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Journal of Science

Volume 5 (Nos. 1&2) of Vingnanam has appeared six months
after volume 4. Though a year - behind the scheduled time of December 1990,
we are now a little more hopeful of matchiog Vingnanam volume to year
cventually.

Two papers deal with local problems in Jafina peninsula. The paper
by Kalawathy Kanagaratoam and K. Theivendicarajah describes the character-
istics of four local cultivars of bananas : the paper by N. Selvarajah and Vanaja
Rajaratnam deals with the limnology of two temporary ponds.

The paper by G.F. Rajendram describes the laboratory rearing of
idipannis, a biological control agent of the planthopper pest of

Cyrtorhinus
the rice crop.
usion of hydrogen in

K. Kandasamy presents further findings on
metals in Pd alloy membranes.

We also welcome a review paper from Androw T. Chamberlain, Univer-

sity of Sheffield, England, on the evidence for buman evolation, based on
a seminar delivered at the Univesity of Jaffoa sometime. carlier.
Editor

December 1991 :
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STUDIES ON FOUR CULTIVARS OF BANANA IN THE
JAFFNA PENINSULA, SRI LANKA

KALAWATHY KANAGARATNAM AND K. THEIVENDIRARAJAH
(Department of Botany, Universlty of Jafina, daffna, S Lanka)

Vingnanam Journal of Sclence 5:1—6 (1980)

TRACT . Studes o four cutors o anen iyt
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vriaion amon the cuiars but % duing S0 wan mah
Wgher 1n. Kb and e

Introduction

The edible banana cultivars of importance in Sri Lanka aro triploids
and belong to AAA, AAB and ABB groups. The important cultivars are
Gross michel and Dwarf cavendish belonging to AAA group: Mysore, Silk,
Pome and Watha palu belonging to AAB group; and Bluggoe belonging to
ABB group (Simmonds 1966). In Sri Lanka bananas are grown in the low country
wet zone and in the dry zone including Jaffna peninsula io the north. It is
grown under rain fed conditions in most places, but in tho Jaffaa. peninsula
it is cultivated under irrigation.

This paper describes the chief cultivers grown in the :-m;; pen.nT:l;n..
Mysore, Silk, Bluggoe and Watha palu cultivars dominate in Jafim, “EAct
are referred under the following local names Kathali, Klppal._M]o a:(_t-iz
and Ethari respectively. Of these, Kathali is cul uled‘-mzm‘lﬁvo{%‘;n ,suk
highly resistant to Panama and leaf spot diseases (5Immr:’n_ ] i:. it
(Kappal) is susceptible to panama disease. Bunchy top ; : n::“ s idely
spread in Sri Lanka (Abeygunawardena, 1969) and this is
diseaso also among the cultivars in Jaffna. e

ivars an

No previous siudy has beeo. repored o8 m:sw;:::"md biocne:iul
deals with  some morphologioal studies of the  plact,
nalysis of the ripe fruits.
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Ml(ullll aod Methods

This projest was conducted on well maintained banana cultivars g
Urampirai, Sirupiddy aud Neervely in the Jaffaa poninsula. The chemicy
staws of the soils of the three places are similari thoy arc of the rog
atasols. The lovels of the soil nutrients during the period of eultivation
Were within the range of adequacy for bananas. Sword suckers wete usod
as propagules. Plants were spaced 2'5m? at a depth of 30 om. Tas aormal
cultivation practices were maintained throughout the study.

Growth parameters

Psoudostem height estimated as the distance from the base of the
pseudostem o the point of inersection of the petioles of the youngest leaves
was used as a0 index of growth. The heights of 50 plants at random for
each variety were measured. Pseudostem girth was measured at different levels
from the ground. The number of leaves at bunch emergence was counted in
50 plants selected at random for cach variety, Time between flower initiation
and barvesting was also measured.

Yield parameters

The length of the entire bunch, number of hands/bunch and aumber
of fingers/bunch were measured as an index of yield, Leagth of the bunch
was defined as the distance from the base to the maximum curvature when
the bunch was kept straight. The above parameters were measured in S0
bunches Selected at random for cach cultivar.

Biochemical aualysis

The ripe fruits of the four cultivars were avalysed for moisture,
mineral/ash, nitrogen, protein, reducing sugar and total sugar confent. Fruits
with good appearance, free from any disease and almost of the same stage
of maturation, were selected for this analysis.

Moisture content was determined by drying a known weight of the
sample at 105°C to a constans weight. A known weight of the dried sample
was ashed at 480°C to a constant weight to determine the mineraljash content.
Percentage of reducing and total sugar was estimated by the Somogyi’s semi
micro method (AOAC 1960). The percentage of total nitrogen in 1 g fresh
sample was determined by the micro-kjeldahl method (AOAC 1950). The
total nitrogen content was multiplied by 625 to obtain the total porcentsse
protein.
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Results and Discussion

) The results of plant height, girth and number of leaves/plant are given
in Table . The results show that there were 0o significant diffcrences st
the varieties in their height and in the number of leavesiplant,  The  men
height varied from 35 to 38 m. Girth size showed some variaton, gresiet
sirth size for Kappal aud the least for Sambal mondan. ~ The girt stz vermee:
was more sigoificant at 50 cm from the soil

Table 1. Growth parameters of the four cultivars of ‘banana

(Sample size. n=50)

Cultivar  Height of the Girth of final pseudostem at Number
pseudostem (m) different levels from the of leaves
(Mean + SE) ground (o) (Mean & S. E) at bunch
emergence
(Mean +
S )

25 cm from 30 cm from 100 em from

the ground the ground the ground

Kathali 36806 86415232 T608:202 63366 13k64
Etharai 390219 7920:380  7106:324  6060:262 1162
Kappai 35607 87894250 811162227 65382169 1368
Sampal

mondan 80436 7903 =384 7085:328  6062=275  I5=73

The results of yield parameters are given in Table 2. It shows 'm;
there is variation in length of the bunch, number of :omb§/bunch§a aal
number of fingersfounch and in the period of fruit maturation. - Samt
mondan matures fastor (nearly 24 mouts han the others, Eibral (akes 3
longer period (nearly 43 to S months) for the fruits to matur
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Table 2. Yield parameters of the four cultivars of banana

(Sample size, n=50)

Cultivar Length of the Number of Number of  Period of fruit
bunch (cm)  handsjbunch  fingers/bunch  maturation
(Mean + SE) (Mean + S E) (Mean + SE) in days

(Mean + SE)

Kathali 60:8:2:65 13750 2411292 100

Etharai 51415440 842 99+ 909 140

Kappal 59:03 4763 8168 121£14:30 105

Sambal

mondan 50+93£3'33 6+°26 82+ 558 70

Kathali produces larger bunches with more fingers. Among the four culivars,
Kathali is the best with regard to yield and also the fruits mature in reasonably
short period of time. The above considerations may have led to the popularity
of this cultivar among the growers in the Jaffna peniosula.

Moisture and mineral/ash content of the ripe fruits of the varicties
are given in Table 3. The results indicate that the skin has more moistre
content than the pulp although the pulp appears soft. The moisture content
of the skin showed no significant differences among the varieties. 1t rauged
from 85-87%. But the moisture content of the pulp varied amoog the
varieties. Out of the threc varieties Kathali, Etharai and Kappal which ar
commonly consumed as ripe fruits, the pulp of the varieties Etharai and Kappel
are relatively dry and hard and this accounts for the lower moisture content
as observed in our studies. The skin contains more mineral/ash content that
the pulp. The ash content of the pulp ranged from 3 - 5% while the asb
content of the skin ranged from 11-15%. There was no varietal differcice
in mineral /ash content of either th> skin or the pulp.
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Table 3 Comparison of moisture and mineral ash content of
the ripe fruits of banana
Coltivar Moisture % Dry matter % Mineral/ash Mineral/ash
content % of content % of
fresh weight dry_weight
sk pulp skin pulp skin  pulp skin pulp
Katbali 8491 7799 1509 201 LY 166 522
Bthari 8545 7118 1455 2882 226 1 1554 383
Kappal 8691 7371 1309 2629 191 136 1534 513
Sambal
mondan 8509 6388 W92 12 160 140 1095 37

The analysis of reducing, total sugar and acidity of the ripe fruit
pulp is given in Table 4. The total sugar content ranged from 1675 to
to 28:33%. Except for the Kappal (28.33%), all other varieties did not show

y significant difference in the amounts of the total sugar. However ihe
proportion of reducing sugar and sucrose in the pulp showed significant variation.
I Kathali and Ethari, the proportion of reducing sugar was greater while this
was reversed in Kappal. This cxplains why Kathali and Etbari are generally
sweeter in taste compared to Kappal.  They have more reducing sugars
o the form of fructoss and glucose than Kappal, which accounts for the cxira
swcatness, OF those varicties Kathali has a pleasant sour taste due to
the higher acid content. The same variety grown in other parts of Sri
Lanka, is referred (o as ‘Ambul’. ‘Aubul’ o Sinhala means sour-

Table 4 Reducing sugar and total sogar cotent of
the ripe banana fruits

A
Comivar _ Reducingsugar % Total susac 7

(fresh weight) (fresh weight)
Kathali 1638 2158
Ethari 17:33 2304
" Kappal 967 2833
Sambal o
mondan 971 22

_—
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Nitrogen and protein content of the ripe fruiis are given in Table s
The results indicate that the skin and pulp of the fruits had almost equyl
amounts of protein and also there was no varietal difference. Only Samba|
mondan and White mondan are used as vegetables and even there, in the
traditional cooking in Jaffiia, most of the skin is removed. Therefore from
the point of nutrition, it is the pulp that is important in all these varicties, In
our study we have only considered the reducing sugar aud sucrose in estimation
of the total sugars. There may be other disaccharides and polysaccharides in fruit
which will contribute to the net caloric value of the fruit. Further studies
on the starch, ascorbic acid and free amino acid content of these cultivars are
in progress.
Table 5. Analysis of nitrogen and protein content of

the ripe banana fruits

Cultivar  Total nitrogen % Protein %
(fresh weight) (fresh weighty
skin  pulp skin  pulp

Kathali 032 029 200 188

Ethari 039 039 245 249

Kapal 02 025 131 16l

Sampal

‘mondan 025 019 1575

The cultivars Kathali and Kappal show greater variability with regard
to number of fingers/bunch which is one of the important yield parameters.
This may be genetic or due to environmental factors. Further investigation
on these cultivars to identify their variability will be useful in selecting better
high yielding varieties.

References
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Apothecaries’ Co. Ltd., Sri Lanka.
AOAC — dssociation of Official Agricultural Chemists (1950).
AOAC — dssociation of Official  Agricultural Chemists (1960).
Simmonds, N. W. (1966) Bananas. Longmans. London.

Received for publication June 1991



v LIMNOLOGY OF TWO TeMPORARY PONDS
JAFFNA  PENINSULA, sgy LANKA

? N. SELVARAJAH & VANA,
; (Department of Zoology,
i

I THE

W e WA RAJARATNAM!
niversity of Jafina, Jaina, Sei Lanka)

Vingnanam

loumal of Scionce 5: 713 (1930)
ABSTRACT : A limnologicalfstduy was m
X ponds namely  Ariyakulam and Rogel pond;

adejol two temporary
s in the Jafina peninsula

of Sri Lanka. This part expariences northecast monseory
around December and this period is relerred to. us the ‘rain
aroung, us the “rainy

f the two ponds, Ariyakulam pond
during the dry season and the ofher Rogal o
up, since it Is supplled by dreinage water throughout the year.
The study commenced with inital filling of the ponds and con-
cluded when the ponds were dry or nearly so.

Durlng the period of the study almost il the absenved
organisms, the phytoplankion such as members of chioropryceae
and zooplankton including crustacea and
both ponds, whilo considerable differences were observed
o ponds reg al factors such as. nitrogen,
‘oxygen, salinity and pH which wers higher in Regal Pond probably
dus to the accumulation of drainage water in this pond.

dries up completely
pond does not dry

Tntroduction

Edible fresh water fish are an asset aod a potential source for
supplementing the protein shortage in our country. The successful inland
management depends basically upon limnological aspects of water bodics.

o cultivation of fresh water fishes for food has been
Most work on limnology has been carried
this peninsula to anzlyse the sbundance of
Selvarsjah and Costa 1979;

In recent years th
preading throughout the country.
out in various water bodies of .
ertain zooplankton (Fernando and Meadis 1962
PFernando 1980).

This stedy is mainly concel
“specially play an important
Xp:gi“ of fish, which are zoopl
nobifis (big-head carp). g Gl

Zooplankion T o vial ole i tbe s e oy
f00d chains since they are the intermediate stcp etweer 1he
and most fishes.

rned with the abundance of zooplankion which
role in the food chsin in ponds. The local
lankion feeders, are Cadla and Aristclihys

rough the

" Present address : Chunditai Girke Coliges Jefivé:
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The Study Area

The two ponds selected for this study were Ariyakulam (80 ol 057 B,
9040 00 Ny and Regal, (80° 00’ 30" E, 90° 39 45 N) both situated within the
Jaffoa municipality. Ariyakulam is located about one mile northeast to Regal
pond. The areaand maximum depths of these two ponds are 0°524 hectares
0d 294 meters for Ariyakulam and 0.920 hectares and 172 meters for Regal
pond.

These two ponds receive water during the northecast monsoon extending
up to February. Ta addition to this they are supplied with drainage water through-
out the year Particularly the drains that reach the Regal pond collect water from
the adjacent hospital and motor setvice station.

During the end of the dry scason (that is about August) Ariyakulam
dries completely, but sometimes intermonsoonal rains provide certain amount
of water. The Regal pond, since it collects the drainage from the town,
does not dry up and has sufficient water to tide over the dry scason.

Considering the boundary areas, Ariyakulam is surrounded by large trees
Termimalia arjuna, Thespesia populnca, Delonix elata and Ficus religiosa and some
bushes especially of Calotropis.  The wide spreading branches of these were
found to cover a considerable area of the pond, except its middle region,
while the Regal pond is almost exposed, with only 2 or 3 large trecs.
A small area of the pond which is near the clock-tower situated closc by is
mostly covered with grass.

Materials and Methods

The study commenced with the initial filling of the ponds (October
1980) and was planned to conclude with tie termination of the dry season
(August 1981),  From each pond, weekly plankton samples were taken at
about 10.30 a.m. and 40 samples were obtained throughout the study period
from each pond.

Physical parameters

Temperature and Jight are the main physical parameters that determine
the distribution of pond water organisms. Temperaturo was measured using a
thermometer which was placed at a point about one foot below the surface.
The transparency of the water was observed using a sachchi disc.

Samples to determine water chemistry

To determine the oxygen content, water sam) t

3 ples were taken monthly 3
about 30 - 40 cm below the surface. They were collected in 125 ml dark
stoppered  bottles which were filled until they overflowed once. TO
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determine the amount of ox, o of Fonds s

: Yeen, unmodified Winkler
was fixed in the ficld by the 3

D
as taken using a Bekman pfy

ter san determination of salini ;
were_obtained in one lasticboitles and analyea st ey o
Salinity was determined by titri lysed witl r hours.

. imetry. Total i oar o
by Kieldhal method converting. nitrogen nto. amemmie " "% determined

Water samples for the
litre

Collection of plankton samples

Quantitative plankion sampliug was performed

observation period by pouring 3 measured volume. af sater oror s ate
net of 64 P mesh and concontrating to final volume. By prior teils, & 10 e
sample concentrated to 40 ml was found (o be suitable. Water was poured
through the net so that the filtered water was poured back into fhe pond
The samples were immediately preserved in 5% formalin, pord

Qualitative and_quantitative -analysis of plankton

Amoiig the algal population- the blue-green alga Microcysis species was
not counted because of its high density. For quantitative purpose all other
species of algae were considered collectively as “algac”. ldontifications of
organisms was carried out mostly to the generic level.
One_mililitre of the sample was withdrawn with a pipette, after thoroughly
mixing to homogenize the concentrate, and transferred to a Sedgewick — Rafter
counting _cell and covered by a coverslip. ce counting techniques were
used (Tribbey 1965). For larger organisms counts were made of the entirc
number within the counting cell under low magoification. Smaller and sparse
forms were counted by traversing the width of the cell and counting all the
types encountered For very common smaller forms the number-in one field
wWas recorded. This was repeated for 5 fields and the average of these five
counts was  taken. B

Bottom samples were first analysed for miorofauna. Then . they wore
dissolved in water and the resultant solution was examined under the microscope
for microorganisms. Sigaificance of corrclation between biotic and_abiotic
factors was determined by the large sample approximation test for significance
of correlation. The mumber of samples used was was 40 (honce > 30).

Results and Discussion
ponds -were found to be muddy, but that of the

f both .
e o ond o be. much softer i nature thaa: that of Adyakulam.

Regal pond was found to
vo2 °
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The abiotic factors of the two ponds are given in figures 1 —3.

8
8

Oxygen content (mg /1)

Total Nitrogen (ppm)
s I3

5 1 A—'A Regal pond_(Oxygen).
Ayalampond ONE:

=8 R bord” Nrogm)

= A(wa.kunmpnnd{ﬂllmm)

S — ¥
Nov D lan  Feb  Mar  Apr  May Juse
Fig. 1. Nitrogen and oxygen content in Ariyakulam and Regal Ponds.

31
25
2.0
E L5
z
K|
3
“ 1.0
o= Regtl pod
05 D=0 Ariyskula®
pond

T T T — T T T
Nov Dec Jam Feb Mar Apr May Ju¢
Fig. 2. Salinity in Ariyakulam and Regal Ponds.
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L= Regal pond. (pH)
D=1 Ariyaklulam pond (pH)
10 O=O  Regal pond (temperaturc)
©=0  Ariyakulam pond (temp.)
8
I3
6 <
' H
o 40 &
z £
0€
2
20

0 —
Oct Nov Dec Jan Feb Mar Apr  May June

Fig. 3. pH and temperature in Ariyakulaw and Regal Ponds.

The phytoplankion common to both ponds were species of Chlany-
domonas, Ulotirix, Pediastrum, Spirogyra, Valvox, Clsterium, Navicula, Asterionella,
Scenedesmus and Microcystis. The zooplankton common to both pouds were
Species of Daphnia, cyclops, Brachionus, Vorticella, Epistylis, Plilodina, Euglena,
Paramecium and nauplius larvae.

Ariyakolam pond had Nelumbiun and fish fingerlings. birds - Heron,
tadpoles and mosquito larvae, while Regal Pond had shrimps and Pistia
Cotrelation  matrix between biotic and abiotic factors in Regal and Ariyakulam
ponds is given in Table 1.

It was found from this siudy, that both Ariyakulam and Regal ponds
possess similar types of algac and mesofauna, but the  largor organisms showed
Variation in types in these two ponds.
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Table |
Correlation matrix between biotic and abiotic
factors in Regal and Ariyakulam ponds
c [ C | c c,
Cyclops | Daphina B'ﬂch";': Nauplivs| Algae
c 0079 | 0.104 | -o064a% | - 05260
Nitroge =0 - -0 .524¢ | -0.040
i ~0089 | 0258 |- 0.736%| -0.560* | 0.230
o |Oxygen . - .
- D
g
4 Cs .
3, [ sainiy 0065 | 085 |- 0569% [ ~0461%| oadge
& C,
o ~0.166 | -0124 | -0134 | 0208 | 0190
Cro 0.190 | -0.307 | -0.034 0.014 0.069
Temperature - g . =0 .
s 08¢ | -0322° 096 | o038 | 0.7
Nitrogen - . .
G 0.148 | - 0188 0.473* [ -0.526% | 0.031
Oxygen - - -0 4
Cs
Salinity 0282 | 0073 | 0052 | -0.744 | -0092
E I I
E3 [oH
2 0274 | - 0321 0.des* | - 0.241 | 0281
kS pH -
| S
[ .
Tempenaiare | 0375% ~0040 | ~0001 | -04220 | 0100

* Sigoificant at 1% level

** Sigoificant at 5% level.
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In the corrclation matrix of the Regal pond the felationship between
sitrogen and the rotifer Brachionus, nitrogen and the crustacean larva nauplius,
oxyzen and Brachionus, oxygen and nauplius, salinity and Brachionus, salinity and
sauplivs, and salinity and algae were found to be sigaificant at one percent level
while all other relationships were found to be not significant. In Ariyakulam
ond, the correlation of nitrogen and the crustacean cyclops, oxygen and
Brackionus, oxygen and nauplius, salinity and nauplius, pH and Brachionus and
temperature and nauplius were found to be significant at one percent level.
The correlation of nitrogen and Duplmia, pH and Dapinia, and temper-
ature and cyclops were found to be significant at five percent level. All
other correlations of the Ariyakulim were found to be mot sigaificant.

Burgis e al. (1973) have shown that the species of Daphnia found in the
Limuetic region in the (ropics are of small size and that high temperature limits
Daphnia directly or indirectly.
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LABORATORY REARING OF CYRTORHINUS LIVIDIPENNIS
(HEMIPTERA : MIRIDAE)

G.F. RAJENDRAM AND FRANCESCA R. DEVARAJAH!
(Department of Zoology, University of Jaffna, Jaffna, Sri Lanke)

Vingnanam — Journsl of Scienco 5: 14—21 (1990

ABSTRACT : Laboratory rearing 6f Cyrtorhinus lividipennis Reuter
in three types of cages was compared - chimney cage, plastic sleavo

peaks of 200% increase during a 7 month

The plastic sleeve cage was the most successful, with

population increases ran t0 500%. The plastic sleove

most economical and easi ividie

pennis adult females oviposited only in mature stems of 4 —6 week
old rice plants.

Introduction

Cyrtorhinus lividipennis Reuter is a predator of the planthopper and leaf-
hopper pests of the rice crop in Southcast Asia and the Pacific (Chiu 1979,
Yasumatsu eral. 1981, Liquido and Nishida 1985). Its increased importance
in rocont years as a  biological control agent is due to the rise to pest
status of the planthopper and leafhopper complexes, following the introduction
of high yielding rice varicties (Smith 1972, Nickel 1973). In Sri Lanka, C.
lividipennis has been teported from the districts of Amparai, Batticaloa and
Kilinochchi (Rajendram 1982, 1984), Jaffna (Rajendram 1982, 1984; Rajendram
and Devarajah 1990), Kandy and Kurunagala (Rajendram : Unpublished data).
Rajendram and Devarajah (1987) also reported the results of laboratory studies
on the effectiveness of C. lividipennis as a predator of Nilaparata lugens
(Stal) in Sri Lanka.

Studies on the biology of C. lividipennis have been forthcoming from
different. countries. ~ Studies on the biology have been carried out on C-
lividipennis reared in cages 45x50x50 cm in the Philippines by Reyes and
Gabricl (1975) in cages 55x55x60 cm in Hawaii by Liquido and Nishida
(1989 and in chimney cages in India by Samal and Misra (1977). Tn Sti
Laoka, the biology of C. lividipennis was studied on oultures maintained in
cages of smaller dimensions, 2)x25%25 cm, made of clear plastic and provided

1 Prosont addros

Department. of Zoology, Eastern University, Chengaladi P.O., Sri Lanks
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qith cloth sleeve on one side  (Rajendram and Devaraj

: jah 1986). . The-
sent study compares the reating of C. lividipemnis in threo types n)fcagu:hf
the chimney cage used by Samal and Mista (1987 the plastic slceve cage

used by Rajendram and Devarajah (1986) and a largs wooden cage 10575 60cam, -
Materials and Methods

C. lvidipennis cultures used in these experiments were collected from

riee ficlds in Paranthan and reared on N. lugens cultured in the laboratory

at the Univexfily of Jaffna on rice variety Bg 90-2. The temperature in the
laboratory registered a range of 26-32°C and relative humidity 40-92%.

Chimney Cage
‘ The chimney cage (Fig.1) was constructed as follows. A 500 ml plastic bottle
| was sawed off at a height of 10 cm, and a 4-6 week old rice plant from
4 garden plot was placed in it and covered with mud to a height of 8 cm.
A 10cm high chimney with a narrow base, 75 cm in diameter, fitted snugly
into the plastic container. The height of the chimney above the level of the
plastic container was 17 cm.

Fig. 1 Chimney cage: (8) Chimneys (b) Pléstic container; (¢) Coiton gauze.
le - femalo -pair of C. lividi-
into the chimoey
g0 was covered

introducing a mal !
le pairs of . lugens adults i
The mouth of the chimney ca
re set up during the course

‘The culture was set up. by
pemnis adults and two male - femal
cage by means of an_aspirator.
With cotton gauze. Sixty-five chimney cages v

| of this study.
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Plastic Sleeve Cage

The second ftype of cage used was a clear plastic cage measuring
20x25%25 cm, covered with fine mesh nylon at the sides, a plastic door in
front, and a cloth sleeve fitted on oneside (Fig. 2). Six plastic bottles with rice
plants were placed in the cage.

Fig. 2. Plastic sleeve cage : (a) Door;  (b) Cloth sleeve.

The cultuze was sct up by introducing three pairs of C. lividipennis
adults into each cage along with three pairs of adults and 10 nymphs of
. lugens.  Two adult pairs and 5 nymphs of . /ugens were introduced into
each cago weekly. A total of 16 cages was set up in this experiment and
a population count taken at the end of 30 days.

Large Wooden Cage

The third type of cage was a wooden cage measuring 106X7360 cm,
made of a wooden frame, fitted with glass at the back, fine wire mesh on the
top and the sides, and two sliding glass doors in front (Fi A cloth sleeve
vith a wooden frame could be fitted below « partially open door for ust
in transforring cultures, Rice plants grown in 25x 15x9 cm wooden boxes Were
placed in the cage for the hoss insccts. Six plastic containers, with 4=
week old rice plants, were introduced for oviposition by C. fividipenni-
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Fig. 3. Wooden cage: (a) Door; (b) Cloth sleeve in position.

The culture was set up as follows. Throe male - female pairs of C.
Iidipennis were. ntroduced into. the cage, as well as four paits of N. lugens
adults and 10 nymphs. Only one large cage was used and the population
fluctuation noted during 7 consecutive months.

Results

Chimaey Cage
i indi-
Of a total of 65 chimney cages set up, only 20 had oymphs,

cating an efficiency rate of about 29%. The num}wur of nymphs produced u; a;;
cages ranged from 2to8, S being the median (Fig. 4). Although a_total of

pairs or 130 individuals were used i setting U the thry&‘_,p, only
103 nymphs hatched out. Hence the reproductive rate in mney cages

Was ot sufficient o maintain the population-
v—3
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WUMBER OF CAGES

2 % 4T Is R T
NUMBER OF NYMPHS

Fig. 4. Histogram showing diswibution of C. lividipennis nymphs ia the chimey cages.

Plastic Sleeve Cage

The number of C. [vidipennis in the plastic sleeve cage at the end
of 30 days ranged from IS to 37, with a mean of 277 (Table ). This
represents a five-fold increase from tho original 6 insects (3 males and 3
females ) introduced into cach cage.

Table 1, Number of C. fivdipennis nymphs and adults
in plastic sleeve cage after 30 days

Cage No. Number of insects ~ Mean = SD

-}

a v o won
N
S

33 2766696
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Large Wooden Cage

The total number of . ldipenn

was 20 at the . [idipennis nymphs and adults i

1 30 C“dcg:&r;rlm first month. 35 at the end of xh‘:“::w:::iy umh

at any  time durig. the Thgte R e e e O i
o g the 7 moath period was 35, T . lividipennis

mately the same as in the smaller plastic sleevo ‘Cagche S g

NUMBER OF INSECTS

EERETTTIET

MONTHS AFTER INTRQDUC

Fig. 5. Population fluctuation of C.fivdipenns in the farge wooden c
during a 7 month peried

Discussion

OF the three typos of cages used in this study. the plasiic sleeve cage
was the most efficient. C. /idipenis reared in this cage shoved an incresse
ranging from 300% o 500% at the end of 30 days. The cage was also
ooy to handle and required relatively few fice plants for. the host fnsec

. liidipennis population in_the large wooden cage. showed an increase
of up to 200%. Relatively more host plants were required o ‘maintain the
cultures of the host insect than in the plastic sleeve cage.

Jeast cffective, showing an efficiency rate
Uhese cages diminished to 7927 of the
Transferring of insects to coges

The chimney cage Was the
of only 29%. [Insects reared in
original population in th¢ first generation-
with fresh plants was fime consuming
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The age of the rice plants was critical in rearing C. lividipennis. Mature
rice stems with a minimum  girth of about I-5 cm were required for oviposition
by C. lividpennis. The rice plants had to be 46 week old. C. lividipennis
did not oviposit in young rice scedlings. This observation is in agreement with
the findings of Samal and Misra (1977) and Liquido and Nishida (1985) who
used 30 day old rice plants for rearing C. lividipennis.
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STRAIN INDUCED DIFFUSION OF HYDROGEN IN Pd ALLOY
MEMBRANES
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ABSTRACT: An oquation for the diffusion flux of hydrogen through thin slab
B momranes 15 derived. The affoct of an inducad olasti field on the
eion lux fs demonstrated. A comparison of the published experimental
result with the outlined theory is given.

Introdaction

The behaviour of hydrogen in a metal iattice has been a stimulating
study for many rescarch workers. Very rtecently abnormal behaviour of
hydrogen diffusion in Pd alloy membranes was reported and interpreted as
uphill diffusion of hydrogen by Lewis and his co-workers (Lewis ef al. 1983;
Lewis ef al.1987). This conclusion was based on ths observed diffusion of hydrogen
in Pd alloy membranes towards high concentration regions from low concen-
tration regions. The inclusion of hydrogen in a metal lattice is usually as-
sociated with lattice expansion (Kandasamy 1980 and Peisl 1978) which creates
an clastic field in the lattice. The effect of lattice deformation, due to appli-
cation of an external stress on diffusion of interstitial solutes, such as hydrogen,
has been a long standing study for many scientists. Their studies have shown
that the interstitial solutes preferentially diffuse from regions of relatively con
pressed interstitial sites to_ regions of relatively expanded sites (Wagner 197
Kehr 1978). In this paper an expression for internally induced clastic
stress on the inclusion of hydrogen during the diffusion process in a thin slab
lattice is derived and its effect on the diffusion of hydrogen is discussed and
compared with published results (Lewis et al. 1987).

Theory
@) Derivation of an equation for elastic stress induced by the diffusing
interstitials in thin slab latrice.

 Consider a thin slab geometry with the space co-ordinates illustrated
in figure 1. Assume homogeneous distribution of interstitials as a strees free
reforence statc. A change in the distribution of iaterstitial concentration
om homogeneity will result in the introduction of internal stresses. Assume
® change oc i the concentration of intersifal disribution from its home-
geneous value due to the absorption of hydrogen through the YZ face at
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%=0. T general ac is a functi
’ ction of ) 3
is controlled by the diffusion. The. pant ot s o 1 08 the absorpi
s sion. The. part of :the latt i gbsorplion
s e T et S te i wiich sbory, inrt.
come: interstitials and it can be expresscd as ‘K““ the expansion
e c: Ac where K is a
positiveconstant (Cermak and Kufudakis 1976). This expausion. caused b
- use y the.

composition change will be opposed i
Cimpotlion Sengewilbe 3?:;, :y the remaining part of the lattice by elastic-
e

z

X=0 X=L X
Fig. 1. Thin slab geometry with space coordinates (XYZ).
The thickness L of the slab is very small compared

to the width and the length.

Therefore the total internal stress ¢ is given by
i

+eé¢=Kactd [}
e e

ly along the X diection, This is similar to assumiog
' intersttials in the YZ plane. Then in the slab
1 stress along the Y direction, &

g the Z direction, ¢ and the

Assume the diffusion is onl
a constant concentration ol
material the component of the internal
is the same as the stress component alon
direction &
g the X di o
itim, Therefore the net force O
hould be zero.

is zero (Timoshenko 1934). The
n the slab and the

streas component alony

slab is under static equ
momentum about X = Li2 s
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L L
From zero net foree K J’ Ac dxt OJ’ 8 dx= [ @
: o

From zero momentum about X = L
- : L L L L
K [ac[x-2] dx+ J(c[x- 3] dx=0 I6)
e
° 5
Tn general the clastically induced stress, & can consist of two parts. One

e
part is due to the expansion of the lattice, This will be the same everywhere
in the slab. The other part is due to the bending of the lattice, This should

vary linearly and symmetrically about X = ~ ( assuming constant Young's
modulus). Therefore the clastically induced stress could be cxpressed as
=4+ ¢ (X-L/2) “@
e o b
where g represents the  part esponsible o expausion aad ¢ (X = L;2) represets
)
the part responsible for bending of the lattice.
Substitution of equation (4) in equations (2) and (3) will lead to tho following:

L
x
== J’Acdx @)
bt
L
IZK a '.d 3a)
i
¢ JJeet- e e
Lo

Therefore the internal stress componets ¢, ¢ can be given by
Yy

L

dex
ac[X— -] &

o ¥

L
1 s

=K{ac — JAca— —X—
3 3
o L

The hydrostatic (external) stress components which have an equal effect on the
lattico are equivalently given by

L
i 2
é =¢ = -K{ac -~ - dx - —[X—
- {ac L-LAE 3[x

L
L
vy E JAC [X--)dx) (0]
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For the problem considered here, that is with,.c i i
Foblex 3 i;equal tensile stresses in the
y and Z dircctions and zero stress in the X di i
L related by lirection, the strain ¢ and stress ¢
Ee
[
where E s the Young’s modulus.and » is the_ Poisson’s ratio, If we assume
Young’s modulus and Poisson’s ratio (o be constant then
k=98_ E ds
. de = ) Te /
Using Vegard's law for interstitials, (Cormak and Kufudakis 1976), 3-8
* o
can be replaced by § 7 where  is the partial dolar volume of interstitials
Therefore K = + ;il)

o

From thie it follows that the stress components are

ad ¢ =
XX

The above expressions for stress components are exactly ideatical to
he expressions deduced by Larcheand Cahn (1982) from the theory of thermo-
clasicity.

b) Derivation of equation for diffasion flux in the presence of induced internal strosses
In general the diffusion flux of hydrogen J" could be written as (Volkl and

Aleffeld 1978 and Wipf 1976)
T m— Me grad P .

where M is mobility, ¢ is concentration and P is the chemical potential
of hydrogen in the solid. . The chemical potential of hydrogen in a solid
Which is under a tensile stress P (c, ) could bo expressed as (Flanagan and
Lynch 1976)

P(ed) =P o) — Ve ®
Where v is the partial molar volume of hydrogen in the solid and P (¢, 0)

is the  chemical potential in stress free state. If /* pis the standard chemical

Potential of hydrogen® atom then °
V-
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o
P@e) =P +RT nc %

Where R and T have therr usual meaning. Since the chemical potential of
hydrogen is a function of ¢ and g equstion (7) can be expanded ss,

Tt e Me{grad P (00 + -—:f—(c,d) srad &}

- — Mc —— (¢, 0) grad ¢— M Me 4 (c; ¢) grad ¢ 10y

But from equation (8) :(’: (€é)=—7, and the quantity
Me ‘;_" (¢, 0) could bo defined as the diffusion coefficient, Dy,
3

Bquation (10) can then be written as

d ¢

4P (ao) _RT

Bus from equation- ©) ——
c

¢ Dy vy

Therefore J = —D ‘gadc grad ¢
0 5

Chen Min Li (1978) has suggested a similar equation to explain the
possibility of enhanced diffusivity of isotropic solute in solid lattice. In a
previous paper the author (Kandasamy 1989) has used the Chen Min Li formalism
to explain the experimental result of Lewis er al. (1987). Here the equation
has been derived from basic principles. On substitution for grad 4 from expres-
sion (@) for he stress components, the flux § s given by @

w Vi EeR b
o

—_—f — jAc[x-L/z]k ay
& | LRT K4 3 K
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Discassion

Equation (11) for the diffusion flux of hydrogen can bo written as.

P 3V2HEGDH
P A L YT P )
" H dx L*RT o
2V cE
where D =D {14 ————1}
H H 3RT

The first term of equation (12) is identical to Fiction flux term but with an
enbanced diffusion coefficient due to clastically induced stress (extension part).
The variation of this term with time could be represented by the characteristic
break through nature (Crank 1972) as illustrated by plot (a) in figure (2). The
second term also represents the effect of an elastically induced stress (bending
part) due to the inhomogenity of hydrogen distribution during diffusion process.
We can show thal this effect generates a hydrogen flux in the vegative X
direction, that is a flux against the concentration gradient. To illustrate  this
consider the second term of equation (i2) at short times, that is when

. L
D, L2<< | then the integral f G [x-1s2] dx can be approximated by - Jseax
° o

which is equal to' -L? Ac (D t/ L2)l/2 where Acis .the concentration chaiige
7 %o n °

at x=o. Therefore the second term of equation (12) is ;
T4V¢cED ac
WO 0 (D t/L2) M,

0

RT

3 3

which represents a flux in the negative direction. After a very long time, that is
when D t/L2 >0.45 say, we could assume the establishment of a steady state

of diffusion (Crank 1972). At steady state of diffusion we could assume linear
variation of the concentration across the slab thickness. At this state the

-2V cED  ac
Cl

This also represents -

second’ term of equation- (12) is
RT
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flux in the negative X direction. Therefore the variation of the second term
of cquation (12) could be represented by plot (¢) i figure (). This is in
qualitative agreement with the published results of Lewis et al. (1987) which are
reproduced in plot (d) of figure (2).

Time

TH Acbitary Unit

Fig. 2, Plot (a) Variation with time (1) of the first term of equation (12)
* for hydrogen flux J

Plot_ (b) Variation with time (1) of the second term of equation (12)

for hydrogen flux J

Plot () Variation with time (1) of the diffusion flux J given by
"

equation (12)
Plot (d) Experimental diffusion fluy J _ with time (Lewis e a. 1987),

Conclusion

An expression for the stress induced by compositional  iahomogencity
can be derived from simple Vegard’s'law. - The observed abnormal behaviour
of bydrogen diffusion can be accounted for by including the effect of stress

induced by the compositional changes in the diffusion process
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ABSTRACT : The main sources of ovidence for human evolution
are roviewsd. The pattern of diversification of primates from
their origins at the beginning of the Cenozoic era has beon
RN ‘feconstructed using a_ combination of morphological ~evidence

with the living African apes, and. throughout the Pliocene and
much of the fower Pleistocons hominids were confinad to_their
continent of origin. The earliest dentifiabla fossil hominids are
fess than 6 million years old and the origin of our own species
Canatomically modern’ Homo sapiens) probably occurred with the
Jast fow hundred thousand years. Rcant hypotheses concerning
the evolution of the unique hominid adaptation of _bipedalism
are discussed.

? Tntroduction
.- " During’ the second balf of the I19th century following the publication
of Charles Darwin's “The Origin of Species” (Darwin 1859) the theory of evo-
lution by natural selection became widely

The evidence available toda
mented by two major sources of data
lifetime. There are now a large number of for
about 6 million years ago (6
allow some of the intermediate

'y (0 students of human evolution is aug- |

that were undiscovered in Darwin's ‘
ssil_hominids, dating from
Ma) up to the end of the Pleistocene, which
stages of human evolution to be identificd
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and investigated.  Secondly there i
ated by the tecently developed methods of m;n:.,‘):’ Somparative data g
objective means of comparing the biological an.imhcs'“ ﬂ‘gy which, vald:; nn
primates, thus allowing independent meum of living species _of
morphological vidence. This article sum,
within_the phylogeny of the primates;
pithecus_and early Honm rigins nF the umqu h?.jn fm,ala
ttion of bipedalism. “The term “hominid® is used throughout 1 p-
sense of referring to the monophyletic group  that mclngdesu i dm“
closely related (o Homo sagiens than 10 any other fving primute,

Primate Evolution and the Molecular Clock ?

* Modern primates occupy forest, woodland a d
l
broadly fal within the tropical region. Their prese sm‘“"“ biomes that

1o about 65 Ma (Szalay>and Delson 1979; Martin 1990). Recent discoveries
in Algeria have shown that_ anthropoid primates, the group that includes
modern monkeys and apes, had evolved by ar least 45 Ma (Godinot aad
Mohboubi 1992). The divergence of the antbropoids into their two major
existing infraorders, the New World (Platyrrhine) and Old World (Catarrhine)
faunas, is now estimated o have ocaurced bofore 40 Ma, after which the
widening of thc Atlantic Ocean in the late Eocene would have rendered
faunal inlﬂchangc between Africa and South America improbable (Martin 1990).
he pattern of diversification of the Old World monkeys and apes
unchldmg Bumans) bas been establbed by conbining the evidene from wel
e el it the. rosais of morphological and bomoiccular o
between living roprasentaiives of the. ietentatrhin Hnesges (Mo 1990
After two. lincages become scparated the DNA aud protein sequences of species
diverge as_random genellc D iots swadily accomalate in cach ncage.
nuclear DNA, over 90 percent of which appears to be non functional, most
of this, evolurionary -change is selectively neutral since it neither benefits nor
disadvantages the organism. Most mutations in mv\‘achundr:nldl;‘*l.:ml:ec:llls;
are ‘silent’ substitutions that
cither in inom-coding resions of M€ 5 T My the. molecule, . Thus_ the rate
‘detormined by infernal factors that  are . rem
from_environmental influence, such a5 the cficiency of DNA repair - mecha-
i ime between germline replications.
wisms and the fime between germline eplewol L oo
Protein and DNA comparifis, B8 e prioate lncages (Goli
hing among i i
i:q-l"mfysgf l};?r‘:iy;ngxsxg; ‘Miyamoto and Goodman ois branchlog
pauem (Figure 1) can at least onc speciation cvent
1 branchiog ¥ vidence. The molecular phylogeay. for hominoids

indiv
against reliably dated fos
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is usually calibrated at two points, by the fossil evidence for the emeryeq

of the corcopithecoid (Old World monkey) lincage at25-35 Ma, coupieg
with a date for the origin of the lineage lcading 10 the orang-utan_ whigy
diverged from the African ape and human lineage before 13 Ma (see below
Tnterpolation of the dates of the other branching points shown on Figure |

z ° e
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Fig 1. Phylogenetic tree for liviog anthropoid primates, based on the branch
ing sequence cstablished from biomolecular and morphological ~evi-
dence. The hatched regions indicate the cxtent of the fossil
for each of the groups of living primates. Fossil evidence for the
first appearance of ihesc lincages s as follows: A. Anthropoids
(Algeripithecus); B. Catarthines (Aegyptopithecus, Propliopithecus); C.
Platyrrhines (Branisella); D. Hominoids ~(Proconsul); E. Corcopithecoids

F. Great Apes_(4fropil G. Pongines
H. ?Gorillings (Samburu Hills); I. Homi

(dustralopithecus).

might conceivably be affected by changes in the rate of molecular evolution,
which may have slowed down as generation lengths have increased during

il i ura  1987). In . fact generation length is
relatively stable among the li pes, ranging from abovt 11 years it
gibbons to between 12 and 14 years in great apes, and developmental timing
in early hominids appears ‘o tesemble that of living apes, rather than moderd
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humans (Beynon and Dean 1988). It is probable thercfore that generation
length in apes, and by inference the rate of mnewral molecular evolution,
bas changed significantly only in the terminal phase of the evolutionary history
of modern Homo sapiens.

One prediction of the ‘molecular clock’ is that humans diverged from
the African apes in the late Miocene, less than 10 Ma and perhaps as recently
as 7 Ma. The Asian middle Miocene genus Ramapithecus was formerly classified
as a close relative of the hominids (Pilbeam 1972; Szalay and Delson 1979),
but following the synonymy of Ramapithecus with Sivapithecus (Greenficld 1979),
and the identification of derived characters linking Sivapithecus to the living
orang-uian (Andrews and Cronin 1982; Ward and Pilbcam' 1983), the origins
of the hominid clade arc now thought to lie outside the Asian continent. The
divergence of the human and chimpanzee lineages must have predated the
carliest known fossil_hominids, which occur in Africa later than 6 Ma (Table 1).
An estimated date of 8 Ma for hominid origins can be obtained from the
molecular phylogeny by interpolation from a date of 16 Ma for the origin of
the orangutan clade, which in turn is bracketed by the appearance of the
ealiest known fossil great ape dfropithecus, dated to 17 Ma (Leakey ‘and
Leakey 1986) and the occurrence of Sivapithecus (a fossil relative of the orang-
utan) in Asia at about 13 Ma (Kappelman eral. 1991),

Genetic investigations of living human populations using a range of
different gene  frequency ana nucleotide  sequence data offer strong support
for an African origin of modern Homo sapiens within the last 400 thousand
years (Cann el i, 1987; CavaliSforza. ef al, 1985; Vigiant e a. 1969; Long eral.
1990; Bowcock eral. 1991). Some biologists, however, have criticised their
colleagues’ interpretations of the mitochondrial DNA data (Spuhler 1988; Excoffier
and Langaney 1989; Maddison 1991), and palacoanthropologists are divided
over the implications of the DNA results for theories of human evolution
(Mellars and  Stringer 1989; Brauer and Smith 1992). Some anthropologists
continue to advocate in situ evolution of Homo sapiens in cvery area of
Africa, Asia and Europe rather than in Africa alone (Thorne and Wolpof 1992).

The Earliest Hominids

¢ late Miocene primate fossi record in Afvica is cxceedingly sparse
(Pickford 1986), and the poriod of hominid evolution from 8 to 4 Ma is
thus poorly known. The earliest fossils that can be assigned with confidence
to the human lineage are attributed to the primitive hominid genus Austra-
lopithecus, which is present in East Africa from about 6Ma (Hill and Ward
1988: see also' Tables 1&2). The oldest fossil hominid yet. discovered is a
mandible from Lothagam in Kenya. This fossil was found in - sedimentary
v—s
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Table 1: EBarliest fossil evidence for hominids in Africa

Date Site Specimen

omic
(Ma) Autribution
30 Hadar, Ethiopia AL 2881 A, afarensis
“Lucy’ skeleton
335 Koobi Fora, Kenya  ER 2602 A. ofarensis
g cranial fragments
34 Omo, Ethiopia Omo 20-1886 Australopithecus
tooth
35 Laetoli, Tanzania LH 4 A« afarensis
mandible
<40 Maka, Ethiopia MAK VP 1.1 A. afarensis
femur
40 Beiohdelie, Ethiopia ~ BEL VP 1.1 A, afarensis
cranial fragments
.40 Feicj, Ethiopia ~ © ' FJ4 SB 12 A afarensis
. teeth
40 Kanapoi, Kenya KP 271 A, afarensis
humerus
>42 Chemeron, Kenya ~ BC 1745 Australopithecus
humeras
49 Tabarin, Kenya TH 13150 of. A. afarensis
mandible
>55 Lothagam, Kenya LT 329 of. A, afarensis
mandible
.80 Sambura Hills, Kenya SH 8531 Hominoid (¢f.Gorills)
maxilla

deposits between volcanic layers with radiometric dates of 3.8 and 8.5 Ma:
faunal correlations suggest that the specimen is older than 5.5 Ma. Although
White (1986) expressed reservations about the atiribution of the Lothaga
mandible to Australopithecus, Hill and Ward (1988) presont & convincing ¢i%
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Table 2: First and Last Appearances of Hominid Taxa in Africa
Maximum
Taxon First Appearance  Last Appearance Geographical
) (Ma) Range
A. aethiopicus 26 23 . Africa
A. afarensis >50 28 E. Africa
A. africanus 31 23 S. Africa
A. bbisei . 23 14 E. Africa~
4. robustus 9 12 S. Africa
H. havilis 24 5 Africa
H. erectus 75 04 Africa, Asia
H. heidelergensis 04 o Africa, Asia
& Europe
H. sapiens 01 - Worldwide |

The taxonomic classification adopted in_this Table follows Delson (1987)
for species in thc genus Australopithccus and  Stringer (1984) for species of
Homo. The species ‘Homo heidelbergensis' has been substituted in _place of
Stringer’s  informal taxon ‘archaic Homo sapiens’.

for its assignment to that taxon. An earlier fossil jaw from late Miocene
deposits at  Samburu Hills in Kenya is non-hominid, having closest affinities
with the extant great ape Gorila (Hill and Ward 1988). Confirmation of
this taxonomic attribution for the Samburu Hills fossil, which is dated to around
8 Ma, would provide a minimum date for the divergence of the gorilla lincage
and would therefore further constrain the timing of the origin of the human lineage.

Hominids are better represented in the carly Pliocenc with at least ten Afvican
fossil hominid sites now identified in the interval from 5 t0 3 Ma (Table I;
Figure 2). Most of the fossils from these sitcs have been attributed (o dusta-
lopithecus ofarenss, s species which is best kuown from the samples recovered
at Lactol in Tanzania and Had The posteranial fossils at
Hadar and the  foslsed hominid footprints at Laetoli provide clear ~cvidence
of bipedalism in Australopithecus afarensis, although this specics also retained
Some anatomical adaptations for arboreal locomotion (Susman e af. 1984).
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Fig 2, Map of carly hominid sites in Africa.

The earliest fossil skeletal evidence for the genus Homo appears in
East Africa beforc 20 Ma. Three isolated teeth from Member E of the
Shungura formation at Omo, Ethiopia, dated to about 2.4 Ma have besn
attributed to the genus Homo (Howell et al. 1987). At Koobi Fora in Kensa
the genus Horo first appears in the upper part of the Burgi Member. dated
to 19 Ma (Wood 1991). ‘The ype series of Homo i hifis from Oiduvai Gorge
in Tanzania includes specimens from Bed I, dated to 1.85 Ma, and from
the lower part of Bed [, dated to 1.7 Ma (Tobias 1991). Specimens thal
bave been attributed to Homo habilis, particularly the cranial remains of carl¥
Homo from Koobi Fora, arc heterogeneous in their morpholagy (Chamberlain
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and Wood I987: Licberman er al. 1988; Chamberlain 1989) aud there is cur-
rently o cleat consensus on the taxonomic status of this spesios (Tobias
1991; Wood 1991). The species Homo erectus which first appears at 1.75 Ma
in the KBS momber at Koobi Fora, Kenya, subsequeatly ocoupied . wide
region of the Old World, persisting until 0.4 Ma in North Aftica and 0,25
Ma i China (Rightmire 1990). A summary of the first and last appear-
ances of conventional fossil hominid species in Aftica is given in Table 2,

The earliest stone tools have been found in deposits dated to 2.7 Ma
a Kada Gona in the Hadar region of Ethiopia (Hartis 1986). Al sites in
Aftica yielding the remains of Hoo habilis have also produced evidence of
stone tool manufacture or use, and many antbropologists view the manu-
facture of stone tools 4s the exclusive prerogative of Homo. This assump-
tion has been challenged by Susman (1988) who argues that the fossil hand
bones of Ausiralopitiecus robustus show that this species may have possessed

i ip as sophisticated us that of Homs habiiis. The fossil remains
of ‘robust’ australopithecines are frequently found at the same sites as Homo
fabilis, and it is thus impossible 1o exclude Australopithecus as a potential
maker or user. of stone tools. i

The evolution of bipedalism

Although 4 variety of modes of locomotion have been adopted by
primates (Mortin 1990, the immediate ancestors of hominids were large
bodied hominoids that were probably adapted to climbing and suspensory
postures (Susmun e al. 1984). Several theorics have been advanced to ex-
plain the evolution of upright posture and bipedal gait, a form of loco-
motion that among primates is unique to hominids (Day 1986). Hominoids
bave been considered to be preadapted to develop bipedalism, but a large
tumber of anatomical and physiological changes arc implicated in the change
from habitual quadrupedal to bipedal locomotion (Aiello and Dean 1990).
This suggests that cousiderable advantages in energy saviog or in enhanced
tepraductive success must have accrued when hominids adopted this form of
locomotion.  Skeletal modification for bipedalism are found in the earliest
fossil hominids, and the occurrence of fossilised footprints of hominids at
Lactoli in Tunzania shows thit ibe australopithecines werc capable of walk-
ing fully bipedally.

Rodman and McHenry (1980) showed that when a bipedal animal
walks it consumes less energy than a quadruped of the same body size,
although this advantage is reversed at higher speeds. Adaptive advantages
in long distance bipedal walking might have included scavenging opportunitics
(from beiny able to follow migratiog animals: Sinclair er al. 1986), or the abiliyy
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to carry food in order to provision mothers who had dependent infangs
(Lovejoy 1981). However, recent models of early hominid social _structurg
(Foley and Lee 1989) exclude the monogamous group structure on whicy
Lovejoy’s provisioning hypothesis is founded, and there is no evidence of
the widespread adoption of hunting or substantial meat cating by hominis
prior to the appearance of Homo.

Wheeler (1984, 1991a, 1991b) has shown that by adopting a bipedal
posture carly hominids would have been able to reduce the heat load from
incident solar radiation in the middle of the day. Further efficiency in
thermoregulation would have stemmed from the loss of body hair in homi-
vids, which would have allowed effective heat removal through convective
cooling augmented by sweating. Since windspeeds are higher and air tem-
peratures and humidity are lower away from the ground surface, the bipedal
posture also enhances evaporative cooling. Wheeler (19916) argues that the
combination of bipedalism with loss of body hair cnabled early hominids to
maximise the time spent on foraging for low density or scattered resouraes
in cquatorial grassland habitats.

Alternative scenarios in which there might have been @ selective advant-
age for bipeds include the veed to detect and defend against predators
(Kortlandt _ 1980), enhancement of the efficiency of tool use (Marzke 198,
or the ability to move across steep and sparsely vegetated terrain (Jaanusson
1991). The process by which adaptations end up serving a useful function
additional to the function for which they were originally selected has been
characterised by Gould and Vrba (1982) as ‘exaptation’, It is likely that
regardless of the initial impetus for bipedalism in carly hominids, other
benefits and opportunities emerged to contribute to the success of this radical
change.
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Instructions to Contributors

GENERAL

Submission of a manuscript to the editor involves the assurance that it is
original and that no similar paper, other than an abstract, has been or - will be
submitted for publication elsewhere without the consent of the Editorial Board.

Research papers from original investigations and reviews which are criti-
cal evaluations of existing kuowledge in a specialised field are accepted for
editorial consideration. Short communications of sufficient importance to merit
publication in advance of a full paper are also accepted by the journal.

The language of publication is English. A translation of the abstract in
swabasha should be submitted with the manuscript. Every paper will be referred
10 at least one referee familiar with the field of research covered by the paper, who
will be nominated by the Editorial Board. Papers are edited to increase clarity
and case of communication.

PREPARATION OF MANUSCRIPTS

No restriction is laid on the length of the manuscript, provided it is written
clearly and concisely. All unnecessary descriptions, figures and tables must be
eliminated. The impersonal form should be used in the text.

The style of setting out, sub-division of text and lay out of tables in the
manuscripts should in general be organised in the form adopted in this issue.

Manuscripts should be submitted in triplicate including the original typewritten
copy, typed throughout in double spacing on one side of the paper only. Adequate
margins (4 cm) should be left with liberal spacing at the top and bottom of each
vage. The typescript should be free of corrections.

Each page of the manuscript should be numbered in the vpper right
hand corner, The title page should include the name and mailing address of
the author to whom the proofs should bs sent, a proposed runoing title of
not more than four words and a short list of key words to be used in rapid
scanaivg of the cootents of the manuscript. The last page should contain a
not indicating the number of manuscript pages, figutes and tables.

ILLUSTRATIONS

Al illustrations are considered as figures and cach graph, drawing or photo-
graph should be numbered in sequence with Arabic numerals. Autbors must submit
the original and two duplicates of cach figure. Figures should be planned to fit
the proportions of the printed page. The maximum space available on a page is
140 x 190 mm.



Vingnanam - Journal of Science Vol. 5, Nos. 1&2

the same in the text asin the reference list. 1n the text refer to the author’s name
(without initial) and year of publication, followed, if necessary, by a shon re.
ference to appropriate pages. E.g. “Since Peterson (1967) has shown that,
“This is in agreement with results obtained later (Kramer, 1969, pp. 1216y, 1f
reference is made in the text to publications written by more than two authors,
the name of the first author should be used, followed by “er al.”. This indica-
tion, however, should never be used in the list of references, where the name of
authors and co-authors should be mentioned instead. The list of references should
be arranged alphabetically on authors’ names, and chronologically per author, [F an
author’s name in the list is also mentioned with co-authors, the following order
should be used. Publications of the single author, arranged according to public-
ation dates, publications of the same author with one co-author and  publics
tions of the author with more than one co-author. Use the following system:

JOURNAL

Selman, I. W. and Kulasegaram, S, (1967) Development of the stom tuber in
Kohlrabi. Journal of Experimental Botany, 18, 471 - 490. Journal name should
not be abbreviated.

BOOK
Slatyer, R.O. (1967) Plant Water Relationships. Academic Press, London. 366 pp

SECTIONS. OF BOOK.

Skoog, F. and Miller, C.0, (1957) Chemical regulation of growth and organ
formation in plant tissue cultured in Vitro. pp. 18- 131. Tn: Symposia for the
Society of Experimental Biology XI. The Biological action of growth substances.
University Press, Cambridge.

In referring to a personal communication the two words are followed by the
year, e.g. (J. McNary, personal communication, 1968).

CROSS-REFERENCES
The cross reference cannot be finally inserted until the page proof is available.

Type them: “‘scc page 000", In the margin pencil the page number of the cross
reference in the manuscript.

FORMULAE

Formulae should be typewritten, if possible, leaving ample space around the
formulae, Subscripts and superscripts should be set off clearly. Greek letters and
other non-Latin or handwritten symbols should be explained in the marein when
they are first used. Take special care to clearly show the difference between Zer0.
(0) and the letter O, and between one (1) and the letter I. Give the meaning Of
all symbols immediately after the equation in which they are' first used. For
simple fractions use the solidus (/) instead of a horizontal line.
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Figures must be drawn in_ fndian ink on plain white paper or board tracing
per, not larger than twice the lincar dimensions desired. Drawings should be
Jettered with a lettering set; lettering should be kept large enough to be clearly
Jegible after a reduction of S0 to 60%; if this is not possible all letters and numerals
mus: be inserted clonrly and lightly in blue pencil and not in ink. Wherever pos-
sible small figures should be grouped to fill a page,

Each figure should carry a legend so written that the general meaning of cach
llustration can be understood without reference to the text. The amount of
lettering on drawing should be reduced as far as possible by transferring it to
the legend. Figure legends should be typed on a separate sheet and placed
at the end of the mavuscript.

Grapbs should be plotted on white or bluclined graph paper or tracing
cloth; grid lines that ace to be shown in the engraving should be inked in black.
The caption of each axis should be lettered parallel to its axis. Each figure
should be identified in the margin with figure number. The preferred position
of all illustrations should be indicated in pencil in the manuscript.

PHOTOGRAPHS

Good glossy prints with sharp_contrasts between black and white areas
should accompany the manuscripts. The size should be such that when the print
is reduced to the normal size for reproduction (140 x 190 mm maximum) the
detail is still clear, Magnification should be indicated with a scale line on the
photograpli. Figure number should be given on the back of each photograph.

TABLES

Tables should not repeat data which are available elsewhere in the paper.
Each table should be typed on a separate sheet with due regard for the propor-
tions of the printed page. They should be numbered conscoutively with Arabic
umerals. Tabulated matter should be clearly set outand the number of columns
in each table kept as low as possible. Tables should have legends which make
their general meaning clear without reference to the text and all table columns
should have explanatory headings. Units of measure should be indicated in
parentheses in the heading of cach column. Vertical lines should not be used and
horizontal rules used only in the heading and at the bottom. Footuotes to the
tables are to be placed directly below the table. Each table should carry on
the back of the sheet the author’s name and figure number. The preferred position
of tables should be indicated in pencil in the manuscript.

REFERENCES

All references to publications made in the text should be presented in a list of
references following after the text of the manuscripts. The manuscripts should be
carefully checked to ensure that the spelling of authors names and dates are oxactly
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e.g: Ip/2  rather than —
2

. 'm
Parentheses and square brackets are preferred in formulac. Accolades should be
used only when they are absolutely necessary. Equations should be numbereg
serially in the right-hand side and in parentheses only equations explicitly reforred
10 in the text need in general be numbered. The use of fractional powers instead
of root signs is recommended, Also power of ¢ arc often more conveniently de-
noted by exp. Tn the chemical formulae, valence of ions should be given a

— + -
eg Ca and CO3 not as Ca or CO3,  Isotope numbers should precede

the symbols, ¢.g. 180, Use of superscripts added to superscripts and subscripts
added 1o subscripts should be avoided, if possible.

SHORT COMMUNICATION

The journal may include a limited number of  short communications.
Authors should submit short communications only when they believe that rapid
Ppublication of their result is of the utmost importance. A short communication
must not exceed 1200 words, should be complete in its own right and suitable for
citation.

PROOFS

Corrected galley proofs must be returncd to the editor without delay.
Failure to do so will result in dolay in publication. Correction of proofs
by authors must_be restricted to the printer’s and similar errors, They should be
marked in pencil. Any modification of the original text is to be avoided. Res
ponsibility for correcting proofs rests entirely on the authors though cditorial
assistance will be provided.

REPRINTS

Twenty reprints will be supplied free of charge for cach article, Additional re-
prints can be ordered on the reprint order form which will accompany the proof.
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