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WATER RESOURCE MANAGEMENT FOR
JAFFNA PENINSULA

S. Rajadurai *
Department of Agronomy, Faculty of Agriculture,
University of Jaffna,
Jaffna, Sri Lanka

I have chosen this topic for my
presidential address at a time when
many scientists expressed their concern
over the quality and quantity of under
ground water in Jaffna peninsula. The
population in the peninsula totally
depends on  underground  water
obtained from the dug well for their
consumption, crops and livestock,
Industry and Institutional needs. We
have been using the under ground
water in a sustainable manner for
centuries.

I will be discussing the water resource
management under five areas such as
e Nature of water source in
peninsula

e  Quantity of water available

e  Water management

e Quality of water

e Improvement of  water
resources

L]
Nature of water resource:

In the peninsula the limestone is the
main aquifer of ground water. This
aquifer has several isolated caves and
cavernes capable of storing ground
water without evaporation losses. In
nature it is an excellent aquifer. The
entire ground water is generated from
percolated rainfall and it forms a fresh
water lens beneath the peninsula. It is
found that the fresh water lens do not
extend below the base of the limestone.
This fresh water lens is sustained by
the buoyancy of fresh water in relation

* President, Jaffna Science Association 2003 - 2004

to sea water. The difference in densities
between fresh and sea water (1.0,1.025)
giving a ratio of 40:1; that in every
meter of fresh water above the sea level
requires a depth of fresh water lens of
40 m when no mixing between fresh
and sea water takes place.

There is no sharp interface between
fresh and sea water. In reality there is a
transition zone where the ratio of 40:1
can be applied to the 50% Isoclor. The
top of the transition zone is determined
by the electrical conductivity of 1000
micro mho. The fresh water is floating
on saline water get recharged by
vertical percolation of rain water and
discharged by horizontal flow to the
nearest coastal periphery. The interface
is in dynamic equilibrium getting
depressed during rainfall and rising up
by coning process during extraction of
water via dug well.

Hydrology:

Peninsula gets an average rain fall of
1300mm with the minimum of 847 mm
and maximum of 1900 mm. Most of
this rainfall received during the north
east monsoon from September to
December.

The pan evaporation is 1224 mm per
year with the value of 3 mm per day
during the rainy season of October to
December and 4 mm per day during the
dry period of March to August. Within
the peninsula “Uppu Aru” and
“Vadamarachchi lagoon” splits the

1



S. Rajadurai

fresh water lens into three ground water
bodies and causing salinity.

The core of the fresh water lens of the
three ground water bodies has a
maximum thickness of 15 to 29 m from
the water table to the top of the
transition zone.

The difference in the level of water
table between the wet and dry season
has observed approximately 1.0m. Near
coastal boundary the fresh water body
become thin and brackish.

Therefore the ground water extraction
is only becomes feasible in areas
distant from lateral boundary where the
thickness of the lens is 5 to 10 m. In
certain location of island and
Vadamaradchchi deep sand deposits
form essential aquifer. Under these
sand deposits also there is depressed
interface between sea water and fresh
water held in dynamic equilibrium
forming substantial ground water
aquifer.

There are more than 100,000 open dug
wells 3m or more in diameter. The
large density of wells indicates the
heavy extraction of fresh water. Over
extraction of water has lead to a
widespread increase of salinity. Beside
this there are more than 1000 small
ponds of one hectare or more in size
cut into the ground water table and
Serve as reservoir.

Water Resource Management..........

Assessing available water:
Computation of available water
quantity as an annual renewable
resource is given below.

Catchment area - 1000 m?
Average rainfall - 1200 m?
Effective infiltration - 80%

Yield from catchment area
= 0.8x1200x1000x1000x1000

1000

=960, 000, 000 m’
Evaporation losses

=616, 000, 000 m’
Ground water recharge potential

=344, 000, 000 m’

Total water requirement:
Total water requirement has to be
calculated on the following basis,

a)_Consumption:
Human consumption (drinking and

washing), may be 150 to 300
1/day/person

b) Crop production:
Crop water requirement can be

~ calculated on the basis of consumptive
_ use of water. :

For different crops and the extent
cultivated  under  these  crops
consumptive use of water for the
important crops are given below.

Crop Duration Consumptive use of water
(days) (mm)
Onion 70 -80 900
Chilli 120 1200
Potato 80 -90 900
Tobacco 90 -100 1000
Pulse crop 70 - 80 750

¢) Livestock requirement

Proceedings of Jaffna Science Association, Vol. 12, No. 2 2
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S. Rajadurai

Water requirement for livestock has
to be calculated based on the
population. In 1980 the total
population of cattle, goat and sheep
was 120,000, 90,000 and 5,000
respectively.

d) Industrial requirement
The total industrial requirement can
be calculated based on the type and
number of industries. In 1997
Number of industries functioning

Water Resource Management..........

e) Institutional requirement
Water requirement for institutions
such as universities, schools,
‘government and private sector
institutions also have to be calculated.

Quahty of water:

> Good quality drinking water should

be free from pathogenic organism,
clear, not saline, free from offensive
taste and smell and free from
inorganic and organic chemicals.

were,

i) Small, medium and cottage WHO standards for inorganic
industries - 2090 chemicals in drinking water is given
ii) Service industries - 558 below;
iii) Industries not functioning
- 453
Compounds WHO standard
in ppm
Alluminium 0.20
Chloride 200
Copper 0.10
Manganese 0.05
Nitrate as N 10.0
As NOy 45.0
Phosphate 0.3-1.0
As 0.05
Cd 0.003
Cr 0.005
F 1.5 |
Recent studies reveal that the chloride nitrogenous  fertilizer ~and  heavy

extraction of water for crop irrigation
increase the nitrate level in ground
water.
Salinity level and nitrate content of
ground water in few locations are given
below.

and nitrates levels increased in ground
Intrusion of

from shallow wells closer to the sea
High  application  of

Proceedings of Jaffna Science Association, Vol. 12, No. 2 3
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Water Resource Management

Salinity status
Location Salinity level (mg/l)
Araly 289
chunnakam 081
Karaveddy 704
Kayts 221
Ninathivu 905
Vaddukoddai 11
Valvettithurai 224
Velanai 064
Vasharawathai 270
(Maximum permeable is 200 mg/l)
Concentration of nitrates (NO;’) in year 2000
Location Nitrate (mg/l)
Chavakachcheri 45
Jaffna town 60
Kaithady 40
Karaveddy 50
Urumpirai 75
Kayts 45
Kondavil 62
Manthuvil 40
Tellipalai 45
Thinnaveli 80
Vaddukoddai 40
Velani 48
Kodikamum 40

(Maximum permeable is 45 mg/l)

Proceedings of Jaffna Science Association, Vol. 12, No. 2
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The result shows the high level of
chlorides and nitrates in most of the
location. High levels of nitrates in
Urumpirai, Kondavil and
Thinnaveli are mainly due to the
intensive crop production with high
rate of nitrogenous fertilizer
application.

Improvement of water resource:

In improving the underground water
resource two major aspects of
increasing the quantity of available
water and ensuring the quality have
to be considered.

Increasing the quantity of ground
water:

The two lagoons of Vadamarachchi
and Uppu Aru occupy 40 km’ water
spread. Due to the salt water in the
lagoons the underground fresh
water reserve beneath the peninsula
is split into three parts. If the salt
water could be kept out of the
lagoon then the three fresh water
lenses could unite and form a much
larger lens and significantly
increase the .fresh water storage
capacity. To achieve this, three
barrages at Thodamanaru, Ariyalai
and Arali have to be constructed to
prevent the sea water flow into the
lagoons. The possible volume of
rain water that could be harvested in
the catchment areas are 174 and 507
million m* from Uppu aru lagoon,
and Vadamarachchi lagoon
respectively. On this basis 78
million m’ of percolation water per
day from Uppu aru lagoon and 282
million m’ from Vadamarachchi
lagoon percolated into the saline
aquifer will improve the quality and
quantity of ground water.

Water Resource Management..........

Further high rate of recharge of
ground water could be achieved if
the runoff is prevented by
increasing the site infiltration
through contour bunding.
Renovation of more than 1000
ponds which will act as a reservoir
will also help to increase the
recharge of ground water.

Rain - water  harvesting  for
consumption and minimizing the
withdrawal of irrigation water based
on crop requirement also important
to increase the quantity of ground
water. Every household can harvest
adequate rain water for drinking
purpose. Rain water is clean and
unpolluted. - This  approach is
essential for the areas facing salinity
problem. Constructions of 6 m’
cistern at each house is sufficient to
harvest rain water for drinking

purpose.
Quality enhancement:

Salinity and nitrate content are the
two major factors that affect the
quality of ground water in Jaffna
peninsula.

Salinity level could be minimized
by,

% Prevention of sea water
intrusion.

% Increasing the infiltration by
reducing the run off.

% Reducing the withdrawal of
irrigation water based on the
crop  requirement  through
modernising  the  existing

irrigation system by
introducing sprinkler and drip
system.

Proceedings of Jaffna Science Association, Vol. 12, No. 2 5
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Nitrate level of ground water in

more intensive crop production
areas can be reduced by,

e Rational use of Nitrogenase
fertilizer.

e Use of more organic fertilizer.

Water Resource Management..........

Split appilication of nitrogenase
fertilizer.

Avoid excess irrigation after
fertilizer application by
modernising  the  irrigation
system by introducing sprinkler
system.

Proceedings of Jaffna Science Association, Vol. 12, No. 2 6
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PERSPECTIVE OF CAMPUS AREA NETWORK

S. Mahesan *
Department of Computer Science, University of Jaffna,

Jaffna, Sri Lanka

Ladies and Gentlemen...! » Topologies of networks
» Types of Network:

With the beginning of the era of the » (LAN, CAN, MAN, WAN)
great  mechanical systems and » Internet
automobile systems, the distance > Internet services
between countries and continent » Intranet
became less and less. The key » VPN
technologies of the 20th century, » Wireless Network (Bluetooth)
namely, communication technology » Components of Communication
and information technology make the System
world even smaller. The globe becomes » Protocols
a global village. Keeping ourselves » Components of Simple Network
joins the new era of information and » Transmission Media
communication technology is » Connectivity Devices
inevitable. It is fortunate that Jaffna has
begun to join to the cyberspace to and also

obtain and exploit many services
available around the world. Still there
are gaps......!

At this juncture, 1 thought it was
appropriate to give perspective of the
would be network of the Jaffna
University. Before we look into the
campus-wide network that I give you a
gentle and humble introduction to
many aspects network and related
jargons in plain English, which would
make yourselves enlightened with
regard to network, and make you
realise the need of it, and thus you find
yourselves urged to make use of
network.

We shall look at the following in a
not-so-technical manner:
Definition of Network.

Models of Network:
Peer-to-peer and Client Server
Servers

Why Network: Use of network

YVVVVY

we shall briefly look at ourselves as
where we (the Jaffna University) are
and an overview of the would be
network connectivity of University of
Jaffna.

Computer Network
*  An interconnected collection of
autonomous computers
- Interconnected --- capable of
exchanging messages
- Autonomous --- do not
control one another

Models of Networks
e peer-to-peer model

A type of network in which each

workstation has equivalent

capabilities and responsibilities
The following figure shows a typical
configuration of a peer-to-peer network
connectivity. In this model all
computers/workstations are of the same
level of functionality. They are clients

Chairman, Section B, Jaffna Science Association 2003 — 2004 7



S. Mahesan Perspective of Campus .......

receiving services from other devices. They all share data among themselves.
Workstations

Advantages of a peer-to-peer Disadvantages of a peer-to-peer
network: network:

Less initial expense - No need for a Decentralized - No central repository
dedicated server. for files and applications.

among equals
r network,

¢+ Client/server model on the network can request services
A network in which one or more from the server
computers act as a server (service
provider) and the other computers

clients
Server, at the back-end, stores requests from clients and responds to
and retrieves data, receives the requester.

Proceedings of Jaffna Science Association, Vol . 12, No. 2 8
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Clients, the front end, have
interface for making request

Clients

service from servers and data
manipulating tools to work on
its own.

Advantages of client/server
network:

The following are the most observed
advantages of client-server networks.
Centralized - Resources and

data security are controlled
through the server.

Scalability - Any or all
elements can  be
replaced individually as
needs increase.

Flexibility - New
technology can be easily
integrated into system.

Interoperability -

All components
(client/network/server) work
together.

Perspective of Campus .......

Accessibility - Server can be accessed

remotely and across multiple

Resources are controlled by the file server
in a client/seruver network.

Clients

platforms.

Disadvantages of client/server
network:

The following can be listed as
disadvantages of client-server
networks:

Expense - Requires
initial investment in dedicated
server.

Maintenance - Large networks
will require a staff to ensure
efficient operation.

Dependence - When server goes
down, operations will cease
across the network.

Types of Servers:

There are several types of servers used
in computer networks such as web
server, messaging server, database
server, file server, application server
etc. Examples include the following:

Proceedings of Jaffna Science Association, Vol . 12, No. 2 9
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File Server Web Server

Print Server

Perspective of Campus ......

Application Server

Messaging Server

Web server
—  Microsoft Internet Information
Server
- Lotus Domino Server
= Apache Server

Messaging/Mail server
- Microsoft Exchange Server
- Lotus Notes Server
-~ Send Mail

Database server
- Microsoft SQL Server
- Oracle SQL Server

Why Network?

Why do we need network? There are

many advantages that make our tasks

easier, quicker and more efficient.

« - Documents, data or a database can
be shared.

For example, Course materials on a

server or in Lecturer’s public folder

can be viewed or copied by all

students, perhaps at the same time.

«  Databases can be
distributed/decentralised:

Fragments of a huge database can be

physically at different places, but

perceived as if it were at the same

place,

For example, Students records of

different faculties may be maintained

separately by respective faculties, but

as fragments of a single huge database

which can be perceived as one, for

example, by welfare officer or

admissions officer.

*  Work can be distributed and done
with high performance

A task comprising several subtasks can

be distributed over several computers

rather than on a single one,

A kind of parallelism is achieved

without having expensive parallel

computers.

» Expensive hardware resources can
be efficiently shared
A network of many computers can
optimally share hardware resources.
Sharing the resources in a network
environment is much less hazardous
than sharing without network
.For example, a network 25
computers may share a colour laser
printer, a couple of dot-matrix
printers, a fax modem, a scanner,

Proceedings of Jaffna Science Association, Vol. 12, No. 2 10



S. Mahesan Perspective of Campus .......

DVD-ROMS, a backup storage For example, a student can chat with

device etc. other students and  with his/her

teacher while they are online
Broadcast is the technique of
displaying an event all over a
network. What you see is what I
see, and what I want you to see

*  Sharing Applications Software
Applications  software can be
centrally installed and be used by a
group of users (at the same time).

For example, a compiler for
Prolog language can be stored
on a central computer, and other
machines can use this compiler
_to compile individual
programmes on other computers
connected to the central
machine as (thin) clients.

*  Data can be easily maintained:

For example, a teacher can

make the students see on

their computers what the
teacher can see on his/her
computer.

e-mail system can be set up:

An e-mail system can be set up
within a network.

One can leave a message

for another one to read at

Data on computers in a network his/her convenient time.
can be easily backed up on to
central storage devices, and

restored from them as appropriate.

Topologies (shapes) of Networks

* Computers(or nodes in network
jargon) can be connected in different
ways so that they form different
basic geometrical patterns:

e Chat/Broadcast can be achieved:
Chatting is an online

interaction by exchanging * Bus
textual information or by * Ring
speech with audio « Star
input/output devices. ' We shall see each of these patterns

(shapes or topologies) one by one:

(a) Bus

In this network set up, data travels back Advantages

and forth (and thus the name "bus"). +Easy to connect a computer or
Nodes should be intelligent to peripheral to a linear bus.

recognise data meant for them, and to +Requires less cable length than a star
sense the free-bus to upload a message topology.

Proceedings of Jaffna Science Association, Vol . 12, No. 2 11
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File Seruer

Disadvantages

-Entire network shuts down if there is a
break in the main cable.

-Terminators are required at both ends
of the backbone cable.

-Difficult to identify the problem if the
entire network shuts down.

-Not meant to be used as a stand-alone
solution in a large building.

(b) Ring
In this network setup nodes are
connected to form a ring. Data

Advantages

+Easy to install and wire. :
+No disruptions to the network when
connecting or removing devices.

+Easy to detect faults and to remove
parts

travels in one direction. As of bus,
nodes must be intelligent.

Advantages
+Short Length Cable
+No wiring closet space required
+Suitable for Optical Fibres

Disadvantages

-Node failure causes Network Failure
-Difficult to Diagnose faults
-Reconfiguration difficult

-Affects the Access Protocol

(c) Star
In this topology all nodes are
connected to a central point (hub).
Nodes are communicated with each
other via this central point.

Disadvantages

-Requires more cable length than a
linear topology.

-If the hub or concentrator fails, nodes
attached are disabled.

Proceedings of Jaffna Science Association, Vol. 12, No. 2 12
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-More expensive than linear bus
topologies because of the cost of the
concentrators.

Perspective of Campus .......

These are the basic topologies in which
nodes in a network have to be
connected. There are also variations of
these types or combination of these
types. Notables of these include mesh,
tree-bus and ring-star topologies.

(d) Mesh:

In this topology which is mostly used
by defence department, all nodes are
connected to each other so as to make
sure to establish a connection between
two nodes even some links get
disconnected.

Advantage:

+perhaps fault tolerant

Disadvantages:

- Computers with high configuration
needed

- Heavy and messy cabling

- Costly

(e) Tree-Bus

In this topology, many networks of
bus-topology are connected in the form
of a tree. The following figure shows
an example;

Proceedings of Jaffna Science Association, Vol . 12, No. 2 13
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This provides the convenience of
splitting the large network into small
ones connected conveniently.

It suffers the disadvantage of bus
topology anyway.

Ring-Star
In this topology many networks of star
topology are connected in a ring. The

Types of Network
Networks can be categorised in to
several types according to their
dimension or the geographical spatial
spans. Three notable types are known
as:

@ LAN - Local Area Network

¥ MAN -Metropolitan Area
Network

& WAN - Wide Area Network

The properties of each of these
networks can be listed in a brief form
as follows:

Local Area Network:
*  Networking in a moderate spatial

area

*  Within a building or an
establishments

*  Peer-to-peer communication via a
direct common  physical

media (10/100/1000/10000Mbps)

Perspective of Campus ......

following figure shows an example of
such a set up:

This again has the advantage and
disadvantage of star and ring topology.
We have so far seen different
topologies  in which Computer

Networks can be set up. Now let us
have a look at different types which are
categorised with respect to the physical
dimension of the network:

\ ;lia-s

Owned by a single organisation
(private network)

L +  Star, Ring and Bus topologies

Metropolitan Area Network:

. Networking in a larger area -
among blocks of building or
among major cities

. Communication via telephone
lines/Cable TV lines

. Owned and operated as public
utilities

. May Interconnect LANs

Wide Area Network:

. Spans a large geographical area,
often a country or continent.

. Contains a collection of
machines (hosts) intended
for running user programs.

. Hosts are connected by a
communication subnet which is
typically owned and operated by
a telephone company or Internet
Service Provider.

The following figure depicts a typical

wide area network consisting of

Proceedings of Jaffna Science Association, Vol. 12, No. 2 14
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networks of different topologies being
connected through routers (portal
nodes). Connections of portal nodes

Perspective of Campus .......

themselves form a subnet. These
portal nodes are also known as
gateways.

The world's largest wide area network
is the Internet!

The Internet — Connection to
Millions of Computers:

Making links between computers has
resulted in a very large interconnected
network  publicly known as The
Internet. There are millions of
computers in the network linking
academics, research, government,
commercial institutions and other
organizations and individuals. In short,
the world's largest wide area network is
the Internet.

Internet Services:

The services that are fundamental to
many services are the following:
Electronic mail (e-mail)
Remote Login (Telnet)
Transferring files (FTP)

News groups (Usenet)

World Wide Web (WWW)

The above services except for the last
one have been in use among academics

and research institutes since long
before the Internet becomes a known
entity among the general public. After
the introduction of the web application
named World Wide Web only, the
world's largest interconnected network
has been in use by public, and
interconnected network gets the title as
The Internet!

Let us see what these services are:
E-Mail: It is like an ordinary mail
service, but travelling through the
networks from the sender to the
recipient. Sender and Receiver
must have addresses which are
provided by the Internet service
providers  (ISPs). Send and
Receiver must also need mail
application tools to compose, send ,
receive and to read an e-mail. The
following figure shows a snapshot
of such an application tool
provided by Yahoo!Mail -- a free
mail service available on the
Internet.

Proceedings of Jaffna Science Association, Vol . 12, No. 2 15
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Perspective of Campus ......

| ddress @http:ﬂaa,f&u:u".ma,ily‘yahoo.:om!vm/ShowFolder?rb=Inbox&lesetn1&V 842

Check Mail | Compose:

heck Other WAl BT | boX
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File Transferring (based on

file transfer protocol (ftp))

e FTP allows you to attach to
a computer and transfer
files back and forth,

e FTP sites contain books,
articles, software, games,
images, sounds, multimedia,
course work, data sets, and
§0 on,

e Some FTP sites require
specific user names and
passwords, whereas some
accepts anonymous logging
in, -

Telnet (Remote Log-in)

Telnet is a program that allows you to
log into computers on the Internet and
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F i piimn AT Sl | e cndiitl] e Y L

use online databases, library catalogues,

chat services, and more,

e To connect to a computer using
Telnet, its address would be
required, and (port specification
might also be required)

World Wide Web

e The WWW is an architectural
framework for accessing linked
documents spread out over
thousands of machines all over
the Internet. The web (WWW) is
basically a client server system,
The web pages at web sites are
usually written based on these
frame work.

Proceedings of Jaffna Science Association, Vol. 12, No. 2 16
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° HTTP  Hypertext Transfer
Protocol makes Web
navigation very easy, and gives
way to produce hypertext —
text with hyperlinks point to
other web objects.

o WWW makes the perception
of a collection of hypertext
documents distributed over the
world but linked with
hyperlinks as if they came

from a single site (starting site).

° Hyperlinks take you to the
objects wherever they are (or
rather bring the objects to your
front from wherever they are).

° WWW  makes the Internet
popular  among  ordinary
citizens giving access to
information virtually on any
matter on the internet: ranging
from University matters .... to
Kids’ interests

(see the last section of this article for

snapshots of various sites).

Video Conference
One of the most important aspects
of the internet is the ability of
having video conference.

+  Distance learning becomes
viable.
+  Expertise knowledge
becomes readily available.
+ Live and Interactive
sessions possible
+  Recorded Sessions can be
‘played back.

- Broadband connectivity
for the synchronisation of
video & audio data
required.

- Hardware requirement to
be fulfilled.

Perspective of Campus .......

Intranet

Intranet is actually an internal network
of an enterprise with internet
technologies adopted:

® Generally makes  company
information accessible to
employees and facilitate working
in groups

e Can have their own mail system
and  websites and  video
conference environment

e Intercom facilities via the net with
analog and digital phones.

e Typically also includes a
connection to the Internet

VPN - Virtual Private
Network

A set of nodes on a public network
such as the Internet that communicate
among themselves using encryption
technology so that their messages are
as safe from being received and
understood by unauthorized users.

The network is secured because the
functionality is same as if the nodes
were connected by private lines. Thus,
VPN can be described as a wide area
network formed of permanent virtual
circuits (PVCs) on another network.

So far we have seen how the Internet
can be useful to us. Now we have a
look how these computers
communicate and how a particular
node is recognised and so on. We start
with components of data
communication.

Components of data
communications
This includes

® Sender -- Source
Computer

® Message --- Packets of
Data

Proceedings of Jaffna Science Association, Vol . 12, No. 2 17
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(] Receiver - Destination

Computer
Medium --- Medium of Link

Protocol ---Scheme or rules
and regulations to technically
follow

Sender, Message and Receiver have
the same meaning as their name and
thus readily understood. We shall have
a close look at protocols first and then
at media when we see components of
media of network.

Protocols:

There are several communication
protocols available. We shall have a
quick look at some of the most
common protocols:

TCP/IP (1977) -
Transmission Control
Protocol/Internet Protocol

Developed by the U.S. Department of
Defence to connect nodes and to
interconnect dissimilar networks. TCP
provides the data-transport functions,
while IP provides the routing
mechanism. TCP/IP is a routable
protocol.

NetBEUI (1983) - NetBIOS
Extended User Interface

Pronounced "net booey". This
is Windows' native network protocol.
NetBEUI does not contain a network
address, so it is a non-routable protocol.
This means data cannot be routed from
one network to another.

TELNET (1969) -This protocol
specifies how telnet programs should
send data back and forth, allowing for
interactive text sessions. Telnet
programs are a type of terminal
emulation program.

Perspective of Campus .......

FTP(1973)- File Transfer
Protocol

FTP, a client-server protocol
which allows a user on one computer
to transfer files to and from another
computer over a TCP/IP network.
Also the client program the user
executes to transfer files.

HTTP (1990) - HyperText
Transfer Protocol

HTTP defines how messages
are formatted and transmitted, and
what actions Web servers and
browsers should take in response to
various commands.

POP3 (1996) - Post Office
Protocol, Version 3

A protocol that allows a user
to retrieve e-mail from a mail server
by way of an Internet connection.

SMTP (1982) Simple Mail
Transfer Protocol

A protocol used to transfer e-mail
between computers. It is a server-to-
server protocol.

Computers (or nodes) in a network
should have a unique address to
communicate with each other. The
addresses are given as numbers. They
are called IP addressing. Next we shall
see briefly about IP addressing.

IP Addressing:

IP addresses are used to identify

individual computers in a network

e It uses a 32-bit number to address a
computer in a network.

e For simplicity of writing
the number, a ‘dot’
convention is used to write
the number rather than
writing the 32-bit value.

e 32-bits are divided in four
8-bit groups. Value of each

Proceedings of Jaffna Science Association, Vol . 12, No. 2 18
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group is written in decimal
separating with dots.
An example: The address
indicated by the number
3,232,235,782 is written
as 192.168.1.6 in the dot
convention.
(First the number is converted in
binary as
1100000010101000 0000
000100000110 then each

Perspective of Campus .......

group of 8 bits is converted to decimal
form and then the four numbers are
written separated by dots.

Computer networks are classified into
five groups based on the IP addressing.
The

following chart illustrates how the
addressing starts for nodes in the each
of the classes.

Class A [0] prefix |

class ¢ [1]1]o]

class 0 [1[1]1]o]

class E [1[1]1]1]

bits 01234 8 16 24 31
suffix |

ciass B8 [1]0] prefix | suffix ]
prefix [ suffix |

multicast address |

reserved for future use |

According to class, the number of
d.ifferent networks and number of

computers in each network will vary.

Address  BitsIn  Maximum Number Bitsin  Maximum Number Of

Clazs  Prefix of Networks Suffix  Hosts Per Network
A 7 128 24 16777216
B 14 16364 16 65536
C 21 2097152 f 256

So far what we have seen the software
requirement and addressing

methodology for data communications
system. Now let us have a look at the

Proceedings of Jaffna Science Association, Vol . 12, No. 2 19
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requirement of hardware for a simple ¢ Connectivity Devices
network. *  Workstations
* Servers

Major Components of a Network Interface Card:

Simple Network
*  Network Interface
Card (Network
Adaptor)
*  Media

These are called cards as the
components fitted on a thin firm card,
and they are connected to computers via
PCI port. The following figure shows a
typical network card:

A card you insert into an
expansion slot or PCI port
of a personal computer or
other device, enabling the
device to get connected to a
network

Works with a particular
network technology
Available for desktop and
mobile computers

They come as built-in
onboard in modern
computers as a chip.

They are connected to
network cable usually
through RJ45 connectors

Proceedings of Jaffna Science Association, Vol

Media

Media are two types: Wire and wireless

First let's have a look at wire media:

Various types of cables are used for

connectivity. They can include:

e  Shielded Twisted Pair cable (STP)

e  Unshielded Twisted Pair cable
(UTP)

o (Co-axial cable

e  Fibre optic cable

.12, No. 2 20
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Shielded Twisted Pair

Jackst

!

L]
y
%@

. Two
Shield Twisted
Pairs

Shielded twisted-pair cable
consists of one or more twisted
pairs of cables enclosed in a foil
wrap and woven copper
shielding. The shield further
reduces the tendency of the
cable to radiate EMI and thus
reduces the cable’s sensitivity to
outside interference.

Shielded cables are an essential Unshielded twisted pair

for networking where

interference is significant. For ‘ Unshielded twisted-pair cable
example, near an airport or doesn’t incorporate a braided
telecommunication centre etc. shield into its structure.
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The 8 wires are connected to
connectors in a specified order
Orange
Pair 2

Green| Blue |Brown
Pair3 | Pair1 | Paird
i | g ey

RJ-45 JACK
EIA/TIA 568A STANDARD

llere is an image of an RJ45
connector.

UTP cables are categorised into
five groups according to their
table list them:

Perspective of Campus ......

according to standards such as
EIA 568A or 568B etc.

Green
Pair 3

Orange| Blue |Brown
Pair2 | Pair1 | Paird
e e, o

(17

i b
RJ-45 JACK
EIA/TIA 568B STANDARD

o

conductivity good enough for a
purpose. The following
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Type Use
Voice Only (Telephone
Categoryl Wire)
Category?2 Data to 4 Mbps (LocalTalk)
Category3 Data to 10 Mbps (Ethernet)
Data to 20 Mbps (16 Mbps
Category4 TokenRing)
Data to 100 Mbps (Fast
Category> Ethernet)
Data to 1000Mbps (Fast
Category6 Ethernet)
For a local area network CATS Coaxial cable
cables or the enhanced category It is like the antenna cable for a
known as CAT5e have been colour TV. Connectors for this
used. CAT6 cables are essential cable are called BNC connectors,
for networks where data travels named after Bayone- Neill-
at speed of 1000Mbps (mega Concelman,
bits per a second)
Conxial cable

il e Thir Pl CONNACT PES o
in anoftice natwork.

Insulating material s
Coppes wire Contuciofu

Proceedings of Jaffna Science Association, Vol . 12, No. 2 23



S. Mahesan Perspective of Campus .......

Etwenet HIC

Fibre-Optic Cable

Fiber-opFibr ble

A plastic outer sheath

A metal wire holds the fibers tcfibre r

gives support
to the cable

An outer plastic
coating protects
the fiber insfibr

_ A reflective shield
A single fiber —"fibre | | helps channel light
b

A fiber consipy

of a single yiass

or plastic tube
Fibre optic cables are essential with regard to network connectivity
backbones of faster networks. The specifications and distances.

data travels as light signals in one
direction only. Data loss is very
minimal compared to other cables.
Speed is high and travels to longer
distance.

The following tables list categories of
twisted pair, coaxial and fibre cables
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Specification Cable Type Maximum length
10BaseT Unshielded Twisted Pair 100 meters
10Base2 Thin Coaxial 185 meters
10Base5 Thick Coaxial 500 meters
10BaseF Fibre Optic 2000 meters
100BaseT Unshielded Twisted Pair 100 meters
100BaseTX Unshielded Twisted Pair 220 meters

Wireless media include radio waves
and infra-red (IR) waves. Radio wave
used for satellite communication, line
of sights transmission, broadcasting etc.
IR waves may be used for a small

Micrawave Trangmlasion

Cammunications
4y

transmission

Short-range radio wave is used’
to transmit data among

Point-to-point

wireless LAN, which is suitable for a
temporary set up. It is a line-of-sight
transmission media rather than radio
waves,

Broadcast
transmission

Bluetooth™-enabled devices. A
Bluetooth device is a device
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with a small chip that allows it
to communicate with other.

Bluetooth technology enables us
to connect various (Bluetooth
enabled) peripherals to the
computer with no cord. It is
true not just for computer
peripherals but also for home
appliances like TV, Radio,
Refrigerator, microwave oven
etc. You may be able to check

Next we turn to connectivity devices.

Connectivity Devices
Connectivity devices are
used to connect nodes in a
network and various
networks together. Different
types of devices would be
necessary depending on the
types of networks to be
connected. The devices that

Repeater

Perspective of Campus .......

the stock list in the fridge from
your computer at home or while
driving or at the office.

have been used include the
following:

Repeater

Bridge

Hub

Switch

Router

Gateway

Modem

Repeatar

Proceedings of Jaffna Science Association, Vol . 12, No. 2

The electrical signal reaching the
repeater from one segment, will be
amplified and retransmitted to the
other segment. Using repeaters slows
the signal's propagation, and thus the
amount of repeaters should be limited.

The following figure shows a network
of networks connected with repeaters:

26
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Repcater 7

LRI 4
i

GND
Bridge network or to link two geographically
Bridges are used to increase the distant but similar networks

number of addressable nodes on a

Bridge 1 Bridge 2

LAN1 LAN2 | LANZ

Hub: a passive hub but also replicates data
Hub is a central point of connections, it receives from one device attached to
having analogy to a wheel hub, Such a it to all others, Nowadays hubs mean
hub is called a passive hub. There are active hubs,

active hubs too. An active hub is like

The diagram given below shows a forms geographically a star topology
network connected using a hub (it network)
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Switch
Switches do the job hubs and more,

Hubs boost the incoming signals and
propagate to all other nodes connected
to it. In addition to it, switches do a
kind of routing identifying the node to
which a particular data packet meant
coming in, rather than sending all in
coming signals to all other nodes.

Also there are manageable switches —
manageable by computer programs.
For example, a link can be unlinked
logically by the program rather than
physical unlinking. When the number
of nodes is high in a network, a switch

is a much preferred device than a hub,
and for a hybrid type of networks and
for interconnected networks, switches
are essential.

Router

A major feature of a router is that it
chooses the best route between
networks that may have multiple paths
between them. IP addressing and
subnet masking are used to route data
packets

Proceedings of Jaffna Science Association, Vol. 12, No. 2 28



S. Mahesan

 Router

Subnet

136,67 64

192.114.36

20568158

207.8‘8,1 50

4
*

- .,.,W.,g

Gateway
Gateways interface two dissimilar
networks. Gateways translate one

network protocol into another, thus
overcoming both hardware and
software incompatibilities.

Gateway

Modem

(Modulator/Demodulator)

Modem is also a connectivity device
bridging the analogue lines and digital
lines. This makes data travel to long

Proceedings of Jaffna Science Association, Vol. 12, No. 2

distances through public telephone
lines. :

29




S. Mahesan

A modem modulates digital signals
into analogue (telephone) signals, and
then demodulates the analogue signals
into digital signal. When data travel
through telephone lines they travel as
analogue signals, but they travel as
digital signals on the LANs.

Modem comes as an internal modem (to
fitted as Card on PCI), as external
modem, and as built-in on the mother-
board of a computer.

Next we shall see pictorially a LAN, a
network of LANs ( or a CAN --
campus area network), and a WAN.

Digital Pulses

Perspective of Campus ......

Audial Tones

e The following figure shows a
LAN onnecting via hub sharing
resources like a scanner and a
printer. Also there is a server
perhaps a user management server
(domain controller) and/or a file

server.

e The following figure shows a
network connecting three LANs
and a server. A campus area
network may be a network
connecting 10s or 100s of LANS,
and connecting such networks.

The following figure shows a
wide area network connecting to

outside world through a router
and a modem:
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The (would be) network of University diagram depicts the scenario in a bit
of Jaffna would have the connectivity more details:
similar to the above. The following

Proceedings of Jaffna Science Association, Vol. 12, No. 2 31
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University of Jaffna
Mdin Campus and Medical Faculty
Possible Links
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This figure shows the connectivity of campus and the Medical Faculty).
network in Thirunelvely premises
(main ]
The following shows an overview including RAFA, SIDA, Kilinochchi
diagram of the University connectivity and Vavuniya Campus too.
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University of Jaffna

[ Ramanatian Academy of ™|

s

sy, 450 km
: _—
,\ 2Mbmﬂ;%
\
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S12K08, 206 g

.
RRE T
N
.

'
| Vavuniya Campus ]

The figure shows the connectivity to
the internet service provider (ISP) too.
We need to connect to an ISP to
connect to the rest of the world,

I shall stop with this, More and more
facts in more and more details can be
delivered about ever growing
techniques such as of Computer
Network., What I have delivered so far
is to enlighten you with the more

common  aspects of computer
networks, and the advantages of
computer networks.
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Appendix:

As mentioned earlier in this talk, the
following pages show the snapshots
various sites ranging from News and
Govt. releases to Kids’ Interest and
Common articles.  Seeing  the
snapshots would hopefully make you
be aware of the breadth of spectrum of
the use of the Internet:
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Government Releases
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E-Business
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Spiritual Matters
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REPRODUCTIVE HEALTH.

K. Sivapalan*
Department of Physiology, Faculty of Medicine.
University of Jaffna.
Jaffna, Srilanka

1. Introduction:

Reproduction is defined  as,
“production of further individuals like
oneself or itself by sexual or asexual
means”.

Reproductive Health is defined by the
World Health Organization as, “a
condition in which reproduction is
accomplished in a state of complete
physical, mental and social wellbeing
and not merely as the absence of
disease or disorders of the reproductive
process”. The ability, particularly of
woman, to regulate and control fertility
is an integral component of
reproductive health package (1).

Sexual and reproductive health is at the
centre of human dignity, relationships
and well-being. The private nature of
sexual and reproductive health does not
diminish its significance on the lives of
men and women in every culture.
Every where in the world sexuality and
sexual behaviour have profound
consequences on individuals, families,
and societies (8).

The following illustrates the magnitude
of the problems related to reproduction
globally in 1990 (2):

Over 100, 000,000 sexual intercourses
take place every day.

From this, 910,000 conceptions and
336,000 sexually transmitted infections
occur daily.

Of these pregnancies, 50 % are
unwanted.

150,000 unwanted pregnancies are
terminated: 33% under unhealthy and
unsafe conditions with 500 maternal
deaths due to abortion daily.

1370 women die daily due to
pregnancy related problems and many
times more this number have narrow
escape with significant physical and
psychological injuries.

25, 000 infants and 14,000 children
[aged 1-4 years] die each day.

World Health Organization
initiated the special program of
research, development and research
training in human reproduction in 1972.
Traditionally, health aspects of human
reproduction have been dealt with
through the public health approach of
“Maternal and Child Health”. As
knowledge accumulated, it became
apparent that several other aspects of
reproductive activity needed research
and development.

Objectives of reproductive health
programmes are to ensure that people,
[11]:

% Have the capacity for healthy,
equitable and responsible
relationships  and  experience
healthy sexual development and
maturation.

% Achieve their reproductive
intensions — the desired number
and timing of children — safely and
healthfully;
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% Avoid illness, disease and
disability related to sexuality and
reproduction and,

% receive appropriate counselling,
care and rehabilitation when
needed; and avoid injuries related
to sexuality and reproduction and
receive appropriate counselling
when needed.

2.Sexual health of men and women
[sexuality]

Mutually fulfilling sexual relationship
is an important requirement for mental
health of men and women. Ideally
sexuality should be expressed through
a series of emotions that include love
and caring, and when sexual acts take
place, their joy should be shared
equally by both the man and the
woman. But sexuality can also involve
anger, violence, coercion, abuse and
rape. These can have serious
consequences on the partners and the
children conceived.

The factors that affect satisfaction in
sex act are not completely understood.
Studies indicate that not everybody
experience orgasm every time. The
environment, mental state, physical
state and social state may influence the
outcome. A major problem is that
sexuality is often surrounded by strict
social, moral, and religious beliefs and
these make objective study on the
subject difficult (3).

As for men, apart from mental state,
erection and ejaculation are two
important  physical = components.
Problems with erection [impotence]
and ejaculation can be caused by
psychological or physical problems.
Incidence of these problems in the
society needs to be studied. Similarly
there are females with structural or
functional  abnormalities of the
reproductive organs. If they could not

Reproductive Health

relax the vaginal sphincter
[vaginismus], they may experience
severe inconvenience in the act.
Further, several false beliefs and taboos
about sex exist in the society. It is very
likely that behavioural problems are
caused by them.

Female genital mutilation is practiced
in certain societies. Some societies
practice female circumcision which is
removal of clitoris which is the most
sensitive area of the female genitalia.
Others excise the external female
genitalia and leave only an opening of
the vagina. These practices are cruel
attempts of preventing promiscuity.
Affected females are denied their birth
right of enjoying sex and satisfying
their mental needs.

Male circumcision performed in certain
societies is associated with reduced
incidence of cervical cancer in the
females of those societies which could
be a beneficial effect. However, it is
not known whether the operation is
performed under aseptic conditions, if
not whether wound infections occur,
and whether it is associated with
disfigurement or psychological trauma.

Sexual feelings develop during

‘adolescence but the social needs delay

the age of marriage. This causes a
serious conflict in the minds of
unmarried  young  persons  and
challenges their sexuality and socio
cultural norms.

There are people with excessive or
diminished sexuality. Mental, social or
physical background of such persons
needs understanding. The effects of

~ war and displacement on our society

also have to be studied.
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3.Reproductive tract infections

There are natural defence mechanisms
to prevent normal infections. When
people neglect personal, sexual and

menstrual hygiene, infections can occur.

Further there are systemic infections
like mumps and conditions like
diabetes which can infect or promote
infection to reproductive organs.
Sexually transmitted
infections are a group of infections
which are transmitted by direct contact
of infected reproductive organs with
that of the partners. These include,
bacterial infections like syphilis,
gonorrhoea, and chlamydiosis,
protozoal infection like tricomoniasis,
and viral diseases like AIDS, genital
herpes and genital warts. While some
infections cause local discomfort and
disease without serious consequences,
gonorrhoea, chlamydiosis and syphilis
can cause serious complications
including infertility. Early treatment of
these can result in complete recovery.
AIDS has no treatment and it causes
death by disabling the immune system.
People commonly delay or fail to
obtain appropriate treatment for
reproductive tract infections (12).
Prevention of  sexually
transmitted infections is easy in theory.
Living one man and one woman as the
only and permanent sexual partners [as
a family] will eliminate almost all
possibilities of spread of sexually
transmitted diseases. Other rare
modes of infections are blood
transfusion and indiscriminate use of
needles among drug addicts. Use of
male or female condom prevents direct
contact and avoids infection if sexual
partners are likely to be infected. But
lack of knowledge, discomfort,
carelessness and several other factors
lead to non use of condom. Sex
workers and casual sex seems to be the
main causes of the spread of these
diseases. These factors necessitate

Reproductive Health

educating all those indulging in sex
about safe sex and the importance of
prevention of infection (12). Methods
have to be employed to detect ant treat
reproductive tract infections early.
Estimated annual incidence of curable
sexually transmitted infections world
wide in 1999:

Gonorrhora - 62 million.
Clamydiosis - 92 million.
Syphilis - 12 million.
Tricomoniasis - 174 million.

Incidence of sexually transmitted
diseases observed in the Teaching
Hospital Jaffna (46),

Gonorrhoea - 12.5%
Syphilis - 40.6%
Genital warts - 6.25%
Others [herpes] - 0.625%

4. Fertility regulation and infertility,

Fertility is the probability of producing
a child. There is an argument that the
fertility is a natural phenomenon and
whether we have the right to interfere
with it. Reproductive tract infections,
pregnancy wastage and several other
factors caused reduced fertility in the
past. High child mortality of the past
also necessitated high fertility. Now,
as a result of improved health care,
fertility and child survival has
increased. . Fertility regulation has
become a necessity.

Perspectives of fertility control:

At the population summit of the
world’s scientific academics held in
New Delhi on 24-27 October 1993, the
scientists warned that if the population
grows as predicted and human activity
remains unchanged, science and
technology may be powerless to
prevent widespread poverty and
irreversible damage to the environment
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(4). This is environmental perspective
of fertility control.

There is a reproductive perspective for
fertility control. Prevention of
unwanted pregnancy while maintaining
sexuality is one aspect. Increasing the
time space between pregnancies will
improve child survival and provide safe
mother hood. Further it empowers
women to take charge of their lives,
pursue  carriers - for economic
development, and contribute to society
as men. Another important aspect is
prevention of sexually transmitted
diseases which prevents acquired
infertility.

Difficulties with fertility regulation:
Although changing slowly, attitudes
favouring high fertility remain a major
reason why couples in some societies
do not use contraceptive methods.
Certain societies value women on the
number of children she has. A study in
Nigeria found that men wanted to have
more children than women [7]. Gender
roles play an important part in couples’
decisions on fertility regulation. Men
are often active and dominant in
making decisions about fertility
regulation and choice of contraceptive
methods. Employment, education,
urban  location, land shortages,
increased costs of child rearing, late
marriage and participation of women in
house hold economic decision making
were found to be associated with lower
fertility rates.

Presently available methods are
abstinence, withdrawal, safety period,

condoms, oral pills, injections, intra "

uterine contraceptive device (loop),
male and female sterilization. All these
methods have advantages and
disadvantages. Every individual or
partners have to choose the most
appropriate method to suit them.

Reproductive Health

Educating the users and selection of the
appropriate method is very difficult and
demands hard work on the part of the
health workers who have the
responsibility of introducing the
devices. Educating females may be
less effective if the males have the
power of choosing and deciding on the
contraceptive method. After selecting
one method, people tend to give up or
change over to another because of one
or other side effect or inconvenience.
The failures of modern contraceptive
methods are frequently due to
ignorance about how to use the
methods properly [7].

Knowledge and attitude of local
population regarding fertility control:
When 60 mothers who visited the
antenatal clinic at teaching hospital,
Jaffna with more than 3 children and
have not practiced any modern
contraceptive method were interviewed
(27),

80 % felt that they should have used
contraceptive methods.

49 % had objections from relations.

28 % had objections from husbands.

25 % felt that contraceptives are bad
for health.

25 % had no access to family planning
methods.

20 % family planning is against
religion [Muslims].

17 % wanted to have more
children.[Muslims]

When 125 mothers in antenatal clinic
in Jaffna were interviewed, 96% knew
at least one method, most knew female
sterilization.  Education and work
status had no effect on the knowledge.
Mothers who wanted to have more
children preferred to have space of two
years between babies (26).

Of the 115 male Jaffna school teachers
studied, 29 % had adequate knowledge,

Proceedings of Jaffna Science Association, Vol. 12, No. 2 49



K. Sivapalan

47 % had moderate knowledge and the
others had no knowledge. Among the
married teachers only 31 % had
adequate knowledge. 90% thought that
family planning will reduce economic
burden, and 57 % considered that it is
good for maternal and child health. Of

the married, 66.5 % had followed
contraceptive method and 37 % of
them had given it up due to various
reasons (38).

Among the traditional medical
practitioners, 53.1% did not accept
family planning as a necessity; 78%
prescribe family planning methods.
Their ~ knowledge was  grossly
inadequate (39).

All these indicate that there is a big
deficiency of knowledge about fertility
control in our society in keeping with
the data from the Asian region.

New developments in fertility control:

Intense research is going on to improve
the methods of fertility control. For
example, long acting contraceptives

Reproductive Health

like progesterone injections and
implants cause irregular bleeding.
Experiments are being carried out on
vaginal implants of hormones which
can easily be removed when bleeding is
desired (5). Anti progesterones are
being investigated as post ovulatory
and post coital contraceptives. New
condoms made of new polymers which
are more user friendly permitting better
transmission of physical sensation are
being devised.

Surgical = procedures for female
sterilization are also being studied:
instruments are to be inserted through
vagina into uterus and back to the
Fallopian tube and block by various
permanent or removable material to
facilitate revision if desired. Similarly
various simplified techniques for
vasectomy are also under investigation.
Funding for these research projects is
difficult because the manufacturers are
reluctant to invest on new products
because of the conflict in the global
contraceptive market [3] as shown
below.

Consumers. Revenues.
Developing countries 70 % 16 %
Developed countries. 30 % 84 %

Adolescents and contraceptives [3]:
Economic progress, urbanization, and
displacement have been accompanied
by a shift in traditional values
associated with sexuality with the
result that many youngsters engage in
sexual relations before marriage. In
many societies it has occurred against
the backdrop of strict traditional
customs and the society.  Family
planning services are often unprepared
in terms of providing information on,
and the services of, fertility regulation
to adolescents.

Impact of environment on fertility:

Every stage in the complex process of
reproduction is vulnerable to damage
from environmental factors (4). The
costs of such injuries are often high,
and include sub fertility, intrauterine
growth  retardation, spontaneous
abortion, and various birth defects.
Moreover, the human reproductive
process can be harmed by a tremendous
range of complex and multifactorial
environmental influences. Infectious
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diseases, malnutrition, and poor living
conditions are important in developing
countries. Chemical pollution,
radiation and stress have become major
threats in developed countries.

Average sperm count was 113
million/ml in 1940 and 66 million in
1990, and the volume was 3.4 and 2.75
ml respectively.

Infertility:
60-80 Million couples are infertile
worldwide. Core infertility is found
only in 3-5 % of the above. Rest have
acquired  infertility =~ which  are
preventable.

Male, female or both can be
responsible for infertility in a family.
Core causes in males can be testicular
abnormalities or ejaculatory
abnormalities. ~ Acquired causes in
males are, infection to reproductive
tract by a variety of organisms;
commonly due to sexually transmitted
infections like gonorrhoea. Females
may have structural abnormalities as
core cause of infertility. Very
commonly they become infertile after
abortion or first child birth due to
infection to reproductive tract or after
pelvic infections. Sexually transmitted
infections also cause large amount of
infertility among women.

The ability to reproduce is a basic
element of reproductive health.
Infertility in itself may not threaten
physical health but it can certainly have
a serious impact on the mental and
social well being of the infertile
couples. In many countries the stigma
of infertility often leads to marital
disharmony, divorce, or ostracism [of
the wife]. The suffering experienced
by an infertile couple can be very real

2).

Reproductive Health

Consumption of alcohol is associated
with oligozoospermia, poorly motile
sperms, ~ and abnormal  sperms.
Impotence also was associated with
alcoholism (21).

In most couples defects can be
corrected and they could have normal
conception. When it fails, assisted
fertilization can be of help. Failure
rates of the assisted fertilization
remains high.

5.Health of pregnant and lactating
mothers [safe motherhood].
Pregnancy is not a disease. It is an
essential physiological state for the
family and survival of the society.
Every year, about 210 million women
become pregnant. About 30 million
(15%) develop complications, which
are fatal in 515,000 (1.7%) cases. This
represents the greatest disparity
between developed and developing
countries: 99 % of the maternal deaths
occur in developing countries (13).
Maternal mortality remains high in all
countries of the South Asian region
except in DPR Korea, Sri Lanka and
Thailand.

More than 70 % of maternal deaths are
caused by five conditions:

Cause Percentage of deaths.
Bleeding after delivery 25 %
Infection after delivery 15 %

Unsafe abortion 13%
Hypertensive disorders 12 %.
Obstructed labour 08 %.

Diseases that are
aggravated by pregnancy 20 %.

Pregnant and lactating mothers are
vulnerable to malnutrition and ill health.
Proper antenatal and post natal care and
nutrition can prevent most of the ill
health and complications.
Preparedness to face  obstetric
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emergencies could save more lives of
mothers and babies. Identifying at risk
mothers at the Primary Health Centres
and hospitalising them early and
making good transport facilities from
rural areas to the hospital in case of
unexpected emergencies are the steps
to be taken to minimise maternal death.

Positive and negative aspects of
traditional practices of caring mothers
and babies need investigation.

Healthy family is the basic requirement
for development of a healthy baby. At
the same time, a women’s health
should not be affected by caring for the
baby.

6.Unwanted

pregnancies and
abortion,
As mentioned earlier, about 50 % of all
pregnancies are unwanted. The

commonest causes of an unintended
pregnancy are lack of access to, or
failure to use, a contraceptive method
or failure of the method itself. Forced
sexual intercourse and male dominance
in  matters of sexuality and
reproduction may be indirectly
involved in many cases (14).

Apart from human costs in terms of
mortality, morbidity and suffering,
unwanted pregnancy can place a heavy
burden on health resources of poor
countries when women seek abortion
as a solution. Abortion is sought as a
solution to unwanted pregnancy by
unmarried as well as married women
with  children. Another serious
consequence is introducing unwanted
babies who grow into unacceptable
personalities in the society.

About 25 — 30 million of the annual
abortions performed world wide every
year are done so in relatively safe
conditions. But even safely performed

Reproductive Health

surgical abortion carries risks: injury to
the cervix or uterus, haemorrhage,
incomplete evacuation, and pelvic
infection are possible complications.
Research is going on to develop
chemical induction of abortion without
any harm.

The consequences of induced abortion
vary greatly between countries
depending on whether abortion is legal
or illegal [7]. Where it is illegal, the
procedure is carried out under unsafe
conditions, with life or health
threatening  implications. It
accompanies often by adverse
economic and social consequences.
The more obvious complications of
such abortions are serious infections,
sepsis, haemorrhage, and sometimes
death. In contrast, where abortion is
legal, having an abortion (in a
legitimate clinic) is a decision with
minimal or no health consequences,
often with very little or no expense to
the woman and the family.

A study of the abortions in the teaching
hospital Jaffna in 1991 revealed that 5
% were caused by trauma, 15% by
emotional disturbance and 23 % were
induced. All the induced abortions
were in women with 3 or more children.
All of them were infected (33). In
another study in 1998, 71.67 % of the
abortions were spontaneous and the
others were induced. Causes of
spontaneous abortion were physical
activity, trauma and acute febrile
illness (40). 11.76 % the women with
induced abortion were unmarried.

About 125,000 — 175,000 induced
abortions are carried out for a year in
Sri Lanka. 55 % of the abortion
clientele were below 30 years of age.
People believe it is accepted legal
procedure. Abortion clinics have come
up in Colombo (17). Of the woman
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admitted to the hospitals in Colombo in
1992 with history of abortion, 64 %
came with induced abortion. These
pregnancies were unplanned and due to
failure of traditional methods of
contraception (18).

Induced abortion: should it be legalised
for safety of the mother or prohibited
for moral issues and the risks involved?
The law of the Government of Sri
Lanka prohibits it. But people in
Colombo consider abortion as legalised
and acceptable procedure. LTTE has

legalised abortion within 12 weeks of '

amenorrhoea if done by a qualified
doctor.

7. Child survival.

In the world as a whole, infant
mortality (per 100,000 births) has
declined from 103 in 1970 to 71 in
1990. Child mortality declined during
the same period from 165 to 105. One
third died in the first month, next third
between 1 and 12 months. Last third
died between 1 and 5 years of age.
Many deadly childhood diseases have
been controlled by vaccination (2).

Malaria proves to be difficult to combat.

HIV/AIDS threatens to offset the gains
of the child survival programmes.

Other factors associated with child
mortality are, short spacing between
children, teenmage motherhood, low
birth weight, foetal tobacco syndrome,
avoiding breast feeding, and non
availability of health services.

Mean birth weight of the babies born in
the Teaching Hospital Jaffna was 2.884
Kg with S.D 0.5249 Kg in 1990. 21.6
% of the babies were born with low
birth weight. Mean Sri Lankan birth
weight is 2.990 and 23.8% low birth
weight (24). The average birth weight
is in keeping with Sri Lankan standards

Reproductive Health

but still number of low birth weigh
babies is a serious concern.

Breast feeding:

Among the mothers in Kokuvil -
Kondavil area in Jaffna, colostrum was
given to the baby by only 44.7 %.
Higher education level correlates with
early bottle feeding (35).

When 90 mothers were studied in the
teaching hospital after delivery, 45%
came with feeding bottle: 19% with
first pregnancy, 12% with second, and
13% with third pregnancy. Reasons for
bringing the feeding bottle were, fear
that they won’t have enough milk,
weakness of the mother, advice of
others, anxiety and lack of confidence.
42.5 % babies with bottle feeding had
illness within 2 weeks- respiratory
illnesses and diarrhoea (34).

88.3 % of the mothers Kokuvil East,
Jaffna were breast feeding.  Their
knowledge was very poor, only 25 %
knew the right time to start breast
feeding (25).

Ideally, every mother who delivers a
child should breast feed the baby.
There appears to be several miss
conceptions and fears and other factors
that may reduce breast feeding. It is
important to study the present state of
breast feeding among the mothers here.

Still birth:

In a study of still births at G. H. Jaffna
47 % of still births were associated
with smoking fathers. Others were
associated with hypertension, diabetes
Mellitus, epilepsy, malaria (41).

Contribution of environmental and
social factors leading to abortion and
still birth should be looked into.
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Child development: rights of the
child.

The convention on the rights of the
child, adopted by the General
Assembly of the UN on November
1989, states that the children need
special care and protection because of
their  vulnerability. Full and
harmonious development of the
children requires family environment,
atmosphere of happiness, love and
understanding. They have the right to
live, health care, education,
development, evolving capacities,
name, nationality and preservation of
identity. Their opinions have to be
respected. They should have freedom
of expression, association, protection of
privacy, and access to appropriate
information (55). Wrong information
about life and sexuality can spoil them.
Whether our children enjoy all the
above for full and harmonious
development or not is a big concern.

A good example is a study on the
reasons of absenteeism among
secondary school students was found to
be, illness of student- 24.5%, illness of
others in the family- 7.6%, insecurity-
3.2%, priority not given to education-
39.3%, inadequate facilities- 9.48%,
necessity to work- 8.58 %, no proper
teaching in school- 4.83% (31).
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Child abuse:

Sexual abuse in child hood is a major
problem in the society. In Galle,
abusers of boys [18.5 % of 474 studied]
were: brothers 5, relations 23, teachers
4, priests 5, neighbors 27, and older
women 19. Abusers of females [4.6 %
of 420] were uncles, brother in law,
enemy; many girls did not mention the
abuser which suggest that it might have
been the immediate family member
which becomes incest (19). Further,
5.6 % of the males have abused other
children; most of them were abused by
others as children.

Among the medical students in the
university of Jaffna, 22.8 % were
abused as children; 55.1 % of them
were abused sexually (44).

Knowledge about child abuse was
adequate among primary school
teachers in Jaffna. 10 % of them were
abused as child, by parents, teachers or
principal. The abused teachers had
positive attitude about child abuse (50).

In a study on harassment among
students who have completed GCE O/L
in 2002, 85.3 % boys, 96% girls said
that they were harassed at least once.

Boys % Girls %
Verbal harassment 79 93
Visual harassment 31 67
Physical harassment 21 43
Did not know about
being harassed before 31 12
the study

Further, 10 boys [7%] and 1 girl were
involved in sex by males. Boys were

b

harassed by friends and girls by
strangers.

T e e .

-
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Prevalence of childhood abuse among
promiscuous individuals was greater
than the normal population. Pedophilic
activity was high among those who
were abused in childhood. Child abuse
is a vicious cycle; it should be
prevented (20).

Mental, physical and psychological
development of the children depends
on several factors ranging from food to
mass media which are of great concern
for the development of a healthy
society.

8. Adolescent health:

Sri Lanka and Thailand have
brought down maternal mortality rate
and achieved a high contraceptive
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prevalence rate. Therefore, the
reproductive health programmes are
focussing on  development  of
adolescent health services [11].

Studies showed that for adolescents in
several countries, knowledge about
reproduction  and  contraceptives
frequently was low or incorrect.
Knowledge does not translate
automatically into safe practice of safe
sex. Nor does lack of knowledge mean
that young people will abstain from
sexual intercourse [7].

Large numbers of adolescents become
sexually active before marriage. The
table below shows the results of studies
about adolescent sexuality:

Country Age at first intercourse. Percentage of adolescents.

Korea Adolescent Females 49

Chile 14-17 years 51

Panama 17 years. 58 [of 424 pregnant women]

Peru 10-24 years. 40 [of 1150 night school
students]

Peru - | 15 years. 22 of sexually active women.

Uganda 14 — 17 years. 45 [sample of 400 women]

Immature reproductive tract of
adolescents is easily infected by STD
and other organisms. Other
consequences of adolescent sexuality
are unwanted adolescent pregnancy,
abortion and disease [7]. As a result, a
young woman may face interrupted
education, undesirable marriage, social
stigma, health dangers, infertility and
even death. A Mexican study shows
that pregnant girls who choose abortion
continued studies and were assertive
while those continued with pregnancy
discontinued  studies or stopped
working. They continued pregnancy
because they did not have enough
money.  They tried self induced

Proceedings of Jullia Scichice

abortion by injection of different drugs,
tea infusions, eating quinine tablets,
engaging in heavy physical activity and
SO on.

Reproductive health information must
be provided to adolescents because
they become sexually active due to
social, environmental and other factors
without any  knowledge  about
reproductive health aspects. If the
culture and the society are unable to
prevent adolescent sexuality, then they
must have access to adequate
information and services of
reproductive health.
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Adolescents in Jaffna:

First year A/L students from Jaffna
more about family planning methods
than girls. Majority wanted to have
courses on reproductive health and
related topics but they did not want to
learn from parents or teachers (28).

Among A- level students of Jaffna
division, 9.9 % thought that woman can
conceive by methods other than sexual
intercourse [touching, kissing ect.].
Most of the students have poor
knowledge and negative attitude
especially regarding the development
of secondary sexual characteristics,
masturbation,  conception,  sexual
intercourse and Sexually Transmitted
Diseases (42).

In the College of Education —
Jaffna, 110 students [39 males 71
females] were studied. 35 females
avoided talking about sex because of
shyness. Males were more
knowledgeable. 50 % of both sexes
were positive about legalization of

Experience.
Childhood sex before 13 years-
Experienced masturbation-
Experienced petting techniques-
Experienced intercourse
Premarital intercourse is wrong
Masturbation as out let
Fantasising as out let.
Distracting mind as outlet

58 % of arts and 73% of
medical students in the University of
Jaffna consider that novels and films
are major source of sexual stimulation
(51).  Adolescents indulge in sex
because of lack of sports and other
facilities (9). So providing adequate
facilities for recreational activities will
lead to more healthy and responsible
younger generation.
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Hindu College and Vembadi Girls
College were studied. Boys knew
abortion. 15.4 % of males and 2.8% of
females had premarital  sexual
experience (49).

Most female undergraduates in the
University of Jaffna had inadequate
knowledge about sexuality. They do
not talk about it because of shyness.
Main source of information on sex is
books (43).

Knowledge on sexuality- masturbation,
menstruation, vaginal discharge,
nocturnal emission, homosexuality and
heterosexuality- was very poor among
female medical students at the Faculty
of Medicine, Jaffna and insufficient
among male students, even at final year
(30).

Sexual experience and attitudes to sex
were  studied among unmarried
preclinical medical undergraduates of
the University of Jaffna (32)

% of males. % of females

66 20
95.5 28
50 20
13.5 4

69 93
64 4

12 10
26 64

Sexual violence during adolescence has
far reaching psychological and
behavioural consequences. It invokes a
sense of vulnerability and
powerlessness as well as shame, guilt,
fear of sex, and inability to distinguish
affection from sexual exploitation. It is
also associated with early onset of
sexual activity, a greater risk of
unprotected sex (15).
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Teenage pregnancies and marriages:
A Study was conducted on 47 females
who married before the age of 20 in
Gurunagar and Navanthurai areas. 24
were legally married and others living
together: 10.7 % proposed and 89.3 %
were love marriages. 54.8 % met their
partner on displacement, 23.8 % were
school love, others started while living
in same place etc. 38.5 % were
involved in premarital sex and 19.3 %
conceived before they were married
(48). When women who had their first
pregnancy at teen age and attended the
teaching hospital were studied, 6%
were unmarried; and 7.9% conceived
before marriage. 56.2 % eloped but
now have parental support. 87.1 % had
no idea of contraception before

Reproductive Health

9.Domestic violence and Sexual
abuse.

The fourth World Conference on
women, held in Beijing in 1995,
reaffirmed the concept of the
reproductive health while advancing
the idea of women’s fundamental
human right to reproductive and sexual
self-determination and the notion of
sexuality and sexual health as being of
central importance to people’s
wellbeing (8).

Violence against women is defined as
“any act of gender based violence that
results - in, or is likely to result in,
physical, sexual, or psychological harm
or suffering to women”. Wife beating,
rape, or sexual abuse is increasingly

Incidence of

becoming pregnant (53). recognized as major social and public

health problem (15).
domestic violence in the world:

Country % affected women.

Colombia- 20

Chile- 26

Mexico- 33

Kenya- 42

Uganda 46

Egypt 35

Malaysia 39

Korea 42

Uttar Pradesh 45

Tamil Nadu 37

Bangladesh 47

Canada 27

Norway 25

USA 28

In Kokuvil Kondavil area, Jaffna 40.25
% of the women is battered. Low
income, low education, high family
size and alcohol were associated with
battering. 31.4% of the women did not
say beating is wrong; 11.4 % said that
it was correct (36).

In many societies wife beating is
accepted and justified as part of
married life — as social norm. Studies
that show societies rejecting it as
unacceptable practice are rare. Not
only is domestic violence a violation of
women’s human rights, it is also a
major public health problem and a
significant cause of female ill health:
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25 % of emergency admissions due to
injury in a Mumbai hospital were due
to domestic violence.  Other than
physical injury, they have problems
like chronic head aches, sleep and
eating disorders, substance abuse, and
mental ill health.

Domestic violence excludes, “acts of
violence perpetrated against children;
sex selective abortion, forced sex by
dating partners, sexual assault by
strangers, female genital mutilation,
violence against women in conflict
situations  and  among  refugee
populations, trafficking in women and
forced prostitution, and indeed all acts
of violence against women sexual and
other that are perpetrated by non family
members. These are sexual abuses.

Reproductive Health

Verbal abuse and pressurising or
suppressing females in our campus has
an element of sexual abuse of women.

In Jaffna, 30% of the working women
are sexually harassed during travelling.
Younger, unmarried women are more
harassed. 25 % are sexually harassed
in working place [19% of them mainly
young women did not reply]. They did
not take any action against the abusers
because of fear of revenge, society
blaming them for the same and
disgrace to the family prestige. They
suffer silently (45)

Marital rape has been reported by
women in several studies:

Country % of women
Colombia- rural 7
Colombia- urban 9

Mexico 6
Central America 12

India 10

These may be underestimates. Sexual
coercion, physical violence, verbal
abuse, and other forms of abuse exist in
unknown quantities.

Consequence abuse for reproductive
health is more acute. Women should
be able to engage in safe sexual
relationship free from coercion and
disease, make choices regarding
pregnancy and fertility regulation and
go through vpregnancy and child
bearing safely, and seek appropriate
care for themselves and infants.

10.Menstruation:

Among the girls in Jaffna, 21 %
complain of premenstrual syndrome;
73 % of them use pain killers (29).
When 135 teachers from Vembadi
Girl’s College, Chindikuli Girls’college,
and Tamil Convent were studied, 84.6

% had one or more symptoms. 42. %
had dysmenorrhoea. 58.5 % of the
teachers stay at home

during menstruation.  90.9 % of
dysmenorrhoeic and 73.3 % of non
dysmenorrhoeic teachers reported of
having decreased performance capacity
during menstruation (37). In a study
among the medical students in 2002, 89
% had dysmenorrhoea. Daily work
was affected in 50 % because of this.
Lectures were disturbed for 31 %. 85
% of the sufferers take analgesics (47).

Menstruation  causes  considerable
inconvenience and suffering to women.
Proper investigation and supportive
measures become necessary to ensure
health for women and equal
opportunities to compete men in catrier
prospects.

Proceedings of Jaffna Science Association, Vol. 12, No. 2 58



K. Sivapalan

11.Menopause

Menopause occurs at the end of the
reproductive period. It is not to be seen
in the literature on reproductive health
probably because it is not reproductive.
However, all problems experienced by
women at this phase are consequences
of having been reproductive. It is,

Reproductive Health

therefore, proposed that relief from
menopausal symptoms and problems
like uterine prolapse have to be
considered as promotion of
reproductive health.

Menopausal symptoms and associated
factors (54):

Symptom % women suffering
Reduced libido 61 %
Backache 56
Limb pain 51
Headache 46
Depression 39
Insomnia 39
Night sweating 38
Giddiness 38
Hot flushes 22
Malaise 21
Chest pain 16
Hypertension 16
Uterine Prolapse 11
Body itching 10
Dysparaunia 5

Wide variation in the age of onset of
menopause has been observed in
different parts of the island: in central
province, 49.3 with SD 3.7 (23), in
Colombo 51.12 (22), and in Peradeniya
46 with SD 5 (54).

12.Discriminatory laws and policies

that affect reproductive health [9]:

- Policies that deny adolescents
access to reproductive health
services.

- Laws and practices related to
female genital mutilation.

- Lack of comprehensive laws
dealing with rape and domestic
abuse.

- Policies that foster unnecessary
use of obstetric practice such as
episiotomy and caesarean section.

- Laws that prohibit females owning
property or access to education or
to paid employment.

13. Determinants of reproductive
health:

Socioeconomic conditions
play an important role in general health
and reproductive health (2). Poverty
and mal nutrition are important factors:
one sixth of the people of the world go
hungry every day; and one third of the
under five children suffer severe
malnutrition. Status of woman in
society is another important
determinant. Value of a woman is
proportional to the number of children
she has in many societies. They do not
consider basic rights of women.
Women’s education is strongly linked
to better reproductive health including
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infant survival and healthy growth of
children.

Impact of the environment is
not to be neglected. The reproductive
system is particularly sensitive to
environmental conditions; spontaneous
abortions, birth defects, foetal growth
retardation, and peri-natal death depend
on environmental factors. Over the

past 50 years sperm count is decreasing.

Stress  from  environment exerts
deleterious effect on the neuro-
endocrine and reproductive systems
leading to infertility and sexual
dysfunction.

Changes in lifestyles have
occurred over the years. So is the
sexual behaviour. Sexual revolution
increased  spread  of  Sexually
Transmitted Diseases and increased
adolescent pregnancies in epidemic
proportions.  Other factors include
attitude and practice of breast feeding,
availability and utility of health care
services for maternal care, child care,
immunization and family planning.

Another important factor is
training of all categories of staff
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ANOPHELINE SPECIES COMPLEXES AND MALARIA
TRANSMISSION: THE PRESENT SCENARIO IN SRI LANKA*
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1. Malaria: A continuing threat

When, over ten decades ago, Sir
Ronald Ross described how anopheline
mosquitoes transmit malaria, it was
thought that the disease would soon be
eliminated. Malaria, however, remains
a global public health problem and
represents one of the leading causes of
morbidity and mortality in the world.

Global morbidity and mortality from
malaria are staggering. There are
estimates of up to 300 to 500 million
clinical cases and between 1 and 3
million deaths every year. Many of
these occur among very young children
in African countries south of Sahara
Desert (Breman, 2001; Greenwood &
Mutabingwa, 2002). In addition to
children in endemic areas, non-immune
persons entering endemic areas are at
high-risk of contracting severe malaria.

The disease burden in affected nations
has been attributed to several causes
including population migration into
malarious regions, rapid changing in
agricultural practices including
building of dams and irrigation
channels, deforestation and the
weakening of the public health system

n some poor countries. Drug resistance
by parasite, insecticide resistance by
vectors, war and civil disturbances,
travel and population increase all have

* Review Lecture

collectively  contributed  to  the
increasing global burden of malaria.
Many presently malaria-free countries
might be at risk if an increase in vector
numbers takes place as a result of long
term climate and environmental
changes consequent to global warming
(Greenwood & Mutabingwa, 2002).

2. Malaria in Sri Lanka

Malaria remains a major public health
problem in Sri Lanka. Several
nationwide epidemics have taken place
in the past. New irrigation projects
aiming at agricultural and industrial
developments  offered  conducive
environments for the emergence of
different Anopheles species as vectors
apart from Anopheles culicifacies the
major vector of malaria in the country.
In the Mahawali system B and C, 4n.
annularis and in system C, An.
subpictus (Ramasamy et al., 1992a;
Amerasinghe et al., 1992) were
reported to be carriers of Plasmodium
vivax and P. falciparum. The
emergence of different species as
vectors accelerates the momentum of
disease transmission. Human
settlements and population migration
from endemic area to non-endemic
zone due to irrigation scheme and civil
disturbances,  especially in  the
Northeast, are other contributing
factors for malaria persistence in Sri
Lanka
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In the year 2001, 1.35 million blood
smears of fever patients were screened
in government medical institutions for
malaria. Of these 4.9% were identified
with malaria parasites compared to
11.8% in the year 2000. The
predominant parasite species continued
to be P. vivax  which accounted for
84% with P. falciparum parasite for
balance malaria in the year 2001. A 68
% decline in the total reported cases of
malaria and a decrease of 82% in
falciparum malaria were recorded in
the year 2001, when compared with the
year 2000. Spreading of chloroquine-
resistance in the P. falciparum parasite
was also considered as a factor
influencing the malaria transmission
pattern in Sri Lanka in the years 2000
and 2001 (AHB, 2000 & 2001). Similar
to the recent past the majority of
malaria cases reported during the year
2001 were from the war-torn Northeast
province.

3. Malaria vectors

Natural transmission of malaria occurs
from one individual to another via the
female anopheline mosquito when it
ingests blood needed for its
reproduction. The parasitt must
undergo various developmental phases
within the mosquito before it becomes
infectious to other individuals in the
course of subsequent blood meals.

There- are about 450 Anopheles
mosquito species recorded but only 70
of them are able to transmit the parasite
worldwide (Subbarao, 1998). Each
malaria region has certain principle
vectors, which provide the major
momentum for transmission in addition
to some secondary vectors, which
increase the strength of transmission.

Although, 23 anopheline species have
been recorded so far in Sri Lanka
(Amerasinghe, 1990) only Anopheles

Anopheline Species........

culicifacies Giles is established as the
major vector of malaria (Carter, 1930;
Ramasamy et al.,, 1992a&b). Studies
using enzyme linked immunosorbant
assays (ELISA) technique or dissection
of mosquitoes show the infection with
‘malaria parasite in field populations of
An. aconitus Dénite, An. annularis van

~der Wulp, An. nigerimus Giles, An.
« pallidus Theobald, An. subpictus Grassi,
An. tessellatus Theobald, An. vagus
Dénite, An. varuna lyenger, An.
barbirostris van der Wulp and A4n.
peditaeniatus Leicester (Amerasinghe
et al., 1991, 1992, 1997 & 1999;
Mendis et al., 1992; Ramasamy et al.,
1992a&b).

4. Sibling species and species
complexes

Perfect species identification is a key
point for studying the epidemiological
role of vectors. There is a unique set of
genetically controlled, morphological,
physiological, behavioral and
ecological attributes among vector and
non-vector species. These attributes
make it possible to assess their degree
of medical importance and where
necessary, design measures to control
them (White, 1979 cited in White,
1982). However, the unprecedented
response of vectors to insecticides and
drawbacks in the use of entomological
parameters to  measure malaria
transmission has hailed more attention
to vector analysis at the intraspecific
level.

The occurrence of morphologically
more or less similar but reproductively
isolated members (sibling species) of a
taxon makes it difficult to implement
successful vector control strategies
without incriminating the vector in a
species complex. The recognition of
species complexes and their members,
is essential to control malaria since
sibling species are reproductively
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isolated evolutionary units with distinct
gene pools and biological
characteristics which determine their
vectorial status.

Sibling species of different species
complexes  exhibit  bio-ecological
variations such as seasonal, feeding and
breeding preference, susceptibility to
parasites and insecticides and resting
behavior (Subbarao & Sharma, 1997,
Coluzzi, 1992). Therefore, the presence
of two or more sibling species in a
particular area would conceal the real
transmission pattern of malaria and
lead to inaccurate assessment of vector
control programs. Failure to identify a
vector in a locality can result in waste
of resources in the form of man and
materials if the vector control measures
are directed against a non-vector
species in a species complex.

Therefore, identification of all
members of a species complex and
recognition of their role in malaria
transmission are of great significance
for successful implementation of
effective vector control programs.

5. Techniques used in the
identification of sibling species
Varieties of methods are available for
identifying sibling species in a species
complex. The establishment of
reproductive isolation by means of
crossing experiments is the key for
establishing a species complex. The
other techniques used for
distinguishing species complex in
malaria vector species include banding
sequences in polytene chromosomes,
isoenzyme  analysis, analysis of
hydrocarbon  components in the
cuticular wax and variation in DNA
sequences (Subbarao, 1998).

6. Anopheles species complexes in Sri
Lanka

Anopheline Species........

In Southeast Asia 23 anopheline
species have been identified as vectors
of malaria. Among these vectors 9
species are reported to exist as species
complexes (Subbarao, 1998). Of these
nine species An. culicifacies, An.
annularis, An. subpictus, An. maculates
and An. barbirostris are reported to be
present in Sri Lanka.

Anopheles
complex
The taxon An. culicifacies prevails as a
cryptic species complex comprising
well defined four members designated
as species A, B, C and D (Subbarao &
Sharma, 1997). Species A and B are
reported from Pakistan (Mahmood et
al., 1984). From Arabia only species A
(Akoh et al., 1984) and from Sri Lanka
only species B (Green & Miles, 1980;
Abhayawardana et al., 1996) has been
reported.

culicifacies species

Many biological differences such as
seasonal prevalence (Subbarao &
Sharma, 1997), host preference (Joshi
et al., 1988), sensitivity to insecticide
(Raghavendra et al., 1991 & 1992) and
parasites (Subbarao et al., 1988; Adak
et al., 1999) have been noticed among
the members of the complex.

Anopheles culicifacies Giles sensu lato
(Diptera: Culicidae) is the main vector
of malaria in Sri Lanka (Ramasamy et
al.; 1994, AHB, 2001). Until recently,
only sibling species B was reported
from Sri Lanka (Abhayawardana et al.,
1996), but in India species B is a poor
vector of malaria (Subbarao et al.,
1992). However, recent studies of An.
culicifacies from Rameshwaram Island
in India, which is in close proximity to
Sri Lanka, found evidence for
assortative mating correlated with
cytogenetic  variation.  Plasmodium
vivax sporozoite-positive females had
mated only with males with
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submetacentric Y-chromosomes. No
malaria infections were found in
mothers of acrocentric Y-males; these
were designated species B and the
submetacentric Y-chromosome vectors
were designated species E (Kar et al.,
1999). Subsequently Surendran et al.
(2000) identified the same cytogenetic
variants within An. culicifacies from
Sri Lanka and reported the presence of
species B and E in Sri Lanka. Both
species B and E are sympatric in Sri
Lanka as in the case of Rameshwaram
Island.

Studies on the fecundity of species B
and E in Sri Lanka revealed that the
difference in fecundity between these
two species was not statistically
significant though the mean fecundity
of species E was slightly higher than
that of species B (Surendran et al.,
2002a) The investigation on the
longevity of species B and E reported
that nearly 16% of the field caught
species E reached the potentially
infective age to support the extrinsic
cycle of P. vivax and P. falciparum
(Surendran et al., 2002a). The reason
for the greater longevity of species E is
not known but this important
epidomiological factor would increase
the dynamics of malaria transmissions.

Studies on the relative infectivity of
species B and E revealed that species E
could support the extrinsic cycle of P.
vivax and P. falciparum parasites.
Species E has only been shown to be
infected with P. vivax parasites in
Rameshwaram Island (Kar et al.,
1999). For the first time it was shown
that species E can also transmit
falciparum malaria (Surendran et al.,
2003), which can have dangerous
clinical course in patients. So far no
female of species B isolated in Sri
Lanka could be infected with either
parasite. This is consistent with its poor

Anopheline Species........

vector capability of species B reported
in India and Pakistan.

Studies on the differential susceptibility
to common insecticides revealed that
species B and E are completely
susceptible to lambdacyhalothrin and
deltamethrin ~ whilst being totally
resistant to DDT. However species E
found to more resistant than species B
and the difference was statistically

significant (Surendran ef al., 2002b).

Specific reasons for the different levels
for malathion resistance in species B
and E are not known. Therefore,
studies on the biochemical mechanism
of resistance to insecticides by these
two siblings in Sri Lanka are essential
to propose and alternative insecticide
for an effective vector control program.
More than that insect control measures
must incorporate strategies to minimize
resistance development and preserve
the utility of the insecticides. The most
promising approach is the integrated
vector control which includes the use
of  chemical,  biological and
environmental measures.

The greater resistance of species E to
malathion is important. Malathion was
almost exclusively used until April
2003, in the malaria ravished districts
of Kilinochchi and Mullaitivu in the
northern Sri Lanka for malaria control
while its use had been terminated
elsewhere. This study suggested to
cease the application of malathion in
the districts and replace malathion by
an alternate insecticide. Now malathion
has been replaced by deltamethrin in
the North.

Anopheles subpictus complex.

The taxon An. subpictus is reported to
exist as a species complex comprising
4 members viz A, B, C & D. All four
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members can be distinguished based on
polytene chromosome banding
sequences and the morphology of eggs.
Abhayawardana et al., (1999) reported
the presence of all 4 members in a
coastal area in the Northwestern
province.

In the coastal area species B is found to
be predominant while in inland area it
is species C. Peak abundance of sibling
species C in inland area was observed
in November and January. Density of
species A and D in coastal areas were
found to be low in comparison with
inland areas. The sporozoite ELISA
test detected species C with sporozoites
(Abhayawardana et al. 1999).

Anopheles annularis complex

An. annularis s.1 has been implicated as
vector of malaria in Sri Lanka
(Ramasamy et al.,1992a). This taxon
comprises two members viz. A & B in
India (Subbarao, 1998). Sibling species
status of this taxon in Sri Lanka is
unknown.

Anopheles barbirostris complex

Two sibling species viz An. barbirostris
and An. campestris have been reported
(Limrat et al., 2001) but the presence
of its members is yet to be reported in
Sri Lanka.

Anopheles maculates complex
This taxon comprises nine members A,
B, C D,F, G, H I & J (Subbarao,
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7. Conclusions:

Establishment of An. culicifacies as
species complex comprising two
siblings viz species B and E is a
breakthrough in the field of
malariology in Sri Lanka. The factors
that have been demonstrated to be
different between the two species, viz
longevity, vector potential and
insecticide resistance have a significant
impact of rate of malaria transmission
by the two sibling species. The
establishment of species E as the
dominant, if not exclusive, vector of
vivax malaria and probably also
falciparum malaria along with other
findings therefore will have important
implications for malaria control
measures undertaken in the country.

Establishments of sibling species in
other species complexes and their role
in malaria transmission are essential for
implementing a suitable vector control
programme in Sri Lanka. In addition
simple, reliable and inexpensive
taxonomic tool for identifying sibling
species should be developed. Ideally
the method applied should not be stage
specific in the life cycle or sex of the
mosquitoes and should be able to
analyze a larger number of samples at
the same time.
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