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Abstract 
Eldana saccMna Walker extends southwards into Natal 

in a relatively narrow coastal belt, which south of Durban 
becomes only a few kilometres wide. Its distribution is 
limited by winter temperature in the south of its range, and 
by low rainfall in the north. It extends further south in natural 
hosts than in cane. The true natural hosts of E. sacchorina 
are the larger Cyperaceae, but nearly all known hosts, crop 
or natural, appear to be C, plants. In the north of Natal ten 
true hosts were identified, falling to five in the Richards Bay 
to Umvoti River mouth region, and to one in the south of the 
insect's range. 

The insect lays its eggs in dead leaf material rather than 
live. In choice trials it preferred Cyperus immensus C.B.CI.: 
cane; and Cyperur latifolius Poir (usually a non-host) in that 
order. It laid no eggs in a dicotyledonous plant, A m t h u s  
spinosus L. 

Feeding sites in the Cyperaceae are generally in the rhizome, 
but the inflorescence of C. immensus is preferred during 
flowering. Papyrus (Cyperus papyrus L.) is attacked in the 
inflorescence, but unsubmerged rhizomes are heavily infested 
when available. The middle and base of mature cane stalks 
are most often attacked. Penetration of cane is usually via 
the node; cracks are also used. Analyses for percentage nitro- 
gen suggested that exposed papyrus rhizomes were highly 
nutritious, as were inflorescences. Cane was not a nutritious 
host. The presence of gut-symbiotic nitrogen-fixing bacteria 
could not be demonstrated. 

The available evidence suggests that cane has been invaded 
because it provides attractive egg-laying sites. 

Introduction 
Eldana saccharim Walker invaded sugarcane in the Um- 

folozi area from 1939 until about 1950 and it again broke 
out in the Hluhluwe area in 1970 (Carnegies), since when it 
has become a widespread pest in the cane areas of Natal, 
Swaziland and the Transvaal. In an effort to understand 
the reasons for these incursions into sugarcane, the distribu- 
tion of the insect, and its natural hosts, its feeding sites and 
egg laying preferences, have been studied in Natal. The 
results are reported here. 

Distribution and natural host plants 
To plot the distribution of the insect, transects from the 

coast running inland were done at several points from north 
to south of the Natal cane industry, and in Swaziland. The 
natural host plant Cyperus immensus C.B.CI. was sampled 
along these transects. The results (Figure 1) show that the 
insect extends southwards into Natal in a relatively narrow 
coastal belt which, south of Durban, becomes only a few kilo- 
metres wide. The approximate altitudes, inland of which no 
further larvae were found, are shown at several points along 
the distribution contour in Figure 1. Natural hosts (C. 
immensus) extend further inland and further southwards than 

does the insect. In the centre and south of the cane belt, the 
distribution of the insect is apparently limited by the winter 
temperature. Mean daily temperature isotherms for July 
have been used as an index of winter temperature (Figure 1). 
However from Richards Bay north to the Swaziland border, 
the climate inland becomes too dry for natural hosts to be 
common, and even along the rivers natural hosts are scarce, 
because of the "all or nothing" nature of the water flow. 
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FIGURE I Distribution of E. socchorino in sugarcane and natural hosts 
in Natal. 
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In Swaziland, conditions presumably become too cool for the 
insect along the western highlands of the country. 

The areas where E. saccharina occurs in sugarcane are 
shown in Figure 1 and it is evident that the insect extends 
furthe:r south in the natural host than it does in sugarcane. 
This i~ntrusion of the insect southwards along the Natal coast 
is presumably made possible by the warm Mocambique cur- 
rent, and Port Shepstone at present represents the extreme 
southern record of the insect. 

Su~veys for different natural hosts of E. sacchorina have 
been conducted in. Natal, the procedure being to demonstrate 
the presence of the insect in a known host at a given 
site before searching other plants in the vicinity. Plants in 
which mature larvae or pupae were found were regarded as 
true hosts, whereas those in which only small or medium 
sized larvae could be demonstrated, in different sites at several 
different times, were assumed as unlikely to be true hosts, 
partic:ularly if they were small or slender plants. The results 
are listed in Table 1, together with natural or crop hosts 
recorlded in the literature. 

Prc:vious host-records of E. smcharina, summarised by 
Girling13 have tended to stress the crop or graminaceous hosts, 

but it is evident from Table 1 that the insect prabably evolved 
in the Cyperaceae. Graminaceous hosts seem to be either 
crops (that is, secondarily invaded), or grasses in which it is 
doubtful whether the insect could complete its life cycle. For 
example NyeZ2 recorded Sorghum veuticilliflorum as a host, 
and although this was confirmed by rearing the insect, the 
host plant material was frequently renewed. 

In Natal small or medium larvae of E. saccharina have 
occasionally been found in S. verticilliflorum adjacent to 
heavily infested cane, but damage to this grass suggestive of 
large larvae has never been seen. The insect has never been 
found in Echinmhloa pyramidalis (Table 2 )  although this 
grass often grows abundantly among cyperaceous hosts. Iso- 
lated records from E. stagnina and Paspdum urvillei (Table 
1 )  were undoubtedly due to chance incursions into these 
plants. 

In northern Natal the insect has been recorded in ten species 
of true natural hosts, all Cyperaceae. From Richards Bay to 
the Umvoti River mouth only five true hosts have been 
recorded, while south to Port Shepstone, only the one host, 
Cyperus immensus, appears to be utilized. This species is a 
preferred host throughout the range of the insect in Natal and 

TABLE 1 
Natural and crop hosts of E. saccharina, recorded in the literature and in present surveys. (Where no authority is given, records are from present surveys) 

I 6 I / Carbon 
Countrv and fixation I 

Family, species and remarks on status as a host I Common name 
I autho-rity / cycle 

AMARANTHACEAE 
Amaranthus dubius Mart.-There was no oviposition on A .  spinasus L. in current choice trials . . I Pigweed ' I Tanzania (24) I C 

CYPERACEAE 
Cyperuspapyrus L.-A main host south to Richards Bay, Natal. Exposed rhizomes and inflorescences 

EUPHORBIACEAE 
Manilrot utilissima Pohl.-Girlingla questions identification of insect. Although he reared E. saccharina 

on cassava, the shoots were apparently renewed . . . . . . .  : . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  utilised 
. . . . . . . . .  C.  distans L.f. . . . . . . . .  

C.  im,rnensus C.B. &-A main host south to Port ~ h e ~ s i o n k ,  Natal. Rhizome and inflorescence . . 
C. prolifer Lam.-Sporadic host south to Umvoti mouth. Small pupae in exposed rhizomes; but life- 

. . . .  cycle probably not completed in aerial parts . . . . .  
C.  fastigiatus Rottb.-Common host at pans; North 'Naial souih to Sordwana ~ a ~ . ' ~ h ; z o m e s  only . 
C .  na,!alensis Hochst.-Common host at lakes; North Natal south to Richards Bay. Rhizomes only . 
C .  se~rawularis Neesl P u ~ a e  recovered from rhizomes of both these related sedges: south to Umvoti - .  
C. te>:til& Thunb. ]~i;er. . .  . . . . . . .  
C.  ror'undus L. 1 Small sedges recorded as hosts once. near heaviiy infeited'cane. uniikeiy that 'life: 

Cassava 

. . .  C.'esculentus L. ]cycle comipleted. Rhizomes only . . . . . . -  . . .  
C.  lar'ifolius Poir-Although similar to C.  immensus small larvae oniy twice found in inflorescence, 

never in rhizome, despite coincidence of habitat . . . . . .  . . . . . . . .  
MarB:cus riparius Schrad.-Common but sporadically utilised south to ~matikulu R. Rhizome only 
Kyllitga elatior Kunth-No pupae found, only small and medium larvae. Probably unable to complete 

life-cycle. Several records south to Umvoti mouth . . . . . . . . . . . . .  
Pycreuspolystachyus Beauv.-Common host northern ~ g t a i .  Rhizome only . . . . . . .  
Fuirena umbellata Rottb.-Only once recorded as host, north Natal. Pupae found. Rhizome only. . 
Cladi,um mariscus (L.) Pohl.-Usually rooted in standing water. Only once recorded with small larvae 

in inflorescence. Unlikely to be true host . . . . .  ._ . . . . . . . . . . .  
GRAMINEAE 

Eleusine coracana Gaertn. . . .  . . . . . . . . . . . . . . . . . .  
Oryza sativa L.-Record unsupported by adult specimens; unconfirmed by Harris'sls own surveys . 

. . . . . . .  Sorghum vulgare Pers. . .  . . . . . . . .  
S. verticillijiorum ~teud.-probably not a true host; pupae or large larvae never found in Natal. 'Nyk 

artificially reared it renewing supply of host as necessary . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  Pennisetum typhoides Rich. 

P. purpureum Schumach . . . . . . . . . . . . . . . . . . . . . . .  

Congo (17) 

Papyrus 
Sedge 
Large sedge 

c, 

Small papyrus 
Sedge 
Sedge 
Sedge 
Sedge 
Water grass 
Water grass 

Large sedge 
Sedge 

Sedge 
Sedge 
Sedge 

Large sedge 

Millet 
Rice 
Sorghum 

Wild sorghum 
Bullrush millet 
Napier fodder 
Ele~hant mass 

Uganda (1 5) 
Natal (1) 
Uganda (1 5) 
Natal 

Natal 
Natal 
Natal 
Natal 
Natal 
Natal 
Natal 

Natal 
Natal 

Natal 
Natal 
Natal 

Natal 

Nigeria (1 3) 
Nigeria (1 3) 
Several (1 2) 

Nye (20) 
Uganda (1 2) 
Tanzania (24) 

c4 

C4 
C4 

c4 

c4 

C4 
C,? 
C,? 
c4 

c4 

c4 

c4 

c4 

c4 

c, 
c s  

Zea mays L.-Only once recorded in Natal despite many surveys of maize adjacent to cane or other 
. . . . . . . . . . . . . . . . . . . . . . . . . .  h o ! ; t s . .  

. . . . . . . . . . . . . . . . . . . . . . .  Rotttloelia exaltata L. 

Natal 

Maize 

Coix lachryma-jobi L.-Not a true host. One record adjacent heavily infested C.  immensus . 
Paspczlum urvillei Steud. Not true hosts. Recorded at same site, highly stressed ;om 

. . . . . . . . . . . . . . . .  Echihorhloo stagnina (Retz.) Beauv.)drought 
. . . . . . . . . . . . . . . . . . . . . . . .  Saccr'rarum spp. hybrids 

Natal 
Many 

grass 
Job's tears 

Tall graues 
Cane 
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Swaziland. Cypwus latifolius is similar in appearance to C.  
imnnensus, often growing adjacent to it, but E. saccharina has 
never been found in it except on two occasions as small larvae 
feeding in the inflorescence. 

Table 2 
Plants growing adjacent to natural hosts of E. saccharina which are fairly 

definitely not hosts of the insect, at least in Natal 

Nearly all the recorded hosts of E. saccharina appear to be 
C, plants (Table 1). Plants were identified as C, or C, either 
.from check-lists of C, plants (Downton12, Smith and EpsteinZ5, 
Hattersley and Watson16) or, in the case of the Cyperaceae, 
from. the Kranz or non-Kranz anatomy (Brown6) of the 
vascular bundles in leaves, bracts or culms. Only three of the 
true hosts of the insect appear to be C3. Two of these Cyprus 
sexangularis and C.  textilis, may be C, or C, because although 
there are chloroplast-containing cells inside and adjacent to 
the mestome. sheath, these cells do not themselves form a 
continuous sheath. Of the remaining C, hosts, Clmiium 
mariscus is probably not a true host, while the records from 
cassava and rice appear to be doubtful (Table 1). Eldana 
dichromelus (Wlk.) has, however, been recorded in rice in 
Ceylon (Jepsonl*). 

Plants which are commonly associated with the known hosts, 
but which appear to be non-hosts, are listed in Table 2. 

Family 

Cyperaceae 

Gramineae 

Typhaceae 
Juncaceae 

TABLE 3 
Results of insectary choice-trials for oviposition preferences of E. saccharina; 

types of ovi~osition site 

Site 

Species 

Eleocharis plantaginea R. Br. . . . . . 
E. limosa Schult. . . . , . . . . 
Scleria angusta Nees . . . . . . 
Rhychospora corymbosa (L:) F&itt. . . . 
Scirpus maritimus Poir. . . . . . . 
Echinocloa pyramidalis (Lam.) . . 
Phragmites australis (Car.) Trin. ex s'teud. . 
Typha latifolia L. . . . . . . . . 
Juncus kraussii Hoechst. . . . . . . 

No./ I No. 1 % 1 batch 

Carbon 
fixation 

cycle 

? 
? 

9 
? 

c4 

C3 
C3 
C3 

Curled edges of dead leaves or sheaths . 
Between dead leaves or sheaths . . . 
Rolled-up tips of dead leaves . . , . 
Between dead sheaths and stems (cane only) 
Under dead leaves on soil. . . . . 
Between dead leaveslgreen leaves. . . 
Along midribs of folded dead leaves. . 
In soil cracks at base of plant. . . . 
In dead grass leaves . . . . . . 
Tips of live green leaves . . . . . 
Between green leaf sheaths . . . . 
Between green leaves of grasses . . . 
Edges of green leaves of hosts . . . 
In mesophvll of dead-leaf cracks . . . 
Random sites (against drum edge, under 

drums, etc.) . . . . . . . . 
TOTALS . , 

E. saccharina was tested for its egg-laying preferences 
between a natural host (C.  immensus), a crop host (sugar- 
cane) and a non-host (C.  latifolius). The results of three 
insectary choice trials are given in Tables 3 and 4. Six of 
each type of plant, in drums, were used in the first trial, three 

TABLE 4 
Results of insectary choice - trials for oviposition preferences; host-plant 

preferences 
Trial Trial Trial 

Totals 

Host 1 Eggs / batch ~ggs/sl/ Eggs l~ggs / l  batch Eggs / ~ g g s / l  batch Eggs l ~ g g s i  batch 

of each in the second and five in the third. A dicotyledon, 
Amaranthus spinosus L., was also included in the third trial. 
and a subsequent trial has confirmed that eggs are not laid 
on this plant. There are two points of interest in these tables. 
The first is the preference for dead material, green tissue rarely 
being used (Table 3) .  No eggs were found in the flowers of 
C.  immensus, possibly for this reason. The second point is 
that although not the preferred host, sugarcane appears to 
have been actively chosen (Table 4), perhaps because it has 
abundant dead material around its base. For example the 
oviposition frequency in cane was twice that in the sppradi- 
cally utilized host C.  latifolius, and twice that in random, 
inappropriate sites (which would not occur in nature). These 
insectary results suggest that the invasion of cane has not 
been the result of random laying in an abnormal host, but 
that the crop may be actively selected by the insect. 

Cyperus immensus . ' 

Sugarcane . . . 
C. latifolius . , 
Random sites (see 

Table 3) . . . 
Amaranthus spinosus 

Feeding Sites 
Feeding sites in the Cyperaceae are nearly always in the 

rhizome. In papyrus, where the rhizome is usually submerged, 
the common feeding site is in the inflorescence; but when 
rhizomes are exposed by falling water levels, they become 
favoured feeding sites and high larval intensities may occur1. 
In C.  immensus the inflorescence is favoured during flowering 
(September to February) when up to 90% of the population 
is found in the inflorescence, particularly from October to 
December when peak population intensities occur in this host 
(present unpublished data). The young larvae presumably 
migrate to the inflorescence after hatching, because eggs are 
not apparently laid in the inflorescence. Young larvae are 
sometimes encountered feeding on the leaves of C.  immensus, 
having dispersed from their hatching sites. Two Cyperaceae, 
Cladium mmriscus and Cyperus latifolius, are attacked in the 
inflorescence only, while in Kyllinga spp. the insect feeds all 
over the plant (but large larvae have never been encountered). 

1471 
539 
474 

586 - 

Feeding sites in sugarcane are summarised in Table 5. The 
middle and base of mature tillers are primarily attacked. 
Within each segment, feeding usually starts around the node, 
which is the most common penetration site, and extends into 
the internode or throughout the segment (s) . Beyond reflecting 
the penetration pattern, there was no evidence that feeding 
tended to concentrate around the node. 

Cracking of cane undoubtedly aids penetration (Atkinson2) 
and the low proportion of penetrations through cracks (23%, 
Table 5) probably reflects the incidence of cracking in the 
field, rather than the exploitation of cracks by the insect. The 
internode is rarely penetrated unless cracked. Once cane has 
become severely damaged by borings there is evidence in the 
field that succeeding generations often penetrate through old 
borings. 

The length of cane damaged by individual larvae is very 

38,7 
41,5 
52,7 

58,6 - 

277 
248 
188 

135 - 

23,l 
24,8 
23,5 

67,2 - 

1160 
748 

35 

56 

31,4 
31,2 
17,5 

28,O 

2908 
1535 
697 

777 
0 0 0 0  

33,4 
32,7 
36,7 

55,5 
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TABLE 5 
Penetration and feeding patterns of E. saccharina in mature sugarcane. Results are from 144 sticks dissected 

I I I 

Height above ground Penetration site Feeding site 

3 
12,l 46,2 41,7 56,4 11,4 22,9 9,3 37.9 16,4 17,9 25,7 

87,9 67,9 43,6 

* Penetration independently of cracks. 

TABLE 6 ' 
Frequencies of indicated lengths of feeding damage caused by individual larvae in sugarcane 

I 

variable but from 2-8 cm of feeding is required to produce 
a mature individual (Table 6). 

Percentages of nitrogen in spot-samples of three host plants 
are given in Table 7. The nitrogen in the unsubmerged rhi- 
zome of papyrus is remarkably high, and this suggests why 
this feeding site is so favoured by the insect. Papyrus inflores- 
cences are also relatively nutritious; but the inflorescences of 
C.  imnzensus, sampled in February, were senescing and may 
not reflect the nitrogen levels of this feeding site at its most 
favourrtble. Sugarcane stalk is apparently not a particularly 
nutritious material compared'to others utilised by the insect, 
especially unsubmerged papyrus rhizome; and available 
figures show only a small difference between cane and the 
most common wild host, C.  immensus. 

The activity of gut-symbiotic nitrogen-fixing bacteria could 
not be demonstrated in field-collected larvae, nor in dissected 
guts (B.S. Purchase, pers. comm.) . The acetylene-reduction 
techniclue (Dilworthll, Schollhorn and Burris*=, Burris7) was 
used for these tests. Although the results may not be con- 
clusive, the suggestion is that the insect is dependent upon 
ingested protein and amino acid. The quantities of frass 
characteristic of the insect support this conclusion; evidently 
large volumes of plant material must be processed to extract 
sufficitmt protein. 

Feeding by larvae of all ages* .. . . . . . . . . . . 
Feeding to produce mature individuals** . . . . . . . . 

Discussion and Conclusions 
The coast between Richards Bay and the Umvoti River 

mouth represents a region of marked ecological change. The 
Mocannbique coastal plain, which extends into northern Natal 
with ilb associated lakes and marshes, comes to an end at 
the Urnlalazi River mouth (Mtunzini). Papyrus extends no 
further south than this point and Vogel et d Z 8 ,  have shown 
that here the frequency of C, grass species falls from 100% 
to between 75% and 95%. Within this region the number of 
host pllants species utilised by E. saccharina falls from at least 
tea, tcl five (excluding cane), while south of the Umvoti it 
falls to one. It is within this region of ecological change that 
sugarcane has been (on average) more heavily infested than 
elsewhere in the Natal cane belt., Just south of this region 
cane is; (at present) hardly infested at all. 

, . TABLE 7 
Percentage nitrogen in spot-samples of three hosts of E. saccharina (samples 

split for analysis) 

* One ir~dividual certainly involved, or probably involved judging by boring, in each case. 
** One large larva, or live or einerged pupa, found in each case. 

Length of damage in cm 

I Nitrogen 
Host Part of host 

15 

Cy;erus papyrus 

$ 9  , 

Sugarcane 

Cyperus immensus 

L~~~~~IC~~I~ 
----------- 

Submerged rhizomes . . . . . 
Unsubmerged rhizomes . . . . 
Inflorescences . . . . . . . 0.55 

Mature stalks . . . . . . . 

Each host-plant species characteristically extends further 
south than the utilisation of that host by E. saccharina. For 
example Cyperus prolifer, C .  sexangularis, C .  fastigiatus, 
Kyllinga s p p .  and Pymeus polystaclzyus all occur south of 
Umvoti .mouth, but are not apparently attacked. C. immensus 
extends into the Transkei but the insect has been recorded 
only as far south as Port Shepstone. While sugarcane extends 
to Port Edward, the most southerly record of the insect in 
cane is a single larva from Illovo hill. Similar distribution 
patterns occur moving inland. For some reason the various 
host species become free from attack as conditions become 
cooler. The heavy infestations of sugarcane in the Empangeni 
and Amatikulu areas appear to be associated with a decreased 
availability of natural hosts, resulting from their decreasing 
southerly abundance, and from their apparent increasing 
unsuitability; 

In general C, plants have lower nitrogen levels, weight for 
weight, than do C3 plants (Lyttletonzo, Brown5) primarily 
because of less RuDP carboxylase in their carbon fixation 
pathways. This fact led Caswell et de, to suggest that there 
may be less use of C, than of C3 species by insect herbivores, 
as a result of passive avoidance of C, plants. But Boutton 
et d4 found no significant differences in utilization between 
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C, and C, grasses. It seems more likely that phytophagous 
insect species will have evolved in conjunction with ' each 
group and this is exemplified by E. saccharina which is vir- 
tually dependent upon C, species. Evidently the insect is 
adapted to the relatively low nitrogen levels in its host plants. 

In C. immensus during spring the insect population moves 
to the inflorescences, presumably by the upward dispepal 
of young larvae from their hatching sites at the bases of the, 
plants because eggs are not laid in the inflorescences. In 
papyrus on the other hand, the larvae remain in the rhizome 
when this is exposed. McNeill and Southwood21 have empha- 
sised that with other insects such changes of feeding sites are 
often associated with the exploitation of higher nitrogen levels. 
However if, as seems likely, E. saccharina moves to the 
inflorescences for this reason in its natural host C. immensus, 
it does not do so in sugarcane. Both Clements1° and Bishop3 
have shown that nitrogen levels in the growing tip and in the 
zone of elongation of cane, are much higher (c 1,2-3,596) 
than in the mature stalk ( c  0,2-0,6%) yet the insect persists 
in feeding in the stalk. Possibly the morphology of cane, 
which is not a natural host, is inappropriate for the migrating 
behaviour of young larvae. For example in cane there is no 
smooth culm leading upwards as there is in papyrus or 
flowering C. immensus. Alternatively, it may be that secon- 
dary feeding attractants (Harbourne14) to which the young 
larvae respond are inappropriate in cane, and are not associated 
with high levels of nitrogen. For example in many lepidop- 
terous larvae sucrose has been implicated as a feeding attrac- 
tant (Scho~nhoven~~), which in cane is concentrated in the 
stem where nitrogen levels are low. 

The evidence offhred here suggests that E. mccharina is 
attracted to oviposit in sugarcane because of the abundant 
dead-leaf material about the base of the plant. This con- 
clusion is consistent with the observation that population 
intensities usually remain low in young green cane, but rise 
in older cane where dead-leaf material accumulates. 
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