rarely sprayed farms at Aburi. It should be noted
that although sampling at Tafo was carried out only once a month, the
number of caterpillars counted was In most eases greater than the mean
of the lumped four weekly scores frm the four farms at Aburi. Populations
of Barias were reported to have risen immensely on sprayed trial plots
at Tafo (Snith, 1962). Similar increases took place in numbers of the
lepidopterous stem-borer, Eulophonotus roirmeleon and the stem-webber,
Katarbela . after the use of gamma- SBC in routine capsid control in
Gbana (Entwistle, et al., 1959} Shtwistle, 1961, 1962} Gerard, 1961*}
Smith in Gerard, 1961*}. In Nigeria increase in B. mremeleon was
attributed to a severe dry season (Entwistle, 1963), but loudeowei
(1971) reported post-treatment Increases at Apoje near lbadan.

g- ncraaeleon bores deeply in living wood, attacking stems from one inch
to eight Inches in diameter (Entwistle, 1962, 1963). Attack iIs
recognised by the presence of a large exit hole to each burrow from
which a dark stream of mucilage normally flows when the larva is
active inside. At Aburi, however™ similarly attacked fthrpwn« were

rare, Tt® larva of Ketgrbsl» gp, on the other hand, excavates a short
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escape gallery into the heart wood, and devours the bark beneath a
protective tent of «nic and frass. The larva prefers jorguettes or
branch unions (Entwistle, 1962).

A great number of pods were Infested with the pod-husk miner
Marmara at Kade where most of the eocoa plots had been heavily sprayed
with DDT, in contrast to the situation at Aburi and Amanokrom.

Marmara infestation is always beneath the epidern of succulent green
pods where hardening has not yet occurred (Johnson & Entwistle, 1959).
As the larva natures the Initial straggling mine develops into a
blotch causing peeling of large pieces of the epiderra. Ripe pods may
shew traces of earlier attack. The damage has no effect on quality
and quantity of beans but it is sometimes difficult to tell if the
damaged pods eve ripe or not. £1 195? a spectacular increase in
Marmara followed six monthly applications of dieldrin at Tafo and at
Qjroko (Entwistle et al., 19%9j Gerard, 1961;), but Marmara decreased
when the concentration and frequency of sprays were reduced. It is
not yet fully known whether the rise in Marmara is due to a specific
chemical or merely to an excessive dosage (Johnson & Entwistle, 1959).
It is quite probable that under natural conditions parasitism is the
main factor responsible for the death of early instars and also affects
a high percentage of the population later, especially in the fruiting
season (Gerard, 1961*), so that with the application of Insecticides
the free-flying parasites of Marmara get killed (Entwistle, 1960)
thus insetting the natural biological balance. m Under natural conditions

Mannara appears to be held in check by at least three species of



parasitic Hymengptera, namely, Braoon sp (Braoonidae), Agenlaapis sp
(Enpyrttidae) and a chalcidoid species (Entwistle, 1960). During
peak population periods the rate of parasitism of Marmara is extremely
high, about 60%, the greater part of this being due to Ageniaspls which
is endo-parasitio. At Kade and Abu\l;i very few eases of parasitized
Marmara were recorded. Not much sm(;Iy has been made on the predation
of Marmara by ants. Some Oecophylla were frequently seen foraging on
trees or assembled in large numbers on pods that were infested with
Marmara. Ca examination of the pods for live larvae, these were usually
found, especially on those pods which still had their Marmara blotched
epiderm intact. The thin epidem under which Marmara mines, most probably
helps to protect the larvae against the ants. Only larvae migrating
from their mines to seek pupation sites are likely to be attacked.
Gerard (1963) noticed that ants were absent from areas treated with
dieldrin. He started an experiment to find out whether more pupae are
obtained from trees when ants are excluded than when ants are allowed
full access. The results of this study, when published, could show
if ants are predacious an the larvae of Marmara. Gerard (1963, 196U)
is, howvever, strongly of the opinion that under normal conditions
parasites ass more likely to be responsible for the relatively high
larval mortality.
A knowledge of the biology of same of the more important
Lepidcptera is considered essential for effective control measures

against these pests. Following, therefore, are notes collated from



various sources as trail as from personal observations on the biology
of these Lepidopteras
larias biplaga (Walker)

Sarias frinl oviposits usually about three dsys after emergence
and soon after copulation for s oimens in captivity (Pomeroy, 1925).
Eggs are laid on leaf buds (Ghatt, 1953) or near tie temminal bud
(Johnson, 1962). Ent«dstle(1963) 1969) has, however, given a much
more comprehensive list of possible oviposition sites of B. Malaga
namely woody stem, green stem, epical bud, leaf scar, leaf bract,
petiole, upper and lower leaf surfaces. Eggs are mainly laid on stems,
especially on leaf bracts not far from the stem apex (Sitvdstle, 1969).
Pomeroy (1925) recorded an average of 51 and a masimua of 86 eggs laid
by g. biolaga in captivity on cotton, whereas Entwistle™s (1964) records
show an average of 93 and a maximum of 108 eggs. The egg mhich Is at first
green changes from gold to dark gold during incubation and develops a darker
apical annulus on shout the second day (Entwistle, 1969)* The incubation
period in Nigeria varies within ranges of 3-6 days (Poveroy, 1925), 4-5
days (Entwistle, 1963) and 5*6 days in Ivory Coast (ALibert, 1951}
Hallemaire, 1936).

In -fe field the first part of the larval period is passed fiteeding
within -tte Epical bud, aa often shown by shed early instar head capsules
commonly found inside destroyed buds (Entwistle, 1963; 1964} Lavabre,
1969} Leston, 1971} Sohmidt, 1967} Smith, 1962). Older larvae

feed on flush leaves (Ohett, 1953; Entwistle, 1963, 1964,

1969} Gibbs and Leston, 1970} Leston and G-ibhs, 1971) occasionally on



162

cherelles (Entwistle, 19691 Lavabre, 1969} Lodoa, 1967) resulting in
oherelle wilt (Lodoa, 1967), and also on the bark of young green stems,
or they- may even burrow down the stem below an already destroyed terminal
bod (Entwistle, 192*, 1969)* The larval period in the lvory Coast is
anything from 20 to 22 days (Mallamaire, 1936) and on an average of 15*52
days in Nigeria, being longer in the wet season and shorter in the dry
season (Entwistle, 1969)* Similarly with the pupal period, which varies
inversely with temperature. It is longest in th"wet season and shortest in
the dry season. Gh cotton-reared larvae In Nigeria it is 13.3 days and iIn
Ghana 13 days on cocoa-reared larvae (Pomeroy, 1925).
The pupal period varies from 11-13 days in the Ivory Coast

(MaHanalre, 1936), 10-12 days in Ghana (Pomeroy, 1925) and 9-12 days

In Nigeria (Entwistle, 1963, 1969). 2h laboratory-reared specimens at
Logon it was 10-13 days. Pupation takes place on the plant* generally on
the stem and petioles (Entwistle, 1969). Qa cocoa, the cocoon which is
shaped like an inverted boat and made of tough felt-like silk (Alibert,
19511 Pearson, 1958) varies greatly in tone, from straw-yellow to a deep
grey-yellow (Entwistle, 1969) while on cotton it is a dirty white or
pale browmn (Pearson, 1958). It has been observed by Entwistle (1969)
that pupation does not occur until about a day after the coramencaaent

of cocoon formation.

Adults are nocturnal and their diurnal resting places rarely seem

to be coooa Itself (Entwistle, 1969). The life span of laboratory reared

adults is longer in individuals placed oh a diet of sucrose ~ water
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than in those an water alone ©r nothing (Entwistle, 1963, 1969). Alibert
1951), Entwistle (1969) and Pearson (1958) have fehomn that there are
considerable differences in the shape of the labial palps between the
aexas and in wing coloration with the time of the year*

Mgrais leona (Schaua)

The eggs are laid singly on the lower surface of a eocoa leaf,
rarely on the upper surface (Alibert, 1951# Dagatiguy, 1953% Lavabre,
195k) and incubation takes li-5days (Dagatiguy, 1953)* Bie egg is
spherical, but much flattened eta the part resting on the leaf. It is
light blue with a tinge of green and has fine peripheral stripes
(Alibert, 1951)* Mien the embryo is fully developed, the egg-sase
becomes transparent and three to four aided, and the young larva on
emerging is green to light yellow (Dagatiguy, 1953)* 3&e young
caterpillars feed on young flush leaves (Alibert, 19511 Dagatiguy, 19531
Gibbs and X>eston, 1970 lavabre, 1965] Leston, 1970, 1971 Xieston and Gibbs,
19711 Schmidt, 1967J Smith, 1965] loudeowei, 1971), mid very rarely an
mature hardened leaves, but occasionally on mature tender ones (Alibert,
1951)* Lodos (1967) and Smith (1965) have given reports of A, leona
feeding on cherelles. The duration of the larval stage is frcm 20-22 days
(Alibert, 19511 Smith, 1965) while the pqgpal period in the Ivory Coast
ranges frara, 8-12 days (Alibert, 1951) and 7-12 in Ghana* Adults are
night fliers and have very rarely been seen during the day (Alibert, 1951)*
Characama atietigrapta

The adult lays ita eggs which hatch in four to five days (Alibert,

1951)* near the stalk end of the pods, from where the emerging young

caterpillars proceed to bore their way through the pod-husk (Alibert, 1951 j



Chatt, 1?753j smith, 1965) Orquhart, 1961). Masses of frass left adhering
to the ped near th™entiy hole are frequently seen where two pods are
touching (lodes, 1767| Nlcol, t9U7). Observations made by (B1922),
Ifatwiatle (1962), Lodes (1967), MagAAn (195U) and Schmidt (196?) on the
activities of the larva of 0. stietigraufra show that damage is superficial
aad confined to the exocarp of the pod* The larva rests near the entry hole
to a tunnel amidst the fl—sg?’milage mass and quickly escapes into the
husk when disturbed. Xh the absence of pods or where they are very few,
larvae may also attack young flush leaves tying them together with silk
or may enter the stem below the apical bud and burrow downwards for two
to three inches (6*0*7*5em), binding the terminal leaves with silk.
Alibert €951) found the duration of the larval stage in the lvoiy Coast
te be 25*35 days, but Smith (1965) puts it at 25-30 days in Ghana.
Pupation is normally on the pod surface or in the soil (Entwistle, 1962)
or in the tunnels made by the larva in the husk. The pupal period lasts
trm 13-15 days in the Ivory Coast CAlibert, 1951) and 10-13 in Ghana.

She adult is nocturnal (Nicol, 191*7) and hides beneath leaves during the
day (Alibert, 1951).

Lophocrama nhoenieoghlora (Hampson)

Ho information is available from the literature about the plaee
where the adult moth lays its eggs, but they are probably deposited on
leaves such that when the first instar larvae emerge they find flush leaves
an which they feed easily accessible. The caterpillar which bears some
resemblance to J&rlas biplaaa is often found co-existing with Earias on

chupons. Th® duration of the larval stage iIs uncertain but the pupal



stage lasts from 9-1Itdays (Snith* 1965), and 10*12 in laboratory-beared
specimens* The adult has not been seen during the day, which means it is
probably active at night*

Spodoptera littoralis (Beisduval)

Eggs are laid in batches of several hundreds on the lower surfaces
ef leaves and are eovered with grey scales from the abdomen of the female
moth (Alibert, 1751). Incubation takes 3-5 days in Ivory Coast and 3—-it
days in Ghana (Smith* 1965). Before edosion the larva outs the apical
operculum of the egg open and the emerging larvae aggregate on the
feeding leaves (Alibert, 1951)* larval life lasts 18-22 days in lvory
Coast (Aliberti 1951) and 2-21* days in Ghana (Smith, 1965). Pupation
takes place in the soil] altematively, the larva constructs a loose
cocoon of silk* The pupal stage has been reported lay Alibert (1951) to
last 10-12 days in the Ivory Coast and 8-11 days in Ghana (Snith, 1965)*
ZulophonotuB myjmeleon (Felder)

Seme aspects of the biology of this moth have been reported on
by Alibert (1951), Entwistle (1963), Mallamaire (1955). Entwistle (1963)
reports that in laboratory roared specimens mating occurred within 2It
hours of emergence and lasted up to six hours, and 500 sticky eggs were
laid in strings* Alibert (1951) and Mallamaire (1955) state that eggs
are frequently laid in necrbtie tissue and cankered wounds, especially
above petioles and pod stalks. Eggs laid in the laboratory hatched after
11 days. Smith (1965) reports an incubation period of 12-13 days*
Duration of the larval period is estimated at not less than 3 months

(Satwistle, 1963). The larva bores into the woody stem and branches
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of cocoa of about 17— 8» (2.5 * 2Q0.0 cm) diameter. The gallery has a
single entrance hole at its base and lies parallel with the long axis of
the stem. Pupation takes place in the woody the mature larva first
isolating Itself at the Kind end of the gallery by means of a silk
septum loosely interwoven with wood particles. Smith (1965) estimates
the pupal period at 20 days* Alibert (1951) and Entwistle (1962) 1963)
have described the sequence of events that occur before emergence of the
adult, When the adult is ready to emerge* the pupa moves towards the
exit™; hole from which the pupal case is often to be seen protrading
after the adult has flom. The male and female moths differ greatly from
each other, the female being larger and having sooty black wings
(Alibert, 1951J Entwistle, 1962),

Marmara sp.

The egg is laid on the pod surface, and on eclosian the larva
immediately tunnels beneath the epiderm of a green pod (Alibert, 1951}
Entwistle, 1960, 1962} Entwistle et al. 1959) or of chupons and fans
(Johnson and Entwistle, 1959). Entwistle (1962) observed that the
earlier part of the mine is narrow and sinuous giving rise to distinctive
dark brown scribbling marks on pod surfaces. These later take up a
blotch formation. Entwistle (1962) has reported six larval instars all
passed in the mine. He states that during the first four instars the
larva Is dorso-ventrally flattened, and on ecdysis to the fifth instar
it becomes cylindrical. Entwistle,(1962) has not observed the behaviour
of the sixth instar larva in Ghana but in lvory Coast Alibert (1951)
reports that, on maturing to the cylindrical fora, the larva leaves

the mine to rest in a web in the leaves where It subsequently pupates.



Gerard (in Smith, 196%$) states that the duration of the larval stage is
about 2k days and of the pupal stage about 11 days.
SoE-9l,eora p.-

Not much has been reported on the oviposition sites of this moth,
but it is likely that the eggs are laid on leaves so that the emerging
larvae find it easy to migrate to flush leaves on which they feed.
Duration of the larval stage is from 28-31 days while the pupal stage
lasts from 11-12 days (Alibert* 195>1)» In the laboratory the pupal
period was 7-11 days. The adult is a powerful flier and rests beneath
cocoa leaves during the day (Alibert, 1951).
g&flStea (Walker)

Oviposition probably takes place on or near flush leaves such that
young larvae that hatch out find food nearby. The larval period is probably
more than 23 days and the pupal stage usually 8-11 days (anith, 1963%).
3k specimens reared in the laboratory, the pupal period was 9-11 days.
Orgyia basalis (Walker)

Hegs are laid in batches of 6 and 15 and are covered with scales
from idie last abdominal segment of the female moth (Alibert, 1951).
Incubation takes 5-6 days and the young larvae that hatch out of the eggs
feed on flush leaves (Alibert, 1951J Smith, 1965). larval life takes
15-25 days and the pupal stage has a duration of 6-7 days (Alibert, 1951]
Smith, 1965), and 6-9 days in laboratory reared specimens.

Enmroctis xanthcmalana (Holland)
The larvae that emerge from the eggs feed on young flush leaves

(Smith, 1965). liarval life is about 36 days, and the pupal stage has a



duration ef 15-22 days (Snith, 196$), but 81k days in larvae reared
in the laboratory.
guppootis melanopholia (Hampson)

She larva eats young leaves and has a duration ef about 29 days.
Hie pupal stage lasts 7-H days (Staith, 1065)j a duration of 11-15
days was found with larva# mreared In the laboratory.

Argyrostagma niobe (Weymer)

Copulation occurs soon after emergence (Bullock and Snith, 1968).
the female, whose abdomen is distended with ova, is unable to fly and
is actively sought by the male. The ova are usually laid on the trunk
sf a heat plant aad very occasionally on ttecocoon. During ovipositian
an the trunk the female faces up the tree and climbs slowly upward,
pausing to lay a line of 5-6 eggs by swinging her abdomen to one side.
The eggs stiek together to form a solid mass and are covered with scales
from the abdomen of the female.

The larvae hatch in about 12 days lay breaking the chorion near the
thickened rim and congregate over Ite"egg mass for about 2U hours, by
which time emergence is complete and the empty shells have been eaten.
The larvae disperse and move up the tree until they reach young leaves
where they commence feeding. Pupation takes place on the tree trunk and
the pupal period lasts 8-11 days in specimens reared in the laboratory.
In wattle-feeding A. niobe the pupal stage has a duration of about 1l days
(Bullock & Smith, 1968),

Macrisia auriantiaoca (Holland)

The larva eats young flush leaves. No reports have been given on
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the life cycle though from personal observations the pupal stage last™
8*12 daya In the laboratory*
aftertsiar~yayi (Roths.)

She larva* tm polyphagous and they also food on young cocoa
leaves. The larval stage lasts 25*30 days and the duration of pt$al
stage is nine to ten days (Alibert, 1951)e

Appendix %

A list of the geographical distribution of lepidcptera affecting
cocoa in West Africa has been prepared and is appended to -this dissertation
so that it may be available for consultation at all times. West Africa
is defined here as in Easy (19%4) md Leston (1968), from Nigeria westwards
including Fernando Po, but Cameroona and Sao Thome aad Principe are
excluded, Ia this list, mention of seme important lepidopterous species
commonly found in the area under study will be noted and sources cited if
they are also found in areas outside but adjacent to West Africa*

She following lepidopterous species have been reported as attacking
cocoa in the study area* The names of the caterpillars are those in
current use, but it is likely that these are far from being stabilised
at present! sstee popular old names, now replaced by new ones, have
been retained in parentheses. The families are arranged after Xmis (1965)*
and the host plants of the various Lepidoptera other than cocoa have been
included where they have been reported. The names of all plants listed

have been checked with the Second Edition of Hutchinson and Calsiel ed*
by Keay (195" )*
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Xyloryctidae

Ghana (3aith, 1965)
Alt. host plant! Pseudospondlae mlcrocarpa
Lithocolletidae (Gracillaridae)
Jtermara sp. («*ertoa sp.?)
ivory Coast (Alibert, 1951j Braudeau, 1969j Lavabre, 19Sh» 1965)
Ghana (Carter, 1961j Entwistle, 1960, 1961, 1962, Entwistle et al.,
1959] CGeirard, 1962, 1963] Mart, 1911] Johnson, 1962j Johnson
and Entwistle, 1959 Laiyea, t955i Nosti, 1961)
Nigeria (Nosti, 1961)
Fernando Po (Nosti, 1961)
Cameroons (Anon, 1965)
Glyphipterygidae
Jvaa dp,
Ghana (Smith, 1965)
Cossidae
Eulophonotus (Etagyophlebus) myrmeleon (Felder)
Sierra Leone (Hargreaves, 1937] Squire, 19k9)
Ivory Coast (Alibert, 1951S Braudeau, 1969] lavabre, 195Uj
Magnin, 195U).
Ghana (Carter, 1961* Caswell, 1962j Cotterell, 1927, 1928, 1930*
Entwistle, 1959, 1962 Entwistle et al. 1959} Gerard, 1963j b
£wyea, 1955, 1958j Marchart, 1968j Smith, 1965)

Nigeria (Caswell, 1962 Entwistle, 1963] Golding, 1928j Lamborn,191Uj
loudeowei, 1971).
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Fermando Po (Cotterell, 1930)
Sao fhome and Principe (Carvalho, 19687 Cotterell, 1930;
Mallamaire, 1955# Navel, 1921; Schmidt, 196?)
Cameroons (Lavabre, 194-)
Bngyoplebus obesua (Earsoh)
Sierra Leone (Hargreaves, 1937)
Altermative host plants Cola nitida. Aoalypha s. in
Ghana (Forsyth, 1966)
Limacodidae
Semyrilla lineata (Holland)
Ghana (Smith, 19®)
Stroteroides jrtsignata (Strand)
Ivory Coast (Alibert, 1951)
Shana (anith, 1965)
Altermative host plant: Coconut*
Latola lepida (Cramer)
Ivory Coast (Alibert, 1951} Mallamaire, 1955J Lavabre, 1934)
Ghana
Alternative host plants Centrosema plranieri. Cocos nuooifera.
Mangifera indiea.
Latola (Parasa) viridifasoia (Holland)
Ghana (Snith, 1965)*
Lato™g (Pares,a) yirtdiagima (Holland)
Nigeria (Golding, 1931* 1946)
mAltermative host plantsy Cola ££., Hura crepitans

Latola (Parana) vivida (Walter)
Sierra Leone (Hargreaves, 1937)
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Ivory Coast (Alibert, 1951)
Altemative Host plants! Ricinus sp. Communis. Coffee
Ghana
Nigeria (Golding, 1928, 191*6)
Alternative host plantsi Sarcoeephalus esculentus. Coffee sp
Sao Thome end Principe (Navel, 1921)
Latoia vitelina (Karsch)
Ghana (Snith, 1965)
Afronarosa (Narcsa) hedrchroa (Bethune-Baker)
Ghana (Smith, 1965)
Ctenocampa hilda (Druee)
Ghana (Snith, 1965)
Sierra lieae (Hargreaves, 1937)
Parasa microbasis (Hampson)
Sao Thome and Principe (Navel, 1921)
P. euchlora (Karsch)
Nigeria (Golding, 1928)
Teinorrhyncha (Ctenolita) pyroscaaoides (Holland)
Ivory Coast (Alibert, 1951)
Ghana (Snith, 1965)
T. auribasalia (Holland)
Ghana (Snith, 1965)
Alternative host plant* Musa sapientMum var. paradisiaca

Hyphormla eubterroinalia (Hampson)
Ghana (Snith, 1965)
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Caaphalia flavicollls (Walker)
Ghana (Entwistle, 1960$% Srelth, 1965)
Casphalia piota

Coauma ragosa (Walker)
Ghana (Smith, 1965) =
Alternative host plants* Mallotus oppoaltifoliue. Brillantalsia
nitens.
Baria elsa (Druce)
Ghana (Snith, 1965)
Phlebodieha eardInalis West and P. seoimda (Strand)
Ghana (Starth, 1965)
Zinarla reeanrata (Hampson)
Ghana (Smith, 1965)
lhosea sp.
Ghana (Smith, 1965)
Tradyretera nigrcmactdata (Hering)
Ghana (Smith, 1965)
Altermative host plant* Banhia nitida
Qnocena converaeas (Hering)
Ghana (Smith, 1965)
Alternative host plant* Terminalia ivorenais
Qnocena sp.
Ghana (Snith, 1965)



Niphadolepls seleniphora (Hering)
Qewa (Snith, 1965)
Rhypteira aordlda (Holland)
Ghana (Smith, 1965)
Metarbelidae
Metarbela ap.
Ghana (Entwistle, 1960, 1962; Smith, 1965)
Salagena tranaversa (Walker)
Ghana
Psychidae
Acanthopgrche (Metisa) sierrieola (Wiite)
Nigeria (Bourgogne, 1955; Golding, 196 Entwistle, 1963;
Lamborna, 191 lii loudeowei, 1971)
Alternative host plants* Ccmbretum sp; Herranld sp}
Hibiscus esculentuai Ihdieophora sp., Glirleidla sepium.
Muouna pruriena var. utilis. Citrus. Coffea canephora.
Cuvlera nigresceaa. Crotalarla _luvea and Ccla nitida.
Eumeta eervina Bruce
Ghana (ibtwistle, 1963)
Nigeria (Entwistle, 1963; Youdeowei, 1971; Golding, 19U6,
Bourgogne, Bhg”
Altermative host plants* Mangjfera indica. Casuarina eoulseti-
folia. CitttB sp. and Goaaypium sp.
Eameta rougeoti Bourgogne
Ghana (Entwistle, 1963)
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Nigeria (Entwistle, 1963J Xoudeowei, 1971)
Alternative host plantsi Peraea americana. Cola glgantea var.
" Ci.trus sp., Coffea canephora and Casri(Fira
mm aouisetifolia. ,
Kotochalla junodi (Heylaerta)
Ghana (Entwistle, 1963)
Nigeria (Entwistle* 1963; loudeowei, 1971)
Altermative host plantst Riotous eatgrmmis. Cassia siaroea.

Ga.lanua indicua. Coffea canephora. Caauarina eauisetifolia

and Gliricidia septum.

Manatha aethiops (Hampson)
Ghana (Forsyth, 1966)

Alternative host plant* Pteroearpua erinaceus
Manatha obsourior sp. n. and Acanthopsyche entwistler sp.n.
Nigeria (Bourgogne, 1962% Entwistle, 1963)
Zygeenidae
Staphylinochrous tenellula (Holland)
Ghana
CLethreutidae
Clethreutes sp. nr. praeeedens (Walsingham)
Ghana (Forsyth, 1966)
Alternative host planti Trichilia rubesoens
228. leueotreta (Meyrick)
Ghana (Forsyth, 1966)

Alternative host plant* Gossypium sp. and Riolnus communis.
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laspevresla sp.

Ivory Coast (Alibort, 1951)

Ghana (Forsyth, 1966)
Alternative host plant* Coffea sp

Torfericidee
Archips occldentelis (Walsingham)
Ghana (Snith, 1965)
Tortrix dinota (Meyrick)
Ivory Coast (Alibert, 1951)
Ghana (Snith, 1965)
Alternative host plant* Baphla nltida and Sterculia tracacantha
Enarmonia sp.-
Ghana (Forsyth, 1966)
Pyralidae
Sylepta retractalis (Haapaon)
Ghana (Forsyth, 1966)
Nigeria (Golding, 19U6)
Alternative host plant* Sterculia traeacantha
Ivory Coast (Alibert, 1951)
Senegal (Mallamaire, 1955)
Altermative host plant* Cola sp.
Muasidia nigrivenella (tag.)
Senegal (Mallamaire, 1955)
Ivory Coast (Alibert, 1951j Mallamaire, 1955)

Altermative host plant* Butrygspermun parkii
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Ghana (Nosti, 1961)
Nigeria (Golding, 19k6] Nosti, 1961j Patterson, 1922)
Altermative host plantt Phaaeolus lunatus, Zea mais and
Gosaroium sp.
Fernando Po (Nosti, 1961)
M. pecticorneila (Hampson)
Ghana
Alternative host planta Butrvospermum parfcii
Pilocrocifi melastictalis (Hampson)
Ghana (Steith, 1965)
PolrgramnodeB hirtusalls (Walker)
Ghana (Forsyth, 1966j Smith, 1965)
Lasiocampldae
LelpoxalB rufobrunnea (Strand)
Ghana (Smith, 1965)
Nigeria (Golding, 191]0] 19°6)
Alternative host plants Rloinus communis
lelpoacals peraffinis (Holland)
Cameroons (Zaeher, 1915)
Lelpoxaie sp. nr. peraffinis (Holland)
Ghana (Snith, 1965)
Lelnoxale sp.
Ghana (Snith, 1965)
Nigeria (Golding, 1937)
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Bombvcopsis indecora (Walker)
Ghana (Snith, 1965)
Qanobomhrp-angulata (Aurivillius)
Ivory Coast (Alibert, 1951)
Saturniidae
Nudaurella dione (F.)
Ghana (Snith, 1965)
Ivory Coast (Alibert, 1951)
Alternative host plant* Jatropha curcas and Spondias lutea
Bnbraaia epimithea (Drury)
Ghana (Smith, 1965)
Eupterotidae
Phiala helogramma (Aurivillius)
Nigeria (Golding, 19i"6)

Nymphal idae
a@

Ohann

Alternative host plant* Tragia sp

A. lycea (Godart)

Ivory Coast (Alibert, 1951)
A. rqgersi (Hewitsan)

Ghana
A_. Pharsalue (Ward)

Ghana
A. zetes (L

Ivory Coast (Alibert, 19%1)
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Phalanta columbine (Qralrier)
Ghana {Snith, 1965)
Buryphura plautilla (Hewitson)
Ghana (Snith, 1965)
Precis pelaara (F.)
Nigeria (Golding, 19U6)
Ijjrcaenidee
Rypolycaenia sp.
Ghana
Hypdkopelates eleala (Hewitson)
Ghana (Snith, 1965)
Alterative host plantt Albizia zygia
Hesperiidae
Coeliades foreatan (Stoil)
Ghana (Forsyth, 1966)
Nigeria (Colding, 19k6; Peacock, 1913)
Alternative host plant* Malpighia glabra and Brassica sp.
Gecmetridae
Scopula al3.
Ivory Coast (Alibert, 1951)
Neocleora sp.
Ghana (Entwistle, 1957, 1962j Smith, 1965)
Asootis roclprocarla (Walker)
Ghana (Smith, 1965)

Alternative host plants Ceiba pentandra
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Ascotia selenarla (Hubner)
IvoryCoasii (Alibert, 1951)
Hyposidra smithL (Warren)
Ghana (Gmith, 1965)
Colocleora divigaria (Walker)
Ivory Coast (Alibert, 1951)
Ghana (Smithy 1965)
Nigeria (Colding, 191+6} Peacock, 1913)
Altermative host plants Mallotus oppositifolius
Boarmia sp. smithl (Warren)
Ghana (Smith, 1965)
Bozura .lohamarla (Gib.)
Ghana (Snith, 1965)
Xenimpia erosa (Warren)
Sierra leone (Hargreaves, 1937)
Ghana (Smith, 1965)
Sphingidae
Hjppotion eson (Cramer)
Ivory Coast (Alibert, 1951)
Ghana
Alternative host plants* Anchananes dIfformia and Solaaum
anomalum.
Polyptyohua carter! (Butler)
Ivory Coast (Alibert, 1951)

Alternative host planti Cola sp.
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Arctiida®
Diacriaia auriantiaca (Holland)
Ghana (Smith* 1960)
Alternative host plants Datura sp-
Diaerisia auadrilunata (Hampson)
Ghana (Forsyth, 1966)
Diacriaia eonrlllnea (Walker)
Ghana (Forsyth, 1966)
Nigeria (Golding, 191i6j Peacock, 1913)
D. rattrayj (Rothschild)
Senegal (Mallamaire, 19%$%)
Ivory Coast (Alibert, 1951)
Ghana (Cotterell, 1"28j Entwistle, 1962)
Alternative host plantst Albizia zygla. Averrhoa carambola
and Amaryllis beliadana
Nigeria (Youdeowei, 1971)
Alternative host plantss Zephvranthes tubispatha. Hippeastrum
eaue3tre. and Combretum sp.
Cameroons (Lavabre, 1957)
Diacriaia mundata (Walker)
Ghana (Caswell, 1962] Cotterell* 1927# 1928)

Altemative host pianist Helianthus amu.ua. Phaseolus sp.,

Zea mays (Forsyth, 1966).
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Maorisia maculosa (Cramer)
Ghana (Forsyth, 1966, not on coooa)
Alternative host plants: Araohls hvpoaaea and Toandaeia
subterranea
Nigeria (Caswell, 1963} folding, 1~ J Hergreaves, 1937)
8. ehionea (Hampson)
as.
Rhodogastria luteibarba (Hampson)
Ghana

Bhoflogastria leucootera (Hampson)

Ghana
Nigeria (Golding, 1%®)
Altermative host plants Combretum muoronatum
Asura atiieraspeda (Hampson)
Ivory Coast (Alibert, 1951)
Asura p.
Ghana
Syntomidae
Svntomis dilateralis (Hampson)
Ghana
Euehromla lethe (F.)
Ghana
Altermative host plants loomoea sp. (Forsyth, 1966)
Nigeria (Golding, 1928)

m/ Alternative host plant* Purgularia. extenaa
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Ivoiy (fesst (Alibert, 1951; Lavabre, 1954)
Alternative host plants Ipomoaa p-
Cameroons (Zacher, 1715)
Metarotice invarea (Walker)
Ivory Coast (Alibert, 1951)
Balaora ehrmanni (Holland)
Ghana (Snith, 1965)
Balaora pulohra (Aurivillius)
Ghana (Smith, 1965)
Balaora testaocea (Aurivillius)
Ivoxy Coast (Alibert, 1951)
Noctuidae
Achaea oatocaloides (Guenee)
Ivoxy Coast (Alibert, 1951, Braudeau 1969; Lavabre, 1934)
Ghana (Eorsyth, 1966; Smith, 1965)
Altermative host plants; Averrhoa carembola. Citrus sp;
Eugenia uniflora. Lycopersioon eseulentun. Mangifera
indica. Milletis g., Myrianthus liberlous and
Phyllanthus disooides.
Togo (Mallamaire, 1955)
Cameroons (Lavabre, 1954; 1958)
Achaea lienardi (Boisduval)
Ghana (Forsyth, 1966; Smith, 1965)
Altermative host plants: Averrhoa carembola. Citris paradisi.

Psi.diun gua.iava. Albizia zygia. Euphorbia hirta and Pious sp.



Anomls leona (Schaus)
Ivory Coast (Braudeau, 1969; Dagatiguy. 1953) Lavabre, 1954, 1958;
19651 lavabre et al. 1966)
Ghana (Caswell, 1962, Cotterell, 1943} Leston, 1970} Leston and
Gibbs, 1971} Lodes, 1967} Smith, 1965)
Altermative host plants; Averrhoa carambola. Citrus psradlsi.
Lvcopersicon esoulentun. Manaifera indica. Cola oordlfolia.
Grarila caroinlfolia. Hibiscus sp., Leptonvohia pubescens.
Nesogordonia paoaveidfera and Steroulia tragacantha.
Nigeria (Booker, 1967} Gerard, 1969} Golding, 1931} Youdeowei, 1971)
Altermative host plant: Cola aitida
Cameroons (Lavabre, 1954)
Sao Thome and Principe (Cotterell, 1930} Schmidt, 1967)
Anomis (Cosmoahila) fulvida (Holland)
Cameroons (Lavabre, 1958)
Characoma stictigraota (Hampson)
Senegal (Mallamaire, 1955)
Sierra Leone (Hargreaves, 1937)
Altermative host plants Cola nitida
Ivoiy Coast (Braudeau, 1969} Lavabre, 1954, 1958, 1965} Magnin, 1954)
Ghana (Chatt, 1553} Cotterell, 1928} Entwistle, 1962} Lsryea, 1955}
Lodos, 1967} Niool, 1947} Nosti, 1961} Patterson 1914, 1922}
Smith, 1965} TJrouhart, 1961).
Alternative host plants Cola 9, (Forsyth, 1966)
Nigeria (Golding. 19465 Lemborn, 1934} Nosti, 1961)
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Altemative host plants Cola .
Cameroons (Nosti, 1961)
Sao Thome and Principe (Carvalho, 1968} ~otterell, 1930}
Navel, 1921; Sehmldt, 1967).
Eudraoca mollis (Walker)
Ghana (Forsyth, 1966; Smith, 1965)
Selepa leuooareata (Hampson)
Ghana (Entwistle, 1962; Leston, 1971; Smith, 1965)
Selepa .
Ivory Coast (Alibert* 1951)
Plusia acuta (Walker)
Ghana
Altermative host plants Pisum sp. (Forsyth, 1966)
Nigeria (Golding, 1946; Peacock, 1913)
Alternative host plants Musa sp., Hicotiana sp., Hhigiooarya
racamlfera
Plusia chaleites (Bsp.)
Sierra Leone (Hargreaves, 1937)
Alternative host plants Nicotiana .
Ghana (Caswell, 1962; Smith, 1965)
Altermative host plants Nicotiana p.
Sao Thome (Seabra, 1919)
Plusia signata (P.)
Sierra Leone (Hargreaves, 1937)

Alternative host plants Calendula officinale. Cineraria.



Ivoiy Coast (Alibert, 1951)
Ghana (Porsyth, 1966; Smith, 19®)
Alternative host plants Brassioa oleraosa. Nicotians tabacim
Nigeria (Colding, 1946)
mAltermative h°st plant} Mucuna aterrima
Soodoptera littoralis (Boisduval) (= Prodenia litura anett neo P.)
Ivory Coast (Alibert, 1951)
Ghana (Smith, 1965)
Alternative host plants: Xanthosoma mafaffa (Benson & Leston,
1971)* VIgna onguloulata. Solamro meloneena. Lvconeraioon
eseulentum; Gosawpiutn sp., Centrosema sp- Brassioa oleraecea
var. caoltata. Allium oepa.
Nigeria (Golding, 1937* 1™6j Peacock, 1913)
Alternative host plants: Amaranthus caudatus. V. unguioulata
N. tabaeum. Muouna aterrima.
Fernando Po (Nosti, 1961)
Lophorusa seadserlpta (Mabille)
Ghana (Snith, 1955)
Earias Malaga (Walker)

Sierra Leone (Hargreaves, 1937)
Altermative host plants* Hibiscus rosa-sinensia. H. sabdarlffa

and H. steralifolius
Ivory Coast (Alibert, 1951j Braudeau, 1969} Lavabre, 19"5i 1966,

1969)



Alternative host plants: Thespesia sp-, Abutllon asiaticum.
Urena lobata.

Ghana (Caswell, 1962} Chatt, 1953? Cotterell, 1927; 1928s
Entwistle, 1965, 1969} Gerard, 1964, 1967, 1970} Johnson, 1962}
Leston, 1970} Lodos, 1967} Pearson, 1958} Smith, 1961)

Altermative host plants: Gossroium . (Forsyth, 1966)

Togo (Alibert, 1951} Cotterell, 1928).

Altermative hopt plants: Urena lobata and Hibiscus sp,

Nigeria (Booker, 1967} Caswell, 1962} Entwistle, 1960, 1962,
1963, 196Kk} Golding, 194-6; Lamborn, 1914-15} Nosti, 1961}
Opeke, 1965} Peacock 1913} Pomeroy, 1921, 1925),

Altemative host plants: G-oss.valun sp,, Sida caroinifolia.
Hibiscus eacusentiis. Abutilon zanzibaricum. Steroulia
tragacantha. Hibiscus rosasinenais md A. rnamitienm.

Cameroon#$ (Lavabre, 1969} Nosti, 1961)

Sao Thome end Principe (Carvalho, 1968} Schmidt, 196?)

Barias citiina (Saalmaller)
Ivory Coast (Alibert, 1951} Lanborm, 1914-15)
Loohocrsma ohoenicoohlora (Hempaon)

Sierra Leone (Hargreaves, 1937)

Alternative host plant: Cola nitida

Ghana (Entwistle, 1962} 1965)

1&geria (Colding, 1937} Youdeowei, 1971)

Cameroons (Lavabre, 1957)

Maurilia albiriTula (Hampson)
Ghana (Snith, 1965).



Lymantriidae
Argyrostaaaa (Daayohlra) niobe (Weymer)
Ghana (Smith, 19%5)
Alternative host plants: Albizia zygia (Forsyth, 1966}
Nigeria (Gerard, 1966); Golding™ 19V>)»
Alternative host plants? H. eaoulentus L.
Dasvchira endoohaaa (Hampson)
Ghana (Smith, 196%)*
Basychira georgtana (Fawcett)
Ghana (Forsyth, 1966$ Smith, 1965)
Alternative host plantsi Babhia pubescens. Bvrsocarous oocoineus.
Hvmenoategia afzelli and Hicinus eommunia.
JJigexla (Colding,, 1931)
Alternative host.plant* Arachis hvooaaea
Orgyia mixta (Snellen)
Ghana (Leston, 1971} Smith 190)
Orgyia basalts (Walker)
Sierra Leone (Hargreaves, 1937)
Ivory Coast (Alibert, 1951)
Ghana (Smith, 1965)
Cameroons (Lavabre, 1957)
Altermative host plant* Aréehis
Euoroctis dewitid (Grunberg)
Ivory Coast (Alibert, 1951)
Ghana (Snith, 1965)
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Nigeria (Golding, 1946)
- Alternative host plant* goasyplum sp.
Euproctis lepidographa (Hampson)
Ghana (Smithj 1965)
Euproctis lvona (Svinhoe)
Ghana (Smith, 1965)
Nigeria (Peacock, 1913)
Alternative host plant} Goss-wolun sp.
Buoroctis laedioaguamoBa (B* Baker)
Ghana (Nosti, 1961)
Nigeria (Nosti, 1961)
Fernando P® (Nosti, 1961)
Sao Theme (Cotterell, 1930j Navel, 1921)

Ghana (Snith, 1965)
Altemative host plants fenainelia ivorensis.

Euproctis pymaea (talker)

Ivory Coast (Alibert, 1951} Mallamaire, 1955)
Euorootle xanthomelana (Holland)

Ghana (Forsyth, 1966j Smith, 1966)
Saproctis .

Ghana (Forsyth, 1966)
Naroma signifera (Walker)

Ghana

Alternative host plants Tragia . (Forsyth, 1966)
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Stracena fuacivena (Swinhoe)
Ghana

Crorema mentiens (Walker)
Ghana (Forayth, 1966)

Notodontictae

Graohiaura sp, nr, argenteomaculata (Aurivilllus)
Ghana (Smith, 1965)

Alenophalera variegata (Aurivillius)
Ghana (Salty, 19@)

Soalmiocanda p,

Ghana (Forsyth, 1966)
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1. Seasonality of lepidopterous defoliators of coooa at Aburi has

teen studied. Various species oouid more or less be classified in the
order of the times when each species was at its highest peak e.g.

there were seme with early single peaks, double peaking periods and also
others with relatively none or with minor peaking. Among others
Spokoptere. littoralis had an early single peak that coincided with tiie
dry season in November«Dcceraber, while Anomis leona and Characcma
stictigrapta had late single peaks in Februaxy-March and April respectively,
1l.e. in the wet season. Earias hiolaaa showed double peaking. With the
exception of the psychids, Anomis and Characcma were by far the commonest
caterpillars at Aburi in the course of sampling.

2. Sampling has shown that Fluctuations in populations of leafseating
Lepidoptera are tied up with the availability of food in the form of

new Flush leaves, Anatsis and Characoma showed this simultaneous increase
in their numbers with the gradual availability of Hughes rather dearly,
but in the djy months of December and January not many larvae were
encountered probably because cocoa flwiiing was low.

3. The pod-borer, Characoma stictigrapta. sbart from feeding on flush
also bores into husks of green pods. More danage was done by this
caterpillar in October**ovaaber when there were many pods available.

In Maroh, fewer pods were attacked probably because of new flush leaves
which were also plentiful at the time, but more pods were again infested
in May when flush was at a low edb. Pod infestation by Chsracoma

appears to be correlated with a good canopy.



4. With regard to the after-effects of insecticides on Lepidoptera
populations, the results have shown that larger numbers of caterpillars
are found in regularly sprayed areas suoh as at Kade end Tafo than at
the rarely sprayed farms at Aburi. A great number of pods were infested
with the pod-husk-miner, Mamara. at Kade where most of the cocoa plots
had been heavily Sprayed with D.D.T. in contrast to the situation at
Abuxi and Ansnokrom.

5. The study has shown that there is an association between shade end
the increase in numbers of Lepidoptera found on cocoa. Cocoa trees with
a poor canopy harboured much higher numbers of some lepidopterous larvae
such as Earias biplaga. Anomis leona. $. littoralis. and Haamara sp. and
several other species. Flush leaves are therefore relatively more
heavily attacked in the open than in the shade,

6~ There were seasonal fluctuations in the diversity of species of
Lepidoptera found at Aburi. There was a great variety of species In
Septeaber-October in spite of the fact that there were ftaw Individuals.
In February-*arch individuals were more plentiful yet the species were
less diversified. It would appear that species diversity is inversely
correlated with abundance of individuals in a tropical environment.

7. The information from experiments on fbod preferences suggests that
caterpillars feed more on flushes than on mature leaves, and that direct
contact with the leaf is necessary before feeding actually starts.

Smell probably plays a minor role.

8, The various comonly occurring species of lepidopterous larvae

have been described and keys furnished to distinguish them. Hie
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chastotsxy of the variousspaoiea was also studied.

9. Observations on ovipositlon, moulting, pupation and protective
mechanisms of the more important species have been made.

10. Parasitism and predation of cateipillars was noted., Anomls.
Characoma. Buprootis xanthorelanai. mrgvrostagme niobe and several

other ~>ecies were frequently found parasitized by braconids, chalcidids
and ichneumon!d8 in the field. Hot many cateipillars were found
predated upon in the field, Oecoph-Ha. ants, however, were occasionally

seen attacking Anemia.
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