BANANA PRODUCTION BY KUBO PEOPLE OF THE
INTERIOR LOWLANDS OF PAPUA NEW GUINEA
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ABSTRACT

A 15 month study of subsistence agriculture was undertaken at the small Kubo community of Gwaimasi,
onthe Strickland River, NNW of Nomad, Western Province, Papua New Guinea. Bananas and flour from
sago palms were the primary carbohydrate foods of the people. The former were grown at small gardens
cut into 15-20 year old secondary forest on river- or stream-side levee banks. Planting density was 1382
plantsthectare. Preparatory work (clearing, collection and transport of suckers, planting and felling trees)
occupied 850-900 person-hours/hectare. The gardens were not fenced and 42 percent of the work was
in collection and transport of suckers. Males did somewhat more work than females. Bananas were
available for eating between 8 and 20 months after planting and the yield was 1313bunches/hectare (4494
kg edble/hectare). At Gwaimasivillage, witha monthly average of 25 residents through a 14 month period,
‘banana production was sufficient to provide at least 50 percent of people’s energy needs. Production was
variable in time with people shifting between virtual independence of, and full dependence on, bananas.

There is no evidence that these shifts were seasonally determined.
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INTRODUCTION

Amonyg the cuitivated plant spacies of Papua New
Guinea, McaArthur (1872) raniked bananas fourth,
afier sweet polato, tero and yams, in terms of
annual produciion. Walklers (1883; in King ef &/,
1289) considered that the area under bananas was
second only to sweal potato and that, naticnaily, the
crop yvielded 1 kg/person per day. In the lowlands,
bananas are recegnised as a primary carbohydrate
fooc. w1 areas where annual rainfall is 1000-2500

mm and a pronounced diy season cccurs (Lea

1972; McArthur 1972); they can be also important
where annual rainfall is 4600-8000 rnm (M. Bourke
personal communication).

1.Department of Zoology, University of Queensiand, St. Lucia,
Austratia 4072

2.Department of Anthropoiogy and Sociology, University of
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There have been few studies of the ecology of
banana subsistence within Papua New Guinea.
The most detailed recent work concerns the Amele
(Madang Province) and Vanapa River-iabadi (Cen-
tral Provinee) areas though, in both these cases,
banana production was tied to local market econo-
mies (King ef &/, 1989).

in the intericr lowlands of the Wesiern Province
bananas have been reported as the major carbohy-
drate food of Betamuni, Gebusi and Samo people

{Knauit 1985; Beek 1987; Shaw 19980).- In this

paper we describe the ecology of banana produc-
tion by Kubo people whose territory lies to the north
and northwest of thesethree groups (Dwyer etal in

- press). in 1986-87, Kubo subsistence practicas

were not influenced by market economies. We
repori areas under cuitivation, planting regimes,
worlk associated with banana gardening and yield
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patterns and estimate that bananas provided at
least half the energy needs of the people.

ENVIRONMENT AND SUBSISTENCE

The Kubovillage of Gwaimasi was on the west bank
of the Strickland River, 48 km NNW from the District
Headquarters at Nomad, Western Province, at an
altitude of about 80 m (lat. 5°54'S, 142°6’E). We
lived at Gwaimasi from August 1986 to November
1987 and had visited the area in late January 1986.
The village was established in February 1986.
Thirtyone individuals were classed as residents
during all or part of the 450 days we lived at
Gwaimasi, with from 24 to 26 residents in any
month. Thirteen males older than 14 years ac-
counted for 4782 person-days of residency, 10
females older than 12 years for 3688 person-days,
four children between three and 11 years (two
males and two females) for 1800 person-days and
four nursing infants (three males and one female)
for 934 person-days. With nursinginfants excluded
these values are equivalent to 22.8 full-time resi-
~ dents (i.e. 10270/450) of whom 18.8 are classed as
people who worked in gardens.

To satisfy subsistence needs the people used an
area of about 50 km?. This area included forested
foothills to the north and east, extensive
backswamps to the south and west and levee
banks either side of the Strickland River and along
major streams. Rainfall was high with 6580 mm
recorded from September 1986 to October 1987
and monthly totals varying from 306 to 776 mm
(Table 1). Lower rainfall and, particularly, longer
runs of days without rain may be usual from Sep-
tember to November though year to year variation
is probably high. Monthly mean minimum tempera-
tures varied from 22.6 to 24.0°C and monthly mean
maxima from 29.0t0 33.1°C (Table 1). The decline
in mean maxima from February to July corre-
sponded to increasing spells of day-long cloud
cover and drizzling rain.

Carbohydrate staples were bananasand sagoflour,
the latter from both wild and planted palms
(Metroxylon sagu). Primary protein foods were wild
pigs, cassowaries and many fish though other
animals, including.insect larvae reared in felled
sago palms, were also important’ (Dwyer and
Minnegal 1991). Some domestic pigs were kept

Table 1. Rainfall and tomperature records from Gwaimasi village (1at.5°54’S, 142°6’E), Western

Province, September 1986 to October 1887,

Months
...... s O N D J F M A M J J A s O
Rainfall
- mm 343 329 343 371 776 523 707 635 346 512 306 437 586 366

Temperature (°C)
min

max

233 237 234 232 235 232 237 23.6 23.7 23.7 226 229 235 240

33.1 33.0 32.7 331 321 32.6 32.3 32.1 315 30.1 29.0 294 31.1 33.0
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(maximum population = 13) but these were usually
killed and eaten on special occasions only.

Gardens were made on levee banks, usually near
the river, sometimes adjoining major streams and,
occasionally (one of 39 gardens), on minor rises
within the backswamps. Bananas were the domi-
nant crop in larger gardens where they were usually
interspersed, at varying densities, with taro
(Colocasia esculenta), highland pitpit (Setaria
palmifolia), aibika (Abelmoschus manihot), occa-
sional pineapples (Ananas comosus) and new
plantings of Pandanus conoideus, Terminalia and
Artocarpus altilis (breadfruit). Saplings of tulip
(Gnetum gnemon) were often left to supply leaves.
Most sugar cane, lowland pitpit (Saccharum edule)
and cassava were planted near the perimeter of
banana gardens. In some parts of the gardens,
tubers (taro, yams and sweet potato) and a mix of
greens, beans and corn were concentrated and
there were other small gardens where these crops
predominated andbananaswere few. Kubopeople
named 40 varieties of banana plants, all of which
appeared to be diploids and some of which were
Very recent introductions. The collective name for
bananas was &.

TECHMIQUES

The eress of all gardens that vielded bananas
during the time ws lived at Gwalmasi, and of ail
gardens mads in this period, were measured using
compass and tape. Perimater zones, from 526 m
wide, where treas were fellad bt crops were niot
pianted, were excluded. Mapping wasdone, where
possible, abowt one month after trees were felled;
this facilitated movement arcurd the garden. Nine
of the gardens were planted and felled before
August 1986; we saw two of these in January 1986
soon after they had been felled and estimated

- planting times atthe others. Gardens are identified

consecutively from Garden 1 planted inabout Janu-
ary 1985to Garden 39 planted in Novernber 1987.
Garden 9 comprised the area under crops at the

village itself; this area altered in size and precise
location through time as different families and indi-
viduals harvested or planted crops. -

Gardens were classed as banana or tuber gardens
onthe basis of predominant crops. (Two very small
non-banana gardens included tubers but were, in
fact, dominated by lowland pitpit.) Banana plants
were counted at seven plots, amountingto 1.97 ha,
within three banana gardens. These counts were
made three to four months after planting. Thus,
estimates of planting density ignore very early
losses but attempts to count bananas soon after
planting led to serious underestimation. The num-
bers of primary (or initial) plants per 100 m? were
5.54 (0.23 ha), 12.21 (0.25 ha), 13.18 (0.32 ha),
14.32 (0.74 ha), 15.86 (0.14 ha), 19.26 (0.25 ha)
and 28.29 (0.04 ha) with an overall mean of 13.82
plants/100 m2. The total of 2723 banana plants in
these samples included 120 with multiple stems,
increasing the total number of stems to 2858. The
value of 13.82 plants/100m? was used to estimate
the numbers of banana plants at other banana

_gardens; we are satisfied that the extreme values of

density were exceptional. At tuber gardens all
banana plants were counted.

Productivity data were obtained from eight gardens
that were selected to represent different times of
planting. At Garden 10 all 35 banana plants ware
monitored &t each census. At cther gardens,
depending on size, details were recorded from
between one and three 30 mtransects. All banana
plants within 2 mof the transect were included. We
recorded diameter of primary stems 50 cm above
ground, presence or absence of suckers and the
cendition of the plant (non-productive, flowering,
early or late sal, medium or advanced fruil, har-
vested, orlest through death or collapse). Thestem
of harvested plants was routingly cut and withered
and rotted quite rapidly. At advanced gardens
where weeds were weill developed, plants that had
been harvested months before were detected only
on the basis of developing suckers; in a few cases
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we may have misinterpreted collapsed piants as
being harvested.

We estimated labour input in two ways; as hours
andasdaysperunitarea. The former included rest
periods and travel time on land but excluded travel
time on water unless this entailed transport of
banana suckers. Movement by dugout canoes to
gardensites on the eastbankof the Strickland River
usually required that the canoe was first bailed and,
whentravelling upstream, necessitated an arduous
haul along the bank against the curent. Although
the times recorded were all related to gardening
they will overestimate actual hours of physical
effort. Estimates of effort expressed as days/unit
area take six or more hours (travel, work and rest
included) as a full day, 4-6 hours as 0.75 days, 2-4
hours as 0.5 days and less than two hours as 0.25
days. Thus, these estimates index times when no
other major activity could be undertaken and, inthe
Kubo context, may index effort more usefully than
estimates of actual hours worked. In both sorts of
estimates contributions from children less than 11
years old were ignored although very young chil-

dren were encouraged to acquire skills, older chil-
dren were expected to assist and young married
females (perhaps 12 years of age) worked as adults
did.

Table 2 records the distribution of hands of ba-
nanas/bunchand offingers/hand from 58 bunches.
Fortyseven of the bunches were sampled at gar-

dens where we obtained productivity data. The-

criteria for selection were that the plant carrying the
bunch was included within a transect, that the fruit
were judged to be medium or advanced relative to
expected harvesting time, and that the top of the
bunch could be reached by hand; this last was
usually accomplished by climbing logs that were
strewnthrough the garden. Terminal hands without
viable fingers (n = 18 bunches) or with a maximum
oftwoviablefingers (n=5bunches) were excluded.
The data show much variation in bunch character-
istics. The average number of edible fingers/bunch
was 49.6 (s = = 22.3) for the 47 bunches sampled
during standard productivity censuses; this valueis
used in later calculations.

Table 2. The composition of banana bunches.

Hands per bunch Number of bunches Fingers per hand
X £8
i 10.060 -
_____ 2 6.50 4.95
L 8‘;42 ‘‘‘‘‘ W o
4 - 20 - 928 1.47
5 18 710.62 2.92
6 12.11 2.18
7 11.71 3.33
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Table 3. Weight (per finger) and proportion edible of 11 varieties of bananas.

Variety Type* Sample® Stem® n Total weight Edible weight Prop. edible
g 1S g +S +S
ma cs A P 18 421 18.3w 29.% 134 071 003
B F 4 523 36 340 27 065 002
oiya S A P 8 492 32 414 22 084 0.0t
B P 12 544 37 455 27 084 002
C A 4 623 47 51.5 44 083 0.02
tisa CS A P 14 483 123 344 78 072 0.04
B P 9 56568 135 39.3 96 070 004
mixed P 15 742 249 537 197 071 0.08
mugua CS A P 4 773 69 61.3 56 079 002
5050 cs A P 35 761 160 570 134 075 004
B P 8 921 74 69.9 46 076 0.04
C A 5 1360 126 105.0 70 077 006
C P 6 1398 135 1043 100 075 0.05

gisio cs A P 6 937 282 670 226 071  0.03.
maiabu cs A P 29 108.5 105 77.14 8.1 0.71 0.04
yimo e o A P 1223 123 g87.0 72 055 008
fogwai e Gs A P 127.9 103 80.9 7.0 063 001
tuguwa co A P 1848 128 1213 73 062 002
mixed P 15 18556 387 1374 27.¢ 668 003
mixed A i1 200.0 258 1451 218 072 004
B P 30 2274 137 1546 108 088 002
savili gwage S early P 6 22472 224 1539 11.0 08% 002
late P 5 2002 162 1483 114 075 001

&. C = cooking banana; 8§ = swast banzna,
b. £, Band C denoto soperate bunches, 'mixed refarsto a samplo telien from mors than one bunch
and 'early’ and 'lete refer to samples taken from the same bunch at diffarent stages of ripening.

¢ P=siem of finger present; A = stem of finger absent,
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Banana fingers were seldom badly damaged. Of
2362 potentially viable fingers on the 47 bunches
referred to above only six were diseased and an-
other 25 had been eaten by rats; our estimates of
production accept this level of loss (0.01%). One
exceptional case of damage is not included in the
estimates of production. At two adjoining plots of
Garden 16, 25 percent of potentially viable fingers
(n=425) from 11 bunches had béen lostto disease
or rats with most of the damage being to four
bunches. The record was obtained late in the
seventh month after planting. People said that the
losses occurred because the garden had not been
weeded. We did not see and were never told of
damage caused by fruit bats (Pteropus and
Dobsonia species) and presume this reflects the
fact that most bananas were harvested for cooking
while green and starchy rather than sugary. Fruit
bats are recognised as major pests of bananas in
other parts of Papua New Guinea and, in some
areas, traps are made (e.g. Beek 1987) or ripening
bunches are covered to reduce damage (Dwyer,
personal observations; King et al. 1989).

Proportion edible weight
~
1
D&-
[S]
.
-0
Y
—0—
F%

Major differences in the energy content of bananas
have been reported in the literature. King et al.
(1989) obtaiined valuesof 137-180kcal/100 g edible
weight frorn 10 banana varieties from Madang
Province, Papua New Guinea (overall mean 152
kcal/100 g edible). They compared their estimates
with eight literature reports that varied from 87 to
128 kcal/100 g edible. An important component of

this variation, though not noted by these workers,

arises frorn changes during ripening. Osmotic
effects cause water to move from the skin and stem
of a banana finger into the pith (von Loesecke
1950). Von Loesecke reported that the edible
proportion could increase from 0.62 to 0.74 during
26 days of cool storage from time of harvesting. In
paraliel with this increase the energy content, when
standardized against weight, willdecrease. King et
al. (1989) purchased bananas at local markets and
preparedfingersforanalysisby peelingwithasharp
knife. The bananas were unlikely to have been ripe.
Combining von Loesecke’s data with that of King et
al. suggests that a banana finger that increased
from 0.62 to 0.74 in edible proportion would drop
from 152 to 127 kcal/100 g edible portion.

(43

A saviti gwage

-t
N-— .
w

o=
and
o
~-
-

Days after purchase

Figure 1. Changes in the ratio of edible weight to total weight during ripening for fingers of three

varieties of bananas.
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ATabIe 3 summarizes data concerning total weight,
edible weight and edible proportion of 244 fingers

.from 11 different Kubo varieties of bananas. These -

data were obtained from bananas that we pur-
chased to eat. There is much variation in both
weight and edible proportion. Edible proportions
variedfrom 0.55 forthe variety yimo e t0 0.84 forthe
thin-skinned, sweet variety oiya. Data from two
hands of the one bunch of saviti gwage (only one
plant at Gwaimasi) and fromsingle bunches of each
of the varieties sosoiand maiabu showed substan-
tial increases in edible proportion through time
(Figure 1). Because we favoured ripe bananas and
tended to be sold tipening fruit it is necessary to
adjust for our behaviour before assigning energy
ratings to bananas.

Based on the moisture-laden weight of 75.9 g
edible/banana finger (Table 3) we use the range of
100-125 kcal/100 g edible for bananas at the time
we ate them. The lower value is probably conser-
vative, the upper value matches our reading of the
estimate of King etal. (1989). Kubopeople ate most
bananas after cooking them when the fruit were not
ripe and, therefore, before much starch was con-
verted to sugars (cf. von Loesecke 1850). Figure 1
suggests a 10 per cent increment in edible propor-
tion of a banana after five cr six days in our larder.
Using this value the average weight of a bananaas
~ ealen by Kubo would have approximated 69 g and

the equivalent range of energy values would be
110-137.5 keal100 gedible. Von Loesecke (1950)
reporied values for total carbohydrate in the edible
portion of five banana varieties between 21.51 and
33.02percent. The highest valus was from plantain
and is equivalent to a minimum energy value of 130
keal100 g.

AREA AND NUMBER OF BANANAS
PLANTED

- Areasplantedincropsare shownin Tabie 4for each
month from January 1686 to November 1987.
Banana and tuber gardens are separated and

estimates of the numbers of bananas planted are
provided. We left Gwaimasion November 18, 1987.
The values for this month are from one garden
where clearing but not planting was completed.
Because preliminary clearing is time consuming, it
is unlikely that more bananas were planted at new
gardens in November.

In 23 months 6.98 ha were planted, 4.87 ha as
banana gardens and 2.11 ha as tuber gardens.
This is equivalent to 0.16 ha per fuli-time resident
per year, 0.11 ha as banana gardens and 0.05 ha
astuber gardens (nursing infants excluded fromthe
tally of residents). For banana gardens differences
between years appear pronounced (0.14 ha and
0.08 ha per resident/year in 1986 and 1987 respec-
tively, though the value from 1987 is based on
records from only 11 months).

The 411 banana plants scattered through, or clus-
tered within, tuber gardens would have occupied
0.30 ha if planted at conventional densities. Thus,
the total commitmentto bananas across 23 months

‘was 7204 plants occupying an equivalentof5.17 ha

(3A1 €plantsand 0.23 ha perresident). Sixty percent
of the bananas were planted in 1285. The poolad
data from 1986 and 1987 reveal that 85 percent of
bananas were planted in the months December to
March and August.

The mean sizes of garden plcis held by individuals
ortamilies, and of sets of contiguous ploisthat were
made more or less synchronously, are given in
Table 5. Average sizes were greater for banana
than for tuber gardens; 2.86 times greater where
comparisonisbasedonplots and 4.44times greater

- where comparison is based on entire gardens.

WORIK AT BANANA GARDENS

The sequence of tasks at banana gardens was (a)
initial clearing of undergrowth and small saplings,
(b) collection of suckers from older gardens and
their transport to the new site, (¢) planting, (d) tree
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Table 4. Gardens areas (ha) and numbers of bananas planted from January 1986 to November

1987.
1986 1987

Month Banana garden Tuber gardens Banana gardens Tuber gardens -

ha bananas  ha bananas ha bananas ha  bananas
Jan. 0.74 1021 - - - - 005 = 2
Feb. 0522 722 - - 0.62 992 - -
Mar. - - 0.30° 34 0.51 736 0.07 26
Apr. - - 0.10° 17 - - 0.29 181
May - - - - - - 0.29 52
June - - 0.21 35 - - 0.09 50
July - - - - 0.18 242 0.10 -
Aug. 0.83 1253 0.08 - 0.28 387 0.02 -
Sept. - - - - - - 0.18 6
Oct. 0.19 263 0.19 6 - - - -
Nov. - - - - 0.16 221 - -
Dec. .84 956 0.14 2 nodata nodata no data no data
Totals 3.12 4215 1.02 94 1.75 2578 1.09 317

a. Datafrom Fobruary 19886 excludes 0.30 ha and 419 bananas plantad by a family that did not taks

up residencs at Gwaimasi.

b. Thess areas ware ths first gardsn plots established at the villagse isslf. Batween August and
Cctober 1688 an additional 0.13 ha was planted but no bananas were included. Betwsen |
November 1888 and November 1987 ancther 0.08 ha was cleared and planied and zbout one-third

ina

pproximately 030 hasf |
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Table 5. The sizes of gardens.

Banana gardens ‘Tuber gardens

Plots held by nuclear families and independent individuals:

sample 23 162

mean area (ha +s) 0.20 + 0.12 0.07 £ 0.05

range (ha) 0.03-0.52 0.01-0.21
Contiguous plots (pooled areas):

sample 13 20

mean area (ha +s) 0.40 +0.32 0.09 + 0.06

0.07-1.13 0.01 - 0.21

range (ha)

a. There were several cases where individual plots within tuber gardens were not identified; thus,
sample size here is lower than for the pooled areas from contiguous plots.

felling, (e) weeding and (f) harvesting and transport
of the crop. Fences were not usually made at
banana gardens; the only exceptions were two

- gardens that included yams and were contiguous

with a tuber plot. Only once were banana plants
damage-d by pigs; this occurred when a domestic
sow destroyed 20 of 25 barnanas planted near a
smali house in the forest,

Estimates of labour inputforaliiasks excepliencing

- and haivesting are summarized in Table 6. Both

sets of values - hours and days per hectare - show
that much effort was required in garden preparation.
From 850 to 800 person-hours cr, as oppontunity
costs, 110 to 120 person-days were occupied in
clearing, obtaining and transporting suckers, plant-
ing andfellingone hectare of garden. Thessvalues

are equivalent to 120-130 hours or 15.5-17.0 days

per worker aliocated to the preparations of banana
gardens in 12 months (based on 5.17 ha in 23
months and an equivalent of 19 full-time workers).

Clearing and planting occupied about one third of

the time aliocated to preparation of banana gar-
dens; collection and transport of suckers and feliing

of trees occupied about two thirds. Clearing en-
tailed fairly thorough removal of undergrowth and
slashing of saplings. Most of the work was with
machetes and, during this phase, some trees were
feiled, especially at the garden perimeter beyond
the zone of planting. Sucker coliection and trans-
port was the most arduous preparatory task. Suck-
ers were dug from gardens that had beenplanted a
minimum of 10 months eaitier (usually 12 or more
months earlier) where wesds and regrowth might
be tall and dense. They were prepared by paring
the corm and cutiing across the stem to leave a
portion 8-12 em in diarneter and 20-30 cm long.
Average weight was near cne kilogram. A few
suckers with intact lsaves were nearly always in-
cluded among those that were planted. Suckers
were carried by {oot or by cance {o the cleared
garden site. Distances varied from a few hundrad
metres to more than 4 km with most stickers for
larger gardens carried more than 1 km. Distances
travelled to service one set of cénﬁguous plots
where 1727 bananas were planted summed to 89
km by foot unladen, 63 km by {oot laden and 28 km
by canoe. Use of canoes eithar on the river or by
haulage in streams greatly reduced the work. Very
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Table 6. Labour inputs at banana gardens.

Sample Sample
~ Task no.of ha. Days/ha* no.of ha. Hours/ha?
plots plots '
Clearing 1 017 235 1 0.17 155.9
Suckers 3 147  406-41.7 2 034 3740
- Planting 3 0.45 18.3 3 0.45 106.6
Tree felling 6 1.05 34.5-355 6 1.05 229.9-2382
All preparatory tasks® 3 1.47 110.8-119.0 1 0.17  851.9-9029
- Weeding 1 0.31 56.5 1 0.31 401.6

a. A range of values is indicated for some estimates.

_b. Data from these plots do not separate labour inputs as clearing, transporting

suckers, planting and tree felling.

oftenthe suckers were obtained frormotherpeople’s
gardens. ' o

Planting of banana suckers was relatively quick.
There was no soil preparation. A digging stick,
made on the site, was used to make and widen a
hole inthe ground and the sucker was thiust inside.
Trees were usually felled immediately the bananas
hadbeenplanted. Steelaxes were usedandlarger,
butiressed, trees were usually feiled from flimsy
frames that placed the axeman above the level! of
the butiresses. Because banana gardens were

wiade i advanced second growth -ferest -many -

trees were relatively large and the work was difficult.
The 35.0person-days (234.1 person-hours) needed
to fell 1 ha of banana garden conirasts with an
estimate of 21.3 person-days (124.7 person-hours;
sample 0.20 ha) neededtofeli 1 ha of tuber garden;
the latter gardens were made in younger regrowth.

Ideally, portions of banana gardens where taro had
been planted relaljively densely were thoroughly

weeded in about the fourth month after planting and
areas where taro were absent or few were weeded
inthe sixth or seventh month after planting. Delays
beyond these times seriously reduced taro yields

and promoted the chance of damage by rats to

fruting bananas. Again, ideally, weeding of taro
and bananas was maintained until about the twelfth’
month after planting by which time the taro harvest
was effectively over and banana productivity was at
a peak. A garden might be older than one year

before much weeding - in fact, slash clearing - was

done in fringe areas where sugar and lowland pilpit

were concentrated,  At.Gwaimasi few people ad-
heredto these ideals. Most people didweedtaroin -

the fourth month after planting but many did little

~ subsequent weeding; the cost to them was prob-

ably reducedyiekds in the later phase of the harvest
period, after about 8 months. Some people did little
orno weeding amongbanana plants, ordelayedthe
task until the ninth month when the harvest was
underway. Often they merely slashed back higher
weeds to improve access and did not maintain the
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work. Again, the cost would be in the later phase of
the harvest period, after about 15 months from

planting.

The magnitude of differences among garden own-
ers in their enthusiasm for weeding, combined with
the intermittent nature of the work, meant we ob-
tained few quantitative records. Details are avail-
ablefroma 0.31 ha garden that was very thoroughly
weeded in the fifth month after planting (Table 6).
The effort entailed was both considerable and
exceptional. The work was done on behalf of a
married couple who had been absentfor one month
awaiting the birth of their child and, with most village
residents contributing to the task, the occasion was
as much social as it was necessary. At Gwaimasi,
few people made this sort of commitment and we
doubt that the average for all weeding would match

the value recorded from the one episode shown in

Table 6.

One other maintenance activity was performed,
with varying consistency, by banana gardeners.
This was removal of the bell (or male bud) from the
bunch after all bananas had set. (This act may
increase final bunch weight; Johns and Stevenson
1979). The task was accomplished easily when
people were weeding or harvesting and, hence,
opportunity costs were probably negligible. Groups
that weeded their bananas most thoroughly wera
also most likely to cut the bell fromthe bunch, doing
so when the fruit were well established. The
frequency with which the bell was cut was highest
inthe ninth month after planting (>50% of bunches
with medium or advanced fruit) and was low atier
thetwslfth month («10% of bunches with mediumor
advanced fruit). Kubo do not eatthe beli of banara
bunches though, elsewhere in Papua New Guinea,
it is sometimes cooked and eaten (cf. Womersley
1972; May 1984). Trashing was not done and
propping stems was uncommon. Suckers were not
thinned except as required for establishing new
 gardens. Because suckers were ofien obtained
from gardens that had been planted about one year

earlier, and from plants that had not yet produced,
there was probably an incidental gain in weight to

. bunchescarriedbythese motherplants (e.g. Heenan,

1973).

We lack specific data concerning harvesting. Aone
hectare banana garden yields 1313 bunches of
bananas (see below). At Gwaimasi most bunches
were carried from the garden to the village for
consumption either intact or, less often, as sepa-
rated hands. Average bunch weight was about 5.5
kg and average round-trip distance was about 1.20
km. A minimum estimate, based on three bunches
per load and 3 km per hour, would be 180 person-
hours to harvest 1 ha but actual cost would have
been higher because relatively few loads included
three bunches.

Males and females contributed in different ways to
gardening tasks and, additionally, assistance with
workatotherpeople’s gardens was common. Table
7 summarizes relevant data; these are from nine
different sets of contiguous banana garden plots.
On a per-person basis the estimates in this table,

‘and in Table 8, slightly overstate the contribution of

males because males comprised 56 percent of the
available work force (4782 of 8470 person-days).
Anindividual is classed as an ‘owner’ for workdone
at any plot within a contiguous set where he or sha
held a plot. Thus, the data overstate the contribu-
tions of true owners. In one exceptional case, true
owners contributed only 1.5 person-days to the
preparatory tasks at & 0.14 ha piot which, intotal,
required about 16 person-days effort. Note also
that the ratio of visitors to residents at Gwaimasi
(excluding absences by residents beyond the local
stbsistence area) was approximately 0.23:1.

Males did all ree felling in banana gardens and
contributed morethanfemalestothe coliectionand,
especially, transport of suckars; they did somewhat
less clearing and much less planting and weeding
than females. Assistance was most common with
the labour-intensive tasks of transporting suckers
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Table 7. Gender roles and assistance at banana gardons.
Garden task
clearing suckers planting feling  weeding

Sample: no. of person days 24.25 62.75 32.256 51.75 41.75
_proportion by males 0.46 0.62 0.29 1.00 0.33

propottion by ‘owners’ 0.81 0.59 0.74 0.45 0.57

proportion by assistants:

residents 0.19 0.41 0.26 0.47 0.40
“visitors - - - 0.08 0.03

and felling trees. Indeed, owners contributed less
than assistants to felling trees and, with this task,
visitors as well as residents were likely to help.
Assistance with felling trees was sometimes ac-
tively solicited, even between communities. Most
assistance with clearing and planting was from
females (0.95 and 0.88 of 4.5 and 8 days respec-
tively) and, with sucker transport, from males (0.64
of 25.5 days). The pooled data of Table 7 mask
variation between gardens. Less assistance was
fortheoming at emall gardens than al larger ones,
and when bachelors initiated gardens that were not

part of a contiguous set of plots they were likely to
do nearly all clearing and planting themselves.

The values of Table 7 and the estimates of labour
input in Table 6 are combined in Table 8 to arrive at
approximations of the total work done by males and
females, owners and assistants. Males did more
work than females in the preparatory phases of
gardening but females contributed much more to
weeding. Assistance at gardens amounted to a
minimurn of 40 percent of all work though little of this
was with clearing or pianting. Gne bachelor ratio-

Table 8. Lebour inputs at bonana gardens (daysfha) by malos and fermalos, and by ‘cwiners’ and

AL

Task Tolaldaysha fiales Females ‘Owners’ Assistanis
Clearing 235 10.8 iz27 19.0 45

- Suckers - 414 255 156 24.2 16.9
Planting 18.3 5.3 13.0 13.5 4.8
Tree felling 35.0 ,35.0 - 15.8 19.2
Weeding 56.5 18.6 379 32.2 243
Totals 174.4 95.2 79.2 104.7 69.7
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nalized the amount of weeding done by women by

.asserting that “women who have pigs should keep

watch over gardens”.

Most harvesting was done by owners or their ap-
pointed agents and the work was shared by males

-andfemales. Ferales contributed morethanmales

today to day harvesting needs but, if alarge harvest
was due, then males did most of the work. .

Because females living near the Strickland River
did not paddle canoes, all work at gardens east of
the river required some male participation. It is
probable that males contributed more to ali tasks at
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Figure 2. Yield pﬁﬂams of bananas from eight gerdens. For each gardon, or st of gard@ns?. the

¥ oirst havvast

figure records the month of planting, the number of bananas planted, sample sizes and the
proportions of plants in these samples that ware non-productive (i.0. null), collapsed or dead (i.e.
lost), bore flowers or carrisd fruit (i.e. flowering and fruiting) or had bsen harvested. The
‘supplementary harvest’ is additional to the primary harvest and derived from muitiple-steramad

plants and daughter suckers.
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these gardens than was the case for gardens west
oftheriver. (Values in Tables 7 and 8 are biased by
estimates from west-side gardens). East-side fam-
ity gardens had not produced bananas by the time
weleft Gwaimasibut, unlessthe families concerned
relocated to the east, the burden of harvesting
would have fallen almost entirely to males. Larger
banana harvests from west-bank gardens were
often made by men using canoes.

YIELDS

Yield data from eight gardens are summarized on
Figure 2. Data from gardens planted in the same
month are pooled and, for each garden or set of
gardens, the plots of Figure 2 commence in the
eighth month after planting. It was in the latter half
of this month that the first harvest of bananas could
be expected. This was not confirmed at any of the

gardens depicted on Figure 2 but was confirmed at
two other gardens.

The depicted patterns are similar. About 5 percent
of plants were lostbecause they died or were blown
down. Flowering was underway as early as six and
a half months alter planting, and from the ninth to
fourteenth months, between 20 and 30 percent of
bananas were either icwering or canying fruit.
Thereafter, this proportion dropped rapidly to about
5 percent. Banana production was well underway
by the &leventh month post-planting and continued
ata high rate until the fifteenth morth. After this
time the rate of production from primary suckers

SRS SO rarhamert RPN R I X snbes
Was greauy reduced but s bilel supplementary-

harvest, from multiple-stemmed and secondary
suckers, commenced. (In the case of multiple-
stemmed plants ‘supplementary harvest refers to
second and subsequent bunches from the one set
of stems.) After nineteen months the yield was
effectively over. By the close of this month, 82

- percentof initial plantings had produced a bunch of

bananas andthe supplementary harvestamounted
to 13 percent of the number of suckers that had
been planted. The average density of banana

plants was equivalent to 1382 plants per hectare.
Thus, the expectedyield ofbananasis 1133bunches
fromprimary suckers andan additional 180bunches
as supplementary harvest. This is equivalent to
more than 7500 kg bunch weight or 4494 kg edible-
weight (at time of harvest) per hectare.

Little harvesting occurred at banana gardens be- -
yond the twentieth month after planting. By this
time the garden was difficult to traverse, walking
tracks that once passed through it had been re-
routed around it, and the banana plants were over-
grownbya tangle of weeds, vinesand regrowthand
were often withered and dying. But we think that if
maintenance had been sustained the yield would
have persisted longer. People abandoned banana
gardens because access became difficult and this
happened because they ceased maintaining the
gardens. At several very advanced gardens we
saw bunches of ripening and of rotting fruit. Some-
times when people visited these sites for other
purposes - to harvest lowland pitpit, obtain banana
suckers, tend groves of fruit pandanus or fish
nearby - they would eat bananas. Often they
discarded most of the bunch because quality was
poor and they did not carry these bananas to the
village. Run-down gardens were fit for an coca-
sional snack but were not visited with the expecta- -
tion of a useful harvest.

For cases where data from two or three gardens
were pooled in Figure 2, chi square comparisons
within sample pericds revealed differences in yield
profiles inonly one.case; the harvested proportions
recorded in samples from Gardens 7 and 8 were
significantly different in January 1987. Further,
there were no significant differencesinyield profiles
between gardens or sets of gardens of the same
age since planting. Nor was there any difference
between a yield profile obtained by pooling data
from gardens planted in January and February
(Gardens 5-8) witha profile from gardensplantedin
August (Gardens 11-13). In 1986-87 these times
represented climatically distinct periods; they fol-
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lowed and preceded the months when rainfall was
lowest.

Figure 3 combines data from all eight censused

gardens to construct an ideal yield profile. The
curve shows the cumulative yield from time of
planting. Data after the twelfth month from planting
havebeenbracketed astwo-monthblocksto smooth
sample differences between Gardens 5 and 6 on
the one hand and Gardens 7 and 8 on the other.
Thefigure was usedto construct ayield profile from
all gardens (pooled) and it is this that is the basis of
analyses of availability and consumption of ba-
nanas in the following sections.

AVAILABILITY OF BANANAS

Estimates of the humbers of bunches of bananas
produced each month from January 1986 to De-
cember 1988 are given in Figure 4. These esti-

h
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o ”
» B v
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: /

<] 4

g %] i
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mates are from all gardens made in the vicinity of
Gwaimasi between January 1985 and November
1987. They are based on the ideal yield profile of
Figure 3 with adjustments made for cases where
bananas were known to be planted either early or
late in a particular month. Gardens 1 to 4 were
planted in 1985 and estimates of the numbers of
bananas planted are approximations only.

The longhouse at Gwaimasi was built during Feb-
ruary and March 1986. Before thistimethe residen-
tial base of the people who eventually lived at
Gwaimasi was Sesanabi, 8 km northwest of
Gwaimasi, and well outside the area used once
Gwaimasi was established. By Marchor April 1986
Gwaimasi residents had effectively abandoned gar-
dens associated with Sesanabi. From this time,
until late 1986, when gardens planted in January
and February 1986 were productive, the people
were dependent upon sago starch. In December

Buppismaentary h&w/e;{

8 ' o 10 " 491 ' 12 13 ¢

14 15 ' 36 ' 17 ' 48 18 ' 20 ' 21 22

Honths gftlor plonting

daughter suckers.

- Figure 3. Anidealized yisld profila for banzanas. Yie!d is represented ais a proportion of the number
of bananas planted. The ‘supplementary harvest’ is derived from muitiple-stemmed plants and
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Figure 4. Total production of bananas (bunches/month) at Gwaimasi from January 1986 to July
1988. . Estimates from Gardens 1-4 are less reliabie than those from gardens that were planted
later. The study period is represented by a bar. Outcomes of planting (a) 1000 bananas in
December 1987 (dashed line) and (b) 1000 bananas in each of December 1887 and January 1988

(dotted line) are indicated.

1986 local gardens yielded 220 bunches of ba-
nanas and, thereafter, until July 1988, the yield fell
below this level in only one month (June 1987).
From mid-1886 untii early 1288the monthtomenth
yield oscillated but trended consistently upward to
peak at an expected 450 bunches in March 1988.

‘Tnereafter; production from-gardens we measured -

would fall dramatically. Until July 1988 (with an
expected yield of 250 bunches) this fali could not be
reversed but, if large scale planting occurred in
December 1987, after we departed, further decline
could have been avoided (i.e. gardens planted in
December 1987 would produce bananas from Au-
gust 1988). The figure records outcomes of plérit-
ing (a) 1000 bananas in December 1987 and (b)

1000 bananas in both December 1987 and January

1988. Clearly, to maintainbanana production atthe
1987 level would have required much effort in the
months immediately following our departure.
Through the 29 months from March 1986 to July
1988 average production was 231 bunches per
month (s = 131 bunches) with a range from 8.5to
4E0 bunchses permonth, - -

CONSUMPTION OF BANANAS

We did not directly investigate the consumption of
bananas. The following analysis assumes that (a)
Figure 4 repr9§énts month to month availability of
banana bunches, (b) all harvested bananas were
eaten and (c) sharing resulted in an even distribu-
tionofavailable bananas among actualconsumers.
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Table 9. KMonthly availability of banahas, September 1986 to October 1987.

Consumer-days (C)* Bunches of bananas (B)
Month kcal/Ce
residents  visitors total total  adjusted® B/C

1986

Sept. 616.2 67.1¢ 683.3 67.1 61.9 0.09 339-424
Oct. 584.4 173.8 758.2 110.8 103.2 0.14 527-659
Nov. 621.4 144.6 766.1 151.6 137.4 0.18 678-847
Dec. 545.8 "7 6175 219.8 191.6 0.31 1167-1459
1987

Jan. 532.4 2949 827.3 303.5 284.5 0.34 1280-1600
Feb. 4924 23.6 516.0 3128 288.5 0.56 2108-2635
Mar. 5384 113.3 651.7 278.3 261.2 0.40 1506-1882
Apr. 542.6 88.4 631.0 279.6 265.3 0.42 1581-1976
May 532.8 132.7 665.5 235.1 2184 0.33 1242-1553
June 474.2 2211 695.3 182.1 165.6 0.24 904-1129
July 498.0 1453 643.3 292.0 267.9 0.42 1581-1976
Aug, . 8010 1312 7322 3703 @ 3392 046 1732-2165
Sept. 587.2 68.0 665.2 311.0 284.0 0.43 1619-2023
Oct. 5B0.8 71.8 652.6 261.6 240.4 0.37 1393-1741

7727.6 1777.6 85052 3384.2 31694 0.83 1242-1553

a. Residancy values for shildren under the age of approvimately 12 years wers weighted

{son o).

b. Adjustments have been made for bananas esten by domestic pigs and the authors,

¢.- Estimatas of energy are basod on mean voluss of 49.6 fingers per bunch of bananas
an ml 75.8 g m“m gct,r rip (mmmuma aden} fingor and a rangs from 100 to 128 keal100 g

¢ Kinimum sstimale.
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In broad terms these assumptions fit our impres-
sions. The number of actual consumers onany day
was taken as all individuals (residents and visitors)
who slept that night at Gwaimasivillage orwithinthe
subsistence zone associated with Gwaimasi. Resi-
dency values for children were weighted such that
one 2-4 year old was taken as 0.5 units, one 6-8
year old was taken as 0.7 units and two 9-11 year
olds were each taken as 0.8 units. Nursing infants
were excluded. (Comparable adjustments were
made for visitors who were lessthan about 12 years
old.)

Month to month estimates of banana bunches per
consumer day and of calorific retums per con-
sumer-day are summarized in Table 9 for the
months September 1986 to October1987. Through
this period the mean return per day was equivalent
to 0.33 bunches per adult consumer. A conserva-
tive estimate of the mean calorific return is 1242
kcal/day to each adult consumer but the value of
1553 kcal/day may be more realistic. Recom-
mended daily intakes for males of Kubo stature
- (assuming a moderate activity regime) are of the
order of 2500 kcal/day. At Gwaimasi, adult fe-
males, taken collectively, were either pregnant or
lactating during 54 percent of their aggregated
months of residency and, hence, average daily
requirements for females may have approached
those for males. Thus, even the conservative
estimate of calorific returns frombananas suggests
that from September 1986 to October 1987 people
could have derived half their energy needs from
bananas. Monthly variability in the availability of

- bananas to consumers was high witharange from- -

0.09 to 0.56 bunches per consumer-day. Thus, at
a minimum, this food supplied from as little as 14 o
as much as 85 percent of energy needs a monith.

Between September 1986 and October 1987 the
mean monthly total of consumer-days was 678.9;
despite high mobility variance was not extreme (s =
+ 75.8). Using this average value for March to
August 1986 (before our arrival) and November

1987 to July 1988 (after our departure) gives mean
values, respectively, of 0.05 and 0.51 bunches/
consumer-day. If 678.9 consumers need 224
bunches (678.9 x 0.33) to meet half their energy
needs, then from March to August 1986 bananas
were of minor importance in the diet of Gwaimasi
people (2-14% of monthly energy needs) and from
November 1987 to July 1988 they were of major
importance (56-100% of monthly energy needs;
seeFig. 4). Pooling valuesfor all 29 months (March
1986 to July 1988) and, again, using 678.9 con-
sumer-days per month where data are missing,
gives an overall mean of 0.33 bunches/consumer-
day. Allthese values are, of course, crude approxi-
mations to what was possible. But they reveal that
the people at Gwaimasi had the capacity to move
back and forth between virtual independence of,
and full dependence on, bananas as their primary
carbohydrate source.

DISCUSSION

Kuboagriculture was non-intensive. Small gardens
were cut into secondary forest that, in the case of
banana gardens, had been fallowed for not less
than 15 years. Different varieties of bananas and,
usually, a mix of other crops were interplanted.

Bananas commenced yielding in the eighth month
after planting and were most productive from 12 to
15 months. Planting densities averaged 1382
plants/hectare and the expected yield was 1313
bunches or 4494 kg edible (about 7500 kg as bunch
weight) per hectare. All was available from eight to
Sepiember 1886 to October 1987 bananas pro-
vided at least 50 percent of the energy require-
ments of the people. They contributed more to diet
at Gwaimasi than they did in the seasonally dry
environments at Kaiapit (Morobe Province, 30% by
weight; Langley 1950) and Oriomo Plateau (West-
ern Province, seasonal maximum 26% of energy;
Ohtsuka 1983). At Gwaimasi people shifted be-
tweenvirtualindependence of, andfulldependence
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on, bananas but this variation in yield was not
seasonal, In 1986-87, at Gwaimasi, most bananas
were planted at intervals of roughly six months
(Table 4). At nearby communities we knew of
relatively large banana gardens that were plantedin
December-January, between late May and mid-
July and in August. Shaw (1990) reported that
among Samo, who live immediately south of Kubo,
most bananas were planted from June to August.
Though these records are few that suggest that in
this region of Papua New Guinea the period from
September to November may be least suited to
planting bananas.

Relative to residents of Gwaimasi, people of the
Amele area (Madang Province) ate about one third
the quantity of bananas. King et al. (1989) esti-
"mated that in this area banana yields were about
5573 kg (bunch weight)/hectare. In South America
the Bari (Columbian-Venezuelan border) produced
about 4260 kg (bunch weight)/hectare per year
(Beckerman 1983). These estimates were based
on planting densities of 1030 and 770 bananas/
hectare, respectively, and, thus, relative to planting
density, match the Gwaimasi estimate. Compared
to the wide range of values reported from Papua
Mew Guinean sweet potato gardens these esti-
mates of banana preduction are on the low side
{Rappaport 1968, Waddell 1972; Hide 1981; Silliios
1983; Hide et al. 1984; Bourke 1685),

At Gwaimasithe work requiredto prepare a banana
garden - clearing, sucker collection and transpoit,
planting and felling trees - was 850-900 person-
hours or 110-120 person-days per hectare. These

gardens were not fenced and so this commitment -

appears high. For example, Clarike's (1871) esti-
mate ofthe labourinpreparatory tasksat thefenced
tuber gardens of Bomagai-Angoiang Maring
{Madang Province) was approximately 625 person-
Given that this valie excluded
~travel and rest times it is probably similar to the
Gwaimasi estimate. [n the Bomagai-Angoiang
case planting (36%) and fencing (34%) were the

most demanding tasks; at Gwaimasi banana gar-

. dens the collection and transport of suckers occu-.

pied 42 percent of preparatory person-hours.
Chagnon (1983) was also impressed by the work
entailed in transporting banana (=plantain) suckers
when Yanomamo (Venezuelan-Brazilian border)
established new gardens at a distance.

Total commitment for all work at Gwaimasi banana
gardens may have exceeded 185 person-days (or
1400 person-hours) per hectare. Using these val-
ues return for effort from banana gardening was
24.3 kg edible/person-day or 3.2 kg edible (3520-
4400 kcal)/person-hour. Allowing that our esti-
mates of hours worked included periods of rest,
energetic efficiency may be in the range of 10-15:1,
near the mode of the range of values reported from
a variety of subsistence agricultural systems (e.g.
Ellen 1982).

At Gwaimasi, banana gardens were virtually aban-
doned 20 months after planting. By thistime weeds
and early regrowth were well developed and re-

‘maining banana plants were in poor condilion.

Thus, the people obtained a single, staggered
harvest andthen shifted attentionte another gardan
site. This behaviour hasnotbeendescribed among
subsistence paople who depend upon bananas as
a staple food though it may be a correlate of growing
bananas in regions of high, year-round rainfall. Ris
more usual that some wesding is maintained, that
suckers are thinned and that daughter plants are
promoted i situ or replanted within the same
garden. In the Markham Valley of Papua New
Guinea banana gardens, planted with dry-adaptsd
triploid varieties, may continue producing for more
than 10 years (King et al 1989). Among the
Yanomamo, Hames (1583) reported that plantain
gardens were maintained until a third harvest afier
which the yield drepped. There was a small incre-
ment in yield from the first {o the third harvest that
resulted from a “near-doubling of plants” after each
harvestcormbined with a substantialdecreaseinthe
size of bunches from suckers that had been sepa-
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rated from the motherplant. Hames' repartimplied
that Yanomamobanana.gardens exhibited discrete
harvest periods. Chagnon (1983), however, wrote
that “there is no peak harvest period, for plantains,
if planted in the proper fashion, are ripening all year
long”. Oriomo Papuans (Western Province) also
continued to harvest bananas from gardens that
hadbeenplantedthreeorfouryears earlier (Ohtsuka
1983).

When the life of a banana garden can be extended,
felling of trees and transport of suckers are needed
less often and, presumably, efficiency may be
increased. The abandonment of gardens by tropi-
cal agriculturalists is commonly discussed in terms
of costs arising from increased growth of weeds,
decreased soil nutrients, or both (e.g. Chagnon
1983; Hames 1983). InNorth Queensland (Austra-
lia), where rainfall is high but seasonal, commercial
banana growers plant on alluvial flats and maintain
the gardens for only three to five years (Cull 1987,
E. Gall, personal communication). This contrasts
with the 10-15 year life of commercial banana
gardens in southeastern Queensland. The rela-
tively brief lifespan of the northern gardens is, in
large part, a consequence of reduced productivity in
response o increased infestations of rootand corm
nematodes (E. Gall, personal communication).
Depletion rates for both nitrogen and potassiumare
also high. The long fallow period accepted as
necessary by Kubo implies that restoration of soil
nutrients was needed before a site couid be reused.
It may be that the combination of hightemperatures

~and very high rainfali characteristic of the region

promoted both parasite load and excessive weed
growth as it exacerbated nutrient loss. More de-

tailed research is needed to enlarge understanding -

of both the successes of, and limits to, banana
production in this region of year-round high rainfall.

ACKNOWLEDGEMENTS

P.D.thanks the University of Queensland for granting consecutive

periods of leave, the Biology Department, University of Papua .

‘New Guinea, for affiliation and the Government of Papua New

Guinea for permission to conduct the research. We were
assisted in different ways by John and Celia Fletcher, Eric Gall,
Jack Greenwood, Fay Marsack, Matt and Jeanne Minnegal, Su
Solomon and Jeffrey Wilimer. Michael Bourke and Robin Hide
commented on the manuscript, Lynn Pryor prepared the figures
and Jan Mehaffey did the typing. The people of Gwaimasi, both
residents and visitors, were exuberant and exhausting in their
care of us. We thank them all.

REFERENCES

BECKERMAN, S. (1983). Bari swidden gardens: crop segregation
patterns. Human Ecology, 11: 85-101.

BEEK, A.G. van. (1987). The way of all flesh: hunting and
ideology of the Betamuni of the Great Papuan Plateau. Unpublished
PhD dissertation, University of Leiden. 238 pp.

BOURKE, R.M. (1985). Sweet potato ([pomoea batatas)
production and research in Papua New Guinea. Papua New
Guinea Journal of Agriculture, Forestry and Fisheries, 33: 89-
108.

CHAGNON, N.A.(1983),[1968]. Yanomamé: The Fierce People.
Holt, Rinehart and Winston, New York. 224 pp.

CLARKE, W.C. (1971). Place and People: An Ecology of a New
Guinean Community. Australian National University Press,
Canberra. 292 pp.

CULL, B.W. (1987). Regional needs for banana improvement in
Austrafia. p. 63-68. /n Banana and planiain breeding strategies.
Eds. G.J. Persley and E.A. De Langhe. Proceedings of an
International Workshop held at Cairns, 13-17 October, 1986.
Australian Centre for International Agricuitural Research
Proceedings No. 21.

DWYER, P.D. and MINNEGAL, M. (1991). Hunting and
harvesting: the pursuitof animals by Kubo of Papua New Guinea.
p. 86-95. In Man and a Half: Essays in Pacific Anthropelogy and
‘Etnebiciogy in Honour of Ralph Sulmer. Ed. A, Pawley. -The
Polynesian Society, Auckland.

DWYER, P.D., MINNEGAL, M. and WOODYARD, V. {in press).
Konai, Febi and Kubo: the northwest corner of the Bosavi
language family. Canberra Anthropology.

ELLEN, R. (1982). Environment, Subsistence and System: The
Ecology of Small-Scale Social Formations. Cambridge University
Press, Cambridge. 324 pp.

HAMES, R. (1983). Monoculture, polyculture, and polyvariety in
tropical forest swidden cultivation. Human Ecology, 11: 13-34.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries _;

1993, Vol 36 No1, pp. 01-21




Dwyyer and Minnegal

21

HEENAN, D.P. (1973). Preliminary observations on the growth
and production of bananas in the Northern District of Papua New
Guinea. Papua New Guinea Agricultural Journal, 24: 145-161.

HIDE, R.L. (1981). Aspects of pig production and use in colonial
‘Sinasina, Papua New Guinea. Unpublished PhD dissertation,
Columbia University. 682 pp.

HIDE, R.L., GOODBODY, S. and GERTRU, G. (1984).
Agriculture. p.207-289. In South Simbu: Studies in Demography,
Nutrition and Subsistence. Vol. VI. Ed. R.L. Hide. Research
Report of the Simbu Land Use Project. Institute of Applied Social
and Economic Research, Boroko, Papua New Guinea.

JOHNS, L. and STEVENSON, V. (1979). The Complete Book of
Fruit. Angus and Robertson, Sydney. 309 pp.

KING, G.A., BANAG, J., KAMBUOU, R.N. OVIA K, OVIA, A,
HEYWOOD, P.F. and HIDE, R.L. (1989). Production of bananas
by the Amele in Madang Province and in the Vanapa River and
Kabadiareas of Central Province, Papua New Guinea. Department
. of Agriculture and Livestock Research Bulletin No. 44, pp. 1-92.
Konedcebu, Papua New Guinea.

KNAUFT, B.M. (1985). Good Company and Violence: Sorcery
&and Social Action in a Lowland New Guinea Sociely. University
of California Press, Los Angales. 474 pp.

" LANGLEY, D. (1950). Food consumption and distary levels.
p.92-142. In Report of the New Guinea Nutrition Expedition
1947. Eds. E.H. 'Hép;siay and F.W. Clements. Depért!ﬁeht of
Extornal Territories, Canberra.

LEA, D.AM. (1972). Agriculture, indigenous. p.10-18. in
Encyclopaadia of Papug New Guinea. Ed. P. Ryan. Melbouma
University Pross, Meibourns.

MAY, R.J.(1984). Kaikai Aniani: A Guide to Bush Foods, Markets
and Culinary Arts of Papua New Guinea. Robert Brown and

Associates, Bathurst, Australia. 192 pp.

McARTHUR, M. (1972). Food. p. 433-447. In Encyclopaedia of
Papua New Guinea. Ed. P. Ryan. Melbourne University Press,
Melbourne.

OHTSUKA, R. (1983). Oriomo Papuans: Ecology of Sago-eaters
in Lowland Papua. University of Tokyo Press, Tokyo. 197 pp.
RAPPAPORT, R.A. (1968). Pigs for the Ancestors: Ritual in the
Ecology of a New Guinea People. Yale University Press, New
Haven. 311 pp.

SHAW, R.D. (1990). Kandila: Samo ceremonialism and
interpersonal relationships. University of Michigan Press, Ann
Arbor. 227 pp.

SILLITOE, P. (1983). Roots of the Earth: Crops in the Highlands
of Papua New Guinea. New South Wales University Press,
Kensington, Australia-285 pp.

Von LOESECKE, H.W. (1950). Bananas: Chemistry, Physiology,
Technology. Intarscience Publishers Inc., New York. 189 pp.

WADDELL, E.(1972). The Mound Builders: Agricultura! Practices,
EnvironmentandSociety in the Central Highlands of New Guinea.
University of Washington Press, Seattie. 253 pp.

WOMERSLEY, J.S. (1872). Crop plants. p, 222-232. In
Encyclopasdia of Papua New Guinea. EJ. P. Ryan.

Papua New Guinea Journal of Agriculture, Forestry and Fisheries

1993, Vol 36 No1, pp. 01-21




