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Analvsis of hcad capsule widths of banana weevil larvae was carried out to determine the
number and recognition of instars. The analysis involved model fitting b frequency distribu-
tions of head capsulc measurenlcnts of laborabry-reared and field-collected larvae. The
laboratory population revealed de.,.elopmental polymorphism, with larvae passing through
5-7 instars. The model fitted Gaussian curves with five peaks for laboratory samples and six
peaks for field samples. Mean head capsule widths for the first four instars showed ckrse
agreement among both laboratory and field-collected populations. Variability appeared
greater among field populations, resulting in a higher probability of misidentification. The

method of analysis was not sufficiently sensitive to separate later instars. Plotting mean
head-capsule widths against instar number showed a geometric curve to be the best fit, but
with only approximate conformity to Dyar's rule. The duration of banana weevil immature

stages was determined under ambient conditions in three experiments. Mosi eggs hatched
within 5.5-8.0 days. Using a developmental threshold of 12 'C, thermal requirements
(92.8 95.9 degree-days) appeared similar to those established for a West African population.

Larvae passed through 5-8 instars, with 74 % pupating after six instars. Larvae completed
development in 20-41 (most less than 30) days and spent 3-5 days in each instar. The
pre-pupal period averaged 4.6 days, while the pupal stage averaged 7.0 days. Overall, the
egg b adult period lasted 6-8 weeks. Rearing methods influenced the number of instars and
the length of the larval period. Applications of these daia for life-iable studies are discussed.
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INTRODUCTION

Banana weevil, Cunopoliles sordidus Germar
(Coleoptera: Curculionidae), is an important pest
of bananas and plantains in Africa (Persley & de
Langhe 1987; INIBAP 1988; Cold et al.  7993;
Rukazambuga 1996). In East Africa, weevil out-
breaks have caused widespread plantation failure
(Sengooba 1986; Sebasigari & Stover 1988), while
sustained attack over several crop-cycles may
cause yield losses between 30 and 50 % (Rukazam-
buga ef al.1997) and reduce plantation life (Gold
et aI 1998).

The banana weevi l  manifests a'K selected l i fe

cycle (Pianka 1970) with long a lifespan and low

fecundity. Adults are freeliving (not confined to

the banana plant) and may live up to four years
(N.D. Rukazambuga & C.S. Gold, unpubl.).  The

female weevil inserts a single egg into a cavity

made with its rostrum in the corm or pseudostem
(Whalley 1957; Koppenhofer 1993; Abera et al.

1998). The larvae tunnel in the corm, killingyoung

p lan ts ,  de lay ing  f lower ing ,  reduc ing  bunch
weight and decreasing vigour of followers (i.e.
ratoon crops) (Rukazambuga 1996).

Egg production is estimated at 1-4 eggs per fe-
male per week in the laboratory (Arleu & Neto
1984; Koppenhofer 1.993; M. Griesbach & C.S.
Gold, unpubl) and 0.5-1.2 eggs per female per
week under field conditions (Abera et al. 7998).
Mortality in the egg and first instar stages appears
to be high. Abera ef al. (1997) found 6-12 times as
many eggs as mid- to late-instar larvae during
dissections of banana mats. With low rates of ovi-
position and larval success, population buildup is
slow, with most weevil infestations commencing
in ratoon crops (Mitchel l  1980; Lescott 1988;

Rukazambuga-1.996).
A thorough understanding of various facets of

the weevil's biology, ecology and behaviour is

essential for the development of appropriate con-

trol measures. The precise number, identification
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and duration of larval instars of a pest species are
imporiant aspects of l i fe-history studies and may
be of practical signif icance in pest manaS;ement
(Schmidt et nl.  7977; Daly 1985).

Technical information on larval instars is essen-
t ia l  in  deve lopment  o f  mor ta l i t y -surv ivorsh ip
studies based on l i fe tables and on populat ion
modell ing, which each have a bearing on the
deve lopment  o f  pes t  management  s t ra teg ies .
Conventional l i fe-table work entai ls proper identi-
fication of instars so that life stages affected by
biot ic and abiot ic components of the environment
can be determined. Addit ional ly, knowledge of
instars may be used in monitoring seasonal devel-
opment of pest populat ions such that interven-
t ions (c.9. biopesticide or insecticide applications)
can be optimally t imed.

The banana weevi l  has been variously reported
to have five (Cendana 7922; Beccari 1967), six
(Koppenhofer ct n|.1994), seven (Viswanath 1978),
5-7 (Schmitt 1993), and 5-8 (Mesquita et nl. 1984;
Mesquita & Caldas 1986) instars. The variable
number of larval instars suggests that banana wee-
vi ls may display developmental polymorphism,
i.c. the occurrence of supernumerary instars other
than those that are normal for a part icular species
(Schmidi &Lauer 7977\.

Head capsule measurements have been used to
determine the number of instars for a wide range
of insects (Harman 1970; Surgeoner & Wall iner
1975; Beaver & Sanderson 1989; Jobin et sI.1992;
McClel ian & Logan 1994). The most common
method is the examination of simple frequency
distr ibutions (or modif icat ions thereof) to aid
in detecting peaks in a mult imodal distr ibution;
each peak representing an instar. This approach
assumes that insect growth is discontinuous with
major increments in size being l imited to the
periodic rnoults. Once the new cuticle sclerot izes,
bodv size is assumed to remain constant during
any part icular instar. In principle, the technique
should present l i t t le or no dif f iculty ir .r  instar
separation, i f  there is minimal overlap in instar
measurements.

Crowth rat ios from one larval instar to the nexr,
are often constant as pnrposed by Dyar's rule
(Daly 1985). Dvar's rule, developed in 1t190, pro-
posed a geonretr ic progression between mean
head-capsule widths in successive instars, with a
2tl  7, constant increment in the size of sclerot izecl
parts of :r l l  insects ai each moult (Enders 1976). Thc
rule has been revisecl,  such that each species ntav

have a typical,  although dist inct constant incre-
ment in size at each moult (Wigglesworth 1950;
Enders 7976). For example, Dyar's constants have
been determined as 62-69 %, for various caterpil-
lars (Drooz 1965; Dupree 1965);78.6'ft, for Blstelln
sp. (Murray 7967);37'/r, for Ncmo|tius sp. (Nielsson
& Bass 7967);28 %, for l1ts sp. (Balogun 1970) and
31 %, for eight species of Coccinel l idae (van Emden
7e4e).

Separation of banana weevi l  instars would be
insignif icant in the construction of l i fe tables
without addit ional information on duration of the
stages. For banana weevil eggs, Traore et nl. (1993)
found a developmental threshold of 12 "C and a
thermal requirement of 89 degree-days for banana
weev i ls  in  Ben in .  In  Ind ia ,  V iswanath  (1978)
fol lowed larval cohorts (sample sizes not re-
ported) under ambient condit ions at six t imes dur-
ing the year. The larvae passed through seven
instars with estimated mean durations of 4.1.5.6,
5.8, 5.8, 5.9, 5.9, and 6.8 days, respectively, with a
2 .7-day  prepupa l  per iod  and 7 .2-day  pupa l
period. Although the total larval period varied by
season (ranging from36.644.4 days), the relative
t ime spent in each instar was fair ly constant
(9.1-10.9 % in instar 1; 13.4-15.8 ol, ininstars24;
and 76.4-17.8 ofi, in instar 7).

Schmitt (1993) and Traore cl nl. (1993) reviewed
work  on  the  deve lopmenta l  ra tes  o f  banana
weevil .  Most of these studies were conducted at
ambien t  tempera tures  and revea led  a  w ide
variability in stage duration: 4-36 days for eggs,
72 165 days for iarvae, 1-4 days for prepupae,
4-30 days for pupae and 24 220 days from egg to
adult.  While temperature is the most cr i t ical factor
in  de termin ing  deve lopment  ra tes ,  re la t i ve
humidity, cultivar, age of plant, food quality and
populat ion density may also exert an inf luence
(Mesquita et nl.  7981; Schmitt  1993).

The objectives of this study were f irst to deter-
rnine the number of instars ar-rd to classify instars
of banana weevi l  under laboratory and f ield con-
dit ions, using head capsule widths. Conformity of
growth rai ios fmm one instar to another with
Dyar's rule was also examined. Second, to deter-
mine t lre relt ' r t ive stage duratiorr for banana weevi l
immatures under ambient temperatures in the
laboratory.

MATERIAL AND METHODS
Rei,rr ir-rg of banana weevi l  was conducted under

l.rboratory concl i t ions at the Kawanda Agricul-
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tural Research Institute. Kawanda 00.25N, 32.32E,
1195 m, 12-h daylength throughout the year) is
13 km north of Kampala, Uganda. The site has
two rainy seasons (March-May and September
November) with average precipitat ion of 1180 mm
per year. Average dai ly temperatures are 16 'C

m i n i m u m  a n d  2 q  " C  m a x i r n u n r .
In Uganda, frequent power cuts preclude the

use of control led temperature regimes. Al l  experr-
ments were therefore carr ied out under ambient
condit ions. Temperatures were recorded with a
Zea l  max i rnum/min imum tempera ture  gauge
placed in the laboratory.

lnstar recognition: laboratory studies

LLtrtwl rcnrirtg nttl ht'ntl-cnltsult, nrcnsurctncnts (Trinl '1)

Adult banana weevi ls were col lected from the
field in Bornbo, Luwero District, Uganda, usir-rg
pseudostem traps (Mitchel l  1978). The weevi ls
lvere brought to the laboratory where they were
maintained on sections of corm in venti lated I I
plast ic containers for three weeks. The weevi ls
were then exposed for 24 hours io ctviposit ion sub-
strates consist ing of fresh suckers (t .c. corms and
10 crn of pseudostem) (Atwalira cult ivar) placed in
venti lated 10 I plast ic basins under ambient tem-
peratures (22-27 'C) in the laboratory. Suckers
rveighed 1-2 kg.

Oviposit ion occurred below the plant surface in
both the corm and pseudostem. The suckers were
gerrtly pared with a knife to expose the eggs. A
total of 1449 eggs, 0-24-hours old, were extracted
using a moistened f ine camel's hair brush, trans-
ferred onto moistened f i l ter paper in covered
Pvrex Petr i  dishes, and incubated at nrom temper-
ature. The dishes were monitored dai ly for hatch-
ing. A subsarnple of 265 newly hatched larvae was
reared for head capsule nleasurement and devel-
opment rate studies.

Newly hatched larvae were coded by date of
hatching and number. The head capsule of eacl.r
larva was measured at the widest point (dorsal
view) at,10 t imes magnif icat iorr with a binocular
dissecting microscope f i t ted with a cal ibrated
ocular micrometer. Larvae were then pl.rced indr-
vidual lv in rearing chambers consist ing of twc'r
corr.n sl ices (4 x 4 cm and 0.2 crn thick) with a notclr
(sirnulat ing a gal lery) in the lower sl ice to avoid
possible injurv to the l .rrva bv pressure from the
upper sl icc. The rearing chambers were placed
singlv in Petr i  dishes. Head capsule widths were

measured daily until the early prepupal stage.
Larvae were retrieved from the corms for daily

head-capsule measurements by first examining
the corm sections for evidence of tunnelling (e.g.
presence of holes or frass) and then careful ly
cutt ing open the tunnels to expose the larvae. The
larvae were removed, measured and placed into
new rearing; chambers. The size and thickness of
the rearing chambers varied according to larval
size, with larger larvae requir ing sections of up to
0 .7  cm.

Nunrbcrs of instttrs ond clt tssif icnt iorr
Insiar l imits were determined by examining

daily incremental patterns of the head-capsule
widths for each individual. The precise measurL-
rnent of head capsules of l ive larvae w.rs, however,
reduced by larval movement during r leasure-
nrents. Larvae with head-capsule width varying
by three micrometer units (0.0717 rnm) on consec-
utive days were therefore considered io be in the
same instar, and mean values were determined for
each instar for each larva. Increments greater than
three micrometer units were considered to repre-
sent the next instar. Moult: ,  where possiblc, were
confirmed by presence of exuviae ctr pale appear-
ance of the head capsule. The technique faci l i tated
determination of both the number of instars and
the stage duration (days) under ar.nbient condi-
t ions. Larvae were ult imately classif ied into cate-
gor ies  based on  ins ta r  number  ( i . t .  5 - ,6 -  and
7-instar groups).

Mt'Ltrr hcnd-capstilc tLridth nnd srort,th rntio per instnr
The rnean he:rd-capsule width and standard

error were deterrnined for each instar group.
Individuals that survived to the f i f th instar, but
th.rt  died in the sixth instar could not be cateeo-
rized into instar groups, and were not considered
in the calculat ions. Growth rat ios, were computed
as mean l .read-capsule width of one instar divided
by the mean head-capsule width of the previous
irrstar, .rr-rd then examined for conformity with
Dyar 's  ru le .  Idea l l y  the  growth  ra t io  da ta  o f
individuals that successful ly pupated and emer-
ged as f i t  adults should be considered io be more
real ist ic. In this study, however, al l  individuals that
reached the prepupal stage were considered to be
representative of their respective polymorphic
fo rms.  Th is  was because banana weev i l s  a ry
dif f icult  to rear and only a relat ively small  number
of larvae reached the adult stage.

4.�
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H entl-c np sttl e da t n nn nly si s
A total of 3871 head-capsule measurements were

taken from 265 larvae studied in the laboratory.
This consti tuted the head-capsule width data for
which a frequency distribution was compiled for
analysis. The method of analysis closely fol lowed
that of McClel lan & Logan (1994), and involved
mode l  f i t t ing  by  max imum l i ke l ihood us ing
Genstat 5 Release 3.2, to detect peaks in a mult i-
moda l  d is t r ibu t ion ,  con forming to  Causs ian
curves. The analysis was carr ied out on the origi-
nal scale of micrometer divisions rather than on
the mil l imetre scale. Each micrometer division is
equivalent to 0.0239 mm. On this scale, head
capsule widths, z4 are integers between 18 and
120. The model f i t ted was a mixture of normal
distr ibutions with f ive or six components. With
f ive components the density function is:

where p, is the proport ion of the sample in the i  
' th

component and ,/i and .s, are respectively rnean
and standard deviat ion of that component. O is the
standard normal density function. During model
fitting, an observatic'rn of ir) was assumed to come
from the range (zu -0.5, u, +0.5). Inspection of the
data showed an excess of observations with f inal
digit 0 (r.c. zr, : 10 k for integer k) and only ..r few
with f inal digit  9 (zr, :  1t l  k - 1). Data with f inal digit
9 ,  0  a n d  1  w e r e  t h e r e f o r e  c o m b i n e d ,  e a c h
observation assumed to come from the range
( 1 0 k - 1 . 5 , 1 0 k +  1 . s ) .

The f ive components were assumed to corre-
spond to populat ions of f ive instars. An individual
was classif ied as belonging to instar i  ( l  :  1 5) i f  the
measured value of ar l ies in the range (ci r ,  cr).  Here
co : 0, cs : - .  The values of cr to cs were defined so
that the estimated chance of an individual of instar
I being classif ied as i  * 1 was equal to the probabil-
i tyof an individual of instar i  * 1 beingclassif ied as
i. That is, cl was defined so that the upper tail area of
the distr ibution of populat ion i  above ci was egual
to the lower tail area of the population i + 1 below ci,

( ,  " , )  ( c - r ,  )
O =l O -................t.

l s  i  \ s  /

where o is the standard normal integral.  These
v a l u e s  o f  c  a r e  d e t e r m i n e d  n u m e r i c a l l y .
Misc lass i f i ca t ion  probab i l i t ies  were  ihen es t i -
mated as these tai l  probabil i t ies thai measure the
overlap between the distr ibution of each instar.

lnstar recognition: field studies

Laraal collection and analysis of hend-capsule data
A total of 7337 banana weevil larvae (of various

sizes and unknown instars) was obtained by
d e s t r u c t i v e  s a m p l i n g  o f  2 3 6  b a n a n a  p l a n t s
(cultivar Atwalira) in a recently completed field
tr ial  (planted November 1991) at Kawanda Agri-
cultural Research Institute. Weevil larvae were
removed from corm and the first 30 cm of the
pseudostem.

Plants were carefully dissected to avoid missing
small  ( i .c. f i rst and second instar) larvae that
normally feed near the plant surface. Sampling
was carr ied out between 10 July 1996 and 13
August 1996.

The head capsule widths of al l  f ield-col lected
larvae were measured using the same procedure
as for laboratory-reared insects. However, some
large larvae in their late instars could only be
observed at a ma5;nif icat ion of 25 t imes. The result-
ing scores were then converted to the micrometer
scale for magnif icat ion 40 t imes, using appropriate
conversion constants. Consequently, the head-
capsule width, a1 ranged from 18 153 micrometer
d iv is ions .  A  f requency  d is i r ibu t ion  o f  head-
capsule daia was then plotted and analysed using
the procedure adopted for the laboratory sample
to determine instars.

Stage d u ration : I abo rato ry stu d ies

Egg irrcubntiott ycriod nrul tltt:rrnnl rcquircmcnts
Date of hatching was recorded for egg cohorts

used in Trials 1-3 (described below) for five days
fol lowing f irst egg hatch. Development t imes
were  checked fo r  con formi ty  w i ih  thermal
requirements of 89 degree-days above a develop-
mental minimum (threshold) of 12 "C as reported
by Traore ct nl. (7993) for banana weevils collected
from plantain stands in southern Benin (7-B N,
0-300 m, mean temperatures 27'C). Daily rnini-
mum and maximum temperatures were recorded
during the egg incubation period. Degree-days
(DD), which represent accumulated heat units
above a developmental threshold (Southwood
1978; Dent 1991; Pedigo 1996) were then com-
puted using the formula suggested by Pedigo
(7996\:

!  i  mrnrmrrnr  lL  n r f  '  r rn \nnurn  t r r rP  I  c l . !1 'h l  rn fn iJ l  i l r rc \h ( ' l c i

f ( u , )=  r , o [ ' '  
' t  

) ,
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In calculating degree-days, we assumed that the
eggs were an average of 12-hours old upon collec-
t ion and had hatched at an average of 12 hours
before we recorded the day of hatching. There-
fore, the calculated degree-days for the first and
last day of incubation period were each divided by
two, before calculating the accumulated heat units.

htstnr durst i t tr t
Stage duration was calculated in days and per-

centage t ime spent in each instar.
Trisl  1: Stage duration for larvae measured in

head-capsule studies (Part A) was determined by
clai ly observation from hatching to commence-
merrt of the prepupal period. The beginning of the
prepupal period was ref lected by cessation of
feeding, slowness in body reactions, stout body
and a more rugose cuticle. Commencement of
new instars was determined by the presence of
exuv iae ,  pa le  head-capsu les  or  inc rements  iu
head-capsule widths exceeding three micnrmeter
units (0.0717 mrn).

Trial 2: Eggs (540 in a 24-hour period) were
obtained on 1 February 7997, as in Trial 1. A sub-
sample of emerginp; larvae (196) was placed in
m o d i f i e d  r e a r i n g  c h a m b e r s  ( f o l l o w i n g  i h e
methods of Mesquita et n\.7984 and Schmitt  1993)
b faci l i tate observations on moults and the lensth
of the prepupal and pupal periocls. The thickness
of corm sl ices used in these rearing chambers was
always less than the body girth of the larvae to
prevent penetrat ion into the corm. Commence-
ment of new inst;rrs was determined as in Trial 1.

Trisl  3: Eggs (55,1 in a one-day period) were
obtained on 5 Apri l  7997, as in Trial 1, from which
2[)3 larvae were reared. Thickness of rearing chanr-
bers was as in Trial 1 for the l .rrval period and as in
Trial 2 for the post- larval stap;es. Cc,mmencement
of new instars wars determined as in Trial 1.

Data analysis
Analyses were conducted to compare dif ferent

polymorphic groups for duration (days) and the
proport ion of t ime (percentag;e of larval period)
spent in each larval instar i- tests were conciucted
within tr ials for stage duration of groups in which
n exceeded f ive individuals. The proport ion of
t ime spent in each instar was compared for the
6-lnstar group across tr ials. Data involving per-
centages were square-root transformed to stabi-
l ize the variance (Comez & Comez 1984); in these
c a s e s  w e  p r e s e n t  u n - t r a n s f o r m e d  d a t a  w i t h

LSMEANS tests for comparisons of instar groups
with unequal numbers of observations.

RESULTS

Instar recognit ion: laboratory studies
The data indicate the existence of at least four

polymorphic groups, with larvae passing through
5-8 instars before pupation. Rearing method influ-
enced the size of the larvae, the number of instars
and the duration of the larval period.

Mean head-capsule width and growth ratio per
tnsnr

Out  o f  265 tes t  la rvae in  Tr in l '1 ,777 (44  %)
reached the prepupal stage. These passed through
5 (32'/ , ,) ,  6 (67 ' / ,)  or 7 (2 %,) instars. Mean head-
capsule widths for each instar indicated that the
growth ratio was greatest between the third and
fourth instals (Table 1). Thereafter, the growth
ratio decreased with increasinS; instar number.
However, plott ing the means against instar num-
ber showed that a geornetr ic curve is a very good
fi t ,  confirming that Dyar's rule is.r sound approxr-
mation. Fit t ing the geometric curve gave esti-
mated growth rat ios of 1.39 (S.E. :  0.11) for the
five-instar group and 1.32 (S.E. :  0.018) for the
six-instar group. Sample size in the seven-instar
group was too small  to check the model.

Head-capsule data analysis
Figure 1 shows the head-capsule frequency

distr ibution histogram with the f i t ted model for
the laboratory populat ion. The laboratory sample
showed clear separation into f ive groups that were
assumed to correspond to instars. Larval polymor-
phic groups (Table 1) shou'ed considerable over-
lap between the f i f t tr  and sixth instars and these
instars could not be dif ferentiated in a Dooled
frequency distr ibution graph. Inspection of the
fi t ted model and observations showed a good f i t
with no obvious systematic departures between
model and f i t ted data. Althoush the calculated
chi-squared value of goodnesi of f i t  was large,
most of the contr ibutions come from a few unim
portant deviat ions between the data and the f i t ted
model. For example, the model gives a fitted (pre-
dicted) count of 0.06 observations for u :  26,but
six were observed. This is not unusual when f i t t ing
distributions to such large samples since devia-
t ions between model and data that are unimpor-
tant in practice are detected as 'signif icant ' .  

The
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Fig. '1 .  Frequency distr ibution of Cosmopoli tes sordiduslawal head-capsule widths in micrometer units (mu) and the
fi t led model for laboratory-reared larvae (1 mu = 0.0239 mm).

Table 1. Empir ical mean banana weevi l  instar head capsule widths in micrometer units (mu): laboratory observations
f o r v a r i o u s i n s t a r s a n d a s s o c i a t e d g r o w t h r a t i o s c o m p a r e d a m o n g i n s t a r g r o u p s ( l  m u = 0 . 0 2 3 9 m m ) .

Individuals with:

Ins ta r  No Five larval instars Six larval instars Seven larval instars

400

4 12'l

Mean * S.E. Growth rat io
(n = 37)

Mean + S.E. Growth rat io
@ = t e )

Mean + S.E. Growth rat io
( n = 2 )

1
2
3
A

5
6
7

2.1  .79  t  0 .1  0
3 0 . 2 . 1  t  0 . 1 3
4 2 . 1 3  t  0 . 4 1
60.64  r  0 .51
81.36  t  0 .77

2 1  . 6 4  t  0 . 1 0
30.09  t  0 .07
40.73 t 0.21
57.62 t O.45
76.44 t 0.64
94.56 t 0.57

2 1  . 1 7  t  0 . 1 6
30.50  t  0 .50
40.00  t  0 .00
60.00  t  0 .00
74.2O t  1 .80
86.50 t 3.50
95.00 t 5.00

1 . 3 1
1 . 5 0

1 . 3 9
1 . 3 5
I  A 1

1 . 3 3
1 . 2 4

1 . 4 4
1 . 3 1
'1 .50

1 . 1 7
1 . 1 1

standard deviat ions also increase with group, with
remarkablv large variat ions in the f i f th group
(Table 2). There is no suggestion in the data,
however, that this group can be separated irrto
more groupings.

Instar recognit ion: f ield studies
Weevils col lected from the f ield tr ial  were of

unknown instars. Therefore, the head capsule
f requency  h is t ( )BrJm (F ig .  2 )  cou ld  no t  be  corn-
pared with nlean ranges for known instars. Addi-
t ional ly, rnany larvae were larl ;er than those
reared in the laboratory, suggesting that reared

larvae suffered from food of lower nutr i t ive value
or  f rom repeated  hand l ing .  F i t t ing  the  mode l
revealed six groups to be more appropriate than
five in this case but the separation into groups was
less clear than that for the l :rboratory sample.

lnstar boundaries from fitted models for
laboratory and field samples

Instar distr ibution demarcated from the f i t ted
model of laboratory data (Fig. 1, Table 2) closely
approx imated s ize  in te rva ls  de termined fo r
known instars (Table 1). The estimated instar
means for f ield-col lected larvae (Table 3) were
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68 78 88 98
Head capsule measurement (w)

Group ( lnstar) Mean +  S.E. Growth ratto S . D  t  S . E

1281 1 81 0 8
1 4 81 3 8

[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[-3.';ii,?1i3f::'-::i?"Ti:l ii S::Tfr;!':z::;{{f#,"nhead-capsure widrh n micrometer units (mu) and the

I}[':i*"il,f'fri,ttrf*r;;ft :;,,""',!i,*''iT:,"j3L"*#i j:x1,:?sis,? j:rh?ffi :::
Proport ion + S.E

.t

2
3
A

5

21 .7  +  O.O3
29.9  t  0 .06
4 0 . 9  +  0 . 1 1
58.2  t  0 .23
84.5  t  0 .37

I . J I J

1 . 3 7
1  A -

1  l t

0.71  t  0 .03
0.96 t 0.03
2.33  t  0 .77
4 . 2 7  +  0 . 1 9
9.71  t  0 .35

0.24  t  0 .O1
0 . 1 5  t  0 . 0 1
0 . 1 5  t  0 . 0 1
0 . 1 7  t  0 . 0 1
0.30  t  0 .01

Table 3 Field sample f i t tec

w:nmfi1fs;f H5"J:#}jlx',1#,Tg:illJ:':il4",1i:?i"f i#i$iltTi:ni
Group ( lnstar) Mean +  S.E Growth ratio S . D .  t  S . E Proport ion + S.E.

1
2
3
4
5
6

20.9  r  0 .23
29.6  r  0 .88
4 1 . 6  t  0 . 9 3
55.7  t  1 .49
80.1 t 2.47

114.4  t  2 .86

1 . 4 2
1  A 1

1 . 3 4
1 . 4 4
| , + J

' I  .14  t  0 .39
5 . 1 2 t  1 . 6 1
3.26  t  0 .98
6.39 t 2.28

13.06  t  4 .85
1 1  . 4 4  t  1 . 6 4

0.06 t 0.02
0 . 1 8  t  0 . 0 4
0.09  t  0 .04
0 . 1 3  t  0 . 0 7
0 . 2 9  t  0 . 1 0
0.24 t 0.05
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Table 4. Estimated separation points in head capsule
micrometer units (mu) for dif ferent larval instars: labora-
tory and f ield samples (1 mu = 0.0239 mm).

lnstar No.
(Group)

Cut points
Laboratory sample Field sample

1
2
3
^
5

developinS; on the filter paper. In Trial 1, mean egg
development t ime was 6.9 days for Trial 1, 6.2 days
for Trial 2 and 7.7 days for Trial 3. Using a minimal
developmental threshold of 12 'C (Traore cl n/.
1993) ,  accumula ted  heat  un i ts  ranged f rom
83.9-85.3 degree-days for the f irst hatch and
92.8-95.9 for mean egg development times. These
r e s u l t s  s u g g e s t  c o n f o r m i t y  t o  d e v e l o p m e n t
per iods  es tab l i shed fo r  West  A f r i can  banana
weevil populations by Traore et nl. (7993).

Larual stage: instar number and duration
In Trial 1, 1 17 larvae reached the prepupal stage,

of which 93 were successful ly reared to adult.
These passed through f ive, six or seven instars
(Table 6a). Mortal i ty from egg to adult was 65'1, ,
much of this presumably being accounted for by
the disturbance of the larvae during measurement
o f  head capsu les .  S tage dura t ion  was s imi la r
among polymcrphs for each of the f irst four
instars. Larvae passing through six instars had an
exiended development period, but spent less t ime
in the f i f th instar than those pupating after f ive
instars. Total c- lurat ion of the larval period was
signif icantly longer for the sixth-instar group than
that of the f i f th- instar group. Overal l ,  the larval
period averaged 23.2 days (range 20 27 days).

In Trial 2, 55 larvae (28 %) reached the prepupal
stage, of which 42 successful ly emerged as adults.
Rearing methods resulted in a greater number of
instars and prolonged the length of the larval
stage compared to Trials 1 and 3 (Table 6b). In this
tr ial ,  larvae passed through six (26%,),seven(67' l( ,)
or eight (7 %,) instars. Stage duration was similar
among polymorphs for the f irst f ive instars, but
dif fered in the sixth inst.rr (Table 6b). Overal l ,  the
larval period averaged 33.2 days (range 24-41

25.2
J J .  I

47.O
66.3

22.6
36.9
46.4
63.7
98.3

very similar to the corresponding instars in the
laboratory sarnple (Table 2). The standard devia-
t ions of the f ield sample were, however, much
larger. For example, the f i f th and sixth instars
alone had such large standard deviat ions that 53 7
of the populat ion fel l  into these two groups.

The estimated separation points for the dif ferent
instars of the laboratory and f ield samples are pre-
sented in Table 4, while the derived misclassifi-
cation probabil i ty est imates are provided in Table
5. The misclassif icat ion probabil i t ies ref lect what
can be seen from Figs 1 and 2. Using head capsule
data from laboratory-raised insects to estimate
instar gives a low error but f ield-sampled insects
have a chance of up to 19 7, of being misclassif ied
by  th i :  methr rc l  (  lab le  5 ) .

Stage duration: laboratory studies
Labcrratory ambien t tempertrtures were 22-27' C

during al l  three tr ials.

Egg stage
Egg hatching rates ranged from 60-70 % for the

three tr ials. Most egg fai lure resulted from mould

Table 5. Estimates of misclassif  icat ion probabil i ty for dif ferent banana weevi l  larval instars for the laboratory and f ield
samples based on their head caosule width.

Probabil i ty of misclassif  icat ion

Instar (Group) Laboratory sample Field sample

LOWET Higher Lower Higher TotalTotal

1
2
3
^
5
6

0.000
0.000
0.004
0.030

0.000
0.000
0.004
0.030

0.000
0.000
0.004
0.034
0 030

0.084
0.075
0.o72
0 .105
0.080

0.084
0.075
o.o72
0.1  05
0.080

0.084
0 . 1 5 9
o.144
o . 1 7 7
0.1  85
0.080
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Table 6. Banana weevi l  instar duration (days t S.E.) for instar groups ( lG) across Trials 1-3.

TotalL7L5L4L.lGroup

A. Trial 1
lG5
tG6
l-value
lG7

B. Trial 2
IG6
tG7
r-vatue
tG8

C. Trial 3
rG5
rG6
tG7

3.4
3.6

3 .5

3 .4
3 .6
0 .69
4 . 0

4 . 0
4 .O
4.3

3.0
3 . 1
0 .90
3.0

J .  l

3.4
|  . 0 3

3.8

3 .0
3 . 1
a 2

3.7
3 .7
0 .20
4.0

5 . 6
5 .2
o .72

6.0
3 .7
2 . 7

4 . 3
1 . 3 6
4.0

4 .7
4 .8
o .25
6 . 0

4 .0
4 . 0
4 .0

7 .6
4 .7

13.33-
6 . 0

4 .5
5 . 2
t . o /

3.5

1 0 . 5
4 .3
4 .0

3 .0

8 .0
4 .8
5.68-
5 . 0

6 . 7
4 .7

22.2
23.6

5 .96-
25.O

29.3
3 3 . 1

q . J z

38..1

27.5
25.8
25.7

c . J

37
78

I t i

33

4

50
3

t . 3

5 . 55 .8

6 .2

2 . 7

days), while the prepupal period averaged 4...
days (range 1-B days) and the pupal period 5.7
days (range 3-8 days). Overal l ,  the egg to adult
period lasted 49.4 days (range 40 58 days).

In Trial 3, 55 larvae (27 '/u) were reared to the
prepupal stage, of which'12 successful ly emerged
as adults. These passed through f ive (4 ,n,),  stx
(91 '1,,) and seven (5 %) instars (Table 6c), with a
mean larval period of 25.9 days (range 23 30 days).
Since only f ive individuals passed through f ive or
seven instars, no analyses were run for stage dura-
tion. The prepupal period averaged 5.1 days (range
2 10 days), while the mean pupal period was B.t)
days (range 6-10 days). Overal l ,  the egg to adult
period averaged 45.9 davs (range'10-48 days).

In Trial 1, mean instar duration expressed as per-
centage total larval period was similar among
polyrnorphic groups for instars 1-3 (Table 7a),
while there was a small  but sienif icant dif ference
in  the  percent lger r f  deve lopment  tpent  in  ins ta rz l
and a large dif ference for instar 5. Larvae spent
34 % ,38 ' / , ,  and 42 %, of their development period
in the f i f th and higher instars for the f ive-instar,
six- instar and seven-instar polymorphs, respec-
tively.

In Trial 2, the percentage of the larval period
spent in each instar was similar between the six-
instar and the seven-instar 5;roups for instars 1, 2,4
and 5 (Table 7b). A signif icant dif ference was
found between the two groups for the third and

Table 7. Banana weevi l  instar duration, expressed as percentage of total larval period, for instar groups ( lG) of Trials

Group L7L4L2L 1

A. Trial 1
tG5
lG6
f-value

B. Trial 2
rG6
tG7
f-value

t i ) . J

15.2
0 .23

1.1  .6
1 0 . 8

1 . 6 0

I J . J

1  3 . 1
0 .70

.10 .6

10.2
0 .81

t o .  /

t J . o

1 . 6 4

1 9 . 1
t 3 . I

2.53"

20.3
1 8 . 1
3.0-.

1 6 . 0
14.5
1 . 0 6

J I

78

1 8
33

34.2
'1 9.8 .t  8.1
1 6 . 8 1 . .

15 .4  27  .3
15.7 14.5
0.06 7.43'�

18.7

' P <  0 . 0 5 ;  t . P <  0 . 0 i

-t
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Table 8. Comparison of larval instar duration expressed as percentage time of total larval period (days) for
6-instar orouD across Trials .1-3.

L3L 1Trial

1
2
3

F -value

7B
. lB

50

15.2 a
1 1 . 6  b
1 5 . 5  a

23.36-

1 3 . 1  a
1 0 . 6  b
1 2 . 0  b

18.76 ' �

1 5 . 6  b
1 9 . 1  a
14.3  c

.10.53-

1 8 . 1  a  1 9 . 8  a  1 8 . 1  b
16.0  ab  15 .4  b  27  .3  a
'15.5 b 16.7 b 26.0 a

8.10- 11 .26. 34.84.

. P  <  0 . 0 1  .

Means within a column followed by the same letter are not signif icantly different (P < 0.05); contrast by LSMEANS

sixt lr  instars. Overal l ,  larvae spent 27 '1,,33'1,, ,  and
13 ' , tr ,  t ' t i  their development period in sixth and
higher instars for the six- instar, seven-instar and
eight- instar polymorphs, respectively.

For larvae passir lg t l-rror-rgl-r six instars before
pupation, the me.rn larval period rang;ed from 23.6
d.rys in Trial 1 to 29.3 days in Trial 2 (Table 6). 

' I  
hese

differences largely ref lected t lre length of t i r"ne
spent in the last instar Moreover, the proport ion of
t irne spent in the dif ferent instars also dif fered
betrveen the three tr ials (Table B).

Rearing rnethods appeared to inf luence larval
size., .rs well  as number of instars and devekrprnen-
tal period. Larval head-capsule widths in Trial 2
(where the weevi ls could noi form gal leries) were
10-17 'n, srn.lller tharr those of comparable instarrs
in Trials 1 and 3, suggesting reduced food upt.rke
in  th is  t r ia l .

D ISCUSSION

In this study, banana weevi l  larvae reared in the
l a b o r a t o r y  p a s s e d  i h r o u g h  5 - B  i n s t a r s .  T h e
phenomenon of developmental polymorphisrn
occurs natural ly in many insect species. Schmidt &
Lauer (11)77) found that nutr i t ional clual i ty inf lu-
enced t l-rc proport ions of instar groups in C/lol istrr-
t rc t t rn  i , i r i t l i s  and C.  occ i t l t , r t tn l i s  (Lep idoptera :
Tortr icidae) but not the kinds of instar groups
within a given species. Other factors known to
affect the nurnber of insect instars include photo-
period (Far.rt i rrou cf n/.  1996), temperature and rela-
t i ve  l runr id i tv  (Schrn id t  &  Lauer  7977) .  Th is
suggests that clevelopmental polvmorphism for
a given insect mav have both a genetic and an
cnvi rorrrnental b;rsis.

For the l ;rboratorv populat ion, the growth rat ios
in the f i i th trnd sixth instar-groups providecl only
.rn .rpprorimate conformitv to Dyar's rule. l .his

was also true for the growth rat io from the f i t ted
model for both laboratory and f ield samples. Simi-
lar discrepancies have been reported for other
insects (Schmidt ct nl.  7977; Jobin cl t t l .  1992,
Fatrt irrcru t ' t  nl .  1996; McClel lan & Logan 1994). This
wou ld  i r .np ly  tha t  Dyar 's  ru le  i s  no t  a lways
applic.rble, and consequently continues to be con-
troversial.  The constant geometric relat ion, in the
str ict serrse, is not a fundamental feature of insecr
growth (Daly 1985).

The use o f  f requency-d is t r ibu t ion  curves  to
c' letert-nine the characterist ic number of instars of a
species is rnost useful ir .r  insect species with l i t t le
or no overlap in head capsule width between
ad jacent  ins ta rs .

Head-capsule width cannot therefore be used
cl irect ly to deterrnine the developmental stage of
individual larvae for species with considerable
overlap between successive instars. Various stat is-
t ical methods have consequently been developed
(Caltagirone ct 1t| .7983; Got 19BB; Beaver & Sander-
son 1989; McClel lan & Logan 1994) to classify
larvae whose head capsule nreasurements fal l  in
the overlapping areas.

Developr.rrental polymorphism further cornpl i-
cates interpretat ion of data. Instar determinatiorr
using head-capsule-width frequency distr ibution
has been found unsuitable for some insects witt '
n ru l t ip le  ins ta r  g roups  such as  C l to r is t t tncurn
species (Lepidoptera) (Schmidt ct nl.  7977), pine
bark weevi l  borer (Kishi 1971) and Ephemeroptera
(Daly 19tt5). In banana weevi l ,  however, mear
head-capsule widths for the f irst four instars were
similar among groups ult irnately passing through
five, six, and seven instars.

Schmidt et nl.  (7977) indicated that the use of
head-capsule-width frequency distr ibution for
instar determination may not always be rel iable.
Tlrese authors observed that the curves only
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provide clear results when the insects are fair ly Afr ican banana weevi ls. In the Benin study,homogenous with regard to rate of development however, the empir ical data suggested thermal re-and numbers of instars lnsect species exhibit i r-rg quirements of only 75.9 andz9.5 degree-days atdevelopmental polymorphism, such as banana z! 'C and 27 "C, respectively. Further work wil lweevil' would theref:l".Fiu" rise to complex and cor.rseq.,er-rtly b" 'r"."r.u.y to determir.re the possi-less clear frequency distr ibution curves. Tir is prob- bi l i ty of Easi and 
.west Afr ican biotypes havingably explains why only f ive p"aks couid be dif ferent thresholds and developmental rares.detected by the f i t ted model fu the laboratory In addit ion to larval size, both instar number ancl

ffi:l? ,]l ||:t"iJ,1,rl:.:t 
,n" Iarvae passed duration or the larval period (i.r. auf,;uff"u."a tu

Using head-capsure widths, it is possibre to i=,ji;::*lt-::T[i.T;iillL*T,#i,11;ii,]separate instars 1-4 in banana weevi l  with a 32.2d)y),*n"r" lor,ru"*"."u,",uJt" iop",-,"t .ut"satisfactorydegree"t- l : t_",T:I toweve(,separa- intocoimsections,comparedtoTriar 1(5.zinstars,t ion of the f i f th and higher instars was not poisible 23.1 days) ".  i ; ; l  3 (6.0 instars, 25.9 days), wherefor f ield-col lected larvae' Therefore, a series of they could penetrate. These results are similar tcrpoint estimates of age-distribution (i.c. egg, first, 
lhlse 

of rvlirq.ritu ct nt. (7984) and Mesquita &second,  th i rd ,  four th ,  t? ,1  ins ta rs ,  p i ,pue l ,  ca ldas  (1g8o) , 'who found a  s imi ra r  range o f  in_weightedbydurationof eachinstarmightbe'used starc, and tnoi froro'gution of larval stage dura-for l i fetable work such as estimati .n of cohort t ion was acc.mpanied by a greater number ofstages' Such age distr ibutions could be obtained ecdyses. rn" iui i i r- ,  t l -r" p.".",- , i r i  r iy rr!g"r, ,nr,for dif ferent cult ivars or plants at dif ferent stages the developmentar pe'ocl trom egg to adult is 6-gcrf development 
.-) L- :  11 . .  

weeks under ambrent temperatures of 22-27.C.Food quality appeared to influence larval size, The significance of a prolonged larval periodincluding head-capsule widths' Larger larvae and supernumerary mourts in banana weevi l  inwere collected from the field than werJ reared in Trial 2 is not easy to explain at preserrt. Thesethe three laboratory tr ials and separation points , ,u.r".uuir.-. 'uJJ,,"r ug.""-ent with Roder ( i953)for f iel t l -col lected instars were €reater than for and wiggles*". ir .  l roos), who reported thatcorresponding instars of Iaboratory-reared larvae ur-r, ie. unia,r,rrable condit i .ns such as poor nutr i-(Figs 1' 2; Table 4) '  Addit ional ly, larval head- t ion, larvar development may be delayed withcapsule widths in Trial 2 were smalier than in ot l-trials ror..,..",pn''ai.'g instars. It is arso p",rJ;J ,.#iHilJ:l'il1T"il.:l'il"Li:X:"1:""T:
}: : : i : t"btt t tyinfoodquali tybetweenculi ivu.so, po.r food source may preclucle higher rates ofPlant stages rnay inf luence larval size (Mesquit,  

l : :rd 
consumption, metaborism ancl growtht:t  nl '  1981; Mesquita & Cald;rs 1986).-This suggests (slansky & Rodriguez 19t32). Furthermore, thethat studies requir ing separation of. Iarval st 'ages tr igger mechanisnr' for m.ult ing nray be related toonthebas iso f  headcapsu lesshou lda lso inc lu ie  a , - r - i . c r rm. , la t ion  o f  su f f i c ien t  l ip ids  requ i red  todeve lopment  o f  h is tograms o f  

-  
head-capsu le  ensure  surv iva l  dur rng  a  mou l t  (s lansky  & Rodr i -widths to test for corrformity to the f ield ,erult .  guez l9B7). In Triai2, weevi ls pupating after six orpresented here. 

nf or. l_ .r-_..  . . .--  .r ._.. .  
seven instars were smaller than corresponding'rhe 

relat ive'duration of 
.each stage w'.rs deter- polymorphic groups in the other two tr ials.. l .henrinedforlaboratoryrearedbanan.rweevi l  larr, .re. "f f . . . t ,  oi  size'on iecundity are well  known forUnder arnbient temper' l tures of 22-27'C, the insects (slansky & Rodriguez 19t37; Honek 1993),rnean e5;g-developrnent t inres in three laboratorv and have also beer-, demo'.,strated for banana wee_tr ials in Ug;rnda was 6.9 days. In Bcnin (mearn tem- vi l  (M. Griesbach & C.S. Golct,  unpubl.).  weevi lperature 27'c) '  Traore ft  nt '  ( l9L)3), using constant larvae thus face the consequences .f  f i tness i 'tenrperaturcs, found .r t l ' rerrn.r l  require ntent of [39 undergoing prolonged development, with i tsdegree-davs ovcr 12 'c. l ]" l l  

optimum-develop associated i isks, as against those involved in pro-ment ( i  r '  sh.rtest st 'rge t l  urat ion) ;rt  30 "C. Uganda duci 'g a sub-optimalincl ividual in the next stage.popul '-r t io 's '  urrder i luctr-r. l t ing temperature.s, had In each t. iof n,r*"u"r; banana weevi l  larvaerl le;rn ther'n' t l  requirements of 93-90 degree-days passing through more instars hacl larger heaci-.bo'e l2 "C ' l 'his 
suggests only er modest cl i f f ;-  cap-sul!  widthi suggesting greater b.dy weightselrce in thermal requirements for East and west and related f i tnesi.  These results co'trast with

L
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those of Mesquita ct nl.  (7984). These authors
found the larval stage reared on 17 dif ferent
cult ivars ranged from25-32 days but the data pre-
sented in their tables suggest a moderate negative
relat ionship between larval period and pupal
weight. Their results suggest that prolongation of
the larval period may have a modest effect on
adult fitness. Additionally, Mesquita & Caldas (1986,t
found that the food quali ty of crop residues and
older plants reduced weevi l  f i tness (r.c. increasing
larval mortal i ty, developmental period and/or
number of moults, while reducing pupal weight).

The cryptic l i festyle of banana weevi l  in the f ield
precludes mult iple observations of individuals
during their development. Therefore, the distr i-
bution of larvae into the different instar groups
under  na tura l  cond i t ions  remains  unknown.
Presumably the field samples could be a mixture of
all four instar groups, perhaps fewer or even more,
with varying proportions of each category that
may be present. It is unclear whether the larger
size of field-collected larvae simply reflects better
food quality or indicates a higher proportion of
ind iv idua ls  en ter ing  more  than s ix  ins ta rs .
Howeveq, the estimated mean values for head-
capsule widths of earlier instars for laboratory and
field populations were similar although the latter
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