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A FIELD KEY TO IDENTIFY SOME RHINOCEROS AND OTHER BEETLE LARVAE
BREEDING iN COCONUT PALM HABITATS IN PAPUA NEW GUINEA

L. Beaudoin-Ollivier', R.N.B. Prior?, and S. Laup?

ABSTRACT

A practical field key to rapidiy distinguish third instar Scapanes australis (Boisduval) and Oryctes rhinoc-
eros (L.} larvae along with seven scarabaeoid species in Coconut Palm and similar habitats is devised.
Drawings and photographs of the larvae in support of the key are also presented.

Keywords: Scarabaeoidea, rhinoceros beetle, identification, third instar, coconut.

INTRODUCTION

A number of species of family Dynastidae commonly
known as Rhinoceros beetles attack coconuts worid
wide. Scapanes australis and Oryctes rhinoceros
are the worst pests of coconut palms in Papua New
Guinea and paricularly damaging during the firstten
years of planting. These insects are commaon on
the island regions {East New Britain Province, New
Ireland) where severe damage is continuously ob-
sernved and does not aliow coconut rehabilitation. In
either case, if attack by the rhinoceros beetles is
associated with damage by Rhynchophorus bilineatus
(Montrouzier) (Coleoptera: Curculionidae), this leads
to the death of the palm. Investigations into the
biological control of these pests were undertaken on
the mainland of Papua New Guinea where the level
of Scapanes ausiralis population is quite low as well
as in East new Britain which is a badly affected
area.

The aim was to identify some pathogenic agents
found in the field in a wide variely of breeding sites
many of which are still not well known. A correct
identification of the pest species larvae, amongst
other white grubs found in very similar habitats, was
needed.

During field studies, several larvae were discovered

which were similar in external appearance but be-
longed to different species. Confusion could easily
occur between at least 9 different white grubs of
superfamily Scarabaevoidea which occupy similar feed-
ing habitat viz. organic matter and decaying wood.
The different larvae were identified as Scapanes aus-
tralis (Boisduval), Oryctes rhinoceros {I..), Orycles
caenfaurus {Sternd.), Xylofrupes gideon (L.},
Trichogomphus vicinus (Dechambre), Oryctoderus
latitarsis (Boisd.) (Coleoptera, Scarabaeidae,
Dynastinae), Cetoninae (Coleoptera, Scarabaeidae)
and Lucanidae (Coleoptera, Scarabaeoidea).

The first six species are considered either as pests

of coconut palm or occasionaily attacking t. For -
many years a number of larvae of these species
were unknown or subjected to misidentification. Al-
though the adult beetles are quite distinct, there
was an apparent absence of visible characters to
distinguish the larvae of such beetles for inexperi-
enced people such as farmers, extension workers or
even scientists, not used to identify immature in-
sects. The larvae of alll the 9 species are very
much alike, being whitist-creamy curl grubs, typical

~ of family Scarabaeidae (Wat_erhouse 1887).

During the past thirty years, a number of scientific
papers have been published to distinguish the larvae
to family, subfamily and genus (Richter 1866) level.

1 PNG Cocoa and Coconut Research institute, P O Box 642, Madang, Papua New Guinea and Centre Intemnational de Recherche
Agronomique pour le Dévelopment, Cultures pérennes, Avenue du Val de Montferrand, BP 5035, 34032 Montpeller Cedex 1,

France. .

¢ PNG Cocoa and Coconut Research Institute, P O Box 1846, Rabaul, Papua New Guinea.

Papua New Guinea Joumnal of Agriculture, Forestry and Fisherles

1998, Vol. 41 No.2 pp 1-15



Field key ta identify some larvae

Taxonomic works based on setation to distinguish
six of these Dynastine species exist (Bedford 1974).
Descriptions have aiso been provided for Oryctes
monoceros from Seychelles (Bedford 1979) using
the method of description developed for Dynastinae
larvae by Richter (1944; 1966). Many of these keys
can be used to distinguish the Rhinoceros spscies.
However, such keys are difficult to use by non-spe-
cialists as well as field workers. Few authors have
tried to provide descriptions of the white grubs from
viable morphological characters which may be seen
unaided or by the use of a low power hand lens and
even these are far from practical,

The under surface of the last adominal segment,
called the raster was described for some French
Scarabaeidae (Hurpin 1961), for root-feeding beetle
larvae (Goddyer 1977) and for Orycfes elegans
{Hurpin and Fresneau 1969). The crawling of the
larvae was discussed by Hurpin (1961). The size of
the larva and the head capsule aspect was exam-
ined by O'Connor (1853) and Hurpin and Fresneau
(1970). Other morphological characters such as the
sclerite lateral plate of the first thoracic segment
were used to distinguish Oryctes elegans, O. rhi-
noceros, O, monoceros and O. nasicornis (Hurpin
and Fresneau 1969, 1970).

The present investigation provides descriptions, il-
lustrations and drawings of the nine common
scarabaeoid species, for the third instar larvae to
rapidly differentiate them from one another in the
field in live specimens and without a hand-lens.

MATERIALS AND METHODS

Field studies were carried out both on the mainland
of Papua New Guinea during 1996 and 1997 and in
East New Britain Province in 1996. On the main-
land, Madang Province, including Karkar island and
East Sepik Province were visited. in East New Brit-
ain, Keravat and Sigute sites were investigated. In-
spections were centred around coconut plantations
and inside the bush where felled trees, decaying
logs, rotten wood and piles of organic matter are
commonly used as breeding sites by Rhinoceros
larvae. Third stage larvae were mostly hand-col-
- lected from their feeding habitat i.e from the medium
they were found feeding on.

Field collected larvae were placed under ambient
lahoratory conditions (28-30°C, 60-70% RH, natural
photoperiod) inside different plastic buckets with their
respective organic feeding medium. As the purpose
of this paper is to provide a key to rapidly identify
the larvae in the fieid, the live immature stages were
studies first and then the dead specimen used for
confirmation after additional observations and dis-
section.

At the time of collection and in the laboratory, tpe
behaviour of live larvae and general aspect (colour
and hairiness) was observed by placing various
batches of larvae on the ground to observe their
movement and photograph them. In the laboratory,
the specimens were stored for about 20 minutes
(depending on the size of the specimens, usually 70
mm on an average) in cool conditions to keep the
specimen inactive to get clear macrophotographs.
Three different parts of the larvae were photographed:
the head capsule, the ventral and the dorsal surface
of the last adominal segment.

The ventral part of the last adominal segment, the
anal opening and the first thoracic sclerite were ob-
served under a binocular microscope and sketched.
From each different group of larvae, two specimens
were dropped alive into KAA fixative, left overnight
until fixed and preserved in 80% ethanol in plastic
containers (Notris and Upon 1974). Fixation in KAA
reduces shrinkage and avoids black discolaration by
inhibiting enzymatic activity and prserves the jarvain
a life-like condition.

To confirm that the white grubs belonged to the
families of Scarabaeoidea, especially Scarabaeidae
and the subfamily of Dynastidae, the most valuable
distinguishing characters were found on the head
and mouthparts as described by Richter (1966} and
Baraud and Paulian (1882). Dynastinae were con-
firmed using Bedford's (1874) key. As soon as a
larva died, the head capsule was sliced with a razor
btade and stored in 80% ethanol. For microscopic
observation, the head capsule was plunged into 10%
Potassium hydroxide for § minutes under a gentle
flame until it became transparent. After cooling and
rinsing in alcohol, the complex of the maxillae, la-
bium, antenna and mandible were removed to ob-
serve the characters described by Richter (1966)
and Baraud and Paulian (1882).
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Plate 1. Larvae of Cetoninae
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Plate 2. Larvae of Xylotrupes gideon
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Plate 3. Larvae of Oryctoderus latitarsis
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Plate 4. Larvae of Trichogompus vicinus
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Plate 5. Larvae of Oryctes rhinoreos

Papua New Guinea Journal of Agriculture, Forestry and Fisheries 1998, Vol. 41 No. 2 pp 1-15




Field key to identify some beetle larvae

Plate 6. Larvae of Oryctes centaurus

1
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Plate 7. Larvae of Scapanes australis
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Plate 8. Larvae of Dermolepida spp.
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Plate 9. Larvae of Lucanidae
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{b} Oryctoderus latitarsis ) (e) Oryctes cenréufus '

(t) Tﬂcthompus'Vfcinus . (f) Scapanes australis

. Figure 1. Tﬁo_fétic sclerite plates and spiracles of various larvae.
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RESULTS

: At the beginning of the field work, it was observed
that mixed collections of larvae behaved quite differ-

ently when placed live on flat ground. Any larvae

which were not lying in a curled position were elimi-
nated from the field collection. The rest were sepa-
rable into three groups as soon as they moved.

1. The first group of larvae progress on their
dorsal (back) surface (Plate 1 a) as previously de-
scribed by Hurpin (1961} and Richter (1966). This
character was sufficient to distinguish these
Scarabaeidae from other larvae and to identify them
as species of Cetoninae,

2. The second group of larvae progressed on their
ventral (front) surface (Plates 2,3 a). These larvae
could then be further separated into two different
genera, mainly on the colour of the body hairs and
head capsule colour (Plates 2a,2 b, 3 a, 3 b), and
finaliy on the number and type of hairs on the first
thoracic sclerite (Figure 1 a, 1 b). This group of
larvae were identified as Xylotrupes gideon and
Oryctoderus latitarsis.

3. The third group of larvae which were usually
the most numerous in the field collections, only moved
‘en their side, in a crab like progression (Plates
456,78 and 9 a).
separate using nothing more powerful than a pocket
lens.

The examination of the head capsule colour and the
anal {last segment) end in the third group reveals
diagnostic features which are described and illus-
trated in the key. A black head capsule was ob-
served for Trichogomphus vicinus (Plate 4 b). A
ring, present as a dorsal impressed line on the last

. abdominal segment was found to be a characteristic
of Oryctes rhinoceros (Plate 5.c). A depressed
longitudinal line on the dorsal side of the last ab-
dominal segment was observed for Oryctes cenfaurus
(Plate 6 ¢). An arrangement of two rows of spines
revealed Dermolepida (Melolonthinae) larvae (Plate 8
d) whereas two characteristic anal lobes with Y-
shaped anal opening were features of the Lucanid
species (Plate 8 d).

The length and number of setae on the first thoracic
sclerite and the spiracles were also characteristic
for species such as Xylotrupes gideon, Oryctoderus
lalitarsis, Trichogomphus vicinus, Oryctes rhinoceros,
Oryctes centaurus and Scapanes australis (Figures

These were more difficult to -

13, b, c d e f). Using a combination of these
characters, which can be seen using a hand lens,
identification can be confirmed.

It is important to note that this key is designed to be
used for the larger larval instars (3" instar and be-
yond} and only those found, feeding on orgahic mat-
ter or in contact with the soil and lying in a cusled
position. When using the key, a larva that does not
exactly fit the description given in the key, can be
assumed to be another species not commonly {found
in the described situation, and y::robal:'l)«r not a
scarabaeoid larva.

Field key to distinguish some third instar white
grubs of Scarabaeoidea in PNG.

1. Live larvae, when placed on a flat surface,
uncurl and move on their dorsal surface (plate 1
= 70 TP Cetonidae
1 Live larvae when placed on a flat surface,
uncurl and move on their venral side (plates 2,3
a)z
1™ Live larvae when placed on a flat surface,
uncuri and move on their side in a crab-like progres-
sion (plates 4, §,6, 7, 8,9 a) 3
2(1) - First thoracic sclerite with 13-32 medium to

long red setae. Body covered with red setae. Head
capsule reddish brown (plates 2 a, b, fig. 1 a) ..........
................................................ Xylotrupes gideon

2 First thoracic scierite with one long seta,
one to two medium setae plus one to four short
sefae. Head capsule brown colour (plate 3 b, fig 1
D) e, Oryctoderus latitarsis

3(1") Head capsule black. First thoracic sclerite
with 2 tong setae (plate 4 b, fig 1c0).. .
e Tnchogomphus vicinus

3 Head capsule reddish brown (plates S, 6, 7
D) ettt s n e n e e nres 4
3" Head capsule orange-reddish (piates 8, 9 b)
........................................................................... 7
4(3) Distinctive ring or saddle on anal segment.

First thoracic segment with one long, 3-8 medium
length setae, shorter than width of sclerite (plate 5
Cfig 1) Oryctes rhinoceros
4 No distinctive ring or saddie on anal seg-
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ment (plates 6, 7 C)uvvvvvevrvenmirsrininiinninnn 9
5(@) Presence or absence of a longitudinat de-

pressive line in the middle of the dorsal anal seg-
ment. Thoracic spiracles more or less differentiated
in their form and colour.

First thoracic sclerite with 1 to 2 prominent
setae longer than width of sclerite. First thoracic
sclerite with more than 2 prominent setae which are
shorter than width of scierite...........cooiiiiniinns 6

6(5) Presence of a iongitudinal depressed line in
the middle of the dorsal anal segment.

Thoracic spiracles well differentiated in their form
and colour (fig. 6 a).

First thoracic sclerite with 1 prominent seta, longer
than width of sclerite plus one or two short setae
(ig. 1 €)verevreccrcrrrveeeanene Oy ctes  centaurus

& Absence of a longitudinal depressed line in
the middle of the dorsal anal segment.

Thoracic spiracles uniformely dark brown in colour
(fig. 7 a)

Thoracic sclerte with 2 prominent setae, longer than
width of sclerite plus two minute setae or empty
setal sockets (plate 7 c. fig. 1f) ..............................
terrermeesressrrevarneresne ..Scapanes australls

7(3")  Characteristic design present on the ventral
face of the raster (plate 8, 9 d)......cccevveiiivnnnnnnnnen. 8
8@ Two rows of setae (plate 8 d).......................
et aneeeneneeaeestaaaaaaannrres ...Dermolepida spp.
8 Two rows of setae and anal opening Y-

shaped (plate @ d)................................Lucanidae.

CONCLUSIONS

The results of our observations allow the use of simple
characters to easily identify in the field the third
stage of larvae similar morphologically and eccupy-
ing similar breeding sites. This key does not require
the use of complicated identification features as pre-
viously published. The first main character to ob-
serve in live speclmens is the crawhng movement of
the larvae on a solid and flat surface. The readily
visible characters are then compared. Colour of the
head capsule (black for Trichogomphus vicinus), par-

ticularly important setation (Xylofrupes gideon), pres-

ence of a specific ring on the last veniral abdominal
segment (Oryctes rhinoceros), design of the raster
(Demolepida spp., Melolonthinae and Lucanidae), and
characteristic spiracles and sclerite setation sepa-
rate Oryctes centaurus and Scapanes australis.

In order to consider using biological control against
coconut rhinoceros beetle pests, their numbers and
distribution need to be determined. Collection of
diseased larval specimens in the field requires iden-
tification and testing against other related species
before any multiplication and introduction into the
islands. This field key enables both experienced
entomologists and the field staff to collect and iden-
tify the species being studies for biological control.
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PRODUCTION PERFORMANCE: AN ECONOMIC ANALYSIS OF SMALLHOLDER
COFFEE PRODUCERS

Peter A. Manus®

ABSTRACT

Smaltholder farms produce 70 percent of total national production. This study, which was undertaken in
Nipa, Southern Highlands Province by a survey, aimed fo examine the level of farm investment and factors
affecting production. If was found that the sampled farms made, on an average, a net income of K129.86
with a net refurn of K2.54 per manday of labour, The production function fitted indicated diminishing returns
fo scale. Farm size and capital were significant at 1 percent and 10 percent levels af probability respec-
tively. However, farm size, family tabour and capital inputs were alf used excessively due to high plant

densily, infrequent weeding and poor management of gardens.

Keywords: Samfiholder, coffee production, input vaiuation, farm investment, farm returns .

INTRODUTION

Coffee is one of the most-important agricultural in-
dustries in Papua New Guinea (PNG). Two types of
coffee are grown: Arabica and Robusta. Arabica
coffee, which is grown in the cooler Highlands Re-
gion, contributes about 85 percent of annual national
production. Robusta and some Arabica coffee are
grown on the lowlands. -

Coffee is a monocuitural cash crop grown mainly for
export income. During the 1986 to 1982 period,
coffee accounted for an average of 53 percent of
total agricultural export income.

Earnings of this magnitude are made possible by a
large number of smallholder producers who account
for 70 percent of total annual production. The re-
maining balance is produced by the plantations and
the blockholders. Smallholders see their high level
of parficipation in the cash economy as necessary
to improve their quality of living in the rural villages.
in this regard, provision of physical and institutional
infrastructure (such as roads, etc. and marketing
information, etc.) is crucial in the development of
agricutture (Longmire 1994).

Finney (1969), Arthur (1975) and Anderson (1976)
studied the smallholder costs of production, levels of
labour input use, and income. These studies found
that small scale coffee farming was a remunerative
farm activity. However, the studies showed that
smallholders incurred very minimal cash cost inputs.
Overfield (1994) found that smallholder production
levels were positively related to labour input, imply-
ing that labour use may increrase and/or decrease
in proportion to changes in producer price.

The farmer's production level for a given unit area
can be high or low depending upon the influences of
(i) local environmental factors (such as locai cli-
mate and pests and diseases), (i) world coffee
prices and (i) the level of productive inputs commit-
ted in the production process. The former two are
outside the farmer's sphere of influence. Gibson
(1994) however, argued that providing subsidies to
tree crop producers might create a high cost, ineffi-
cient industry that might not withstand competition
on the world market. Nevertheless, institution of
producer price stabilisation/subsidy policies during
depressed world prices would ensure that the indus-
try survives and also would enhance increased pro-
duction. At the farm level, actual output is depen-

'PNG University of Technology, Agriculture Department, Private Mail Bag, LAE, Morobe Province. .
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dent on the level of quantity and quality of inputs
incurred in production. Inputs include land, labour
and capital.

Maost smallholders are uneducated. Provision of ex-
tension education improves the farmer's management
skills (such as allocation of inputs) and technical
knowledge (such as cairect pruning) in this situa-
tion. However, farmers often do not have complete
information on changing management practices and
coffee prices. Thus, the positive net incomes made
by farmers during a given production season do not
necessarily reflect better farmer’'s management per-
formance nor efficient allocation of farm inputs.

Coffee was introduced to the Southern Highlands
Province (SHP) in the late 1960s. About 3,000 fami-
lies were involved in smaltholder coffee production
there by 1975 (French and Walter 1884) and by
1986 an estimated 24,178 more families were grow-
ing coffee (Department of Primary Industry 1986). In
the 12 year period, this was an increase of 805
percent or an annual growth rate of 8 percent.

This study was undertaken in Nipa District, South-
erm Highlands Province. Agricultural extension is
provided to the district's 3956 smallholder coffee pro-
ducers by 3 extension officers or one extension offi-
qer is responsible for 1319 farmers on personal con-
tact basis. .

Given the small extension input, exactly which farm
input variables (apart from environmental factors and
changing world coffee prices} influence producer per-
formance has not been the focus of any study. The
objective of the paper is therefore, to examine the
inputs that affect production and production deci-
sions of the smallholder farmers.

The Data

The relevant input-output data and relative prices were
collected from 30 farmers randomly selected from a
list of 30 farmers obtained from the Nipa District's
Department of Agriculture and Livestock (DAL) offic-
ers. A sample size larger than 50 farmers was not
possible due te () non-existence of a smallholder
coffee directory and (ji) time and money liminations.
~ However, the average farm size found in this study
is 0.21 of a hectare. This is comparable to the
provincial estimate of 1.18 ha (Department of Pri-
mary Industry 1986) and 0.25 ha, the overall esti-

mated average in the country (Underwood and Lahis
1986). Therefore, itis reasonable to believe that the
sample finally selected is representative of Nipa cof-
fee producers.

The data were generated by interviewing the farmers
using a questionnaire prepared for the purpose of
this study. The questions related to types and quan-
tities of inputs used, purchased input prices, labour
used in different farm tasks, output and output prices.
Since one farmer was not available at the time of
interview, 29 farmers were actually interviewed. All
farms covered in the study were located within a 7
kilometre radius from the DAL district office. The
study pertained to the 1986 production period. Since
the farmers continue to operate on low input-low
output philosophy and no significant improvements
in world coffee prices over the past decade, itis less
likely that significant changes may have occurred in
smaliholder production in the district.

METHODOLOGY

Two analytical tools were employed to analyse the
data collected. They are the tabular and multiple
regression analyses. The tabular method was used
to analyse the costs and incomes of smaliholder
farms.

The multiple regrssion anaiysis was performed to
study the input productivity of smallholder farms.
The single equation mode! fitted was of the form:

()Y = AX, X, ®X, X

To estimate the values of the parameters by ordi-
nary least squares, equation (1) was transformed
into logarithm of the form:

(2) LnY = LnB, + B, LnX, + B, InX, + B, LnX, +
B, LnX,

where in the variables: Y is output and X, X,, X,
and X, are farm size (in hectares of land under ma-
ture coffee trees), family labour (in mandays), capi-
tal services (depreciation value of tools) and age of
coffee trees (in number of years) respectively. A
manday of labourds defined as the amount of work
performed by an able bodied adult in eight hours.
Plant density was highly correlated with farm size.
it was therefore, dropped from the final equation fit-
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Table 1. Cost composition (in Kina) of smallholder farms.

ltem Range Average % of total costs
Labour 96.37 -205.64 130.10 95.30
Tools 1.26-12.08 3N 272
Bags 0.60-3.20 1.38 1.01
Drying Mats 3.20 1.32 0.97

ted. The farm size of the sampled farms varied
between 0.02 and 0.56 hectares with an average
farm size of 0.21 of an hectare.

VALUATION OF INPUTS

Smallholder coffee farms occupied the most fertile
land which was suitable for subsistence food pro-
duction. There is a trade-off between coffee and
food production in this situation. Sweet potato is
the staple food crop in Nipa. The prices of land
under coffee is therefore the value of sweet potato
production foregone'.

Similarly, family labour must be valued at its oppor-
tunity costs. Overfield (1994) noted the labour valu-
ation problems involved in smallholder coffee produc-
tion (for details, see his article). He implied that the
net return to labour in coffee production could be
used if no producer price support for a given produc-
tion season existed. Since producer price support
did not prevail during the study period (except De-
cember), family labour was valued using the sampled
coffee farms’ net return to labour?.

Table 2. Gross and net income (in Kina) of sampled
farms.

Description Range Average
Total gross income . 30.88-333.52 136.26
Totaj cash costs’ 3.72- 4226 6.41
Net farm income 26.72-321.02 129.86
Net return per manday 0.62- 562 2.54

" Tofal cash costs excluding the imputed value of labour

RESULTS AND DISCUSSION
Costs Composition and lncome of Sampled Farms .

The results of smallholder farm investment situation
are presented in Table 1. Family labour accounts |
for 95 percent of total cost of production. The value
of family labour was inputed at K2.54, the net return
to labour found in this study. In terms of actual cost -
of production, the farmers incurred minimal cash cost
inputs. Family labour is therefore, the principal (non-
cash cost input) input of smallholder farms. Similar
studies (Finney 1969 and Anderson 1976) noted the
same investment pattern, which imply that
smallholder farm investment structure has not
changed since the 1970s.

The yield of coffee depends upon producer price and
management of gardens. For a given farm size,
gross income can be affected by changes in either
management and/or producer price. These changes
would affect net income. ;

Given the yield levels and producer price, Table 2
shows the costs and returns of the sampie farms.
A representative farmer made a net profit of K129.86
with a net return of K2.54 per manday of {abour.
The return per manday of labour is comparable to
the PNG rural minimum wages rate of K2.5Q (pre-
vailing in 1986) for an unskilled rural worker.

Despite the positive returns to smallholder coffee
farming, average output of the sampled farms amounts
to 0.9 tonnes per hectare which is less than. 50
percent the plantation sectors' 2.2 tonnes per
hectare.
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Table 3, Estimated regression and elasticity coefficients.
Regression coefficient for
No. of constant ... R? B,
observations X x2 3 x4
M @ )] @ ) © ) ®
29 013 0.513™ 0.085 0.120° 0176 086 0.89%4
(0.15) (9.03) (0.38) (1.88) (1.30)

' Significant at 10 percent level of probability
“ Significant at 1 percent level of probability
B is the sum of output elasticities

Figures in parentheses are "T" ratios

Table 4, Marginal Value Products

Marginai value product for
No. of observations X X2 3

29 170.640 0.053 0.191

N
ELASTICITIES OF PRODUCTION

The coefficients of the fog-linear function fitted di-
rectly measure the output elasticities. The elastici-
ties are presented in Table 3. In view of the ob-
served adjusted coefficient of multiple determination
(R?), all the explanatory variables contained in func-
tion (2) explained 86 percent of the variable in gross
income. The high adjusted R? suggests that there
is a good statistical fit for the underlying data used
in the study.

The sum of output elasticities (B) of the production .

function was found to be less than one. This indi-
cates decreasing returns to scale in smallholder cof-
fee farming.

The elasticity coefficients with respect to farm size
and capital inputs were positive and statistically sig-
nificant at 1 percent and 10 percent levels of prob-
abiiity respectively. The elasticity of family labour
and age of coffee trees were also positive but not
significant. The non-significance of these variables

@in particular labour) indicated that proportionate in-
creases in family labour and age of coffee trees may
not necessarily result in more than proportionate
increase in gross income. The interesting feature
noted was that the elasticity coefficient of family
labour assumed a positive value. This may suggest
excessive use of this input by the sampled smallhider
farms (an explanation is offered below).

MARGINAL VALUE PRODUCTS

Exposition of the extent of farm input use efficiency
in smaltholder coffee farms was accomplished by
comparing the marginal value products calculated at
the geametric mean levels with the respective input
prices. The results are presented in Table 4.

The marginal value products of farm size family labour
and capital services were all found to be less than
the respective acquisition prices. This indicates that
these inputs were excessively used. The over-
utilisation of farm size, family labour and capital can
be attributed to how the coffee gardens were man-
aged. :

Plant density of the sampled smaliholder coffee farms
were found to be higher by 358 trees per hectare
than the most recently recommended plant density
of 2478 trees per hectare in the plantation sector
(Coffee Industry Board 1887). This over-planting
would have the effect of reducing the potential bear-
ing capacity of the coffee trees due to over-exploita-
tion of space, intense competition for soil nutrients,
and under-utilisation of sunlight. The effect would be
even more dramatic under heavy shading.
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The trees have grown taller than the manageable
height in an attempt to reach sunlight. Apparently,
most farmers did very little to control the trees’ growth
by proper pruning and/or cutting back the trees to
make them manageable. The outcome of the lack
of adequate management of the trees is that har-
vesting of cherries was done by either climbing into
the trees or pinning the trees into the ground with
anchors. These activities required more than the
normal time required for harvesting.

Weeding of the coffee gardens is done on irregular
basis using spades and bushknives. Most farmers
tend to weed the coffee gardens when the weeds
were bushy. This required the extensive use of
spades and bushknives. It also required more labour
than needed for more frequent weeding.

CONCLUSION

The sampled farms made positive net returns. The
net return of iabour of K2.54 is comparable to PNG

rural minimum wages rate of K2.50 for an unskitled-

rural worker. However, average smallholder produc-
tion is less than 50 percent of the plantation sector
production of 2.2 tonnes per hectare. This reflected
poor management of the coffee gardens due to inef-
fective extension input.

The production function-estimate showed the exist-
ence of decreasing returns to scale. The decreas-
ing returns suggest that average product is diminish-
ing and an economic optimum will exist. This opti-
mum may coccur even with constant prices. Even
s0, there is a need for farmers to make some ad-
justmentin resource allocation.

T No land markets exist in the rural villages. In this contex,

land was valued at its opportunity cost, the value of sweet
potate foregone.

2 The December coffee support price of bounty payment was
only K0.10 per kilogram which was outside the flush period.
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THE PERFORMANCE CHARACTERISTICS OF A TYPICAL PILOT-SCALE TRAY
- DRYER

Peter A. Sopade'

. ABSTRACT

- A pilot-scale tray dryer was assessed fo relate the drying temperature (T,°C) and velocity (V = ms’) to the
' heater power (H) and fan speed (F) seftings. K-thermocouples and an anemometer were used to measure
. these drying parameters for 121 sefting combinations. Higher fan speed setfings reduced the femperature
. in the drying chamber and multiple regression analyses gave the following relationships: In T = 3.97 +
- 0.054 H -0.061 F; r=09350; V= 0.4 exp (0.129 F); r* = 0.9897.. The relevance of the performance

evaluation to downsfream processing of PNG agricultural foods was highlighted. -

Keywords: dehydration, convective drying, air velocity, downstream pmcessing.

INTRODUCTION

The disparity between food supply and the number
of people depending on it for survival is still topical.
While declaring open the 1995 GASGA International
Conference on Grain Drying in Asia at Bangkok,
Jhailand, the Assistant Director-General of the Food
and Agriculture Organisation (FAO) noted that 800
million people go to bed hungry everyday. This was
confirmed (Anon 1995} by the World Food Congress
that was held in Hungary in its 'Budapest Declara-
tion”. Although not the only option, food science
and technology has recognised the need to attend
to post-harvest issues with a view to arresting patho-
logical, chemical, physical, physiological, and mi-
crobiological spoilage factors. Moisture control by
drying has proved (Brenndorfer et al. 1985; Hall 1989)
to be quite effective and this is of particular rel-
evance to Papua New Guinea because of the gener-
ally high humidity that prevails in the country.

Drying is often interchangeably used with dehydra-
tion in food processing to describe the unit operation
in which nearly all the water present in a food is
removed by evaporation of sublimation as a result of
the application of heat under controlled conditions

{Brennan et a/. 1986). The methods for moisture
removal ¢an be conveniently classified (Strumiilo and
Kudra 1986) into four categories, amongst which is
convective drying that passes heated air over the
food. Although drying as a food preservation tech-
nique is as old as mankind, it continues to receive
the attention of downstream processing experts be-
cause of the immense advantages it confers on its
product. These advantages (and limitations) are well

‘documented in the literature (Hall 1989; Singh 1994)

and they have promoted a long-term research to
generate drying data on PNG foods. Food dehydra-
tion is also a major component of the Food Technol-
ogy program in the author’s Department.

MATERIALS AND METHODS
The Tray Dryer

the schematic diagram of the tray dryer (UOP8-A) is
shown in Figure 1. It has a 3 kW heater and four
drying trays with each tray measuring 27.5 x 18.5 x
1.5 cm. The trays are not perforated but perforated
trays can be fabricated locally to permit two-surface
drying. The dryer weighs about 100 kg and its over-

! Food Tethnelogy Section, Department of Applied Sciences, University of Technology, Lae, Papua New Guinea. ™
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all dimensions (m) are height, 1.40; length, 2.95;
depth, 0.73. The temperature in the drying chamber
is controlled by the fan speed and heater power
output, both of which are controlled by the settings
of knobs. There are 11 settings (including position
"0") per controller implying 121 possible combina-
tions of fan speed and heater power output, Despite
the controllers, the minimum and maximum tem-
peratures (and relative humidity) obtainable are
dependent on ambient conditions and these may
vary from one pilot plant to another. Temperature
regimes obtained elsewhere may only serve as a
guideline and to minimise experimental error, it be-
comes imperative to assess the dryer's performance
under the operating local conditions.

The Assessment

For each of the 121 combinations, four K {chromel-
positive; alumel-negative)} thermocouples were put on
the drying trays and the termocouples were con-
nected to a datalogger (Datataker DT50; Data Elec-
tronics (Aust.0 Pty Ltd., Rowville). The datalogger
was competed 10 measure temperatures every 10
sec. and to log-in the average every 30 sec. for 10
min. The temperatures that were logged-in during
the last 5 min. were used in the computation as it
was assumed that the dryer would have stabilised
during this period to reflect the true temperatures.
The combinations were randomised and duplicated.
The assessment was spread over 6 manths (am and
pm) to incorporate as much variations in ambient
conditions as possible. The ambient temperature
around the drier ranged from 22.2° - 30.4°C with a
mean of 26.2° £ 2,4°C.

RESULTS AND DISCUSSION

Table 1 shows typical values that were obtained for
the temperatures in the drying chamber. Generally,
there was a temperature gradient in the drier with
the top-most tray (tray 1) recording the highest tem-
perature. The temperature gradient was possibly
due to changes in the density of the air whereby hot
air rises and cold air sinks. The gradient was more
at high heater power (“10") and low fan speed ("0")
settings and it was as little as 0.6° and a large as
35.8°C. Choosing any of the tray's temperature, as
the drying temperature cold introduce substantial
error in any drying study. An average of the four
temperatures per combination was computed and

the maximum coefficient of variation was 14.5%. Us-
ing the average temperature, the difference in the
temperature on any tray was not more than 18.8°C.
As expected, the average temperature is recom-
mended for use as the temperature in the drying
chamber.

An analysis of variance (not shown) revealed that
both heater power (H,) and fan speed (F) settings
significantly (p<0.05) affected the average tempera-
ture (T) in the drying chamber. A multiple regres-
sion analysis, which was done using Lotus 1-2-3
statistical software, showed that the dependence can
be represented by an equation of the form:

InT=3.97+0.054H -00061F, .cco.cco0cceecc..{1)
r?=0.9350
% standard error of T-estimate {(se) =6.9

In addition to regression parameters, the mean rela-
tive deviation modulus, D_, is recommended (Sopade
and Ajisegiri 1899) in food processing as being valu-
able in assessing the goodness of fit of an equation.

100 T

where n = number of experimental data, T, and Tpl =
experimental and predicted temperatures respectively,
A D_ of 5.7 was obtained for equation (1). This
shows that equation (1) can be used with a reason-
able accuracy to obtain the drying temperature when
both heater power and fan speed settings are known.
Alternatively, both settings can be computed to ob-
tain a pre-determined drying temperature.

The practical importance of this mathematical analy-
sis is that the dryer can be used to obtain drying
data at temperatures and airflow within its regime
that are representative of local PNG conditions. This
will assist the design of an appropriate drier that is
representative of the prevailing local conditions. De-
spite the desirability of dehydration as a downstream
processing technique, a trial-and-error approach that
arises in the absence of relevant drying data has
culminated in a number of failures. Such failures
have projected dehydration as unsuitable while ne-
glecting the inaccuracy at the onset of the design.
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Table 1. Typical temperatures in the dryer at different settings.

Heater Fan Temperature
Power Setting Speed Setling ' (°C)

Tray1 Tray2 Tray3 Tray4 Average

511 527 482 442 488
574 570 555 5241 55.5
411 416 416 4038 413
384 387 387 380 38.5
381 384 394 386 39.1
304 305 306 298 303
337 339 338 331 336
451 463 462 451 457
413 416 417 408 413
350 353 353 345 35.0
532 529 525 S1i 524
460 474 473 459 46.7
494 501 501 490 49586
737 701 634 564 65.9
711 688 653 600 66.3
562 559 554 537 55.3
384 387 386 380 384
805 761 684 597 71.2
760 737 696 636 70.7
599 6885 5887 568 58.7
566 674 574 560 56.9 -
512 518 519 508 514
436 442 441 432 43.8
424 428 428 419 425
923 865 773. 8655 804
645 656 ©654 637 64.8
438 443 443 433 43.9

—

—

-—
OO ONOPOWARAONODUNOOINUINLCOON2C0ORWONINPOO~NIIO-O

1 .
977 912 814 6841 846
712 710 697 663 695
1 457 463 462 454 459

669 696 694 672 68.3
559 573 506 453 5§23

DOOOHBPANNNPROODN NN EDBDBEBIDWWONNN=S =242 000

606 614 614 601 60.9
596 605 605 592 59.9
10 1091 1009 89.0 733 93.1
10 1030 986 916 809 93.5
10 484 490 488 482 48.6
10 1 495 3500 498 488 495
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Figure 1. Schematic diagram of the tray dryer.

Qo

it can be observed from equation (1) and as shown
in Figure 2 that an increase in the heater power
sefting increased the drying temperature, which got
reduced when the fan speed setting was increased.
The air velocity was measured with an anemometer
at the outlet of the dryer (position 6 in Figure 1),
which is of a smaller flow area than the drying cham-
ber. Applying the continuity equation which states
(Earle 1983) that the product of flow area and veloc-
ity is a constant, the actual flow velocity (V = ms1)
in the drying chamber was related to the fan speed
setling as shown in equation (3):

Vv = 0.4 exp (0.128 F_)oviervvrvivinianns 3)
r2 = 0.9897 '

se = 46

D = 34

m

The velocity of the air determines as the driving force
for moisture evaporation and its residence time in
the drying chamber. Although it is desirable to
remove the evaporated moisture with the drying air
as fast as possible. The resulting reduction in drying
temperature prolongs drying. A balance needs to
be struck, therefore, between air velocity and drying
temperature for an acceptable drying rate. Apart

Code

t fan speed controller

2 Heater power contigter
3 Basce

4 Aspirated psychrome’er
£ Sampletrays

6 A~emomelet

from the economic implications, slow-drying results
in a quality deterioration while too rapid a drying
enhances the formation of a hard surface (case-
hardening) that inhibits moisture migration from the
interior of the food to the surface. The consequence
is that the food is not uniformly dried.

CONCLUSIONS

The tray dryer under the local conditions in Lae, is
capable of generating a drying temperature of 30° -
90°C with a air velocity that ranges from 0.4 - 1.4
V = ms®. These regimes appear to accommodate
conditions in PNG and it is possible to simulate
convective drying in different parts of the country
once the local conditions are specified. This infor-
mation should interest academics and entrepreneurs.
who are using or proposing to use dehydration. They
will also find the evaluation valuable as a small scale
study of their drying requirements can be conducted
to _maximise the benefits of dehydration. Relative
humidity of the air plays a major role in dehydration
as it determines the moisture removing ability (evapo-
rative capacity) of the air. There is no humidity
controller on the dryer, When air is heated, the
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Figure 2. Dependence of drying temperature and air velocity on heater power and fan speed settings

of the dryer.
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relative humidity decreases but the reduction id de-
pendent on the air's final temperature, A humidity
as low as 10% was obtained in this study from an
ambient relative humidity that averages 85%. For
further reduction in humidity particularly at low dry-
ing temperature, it is possible to pass the air through
a re-usable desiccant prior to heating. The cost
benefit of this option will, however, need to be prop-
erly worked out.
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METHODS OF ASSESSING LOSSES IN STORED FOOD PRODUCTS

R. Kumar!

ABSTRACT

The need for reliable estimates of losses in stores due to insect pests is emphasized. Situations in which
losses occur are outlined. Major categories of losses are considered. Sampling framework and methods of

estimating losses are discussed.

Keywords: loss category, loss estimation, loss methodoiogy.

INTRODUCTION

This paper is written to draw attention at all ievels of
government departments, officials, farmers and the
public to the great importance of losses in food due

to insect pests and that reliable estimates of losses

in store are required. Figures commonly quoted
have ranged from a 10 percent worldwide loss of
cereals in store, 35 percent for grain losses in India
after harvest to 46 percent for sorghum losses in
Nigeria (Scrimshaw 1978). Such figures,-according
to Spensley (1982), often quoted and requoted, are
sually little more than guesses. Reliable assess-
ent techniques might prove these figures to be
over-estimates rather than under-estimates. A num-
ber of recent studies at subsistence farmer level
(see Boxall and Gillett 1984. Tyler and Boxall 1984
and Evans 1987 for references) point to levels of
loss of the order of about 5 percent or less, The
report of the First Regional Grain Conservation Semi-
nar held in 1978 in Lusaka, Zambia stressed an
urgent need for more precise studies on losses dur-
ing and after harvest in terms of their magnitude,
nature, and point of occurrence. The methods of
measuring losses during and after harvest and dur-
ing the various processes of marketing need to be
standardised, at least regionally. Such studies are
essential for the development of rational and viable
post-harvest loss management programmes. The
term pest used in this paper refers to insect pests.

Detecting Insects in Stored Produce

Before starting loss assessment studies, it is nec-
essary to have a knowledge of the pest species

occurring in the produce. the following stages may
be present in the commuodity:

Living adults
Dead adults

- Living larvae
Dead larvae
Living pupae
Dead pupae
Eggs

NoGhs NS

The identification of pest species requires specialist
knowledge. With the correct name, it should be
possible to know its biology and behaviour and
whether or not secondary pests will be able to infest
the produce in store. Methods for detecting insects
in stored produce have been described by Ashman
et al. (1970).

Detection of insects may be combined with a pre-
liminary survey, which may often help to clarify pest
problems and give information on where most losses
occur (Freeman 1978).

Situations in Which Losses Occur -

This has been discussed by Harris (1978). Post
harvest grain losses are caused by insects, rodents
and birds, during harvesting, transport, storage and
processing of the produce, on government and com-
mercial farms, during distribution, wholesale and re-
tail handling and in the household itself.

Harris and Lindblad (1978), in their manual on

Post-Harvest Grain Loss Assessment Methods, rec-

! Biology Department, P.O. Box 320, University of Papua New Guinea, NCD.
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Methods of assessing storage losses

ommend a three-step procedure for making loss as-
sessments and decisions on the feasibility of inter-
vention, control or prévention:

1. Obtain an overview of the whole post-harvest
system.
2. Make a rapid on-site appraisal that will fo-

cus on the potentially significant losses, the "peaks”
in the system.

3. Study specific losses and methods of loss
reduction and prevention.

The factors to be considered in any rapid on-site
appraisal are as follows:

(a) Moisture content of the produce and
outside,

®) Length of ime and temperature of holding.

{c) Local quality and quality control.

()] Type of bins or other storage structure.

(® Standard of sanitation in the store.

® - Presence or absence of any trading quality
factors,

@) Use of pesticides and the technical
standard of their use.

) Evidence of insect and rodent damage in

grain: the kinds and arnounts of insects,
their frass and webbing exit holes and
rotten kernels, or kernels damaged by
rodents and presence of their excrements.

Mechanical Losses in Handling or Processing

In the tropics, storage over extended petiods of time
without reasonable control of temperature and mois-
ture and without sound rotation of the produce in
store may result in serious losses due to pests.

The Nature of Loss

Attempts to categorise losses have been reviewed
by Howe (1965). Parkin (1956) divided losses into
two categories: (a) a general estimate, or an in-
formed expert guess; (b) an estimate based on
actual measurements, however crude, of loss in weight
or quality of produce.

Hall (1970) recognized the following major catego-
ries of loss:

0] Weight Loss

This is a physical loss of substance, as shown by
loss of weight or volume, caused by insects, ro-
dents or other pests. Such a loss can easily be
accounted for and quantified. However the following
points ought to be noted:

a. . Where there is sale by volume, especially
in rural areas, such a loss may remain undetected.

b. In large scale trading, when there is adul- |
teration with inert materials, weight loss may appear
greater.

c. Increase in moisture content due to the ac-
tivity of some insect pests may also show as a loss
when dned.

(i) Loss in Quality

Various commodity and marketing boards, for ex-
ample the Cocoa marketing Boards in West Africa,
have specific criteria which permit values to be placed |
on certain aspects of quality. The presence of in-
sects, their remains, their excreta, damage and |
moulds obviously lower the quaiity of the produce.

(iii) Nutritional Loss

Feeding by pests may reduce the nutritional value of
the produce. For example, fungal damage and the
consequent production of toxins, such as aflatoxin,
will make the product unfit for human consumption.
The presence of insects and their remains may cause
customers to reject the produce for fear of nutritional
hazards.

) Loss of Seed

Seeds are usually stored with extra care because
they affect future food supplies. However losses
due to pest infestation, excessive respiration, fungal
diseases and inadequate or inappropriate control mea-
sures may still occur,
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METHODOLOGY

De Lima (1979) stated that the scope of any loss
assessment studies should be clearly defined. It
should be decided whether all the stored produce or
part, some section, category (some kind of &) is to
be sampled to measure the extent of losses. The
actual process of assessing losses will vary accord-
ing 1o the individual situation but usually involves the
following. :

The Survey

An initial survey should be carried out to select an
area in which to measure losses, and to select farm-
ers and stores from whom the samples of produce
will be taken. Such surveys usually provide a gen-
eral idea of the problems involved.

The Samptihg framework
Sampling Stores.

For the choice of farmers and stores recognised
statistical procedures should be followed. De Lima
(1979) suggested the use of a 7 x 7 Latin Square,
superimposed over a map of the area surveyed to
select sample stores. Area and cluster techniques
1 (Re Lima 1973, 1978) are more appropriate in cases
- where villages do not exist and each farmer lives on
his own holding. Where cost does not even permit
the use of these techniques, a line sampling tech-
nique may be employed (De Lima 1978) using a
vehicle and stopping at fixed distances along a road.
Sampling and its limitations are discussed by
Zarkovich (1965, 1966) and others (e.g. Harris and
Lindbald 1978).

Sampling of Grain

For sampling grain, Adams and Harman {1977) rec-
ommended intense sampling programmes such as
taking samples regularly from the grain that the farmer
is actually going to consume untit the store is empty.
However, where such a programme cannot be un-
dertaken it may be necessary to divide the contents
of the store into sampling units in such a way that
every unit has an equal opportunity of being se-
lected {(De Lima 1979),

As practical examples given by De Lima (1979),
when maize is stored on the cob or sorghum on the

head, each cob or head forms a convenient sam-
pling unit. If beans are stored in the pod or shelled,
or wheat, maize, sorghum, millet and other grains
are stored in a shelled or threshed condition, a way
has to be found of dividing the produce into conve-
nient units. However, if grain is stored in bulk, is
campletely accessible, and a sample divided or simi-
lar device can be used, there will be no need to
divide the bulk into smaller units,

The Estimation of Loss

Although it would be ideal to base losses on the
reduction in weight, nutritional or -other quality, loss
of seed or in practice, it may be necessary to con-
fine studies to weight loss only, if facilities are lim-
ited.

The methods used to determine the loss have been
classified by Adams and Harman (1977) as follows:-

i Voiumeﬂié
ii Gravimetric
iii Indirect methods

They suggest that the volumetric method, involving
the weighing of a standard volume of sample ‘and
comparing it with-the same volume of visibly dam-
aged grains, was the most appropriate in the small
farmer situation. However, De Lima (1978) criticized
this method.

i. The method is too variable and requires a
great deal of hase-line data.

i The bulk density of a cereal varies with the
variety moisture content, and whether or not an in-
secticidal dust or ash has been added.

iii. The extent and type of damage. due to
insects or fungi affect the weight/ivolume ratio of the
sample.

iv. Without the use of standard instruments,
variations in bulk density readings occur due to
'‘packing'.

De Lima (1978) advocated the intensive examination
of each sample by dissecting individual grains to
determine the loss caused by each pest species in
order to establish a loss profile.
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The Thousand Grain Mass (TGM) Method

The basic principle of this method considers that
when an entire lot of grain is weighed before and
after being attacked by insect pests or some other
causative agent, the percentage loss of mass is
easily calculated by using the formula:

m1 - mx

x 100 = %, where m is the grain mass

m, before attack and m is the grain mass
after attack. Mass is the dry

matter weight.

In this method the sample taken from the ot must
be representative. This means that if a lot consists
of 30% large grains, 50% medium and 20% small
grains, these properties should be found in a repre-
sentative sample. Similarly if 10% of the grains in
the lot are damaged this percentage of darmaged
grains should also be found in the representative
sample. The authors of this method (Proctor and
Rowley 1983} believe that the method is based on
sounder principles than any methods previously
developed.

Synthesis of the Data

De Lima (1879) stressed that the estimates of loss
made for each sample in the laboratory must be
related to losses in the farmer's store from which the
sample was taken. Information from the samples of
farmers in each stratum have to be brought together
to provide overall loss estimates for the district prov-
ince or region and finally at the national level for the
whole country. Clearly there is a need for further
research on loss assessment methodology and prac-
tical methods allowing rapid appraisals to be made
atthe farm level are required (ECA and ICIPE 1988).
Location specific studies also need to be carried out
(Gahukar 1994).
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EFFECT OF MIXED PLANTING OF.TARO LEAF BLIGHT RESISTANT VARIETIES
ON THE DISEASE AND YIELD OF A PREFERRED SUSCEPTIBLE TARO VARIETY

T.G. Gunua', P. Kokoa? and A. Darie®

ABSTRACT

Five combinations of susceptible and resistant varieties were used to determine the best combination that
had 30% susceptible and 70% resistant plants and gave significantly higher yleld and lower disease
incidence. The coefficient of disease index and level of susceptibility or resistance showed a linear
relationship with yield. The inclusion in the cropping system of a Taro leaf blight (TLB} resistant variely
does have an effect on the incidence of the disease and the yield of the susceptible variety.

Keywords. Colocasia esculenta, Phytophthora colocasiae, Leaf blight resistance.

INTRODUCTION

Taro leaf blight (TLB) caused by Phyfophthora
colocasiae Racib. has been considered a major con-
straint on taro (Colocasia esculenta L. Schott) pro-
duction in Asia and the Pacific region. The patho-
gen was first described by Raciborsici in 1900 in
Java (Ooka 1983). It was recorded in Papua New
Guinea (PNG} by Anon in 1853 and Shaw in 1963
(Shaw 1984). The A2 mating type is found in PNG
(Arentz 1986).

All the above ground parts may be affected by this
disease. Its spread can be fast and incidence very
high on susceptible varieties during favourable
weather conditions (Trujillo 1965). At Bubia, plants
were seen to be severely blighted in a few days and
destroyed in less than two weeks. The disease
reduced leaf number which has a direct effect on the
biomass production of the crop, reducing the corm
yield {Cox and Kasimani 1990). Yield reductions of
more than 20% have been reported by Trujillec and
Aragaki (1964} and Kay (1973), Jackson and Gollifer
(1974), Cox and Kasimani (1988), Sahu ef al. (1989)
and Vasquez (1990).

The disease is controlled by spraying of fungicides,
by cultural practices, and by using resistance variet-
ies. Until resistant varieties are developed, chemi-
cal control of the disease is seen as the most effec-

varieties (Ph 15, Ph 19 and Ph 21) used in this

tive practice. Many reports are available on effective
in vivo and in vitro control of the pathogen by fungi-
cides, although effective fungicides are expensive
and pose health risks to farmers when not handled
properly. In view of these problems a safer, inex-
pensive and appropriate control strategy is needed.

From our observation in farmer fields, the incidence
and spread of TLB on susceptible varieties under
conditions of mixed cropping is lower than under
monocropping. The other crop species grown to-
gether with taro act as a buffer or barrier by restrict-
ing the movement of P. colocasiae inoculum in the
field. When a resistant taro variety is grown in a
mixture with a susceptible variety the TLB resistant
variety may act as the barrier crop. Higher yields of
susceptible varieties were reported by Paiki (1996)
under mixed cropping situations in Biak island of
Irian Jaya, Indonesia. No accurate estimates on
yields of susceptible varieties under mixed cropping
are available in PNG.

This study was conducted to determine the best
combination(s) of a susceptible taro variety and TLB
resistant vareties that will significantly reduce the .
disease incidence and lead to higher yields. This
combination could be adopted by farmers who wish
to grow their preferred susceplible variety without
major TLB control activities. The TLB resistant taro

! Plant Pathologist, 2 Principle Plant Pathologist and *Experimentalist, Bubia Agriculture Research Centre, NARI, P O Box 1639, lae,

MP, Papua New Guinea.
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study were identified by Kokoa and Darie
{pers.comm).

MATERIALS AND METHOD

The trial was conducted within the months of May
and November in 1985 and repeated.at the same
time in 1996 at the Bubia Agriculture Research Cen-
tre, outside Lae, in the Morobe Pravince of PNG.
Both trials were conducted on different sites closer
to each other on a block of land that had high per-
centage of gravel.

The land was ploughed with a disc plough and then

| disc harrowed just before planting on flat land. The

susceptible variety Numkovi, normally produces one
large corm and € - 8 suckers, depending on the
growing conditions. The three resistant varieties (Ph
15. Ph 19 and Ph 21) are semi-wild and normally
produce more than 10 suckers. Their corms are not
edible as they weigh less than 100 g and usually
associated with high concentration of oxalate. Setts
of about the same size (25 - 30 cm high and 3 - 4
cm-base diameter) were selected and used for plant-
ing. The setts consisted of the top part of the corm
and the bases of petioles.

\Np both experiments plant spacing was 0.8 x 1.0 m
and each plot consisted eight rows of ten plants.
Five combinations of the susceptible and resistant
varieties were used as treatments with the resistant
plants being interspaced among the susceptible
plants as much as possible (Table 1). Blocks were

separated by paths, 2 m wide. The treatments were
arranged in a randomized complete block design
{RCBD) and replicated four times.

infection of P. colocasiae was by naturally occurring
inoculum. From previous observations TLB disease
pressure was very high on taro during July and Au-
gust which is the wettest months of the year in the
area. Thus taro planted in May reached peak leaf
production at this stage, providing optimal time for
TLB assessment. Assessment of the disease inci-
dence and severity on fully expanded leaves of 10
plants of the susceptible variety per plot was done
eight weeks after planting and continued weekly for
three months and was discontinued two months be-
fore harvest. Disease incidence was measured as
the percent of plants infected by TLB. The disease
severity rating ranged from 0 to 6, with O being no
infection and 6 being most severe disease (91 -
100% blighted leaf area) using the field assessment
key of Gollifer and Brown (1974). The Coefficient of
Disease Index (CODEX) was calculated using the
following formula of Datar and Mayee (1981).

PDI X PDS
CODEX = —_———
100
Percent Disease Incidence = the number of

PDI =
: affected compared to the total number of

leaves.

Percent Disease Severity = the relative

extent of disease on affected leaves based

on the above assessment scale (0-6).

PDI =

Table 1. Treatment code and combination of TLB susceptible and resistant varieties planted in

each plot.
Treatment code Number of Number of resistant Total plants in plot
: : susceptible plants plants per plot ' ' ' o '

per plot {var. {vars Ph 15, Ph 19,
Numkowi) Ph21)

A 80(100) 0(0) 80

B 438(60) 32(40) 80

C 40(50) 40(50) 80

D 32(40) 48(60) : 80

E 24(30) 56(70) 80

Note: Figures in brackets are percentages
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Figure 1. Corm yield (g/plant) of the susceptible variety against ratio of resistant/susceptible plants

(1995, 1996), ;
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Figure 2. CODEX (%) of the susceptible variety against the ratio of resistant/susceptible plants

{1995, 1996).
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At harvest the corms and suckers of the susceptible
variety were carefully lifted with a digging stick. The
main corms were weighed after the tops were re-
moved. Sample plants were used to test the rela-
tionship between CODEX, leve! of resistance or sus-
ceptibility and yield and was analysed using linear
regression and simple correlation anailysis.

RESULTS

The yield and CODEX of the five treatments is shown
in table 2, There was a positive correlation {r = 0.95

- for 1995 and r = 0.97 for 1996} between corm yield
of the susceptible variety and the proporticn of resis-
tant plants in each plot, with maximum yield in the

~ suscaptible variety occurring when the ratio of sus-
ceptible plants in the plot was 30/70 {(Figure 1). The
increase in yield in the susceptible variety was as-
sociated with a decreass in disease incidence, dis-
ease severnity and CODEX in the susceptible variety.
Generally, yield recorded for the suscepfible variety
was higher in 1985 than in 1986 (Table 2).

Simple linear regression analysis showed a positive
~ correlation between corm yieid and the ratio of resis-
;. tant to susceptible plants and a negative correlation
on CODEX in both years (see Figure 1}. The rela-
.

(1995, 1996).

tionship between CODEX and ratio of Resistant/Sus-
ceptible plants showed a negative correlation {(see
Figure 2).

DISCUSSION

Treatment E which had 24 susceptible plants grown
among 56 resistant plants escaped severe infesta-
tion of TLB and had the highest corm yield in the
susceptible variety. It is seen that the yield of the
susceptible variety has an indirect relationship with
CODEX. The resistant plants, which mimick other
crop plants, prevented P. colocasiae inoculum from
spreading rapidly bstween susceptible plants. Ap-
parently resistant taro plants have the same canopy
height as the susceptible plants and therefore are
effective barriers to Phytophthora colocasiae spread.
Higher yield and lower disease incidence on a sus-
ceptible taro variety were observed under mixed crop-

.ping on Biak Island (Paiki 1996).

It is apparent that incorporation of a TLB resistant
variety does have an effect on the disease incidence
and yield of the susceptible variety. Although treat-
ment E gave the highest yield of the susceptible
variety, 70% of the plants in the plot were the lower
yielding resistant variety. This tends to decrease

Table 2. Effect of different ratios of susceptible to resistant taro varieties on corm yield, disease
incidence, disease severity and CODEX in the susceptible variety measured in two field trials

Treat- Ratio Mean Mean Disease Disease Disease Disease CODE CODE
ment suscep./ corm corm incidence incidence severity’  severity’ X1995  X199%
resist.  yield yield (%} %) (%) (%)
plants  (g/plant) (g/plant) 1995 1896 1995 1996
of of
suscep. suscep.
var. var.
1995 1996
A 10/0 721 3977 3025 57.8 39.68 536 12 31
B  60/40 7422 4805 2149 56.2 4048 49.29 87 27.7
C  50/50 7846 4971 1542 53.58 42.14 51.32 6.5 275
D 40/0 8906 5423 13.78 49.74 37.71 48.25 52 24
E 3070 10814 7231 11.82 457 33.56 46.97 40 215

" " Disease severity rating on a scale of 0 (no disease) to 6 (91 - 100% leaf area affected)

|
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the total yield. If the resistant variety had useful
corms, this would increase the overall yield of the
plot. Local farmers will benefit more when desired
resistant taro plants are developed and made avail-
able which they could use together with preferred
susceptible local varieties,
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URBAN DEMAND FOR FOOD, BEVERAGES, BETELNUT AND TOBACCO IN PAPUA
NEW GUINEA

John Gibson’

ABSTRACT

Data from household surveys conducted between 1985 and 1990 were used in a regression model to
estimate the impact that changes in household incomes have on the demand for each of 36 major foods,
beverages, betelnut and tobacco within urban areas of Papua New Guinea, Locally produced crops that
~ should be in high demand in future, if urban incomes rise, include beteinuf, fresh vegetables, sweet potato,
 and fresh fruits. All else the same, the higher value of fufure demand for these crops may justify extra
" research spending, as opposed to spending on crops whose demand will not respond strongly to rising

urban incomes.

Keywords: Demand, income elasticity, Papua New Guinea, research priorities, urban consumers.

INTRODUCTION

In recent years Papua New Guinea (PNG) agricultur-
alists have begun to pay more attention to market
opportunities for supplying food to the local market.
This switch in attention has been caused both by
ow world prices for the traditional export crops and
local market growth, especially within urban areas.
Although precisé data on the value of local food
production for the urban market are unavailable, in-
formed estimates suggest that this industry rivals
the main tree crop industries as an income source
for rural producers (Shaw 1985).

For agricultural planners to allocate scarce research
and extension funds amongst the many foods that
can be grown for the urban market, information about
the demand prospects for those foods is required.
In particular, it would be helpful to identify the crops
that will be in high local demand in the future, so
that farmers can be encouraged to produce these
crops. Examining the demand patterns of urban
households can help agricultural planners identify
market opportunities by showing (i) which foods have
large existing markets, and (i) which foods will be
most heavily demanded in future as urban incomes
change. '

There are several examples of demand analysis be-
ing used to inform agricultural research priorities in
the international literature. For example, Sarma and
Gandhi (1990) used demand analysis to forecast
future consumption patterns of food grains in India,
under alternative scenarios of economic growth and
development. Pinstrup-Andersen et al. (1976) used
data on demaiid patterns to see how reallocating
the agricultural research budget would affect the nu-
tritional status of the urban poor in Colombia. How-
ever, these types of analyses have not previously
been possible in PNG bécause of the lack of infor-
mation on consumer demand patterns for foods and
agricuftural crops.

Various caoncepts can be used to measure existing
market demand. Two of these are: -

1. The average share of the household budget
spent on an item. _

2. The proportion of households who consume
the itemn.

ltems with a large average share in household bud-
gets will generate more revenue far producers be-
cause of the large expenditures that households
make. However, the average budget share can be
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inflated when a minority of the population have an
intense demand for an item, while the remaining
households do not consume it at all. In this case,
demand may be vulnerable to what happens to this
small group of consumers. Foods consumed heavily
by expatriate households would be a relevant ex-
ample for PNG. Therefore, it is valuable to know
what proportion of households consume a particular
food, so that the stability of its demand can be
assessed.

Two economic concepts for predicting future market
demand under changing incomes are:

1. The income elasticity of demand.
2. The marginal budget share.

The income elasticity of demand measures the per-
centage by which the quantity demanded of an item
increases following a one percent increase in house-
hold income. When the demand increases by more
than one percent, an item is known as a "luxury
good”, and when the demand increases by between
zero and one percent, it is a “normal good", and
when the demand goes down as incomes rise, it is
an "inferior good" (Sadoulet and de Janvry 1995).
The marginal budget share measures how a house-
hold allocates any additions to its budget, in con-
trast to the existing division of the budget. For
example, if a househoid's income rose by K100 per
year, the marginal budget share for a particular food
shows how many Kina or toea from that K100 would
be spent on the food. Hence, the marginal budget
share is a good measure of the value of future de-
mand.

The paper provides estimates for PNG urban areas
of these four different measures of market demand
for 36 major foods, beverages, betelnut and tobacco.
The implications of these demand estimates for agri-
cultural research priorities are then discussed.

METHODS AND DATA SOURCES

There are two important requirements for the func-
tional forms that are used to estimate income elas-
ticities of food demand. They should be 'fiexible’, by
allowing income elasticities to differ between rich
and poor households, because the usual pattern is
for income elasticities of food demand to fall as
income rises (Timmer ef al. 1983). The functional

form also should be able to be estimated even when
a household has zero consumption of particular foods;
otherwise those households have to be dropped from
the sample, which can cause sample selection blas
{Deaton 1989).

The "share-log" function form, where the budget share
of the th  food (w, ) regressed on the logarithm of
household income (x) meets these requirements. In
addition to income, other variables affecting the bud-
get share of particular foods need to be included in
the model, These variables include the size of the
household, its age, gender and ethnic composition,
and dummy variable for the town the household is
located in. This gives the following regression model:

w, =ai+ﬁ,_fnx+@”.zj + U {1)

where Z is the vector of control variables, ,, £, and
©, are ‘parameters to be estimated, and U, is a
random error term. The coefficient 8, gives the rate
at which the budget share for the &h food changes
as the logarithm of income changes, ow, /0in x, and
this can be transformed into the elasticity of the
budget share with respect to income, dw,/6ln x by
dividing by w, (because din w, = dw,/w,). The fact
that the budget share is the product of price, p, and
quality, g, divided by incomse, x (and hence Inw, =In
p.+In g, - In x} allows the income elasticity of the
quantity demanded of the ih food, &, to be derived
from the formula:

@

=

+1 -

& =
i

Because budget shares vary by household, the in-
come elasticity calculated with equation (2) also var-
ies. For example, the estimated rice demand of rich
households can be less income elastic than the rice
demand of poor households, because rice has a
bigger budget share for poor household. This is
consistent with the usually occurfing empirical pat-
tern (Timmer et al. 1983).

The marginal budget share was estimated by multi-
plying the income elasficity of demand for the food
by the average share that food i has in household
budgets. These marginal budget shares must obey
the "adding-up" condition that they sum to one. In
other words, the value of all extra demands, follow-
ing a rise in income, must exactly equal the value of
the extra income (Deaton and Muelibauer 1980). This
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condition provides a cross-check on the plausibility
of the estimates.

Data

Household income and expenditure data were ob-
- tained from urban household surveys conducted by
the National Statistical Office between 1985 and
19902, These surveys were carried out in nine PNG
urban areas: Port Moresby, Goroka, Wewak,
Ambunti, Kieta, Arawa, Panguna, L.ae, and Rabaul.
- in all, over 1400 households were surveyed, and
- complete data were available for 1095 households
(Gibson 1995). This is the largest household expen-
- diture survey ever carried in PNG.

. The survey collected information on purchases, gifts,
 production, and sales of food within a two week
period, as well as changes in household food stocks.
From these components, the value of each
household’s consumption of 36 food items was esti-
- mated. Although the survey coliected information

on household wage and business income, the ac-
tual income variable used in this study is total house-
hold expenditure. Total expenditure is less affected
by transitory components (e.g. extra overtime pay)
and is more closely related to the concept of perma-
nent income, which is what economists believe influ-
‘snces demand (Deaton and Muellbauer 1980). The
total expenditure variable inciudes the value of con-
sumption of all goods and services, including im-
puted rent. Households were surveyed at different
points in time so the effects of inflation were ac-
counted for by using a price index calculated for
each town. Full details of the construction of vari-
ables and the quality control pracedures that the
data were subjected to are contained in Gibson
(1995).

RESULTS AND DISCUSSION

The four different measures of market demand are
reported in Table 1 for 36 foods, beverages, betelnut
and tobacco. Measures for the aggregate non-food
group (containing ali other goods and services) are
provided for comparison. The items with the largest
average share of household budgets are rice, alco-
hol, finned meat, tobacco products, tinned fish,
poultry, bread and biscuits. These items make up
over one quarter of the total budget for the average
household.

The items that are consumed most commonly by
households are rice, bread and biscuits, tinned fish,
soft drinks, and fresh vegetables. At least 80 per-
cent of households consumed these within the two
week period. Hence it is likely that these items
have very stable demand. In contrast, alcohol has a
high average share of the budget but only 40 percent
of the households consumed alcchol. The food item
consumed by the smallest proportion of households
was pork, with less than 10 percent of households
consuming within the two week period. Pork is
sometimes regarded as the national meat so this
low consumption seems surprising but it may reflect
the high price of pork in urban areas and the fact
that pork is consumed during celebrations and cer-
emonial events rather than as an everyday meal.

The income elasticities for demand, and associated
standard errors, are reported in the third and fourth
column of Table 1. These were estimated using

Ordinary Least Squares, with heteroscedastically con- - - - :

sistent standard errors being calculated (White 1980).
There were only three foods whose income elastici-
ties were not statistically significant (cassava, dried
and other fish, and other roots and tubeis). The
luxury goods, with income elasticities greater than
one, were alcohol, eggs, English potatoes, poultry,
beef and veal, and fresh fruit (except bananas). For
example, if the income of an urban household rose
by one percent, its demand for fresh fruit should rise
by 1.04 percent (£0.096).

No inferior goods were identified but some important
foods had income elasticities that were fairly low,
e.¢., tinned fish (0.15£0.055); rice (0.3010.048); and
sugar (0.33+0.076). Rising urban incomes will not
lead to big percentage increases in the demand for
these three basic foods. In contrast, most of the
foods produced by rural households and sold in ur-
ban areas had income elasticities in the 0.50 to
0.75 range, thus sales of these items should benefit
strongly from rising urban incomes. . .

The final column of Table 1 gives the marginal bud-
get share for each item. This is the amount of extra
spending on an item if the household had an extra
K100 income available. The "adding-up" condition
that the sum of extra expenditures exactly equals
K100 holds, and confirms the plausibility of the re-
sults. ' '

The marginal budget share gives the best overall
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Table 1. Demand characteristics for foods, beverages, betelnut and tobacco in urban areas of

Papua New Guinea (ranked by marginal shares of total expenditure).

Average Income Marginal

share of total Households elasticity share of total

expenditure % who consume% ofdemand* expenditure %
Alcohol 483 40.3 1.4810.087 7.15
Poultry 2.89 61.5 1.23+0.060 3.54
Takeaways and Meais 274 81.8 0.93+0.078 2.55
Tinned Meat 3.11 846 0.7810.048 242
Soft Drinks 2.72 909 0.8710.050 237
Bread and Biscuits 2.78 93.5 0.75+£0.044 2.09
Tobacco 3.09 70.6 0.6120.052 - 1.87
Rice 562 96.2 0.30+0.048 167
Lamb and Mutton 1.66 48.0 0.8410.082 140
Betelnut 232 75.1 0.57+0.055 1.32
Fresh/Frozen Fish 1.36 411 0.93£0.114 1.26
Fresh Vegetables 1.83 90.1 0.6610.056 1.21
Other Dairy Fats & Qils 1.26 78.2 0.9510.056 1.20
Sweet Potatoes 2.06 729 0.5410.080 111
Processed Food n.e.s. 0.94 599 0.8310.107 078
Bananas 1.29 70.7 0.56+0.083 072
Other Fresh Fruit 0.63 57.7 0.04+0.096 0.65
Sugar 1.78 89.1 0.33+0.076 0.60
Beefand Veal 0.50 20.0 1.1810.144 0.58
Milk (all forms) 0.67 62.3 0.8710.072 0.58
Coffee, Tea,HotBeverages  0.85 67.1 0.64+£0.070 0.55
Other Cereal Products 0.58 61.8 - 0.93+£0.076 0.54
Spreads & Sugared Foods 0.48 66.4 0.9710.062 0.47
Processed Meats n.es. - 0.54 247 0.82+0.240 0.44
Tinned Fish 3.04 92.0 0.15£0.055 0.44
Flour 0.66 450 0.55+0.097 0.36
Taro 0.69 36.7 0.52+0.117 0.36
Pork 0.31 9.8 0.9910.297 0.30
Coconuts 0.36 541 0.7430.115 0.27
Eggs 0.15 14.1 1.3920.140 0.21
Other Nuts and Seeds 0.29 51.8 0.63+0.153 . 018
Sago 0.32 13.9 0.50+0.217 0.16
English Potatoes 0.06 10.0 1.261+0.148 0.08
Cassava 0.20 174 0.22+0.285 0.04
Dried and Other Fish .0.18 134 0.20+0.224 0.04
Other Roots and Tubers 0.28 12.0 0.0310.329 0.01
Non-Food 46.92 100.0 1.2920.018 60.45

n e s = nat elsewhere specific.

* Estimated from a regrssion model with 1095 observations and 1077 degrees of freedom, Standard errors are heteroscedastically

consistent,

% | am grateful to the National Statistical Office for allowing access to these data.
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estimate of the future vaiue of a crop because it
combines the income elasticity with a measure of
the item's monetary importance. For example, En-
glish potatoes are a luxury food (e=1.2640.148), which
farmers should grow because their demand will rise
with increases in urban incomes. However, English
potato is such a minor budget item, a household
with an extra K100 to spend would allocate only
eight toea to extra purchases of this item. Even
though sweet potato has a lower income elasticity,
the same household would allocate K1.11 to extra
sweet potato purchases. Hence, the research pay-
off would be greater, ceferis paribus, from sweet
potato than from English potato.

The items in Table 1 are ranked by the value of their
marginal budget share (the final column). The items
that would gain the biggest share of increased spend-
ing by urban consumers include alcohol, poultry,
takeaway meals, tinned meat, soft drinks, and bread
and biscuits. Amongst the items produced by rural
households and sold in urban markets, betelnut, fresh
vegetables, and sweet potato would see the biggest
increase in demand if urban household incomes in-
creased.

The marginal budget share for alcohol is twice as
large as for any other item and this may be a source
\of social concern, because of the problems that ex-
cessive alcohol consumption can create. Several of
the control variables in the vector z of equation (1)
were important influences on the djemand for alco-
ho!l, especially the proportion of the household that
was male and aged between 15 and 50 years, and
whether the household head was from the Highlands.
All else the same, the budget share for alcohol would
be two percentage points higher in a household where
men between the age of 15 and 50 comprised one-
half of the dwellers, compared with a household
where they were only one-fifth of the dwellers.

DISCUSSION

This ordering of food crops may be helpful in guiding
research priorities, because it has been suggested
that some crops have gained more research atten-
fion that others of greater econoric importance
(Shaw 1985). The publication of the elasticity and
budget share estimates provides one economic ¢ri-
terion for ranking food crop research, although other
factors, such as compatibility with existing farming

systems and environmental suitability of the crop
play a role as well.

One food crop that has received considerable re-
search attention over many years in PNG is rice
(Shaw 1985; Fereday 1993). The results in Table 1
show that the marginal budget share for rice is lower
than the marginal budget share for foods that are
produced from wheat, which is the other major ce-
real import. Hence, agricultural research that helps
jocal farmers to increase their share of the inputs

"used in the production of bread and biscuits may

give a higher payoff than research into the local
production of rice. One exampie of research that
might help local farmers increase their share of the
inputs used in bread and biscuit manufacture is the
question of blending sweet potato flour with wheat
flour (Berrios 1992).

The results also help to disprove the hypothesis that
imported cereals are seen by local households as
superior foods to the traditional starchy staples
(Kannapiran 1993). If this hypothesis were true, the
income elasticity of demand for cereals would be
greater than for the local root crops, implying that
consumers switch to cereals as urban incomes rise.
Although bread and biscuits have a greater income
elasticity of demand (0.75£0.044) than the major
root crops, this is not the case for rice (0.30+0.048),
which is the cereal with the largest budget share.
To further compare the income elasticities of cereals
versus local starchy staples, foods were grouped
into (i) cereals, (i) meats and fish, (i) fruits,
vegetables and nuts, and (iv}) root crops and the
share-weighted income elasticities of demand for each
group were calculated (Table 2).

Table 2. Income elasticities of demand for major
food groups*

Foodgroup Share-weightedincome
elasticity of demand

Cereals 0.48

Meats, poultry and fish 0.77

Fruits, vegetables and nuts 0.67

Root crops 049

* Denived from data it Table 1.
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The income elasticity of demand for the cereals group
is 0.48, indicating a ten percent increase in urban
household income would cause cereals demand to
rise by 4.8 percent. The income elasticity of de-
mand for the root crops is slightly higher, at 0.49, so
demand for the root crops benefits slightly more
from rising urban incomes than does demand for the
cereals. Other locally produced fruits, vegetables,
and nuts also have demands that rise by more than
those of cereals when urban incomes rise. Thus,
rising urban incomes do not signal a dietary transi-
tion away from locally produced foods. Instead, the
demand profile for food items associated with rising
urban incomes indicates an important market oppor-
tunity for rural producers to supply food into the
local urban market.

CONCLUSIONS

Income elasticities of demand and marginal budget
shares were estimated for 36 food items in urban
Papua New Guinea markets. The ranking of items
according to income elasticities and marginal bud-
get shares gives one economic criteria for the set-
ting of research and extension priorities. Locally
produced crops that should be in high demand in
future, if urban incomes rise, include betelnut, fresh
vegetables, sweet potato, and fresh fruits. All else
the same, the higher future demand for these crops
may justify increased research spending, as opposed
to research spending on c¢rops whose demand will
not respond strongly to rising urban incomes. The
results also suggest that urban demand for wheat
products will eventually exceed demand for rice, if
urban incomes rise, so research into the replace-
ment of imported cereals with local crops may give
a higher payoff if it is directed at finding substitutes
for wheat flour.
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FIELD STUDIES OF THE DEPTH DISTRIBUTION OF RECRUIT-SIZED PRAWNS,
PENAEUS MERGUIENSIS AND P. MONODON, IN THE GULF OF PAPUA: IMPLI-
CATIONS FOR MANAGEMENT

Christopher R. Evans', Barre D. Kare?, Lester Baule? and Michael Jumbi?

ABSTRACT

During 25* March to 11% April 1996, transects and commercial operations covering the fishing grounds,
from & to 30 m depth indicated that catch per unit of fishing effort (CPUE) of recruit-sized banana prawns
was highestin 8 to 12 m depth. Relative abundance decreased with increasing depth (p = 0.031, single-tail
. test for negative correlation). Similarly, the CPUE of recruit-sized black tiger prawns decreased with depth
- from 8 to 30 m (p = 0.046). The percentage catch (by weight) of recruit-sized banana prawns and black-
 tiger prawns were similarly each negatively correlated with depth (p = 0.018 and p =0.012 respectively). The
~ permanent closure of the 3-mile zone, i.e. trawi-able areas extending seawards 3 miles from the mean low-
water mark, to industrial trawling, is supported by these findings. Extension of the eastemn boundary of the
" area closure for 1997 (and subsequent years) eastward from Cape Cupola to the fishing grounds as far
south-east as lokea village is recommended in order to include and protect the mangrove nursery areas and
adjacent offshore recruitment areas located in 4 to 8 m depth in Freshwater Bay (Lesi Creek, Lakekamu
: Estuary and Mopu inlet) during the principal recruitment season, January through April. There is increasing
_interest from resource owners to develop the nearshore prawn resources within the 3-mile zone in a
| sustainable manner, by opening the 3-mile zone to small-scale, beam trawling, i.e. a limited number of
1 | relatively smalf beam trawls towed by dory. The nets used should be of relatively large mesh sizes in the
i net body and cod-end, because the results of the present study indicate that, particularly during January
through June each year, a large proportion of the catch in the 3-mile zone will probably be new recruils
hich have not realised their growth potential. Studies to assess the impact of beam trawls should ideally
be conducted prior to aflfowing this kind of fishery fo develop. From the transect studies (258 March - 2*
April) alone, the average CPUE (the recruitment index) of banana prawns was 8.23 +/- SE 2.30 kg of tails/
frawi-hour. Similarly, for black tiger prawns the recruitment index was 1.53 +/- SE 0.34 kg {head-on)/frawi-
hour. The average depth trawled during the transect studies was 17.7 m (SD 6.39 m). Similar field fransect
studies to determine comparable recruitment indices in future years could be undertaken.

Keywords: Penasid-prawns, recruitment-index, -monitoring, depth-distribution, Gulf-of-Papua.

INTRODUCTION amounts of Metapenaed Prawns. Approximately 700-

1000 t of prawn tails per year are caught by 13-14

The fishery for banana (Penaeus merguiensis), black
tiger (P. monodon) and endeavour, (Mefapenaeus spp)
prawns in the Guif of Papua is currently the largest
domestic fishery in Papua New Guinea. The catch
consists chiefly of P. merguiensis (over 50% by
{ weight), and secondly of P. monodon with lesser

otter trawl vessels, either quad-rigged or double-rigged

and of not more than 28 m overali length. Only -

companies with more than S0% ownership by PNG
citizens are permitted in the fishery. A 3-mile con-
servation (prohibited trawl) zone was estimated in
the 1980s to protect young prawns in the inshore

‘ UK. {e-mail DrChnsEvans@memail com).

2016, Port Meresby, NCD, Papua New Guinea.

' Current address: Dorset Natural Resources and Environment Consultants, 2, Edgehill Road, Bournemounth BHS 2PQ, Dorset,

? Research and Management Branch Fisheries Management and Industry Support Division, National Fisheries Authority, P.O. Box
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44 Distribution of recruit-sized prawns

Figure 1. Gulf of Papua prawn fishing zones, capes, large villagesand towns, and the 3-mile zone
(stippled).
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areas from trawling.

The principal risk and concern in recent years has
been growth of over-fishing with trawler captains tar-
geting new recruits as they enter the fishery in the
northern areas adjacent to extensive nursery areas
for P. merguiensis and P. monodon (the mangrove
swamps of the Rivers Fly, Kikori and Purari, and as
they enter the fishery in the south-eastern areas
adjacent to other similar nursery areas of lesser
extent associated with the Vailala River mouth,
Kerema Bay and Inlet and the Lakekamu Estuary/
Mopu Inlet). There has alse been suspected growth
over-fishing from iliegal fishing of the 3-mile conser-
vation zone.

Management in 1995 and 1996 has featured (i) a 6-
week closed season 1% February to 15 March (1995)
{Opnai and Evans 1994) and (ii) a 14 week area
closure. of the fishing zories East Cape Blackwood,
Purari, Orokolo Bay, West Kerema and Kerema Bay
(which are the principal recruitment windows), from
1t January to 15" April 1996 (Evans ef al. 1995;
Evans ef al. 1995 a; Kare ef al. 1993). Prawn

operators have generally respected and understood
the area closure measure and there have been only
minor incursions into areas near the boundary. How-
ever, the provision of surveillance in the prawn indus-
try is insufficient because of a shortage of man-
power. The trawl grounds are large and distant from
the National Capital District, surrounding Port
Moresby, which lies off map to the south-sast (Fig-
ure 1). In recent years, 1993-96, there have been
many reported, and a few prosecuted cases, of ille-
gal trawling within the established 3-mile consejva-
tion zone {Figure 1). These included citizens' ar-
rests and vessel seizures by resource owners,
sightings by airline pilots with navigational fixes and
a boarding by staff of the Research Branch of the
National Fisheries Authority.

The Lakekamu Estuary, the Kikori River Delta, and
the smalt channels of the lower Purari River and of

. the Vailala river mouth are the major nursery areas

for banana prawns that migrate and recruit into the
grounds of ten south-eastern area (Frusher 1980;
Gwyther 1980 a). The Fly River Estuary is the
principal nursery area for juveniles that recruit into
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the offshore fishing areas associated with the Fly
River (Ursula Kolkole), (PNG Department of Fisher-
ies and Marine Resources, pers. comm. 1995).

Gwyther (1980 a) found that the percentage of fe-
male prawns in the Guif of Papua having ripe or
ripening ovaries is greatest in the months of March-
April and July-November. Catch per unit effort (CPUE)
of commercial grades of P. merguiensis showed a
progression through the year according to mean
monthly data 1978-87 (Polovina and Opnai 1989).
From this, Polovina and Opnai inferred that postiar-
val P. merguiensis settle in the estuaries mainly
during November and recruit to the fishery in Febru-

ary.

Earlier studies of the distribution of new prawn fish-
ery recruits from January to August (Gwyther 1980
b) suggested a migration of new recruits from the
area around C. Blackwood to Kerema Bay. Recruit-
sized prawns occur in temporal-spatial sequence,
from C. Blackwood in January to Kerema Bay in
June (Frusher 1980; Gwyther 1980 b).

Based upon the results of these studies, a recruit-
ment monitoring field study was carried out during
the 1995 closure of the Gulf of Papua fishery (1t
. February to 15" March) (Evans ef a/. 1995 b). The

. East Cape Blackwood, Purari, Fly/Bamu, West Cape
Biackwood and Kerema Bay zones (ranked in that
order in CPUE of 41-50+51-60 grade prawns caught)
were found to be the chief recruitment areas of P.
merguiensis during this period in 1995, which was in
an El Nino with low rainfall (Evans ef al. 1995 b).
Evans and Kare (1996) found evidence that the be-
ginning of the chief recruitment pulse to the northern
fishing zones near Cape Btackwood coincides with
the onset of monsoon rains in the upper Kikori Ba-
sin, and occurs on an average during mid-February
to mid March.

The primary objective of the present study was to
document the depth distribution of recruit-sized ba-
nana prawns (Penaeus merguiensis) and black tiger
prawns (P. monodon) by depth, in a year of reason-
able rainfall, in order to determine if the populations
of these species in inshore areas {i.e. the 3-mile
prohibited trawl zone) would be endangered by ille-
gal fishing inside the 3-miie limit.

The second objective of the study was to estimate a
mean catch per unit effort (CPUE) for recruit-sized

banana prawns and for black tiger prawns by transect
surveys, in the entire fishing grounds during the pe-
riod of peak recruitment to the northern fishing zones
{approximately late March to early Apnl Evans and
Kare 1896).

Such a survey could be undertaken annually to
provide data on the approximate level of fishery
recruitment of Penaeus merguiensis and P.
monodon.

MATERIALS AND METHOD

The study consisted of two parts: phase 1, system-
atic transect studies in all the fishing zones, from
25" March to 2™ April, 1996 and phase 2, normal
commetcial operations, from 2™ to 11t April, 1996.

The quad-ngged Delfa Seafoods industrial prawn trawi
vessel Leremori with four 7 fathom nets of 2 inch
mesh in the cod-end was chartered for the survey.

During phase 1, in each fishing zone, from FlyBamu
in the west to lokea in the east, one main shot was
made in each of 3 differing depth categories, by day
and by night. These categories were wherever pos-
sible 8-12 m, 12-20 m and 20-30 m. The 3-mile
zone was generally shallower than 8 m depth, so no
trawling with main nets was carried out inside the 3-
mile limit, for conservation purposes and so as to
prevent upsetting local communities of resource own-
ers and to reduce the pqtential for vesse! seizure.

The number of caitons of each grade of banana and
black tiger prawns caught were recorded along with
carton weight. The time winched down, time winched
up, and the position down and the position up were
also recorded. During each man net shot,
echosounder depth measurements were made at 30
minute intervals, so that the mean depth trawled
during the shot could be calculated.

During phase 2, the normal commercial operations
were adopted so that the trawler could have an eco-
nomic return from the charter. Search across depth
contours with the try net was followed by trawling
along contours with the main net once commercial
quantities of prawns were located. Number of car-
tons by grade of prawns caught, mean depth trawled,
and time and positions were recorded, as for phase
1.

Papua New Guinea Joumal of Agriculture, Forestry and Fisheries

1998, Vol. 41 No. 2 pp 43.57



46

Distribution of recruit-sized prawns

Table 1. CPUE of recruit-sized prawns in the Gulf of Papua. A. Cruise 1, Transect Studies, 25"
March to 2~ April {(WB = banana prawns, Penaeus mergulensis chiefly, with minor proportion of <
5% of P, Indicus; BT = black tiger P. monodon; % = percentage of new recruits in total catch of the
species, by weight)

Date Day or Fishing mean WB-CPUE %WB BT-CPUE %BT
night area depth{(m) (kg/hr) (kg/hn)
25/03/96 D F/BAM 295 0 - 0 -
26/03/96 N F/BAM 18.0 5.8 100 0 -
26/03/96 N F/BAM 94 0.96 22 0 -
26/03/96 D F/BAM 13.8 2.9 32 0 -
26/03/96 D F/BAM 217 40 55 0 -
26/03/96 D F/BAM 19.7 0.45 33 6.8 19
27/03/96 N WCB 20.1 0 0 0 -
27/03/96 N WCB 182 15 43 0 -
27/03/96 D ECB 185 13 50 0 -
27/03/96 N ECB 293 0 - 0 -
28/03/96 N ECB 255 25 38 0 0
28/03/96 N ECB 265 0.91 38 0.96 34
28/03/96 D P 8.0 1.7 100 0 =
28/03/96 D P 145 12.0 69 1.1 50
28/03/96 D P 253 26 38 1.8 51
28/03/96 N P 277 1.7 50 0 0
28/03/96 N P 15.3 18 50 4.0 57
28/03/96 N P 8.4 9.1 80 0 -
28/03/96 N WK 249 18 50 5.1 26
29/03/96 D WK 24.1 45 53 1.2 27
29/03/96 D WK 123 45 85 1.4 100
29/03/96 D WK 8.7 26 78 37 40
29/03/96 D WK 9.3 18 53 4.0 67
29/03/96 D WK 206 46 43 74 29
29/03/96 N KB 9.7 19 54 27 27
30/03/96 D KB 114 9.4 a7 3.1 27
30/03/96 D KB 11.4 15 17 1.1 21
30/03/9%6 N | 145 0.96 40 0.72 33
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A. Cruise 1, Transect Studies, 25" March to 2™ April continued.
Date Day or Fishing mean WB-CPUE %WB  BT-CPUE %BT
night area depth (m) {(kg/hr) (kghr)
31/03/96 N t 208 0 - 1.1 45
31/03/96 D - FWB 18.3 0 0 1.5 38
31/03/96 N FWB 18.7 04 20 14 66
01/04/96 N FWB 175 0 - 0.38 18
01/04/96 N cc 1286 19 2 1.8 39
01/04/96 N cC 173 0.48 11 0.72 21
- Key to fishing areas:
KB = Kerema Bay.
AB = Freshwater Bay.
FBamu= Fly Bamu, _
C = Cape Cupola.
| ‘= lokea.
PWK = West Kerema
P = Purari. ’
S WeB = West Cape Blackwood.
ECB = East Cape Blackwood.
i B. Cruise 2, Commercial Operations, 2 to 11 April.
N .
Date Dayor Fishing mean WB-CPUE %WB BT-CPUE %BT
night  area depth (m) (kg/i) (kg/)
11/04/96 N KB 9.0 29 63 0 -
10/04/96 D KB 113 27 65 27 49
10/04/96 D KB 123 27 58 3.9 27
10/04/96 D KB 109 2 50 0.5 30
10/04/96 N KB 137 27 11 46 44
08/04/96 N KB 14.7 1.8 15 6.7 28
07/04/96 - D KB - 140 0.57 17 16 37
07/04/96 D KB 1.3 0 - 0.68 18
0700496 N KB 149 53 28 7.9 48
07/04/96 N KB 142 9.1 36 7.5 40
05/04/96 N KB 14.0 1" 42 25 35
04/04/96 D KB 114 21 13 2.7 X4
04/04/96 D KB 149 6.8 33 48 48
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B. Cruise 2, Commercial Operations, 2nd to 11th April Continued.

Date Day or Fishing mean WB-CPUE %WB B8T-CPUE %BT
night area depth {(m) {kg/r) (kg/n)

04/04/96 N KB 14.9 4.1 39 1.7 42
03/04/96 N KB 155 52 34 1.9 27
03/04/96 D KB 102 16 18" 37 57
03/04/96 D KB 8.9 8.8 34 5.1 39
03/04/96 N KB 9.8 45 39 0.68 3t
03/04/96 N KB 116 30 71 24 41
03/04/96 N KB 11.0 3 85 27 47
02/04/96 D KB 10.8 16 68 5.7 53
02/04/96 D KB 10.3 3 62 43 47
06/04/96 D P 132 26 66 28 36
06/04/96 N P 12.7 7.0 58 0 0
06/04/96 D P 14.2 15 52 29 4
08/04/96 D Ak 124 _ 15 80 37 65
09/04/96 D Ak 130 15 %0 24 53
09/04/96 D Ak 120 21 44 1.2 28
08/04/96 N Ak 9.5 19 73 45 24
08/04/96 D Ak 100 47 64 13 54
10/04/96 N KK 127 5.4 8 17 41
08/04/96 N KK 129 0 - 27 53
08/04/96 N KK 19.9 10 35 44 40
05/04/96 N cC 14.0 9.0 32° 33 35
05/04/96 N cc 14.5 12 32 56 48

Key to fishing areas:

KB = Kerema Bay,

oC = Cape Cupola,

| = lokea,

KK = Kea Kea, West Kerema,

P = Purari, _

Ak = Akoma, boundary of Puran and West kerema zones.
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Carton weights of head-less bftiger prawns were
transformed to head-on weights. A conversion fac-
tor of 1.33 x head-less weight was used to transform
carton weights of head-less black-tiger prawns to
estimated carton weights of head-on black tiger
prawns, where necessary (the majority of black tiger
prawn cartons were packed with head-on prawns).

RESULTS
Depth distribution

The CPUE for recruit-sized banana prawns {(Peneaus
merguiensis) and for recruit-sized black tiger prawns
(P. monodon) in the Gulf of Papua in March/April
1996 were each negatively correlated with the mean
depth of individual main net trawls (p = 0.031 and
p = 0.046 respectively, by a single tail test for nega-
tive correlation) (Figures 2-3, based upon Tables 1
A-B, and Table 2).

Recruit-sized prawns were defined as follows:-

1) . banana prawns. the lowest 2 grades com-
bined: 41-50 and $1-60 prawn tails to the pound
weight, corresponding to approximately 24-28 mm
carapace length (CL).

N

2) black-tiger prawns: 16-20 (head-on) + 21-
25 (head-on) + 26-30 (head-less) + 31-35 (head-
less) grades (to the pound weight), corresponding to
33-37 mm CL., approx.

Percentage catch (by weight) of recruit-sized ba-
nana prawns and black-tiger prawns were similarly
each negatively correlated with mean depth (p =
0.018 and p = 0.012 respectively, single tail test)
(Figures 4-5, based upon Tables 1 A-B, and Table
3).

Indices of recruitment

A t-test on the day-time CPUE and night-time CPUE

of banana prawns caught during the transect studies

(25" March to 2™ April} indicated that there was no
statistical difference between day and night-time
CPUE (p=0.34, 32 df).

‘The descriptive statistics of the CPUE of recruit-
sized banana prawns caught during the transect
studies indicate that the mean CPUE (recruitment

index) was 8.23 +/- SE 2.30 kg of tailsirawl-hr (96%
Ci 3.56 to 12.91 kg of tails/trawl-hr) (Table 4A; and
Figure 6, Appendix ).

The descriptive statistics of the CPUE of recruit-
sized black tiger prawns caught during the transect
studies indicate that the mean CPUE {recruitment
index) was 1.53 +/- SE 0.34 kg (head-on}Arawl-hour
(95% ClI 0.84 to 2.22 kg (head-on)/irawl-hour) (Table
4 B; and Figure 7, Appendix Il).

Descriptive statistics of the mean depth of main shots
during the transect studies showed the mean depth
trawled was 17.73'm (8D 6.39 m) (Table 4 C; Figure
8 Appendix {l)). During March/April, 1996 recruit-
sized banana prawns were found in greatest abun-
dance in 8 to 12 m depth, based upon catch per unit
of fishing effort (CPUE)}, from transects and commer-
cial operations covering the whole of the fishing
grounds, from 8 to 30 m depth. CPUE decreased
with.depth from 8 to 30 m (correlation/regression, p
= (0.031, single-tail test).

Similarly, the CPUE of recruit-sized black tiger
prawns decreased with depth from 8 to 30 m (corre-
lation/regression, p = 0.046, single-tail test).

DISCUSSION,, INCLUDING IMPLICATIONS FOR
MANAGEMENT

This study documents the assaciation between the
CPUE of recruit-sized prawns (Penaeus merguiensis
and P. monoadon) and depth and the results support
the conservation value of the 3-mile zone. The as-
sociations found are negative correlations, statisti-
cally significant at the 5% level. The high catch
rates of recruit-sized banana prawns at about the
10 m depth contour (up to 46 kg/trawl-hr) and black
tiger prawns (up to 29 kgftrawl-hr) suggest that the
1996 seasonal spatial closure (from Cape Blackwood
to Cape Cupola, from 1%t January to 15% April 1996)
and/or the more substantial rains of the 1996 mon-
soon season have had good effect.

The results indicate that the value of the 3-mile zone
as a conservation measure for the protection and
growth of recruit-sized banana and black tiger prawns
{and the protection and growth of finfish) cannot be
over-emphasised. Even smaller individuals of these
prawn species were found and measured in a try
shot survey of the 4-10 m depth band made during
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]

Table 2. Correlation of CPUE of recruit-sized prawns and depth (including slope and intercept for

equations of the associations).

R, t df P

-0.3630 -3.189 67 0.0022

B. Correlation/regression of CPUE of recruit-sized banana prawns on mean depth.

r t df p(single-tail*)
-0.2265 ©1.804 67 0.0307
Value se . 95%Cl

Slope ' -0.53 0.28 -1.0910 0.03

Intercept 18.74 4.48 9.7910 27 .68

C. Spearman rank correlation of CPUE of recruit-sized bitiger prawns on mean depth.

R, t df p

s

-0.1847 -1.538 - 67 0.1286

D. Correlation/regression of CPUE of recruit-sized bitiger prawns on mean depth.

r t df psingle-tail*)
-0.2044 1 ;709 67 , 0.0461
Value se 95% Cl

Slope 0.15 0.09 -0.321t00.02

Intercept 5.09 1.37 235t07.83

A. Spearman rank correlation of CPUE of recruit-sized banana prawns on mean depth.

* Single-tail test for negative correlation.
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Table 3. Correlation of percentage of recruit-sized prawns {by weight} an depth, Gulf of Papua
(including slope and intercept for equations of the associations).

A. Spearman rank correlation of percentage of recruit-sized banana prawns on mean depth.

R t df p

-0.3412 -2.835 61 0.0062

B. Correlation/regression of percentage of recruit-sized banana prawns on mean depth.

r t df p(single-tail*)
-0.2641 2138 61 0.0183
Value se 95% CI

Slope -1.26 0.59 -2.44100.08

Intercept 64.79 9.08 46.63t0 82.95

C. Spearman rank correlation of percentage of recruit-sized bitiger prawns on mean depth.

R, t df p
-0.1847 -1.394 55 0.1690
D. Correlation/regression of percentage of recruit-sized bitiger prawns on mean depth.
I r t : df ’ p(single-tail*)
-0.2875 2311 85 0.0123
Value se 95% ClI
Slope -1.06 0.46 -1.97t0-0.14
Intercept 53.78 7.08 39.591067.98

* Single tail test for negative cosrelation.
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Figure 2. Association of CPUE of recruit-sized banana prawns {(41-50 + 51-60 grades combined')
and mean depth for individual main-net trawl shots {quad-rig) in the Guif of Papua, March/April
1996. Trawler Laremori. Depths shallower than 8.0 m were not trawled, in the interests of

conservation and safety.
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Figure 3. Association of CPUE of recruit-sized black tiger prawns, comprised of 16-20 (head-on) +
21-25 (head-on) + 26-30 (head-less) + 31-35 (head-less} grade, and mean depth for individual main-
net trawl shots (quad-rig) in the Gulf of Papua, March/April 1996. Trawler Laremori. It should be
noted that (i) depths shallower than 8.0 m were not trawled, and (ii}) a conversion factor of 1.33 x
head-ess weight was used to transform carton weights of head-less prawns to estimated carton
weights of head-on prawns,
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Figure 4. Association of the percentage catch (by weight) of recruit-sized bahana prawns and
mean depth for individual main-net trawl shots {quad-rig) in the Gulf of Papua, March/April 1996.

"~ Trawler Laremori (Depths shallower than 8.0 m were not trawled).
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: Figure 5. Association of the percentage' catch (by weight) of recruit-sized black tiger prawns and
. mean depth for individual main-net trawl shots (quad-rig) in the Gulf of Papua, March/April 1996.
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| Tvawler laremori {Depths shallower than 8.0 m were not trawled; a conversion factor of 1.33 x

head-less weight was used to transform carton weights of head-less prawns to carton weights of
head-on prawns)}.
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the transect study period from Lesi Creek, Freshwa-
ter Bay, to Cape Cupola, Kerema Bay (Kare et al
19986). Finfish were also smaller (personal observa-
tions). The resuits of Kare ef al. (1996) study in-
ferred that Lesi Creek, Lakekamu estuary and Mopu
inlet were prawn nursery areas.

KEY RECOMMENDATIONS FOR MANAGEMENT

It is likely that industrial-scale prawn trawl operators
will continue to illegally fish the 3-mile zone until a
vessel tracking (transponder) system is established.
However, operators do understand, respect and sup-
port the concept of a seasonal spatial closure (per-
sonal communications, Lady Morauta, November
1995 and July 1996).

Considering the findings of the present study, 2 key
recommendations emerge:-

(1) The 3-mile conservation zone should remain
in place; and

(2 The eastern boundary of the seasonal area
closure for 1997 and subsequent years should be
extended eastward from Cape Cupola to the fishing
grounds as far south and east as lokea village, so
that the mangrove nursery areas and adjacent off-
shore recruitment areas located in 4-8 m depth in
Freshwater Bay (Lesi Creek, Lakekamu Estuary and
Mopu In-let) are included in the seasonal spatial
closure and will thus be protected during the princi-
pal season of recruitment (January through April).
Prawn {rawl operators would be forced to fish the
established seasonal grounds of West Cape
Blackwood and Fly/Bamu and the newly opened
grounds from Cape Suckling to lokea (including the
prawn resource associated with Yule Island, outside
the 3-mile limit). Resource owners in this southern
area near Yule Island are protective of their inshore
fishery resources (as at Orokolo Bay) so incursion
may not be a problem there.

Five further impartant points relating to conservation
of the prawn fishery resources are the following:-

&) There is mounting interest from resource own-
ers to develop the nearshore prawn resources within
the 3-mile zone in a sustainable manner, by opening
the 3-mile zone to small-scale beam trawling, i.e. a
limited number of relatively small beam trawls fowed
by dory (draft Guif of Papua prawn fishery plan for

1997, Research & Management Branch, NFA). The
nets used should be of relatively large mesh sizes in
the net body and cod-end, because the results of
the present study indicate that, particularly during
January through June each year, a large proportion
of the catch in the 3-mile could be new recruits
which have not realised growth potential. It should
be noted that even with this preventative measure
many juveniles passing through the net may still
die.

@ Studies to assess the impact of beam trawls
should ideally be conducted prior to allowing this
kind of fishery to develop (pers. comm. from Referee
2, 24% April, 1998), ’

(&) Studies on artisanal trawl fisheries in Mexico
indicate that they compete directly with the offshore
fishery and that overall production would be increased
by removing the artisanal trawl component of their
prawn fisheries (per.comm. Referee 2, 24% Apii).

©®) Establishment of a vessel monitering (.e.
tracking) systermn (VMS) would provide much needed
surveillance capability for both the seasonal spatial
closure and the 3-mile conservation zone.

@ A prawn observer programme during April
through November each year would assist surveil-
lance until a vessel tracking system is established
and provides important data on secondary recruit-
ment pulse(s) during the latter half of the year.
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Appendices

Appendix I: Figure 6. Descriptive statistics of CPUE of recruit-sized banana prawns, Gulf of Papua,
during transect studies 25" March to 2* April 1996,
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Appendix iI: Figure 7. Descriptive statistics of CPUE of recruit-sized black tiger prawns, Guif of
Papua, during transect studies 25 March to 2" April 1996.
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Appendix ll: Figure 8. Descriptive statistics of mean depth of main net shots in the Gulf of Papua,

during transect studies 25" March to 2™ April 1996,
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INSTRUCTIONS FOR CONTRIBUTORS

Papers must usually contribute to the advancement
of knowledge in the discipline(s) concerned but short
papers discussing techniques or published results,
notes, bibliographies, book reviews and invited re-
views of current knowledge in selected areas of
interest to the journal would also be considered for
publication. Proceedings of seminars/meetings/work-
shops/symposia and conferences of adequate
standard and of interest to the Journal may also be
considered for publication. Articles offered for publi-
cation elsewhere or published previously will not be
considered. All material submitted for publication
will be refereed, reviewed and edited to meet the
standards of the journal.

Copyright for material transfers to the Journat on
publication. For permission to reproduce material
from the Jourmal apply to the Editor,

1. Presentation - Papers should be doubled-spaced

throughout with wide margins on both sides. The.

first line of each paragraph should be indented three
spaces. A4 size paper should he used. Send the
top copy plus two photocopies to the editor of the
journal. Captions to plates and figures must be
typed on separate sheets. All pages of typing in-
cluding references, appendices, captions and tables
should be numbered consecutively at the top right.

2. Title - The title should be as brief as possible
but should clearly indicate the content. It is not
necessary to start the title with “A ..., or “The ... or
other non-significant words.

3. Author’s name - First names or initials can be
used according to the preference of the author, How-
ever, authors are strongly advised to use the same
style for their name in all publications to avoid giving
the impression that they are two or more different
authors. The address of each author at the place
where the work was done is given in a footnote. if
there has been a change of address, the present
address is also given for the first author.

4. Abstract - An informative abstract suitable for

use by abstracting services should precede the in-

troductory paragraph. Because itis not a part of the
paper, an abstract should be intelligible on its own
and should summarise the contents and conciusions

of the paper. It should be written as simply as
possible to assist people who are not specialists. It
should not include unfamiliar terms, acronyms, trade
names, abbreviations of symbols without explana-
tion. The abstract should not exceed 2% of the
total extent of the contribution, maximum 300 words.

5. Key words - A short list of key words should be
provided for rapid scanning of the contents of the
paper and use by abstracting agenciesfjournals.

6. Headings - In experimental papers the general
order of headings is: Abstract, Introduction, Materials
and Methods, Results, Discussion, Acknowledgements-
, References, Appendix. In descriptive, or other types
of papers, as far as possible a similar format should
be followed. No headings should be undedined.

7. Text - Papers should be concise. Extensive
introductions referring to the work of earlier authors
should be avoided. Lengthy discussions and de-
tailed descriptions should be reduced by the use of
tables and diagrams. The text should not repeat in

.detail what is apparent from a table or diagram.

Names of countries or organisations may be abbre-
viated to capitals without full stops but must be
given in full at the first mention.

Numbers under 11 should be spelt out unless quali-
fying a unit of measurement. If a number over 10
and a number under 11 appear in the same sen-
tence, both are written as numerals. Do hot begin a
sentence with a numeral. Fractions should be given
as decimals or spelt out. All decimal numbers less
than unity should have a zero before the decimal
marker, e.g. 0.25. All units should be in the S.I.
system.

All scientific names of animals and plants must be
underlined to indicate that they should be set in
italic type. The authority should be cited in full on
the first occasion a scientific name is used. Where
the same name is used repeatedly, the genus may
be abbreviated to a capital letter after the first cita-
tion. For example, use Homo sapiens Linhaeus on
the first occasion and H. sapiens thereafter.

Common or local names may be-used but the scr-
entific name should be guoted on the first occasion.
An agricultural chemical must be referred to by its
generic or common name when it is first quoted.
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8. Tables - Numerical results should be displayed
as means with relevant standard errors rather than
as detailed data. Standard errors should be given to
one place of decimals more than the means to which

they refer and the number of degrees of freedom -

should also be quoted. Tables should be complete
in themselves so that they can be understood with-
out reference to accompanying text. Each table
should have a brief and seif explanatory title. The
presentation of the same data in tabular and graphic
form is not permitted.

9. Figures and photographs - Line drawings should
be drawn in black water-proof ink on smoaoth tough
paper. Labelling should be clear and always pro-
duced with stencils using black water-proof ink and
should be legible when reduced. No alterations or
additions to artwork can be made by the editors.
rigures should be no larger than an A3 page, and
no smailer than final published size. Photographs
should be glossy prints of good quality and must
make a definite contribution to the value of the pa-
per. indicate the top of the figures and photographs
on the back: the plate number of each figure and
photographs, the author's name, and the title of the
paper. Do not write on the back of photographs:
use an adhesive label with the data previously writ-
ten on it. Artwork should be of appropriate proportions
for the final dimensions.

10. Acknowledgements - The names, initials and
place of work of those the author wishes to mention
may be included. It is unnecessary to mention
everyone who has been marginally involved in the
work.

11. References - These should be cited in the text
by the author's name and data as follows:

“Maran and Brown (1963) showed or “Various works”
(Miller and Smith 1956; Adams et al. 1960; Wilson
1978, 1979 a) found ..." The term et al. should be
used when there are mare than two authors. The
letters a,b,c, should be used to distinguish several
papers by the same author in one year,

All references in the bibliography should be given in
full and in alphabetical order. For a journal the
reference should include surname and initials of all
author(s), (year), title of paper, full title of the journal,
voluime, (part) and full page numbers. For a book
the reference should include author(s) surnames and

initials, (year), title of chapter and page numbers if
appropriate, full title of book, publisher and city and
total page numbers. Conference proceedings should
include the year and place the conference. The title
of the journal or book is underined fo be printed in
italics. Examples:

BOWET, C.M. and SMITH, L.N. (1950). Measure-
ment of phosphorus. Methods of Soil Analysis. Ed.
C.A. Lack. Department of Primary Industry, Port
Moresby.

SANDERS, A.J. (1840). Plant responses to Molyb-
denum. Papua New Guinea Agricultural Journal
48(4). 981-993.

TROBEN, MM. (1973). Genetic fine structure in
Drosophifa. Department of Primary Industry Research
Bulletin No. 102: 196-197,

VANCE, P.N. {(1976). Maize in the Markham Val-
ley. pp. 215-220. iIn: 1975 Papua New Guinea
Food Crops Conference Proceedings. K. Wilson
and R.M. Bourke (Ed.). Department of Primary In-
dustry, Port Moresby.

Internal reports, communications and memoranda are
not valid references, The criteria for valid publica-
tions (in the scientific world) are that publications
are distributed widely among those interested in the
subject and are available to the international public
in major libraries and from the publisher. This there-
fore excludes reports circulated only within a
department and to a few outsiders and conference
documents available only to those who attended the
conference and the like.

Work that has not been accepted for publication
{unpublished data) and personal communications are
not included in the list of references but may be
refereed to in the text. References cited in an ap-
pendix should. be included in the.list of references at
the end of the paper.

Special care should be taken to see that every refer-
ence in the text is included in the list of references
and vice versa, and that there is consistency in the
spelling of author's names and the citation of the
dates throughout the paper.

12. Review of papers - All papers will be subrnit-
ted to suitable professional referees. Major changes
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will be referred to the author for consideration. Mi-
nor editorial changes will be made without
consultation but will be presented to the author(s) at
proof stage. The final decision to accept or reject a
paper, rests with the Editor. :

13. Offprints - Twenty-five free off-prints are given to
the author. Where there are several authors, the
first author will be sent the off-prints. Extra off-prints
may be ordered at the time the galley proofs are
returned to the editor. Costs will be determined at

_the time of printing.

14. Recognised abbreviations in this journal are:

g -gram

kg - kilogram

t -tonne

i - litre

ml - millilitre

ha - hectare

mm - miflimetre

cm - centimetre

m - metre

a.s.). -above sea level

yr -.year

wk - week

h -hour

min - minute

s - second

K - kina .
n.a. - not applicable or not available
n.r. - not recorded

var - variance

s.d. - standard deviation
s.e.m. -standard error of difference
df. - degrees of freedom

Levels of significance

n.s. - - notsignificant
* -0.01<p<0.05
b -0.0015p<0.01

- p < 0.001

Either kg/ha or kg.ha is acceptable, but targe com-
binations of units should be in the form kg.ha to
avoid possible mathematical ambiguity.

15. Submission of manuscripts - All correspon-
dence should be addressed to: Editor, PNG Journal
of Agriculture, Forestry and Fisheries, Information
and Publications Section, Agriculture Education and
Training Division, Department of Agriculture and Live-
stock, P.O. Box 417, Konedobu, Papua New Guinea.
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