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1. Foreword

This is the first review report on the Kenyan-Belgian Project in
Marine Ecology (KBP).
It explains our approach and methodology : the linkage between 
equipment, education and research. Interaction between fundamen­
tal and applied research.
Real co-operation between Kenyan and Belgian Scientists.
We are always accessible to remarks and advices and hope to be 
able to continue. f

i I 
! /Prof. Dr. Polk, Ph.

Mombasa, July 1986



2. Acknowledgement

We like to thank, in the first place, both governments, the
Kenyan and the Belgian, for initiating a program on Marine

/Sciences and to put confidence in the Kenyan and Belgian 
Scientists.
We thank the administrations who made it possible to work out 
and run the project.
We are also gratefull to the Authorities of the Free University 
of Brussels (VUB), who gave me the opportunity to go on partial 
leave to work as a director and co-ordinator for the project.
The Authorities of KMFRI, who provided the necessary help to 
welcome the project, who helped us finding our way and gave us 
the necessary room to develop the program in an optimal way.
The N.V. Volvo, who lend us, via the VUB, a splendid car for the 
project. The work done up to now, is due for an important part 
to the use of the Volvo. Unfortunately the Kenyan driver had an 
accident wiht it and the car was totally destroyed.
The N.V. Olivettei, who via the help of the VUB, gave us a type­
writer and a Computer. The fact that we need a second computer 
and a word-processor, shows that the equipment is used in an 
optimal way.
Thanks to the Belgian experts who, together with their Kenyan 
homologues, worked very hard and conscientious and by doing so 
implanted a scientific spirit in the KBP.
The Kenyan technicians, sampling and analysing day and night are 
at least as important as the scientists.
Thanks to Ingrid, the administrative help, who succeeded in set­
ting right the administration of the project, which was a com­
plete chaos before her arrival.
Els, who came at the moment I had to go to hospital and who as­
sured the continuity and organisation of the scientific work 
during my absence.
All these synergies of different phenomena made that the Belgians 
are feeling at home in Kenya, at 8000 km from their country.
But only an 8 hour flight away with SABENA, who always gave us a 
good service.



3. introduction

The aim of the project was to develop a program on Marine 
Ecology and the Management of the Coastal Zone (living and 
non-living resources).
We started the inventory and descriptions of the different 
Marine biotopes and their trophic levels. This fundamental 
research guided us to initiate applied research : we started a 
small-scale oyster culture to prevent the loss of the high 
primary production of the mangrove creeks. By doing so we 
provided work for the local population and used only local 
materials for the building of the rafts.
Both, the fundamental and the applied research must go on with 
the present project as backbone. Other, subprograms, fitting 
in the framework of the KBP, will be added. A common project
between Kenyan and Belgian Universities will be worked out and
submitted to the EEC, on specific mangrove research.
The Belgian experts will submit an interuniversity program for 
fundamental research to the National Science Foundation.
And in collaboration with the KMFRI and the Kenyan and Belgian 
Universities, we will organise a Regional Course on Marine 
Biology, with the support of UNESCO and UNEP.
In this way, we will cover most of the aspects of Marine Ecology, 
needed for the Management of the Coastal Zone.



4. The Belgian Experts and the Kenyan Homologues

The residential expert, Prof. Dr. Polk, arrived in Kenya on the 
17th of December 1984. When he has to leave Kenya in order to 
fulfill his obligations in Belgium (for courses and examinations 
at the Free University of Brussels or important meetings of the 
National Science Foundation, EEC, etc.) he has, each time, been 
replaced by a Belgian expert.
Thus, up to now, the following experts have worked in Kenya :

4.1. Prof. Dr. Decleir, W.* (January 3 - January 27, 1985) 
University of Antwerp - Ecophysiology.

4.2. Prof. Dr. Egghe, L.* (January 27 - February 13,.1985) 
University of Limburg - Librarian Sciences.

4.3. Drs. Pissiersens, P.** (January 27 - February 13, 1985) 
University of Brussels - Computer Sciences.

4.4. Dr. Heip, C.* (February 1 - 23, 1 9 8 5 )  University of Ghent
- Benthos.

4.5. Dr. Dehairs, F.* (February 1 - 23, 1985) University of 
Brussels - Marine Chemistry.

4.6. Dr. Daro, N.* (March 15 - April 12, 1985) University of 
Brussels - Plankton.

4.7. Dr. Frijdal, A. (April 6 - 19, 1985) University of Brussels
Computer Sciences.

4.8. Dr. Somers, E.* (May 10 - 26, 1985) University of Ghent 
Law of the Sea.

4.9. Dr. Bergmans, M.* (April 12 - May 16, 1985) University of 
Brussels - Taxonomy, Harpacticoids.

4.10. Prof. Dr. Ronday * (May 1985) University of Liège - Physical 
Oceanography.

4.11. Dr. De Greve, J.P.* (June - July 1985) University of 
Brussels - Computer Sciences.

4.12. Dr. Coppejans, E.*(June 21 - July 28, 1985) University of 
Ghent - Phycology.



4.13. Drs. Revis, N. (September 12 - October 10, 1985) Univer­
sity of Limburg - Taxonomy & Copepods.

4.14. Dr. Coppejans, E. & Drs. Beeckman, T. (January 8 - February
8, 1986) University of Ghent - Phycology . (see 4.12.)

4.15. Dr. Daro, N.*(January 30 - February 27, 1986) University 
of Brussels (see 4.6.)

4.16. Dr. Martens, E. (April 20 - July 30, 1986) University of 
Limburg

4.17. Drs. Tackx, M. (May 23 - June 21, 1986) University of
Brussels - Plankton & Seston.

4.18. Dr. Dehairs, F.* (June 21 - July 28, 1986) University of 
Brussels - Marine Chemistry.

* Several of the short-term experts developed specific programs 
with the Kenyan counterparts, (see 8.2.1)

** Drs. Pissiersens, P. is currently employed by KMFRI. He is 
doing our computer work and, with his practical knowledge, 
is a great asset to the project, (see annex 1 & 7).

We also had the assistance for the research done on underwater 
ecology (coralreef ecology & marine algae) of the divers Martens 
D., Elskens,H. and Sweefelt, J. from Vilvoorde, Brussels.
We hope to develop in the near future, with their help, a 
Scientific Diving Centre.



5. Equipment

5.1. Laboratory Equipment

The equipment provided by the Belgian Government, is mentioned 
in annex 2.
■ere is a basic equipment for Marine Research and extra material 

is bought in function of the research.
The equipment is now stored in two air-conditioned labs at KMFRI 
When this equipment is needed for research, it is registered and 
used by the scientist who remains responsible for it. When he 
doesn't need the instrument anymore, it is checked and put back 
in the store.
Nevertheless, equipment regularly used in the field, is ruined 
too fast due to the high temperature, the humidity and salinity
of the environment. The fast substitution of the field equipment 
is unavoidable. So, extra responsability is asked from the 
scientists and technicians.
At present the Computer Section is functioning very well. We plan 
to buy a second , bigger computer, a word processor and a photo­
stat, as the input of scientific data, the documentation centre 
and the administration of the project are growing fast.
But we request urgently the Kenyan Authorities to provide a 
generator, to prevent the spoiling of programs and work due to 
power failure, as happened before.
As the present equipment is listed on computer, and the listing 
is regularly updated, other African and European Scientists who 
will participate in the programs and use the equipment, can be
fully informed on the present infrastructure, (annex 2 ).



5.2. Transport

The difficulties of transport the project is facing, are tremen­
dous. We insist on both governments to find a solid sloution 
for this primordial problem.

5.2.1. The Cars

The Kenyan-Belgian Project used to have two cars. One car given 
by the Belgian Government (Renault 9) and one lend to the Univer­
sity of Brussels for the project, by the N.V. Volvo.
As sampling at different biotopes at the same' time is sometimes 
necessary (e.g. spring-tides), the two cars were used in an 
optimal way. But unfortunately, the Kenyan driver appointed by 
the Institute had an accident and the Volvo was totally destroyed 
He drove too fast, was blinded by oncoming cars and crashed at
full speed into a lorry, stationed on the road without lights 
nor reflectors. Luckily he was driving a Volvo, otherwise he 
would have been killed on the spot.
When asked for help to the Belgian Co-operation Section in Nairob 
we got the answer we had to wait until the mixed commission meets 
in October 1986. But in the meantime the project has to go on, 
and for that regularly sampling has to be done in different 
places along the coast.
From the Ministry in Brussels we got the original and friendly 
telex saying : "... look for another maecenas!! !"
No written reply came from the Kenya Authorities although 
Article 6.4. of the Agreement is very clear on this matter.
KMFRI gave at the disposal of the project a fourwheel-drive.
Two weeks later, this car was also damaged in a car accident 
and is still broken down.
To assure the continuity of the work, we rented a car on our 
own expenses. Indeed, if some ecological work is not done at 
certain moments, we are losing a whole year.
Our remarks on this matter are pertinent: what will happen



with the destroyed car?
To be able to do our research in an optimal way, the project 
needs two safe, solid, all-roads cars.

5.2.2. The Boats
t

The Kenyan-Belgian Project needs at the moment a small boat 
with an outboard motor. At KMFRI there is one, in a very bad 
condition, another one has been stolen. Our work is badly 
hampered by this.
It is also unacceptable in view of safety standards that there 
is only one boat that can be used for the sampling in Tudor 
Creek.

CONCLUSION

If the Kenyan-Belgian Project wants to succeed in all her aims 
and if it will become the nucleus of a Centre with Regional 
importance, then a solution for the transport (cars and boats) 
must be worked out. This is only possible if both parties take 
their responsabilities.



)

6. The Documentation Centre

6.1. Introduction

Up-to-date literature is a sine qua non for research. We need 
the necessary recent publications related to the research-objects, 
but financially we can't afford a complete overview of Marine 
Publications.
Magazines, were only a few articles a year are of direct interest, 
are too expensive in the actual situation. Therefore, we opted 
for an as complete as possible 'SELECTIVE SYSTEM'. Vie need and 
purchase the adequate literature for the ongoing research.
This principle was worked out and explained to the Librarian of
KMFRI, by Prof. Dr. Egghe (University of Limburg). In collabora­
tion with Mrs. Mwobobia, Librarian at KMFRI, we were able to 
start the Documentation Centre.

6.2. Present Situation

At present we have more than 25.000 pages of scientific literature, 
regarding the ongoing research. The literature has been bound, 
registered and dispatched to the scientists. The listing of 
the literature present is found in annex 3.

6.3. Extension of the Project

The KBP Documentation Centre is extending its scope: at the 
moment, we are doing the same work, with the same methodology 
for the Marine Scientists of the University of Nairobi and



the Regional Dugong Project of IUCN (International Union for 
the Conservation of Nature).
To develop the present Centre into a Regional Centre, we have 
to establisha practical catalogue (keywords, computerisation, 
dispatch facilities etc.). To work out these aims, we will 
send Mrs. Mwobobia to the University of Limburg - Belgium 
(Prof. Dr. Egghe).
During the Regional Course of UNESCO (see 7.5.) we will have 
the opportunity to convert the Centre into a Regional one.



7. Education
!

We consider "education" as a combination of 'theory' and 
'praxis'. Which is of course only possible when we have the 
equipment.

7.1. Visiting Experts

Each visiting expert gave one or several seminars on his own 
speciality, to the scientific community of KMFRI. They estab­
lished personal collaboration in the laboratory or the field, 
with the Kenyan homologues during their stay. If necessary, 
we try to obtain fellowships to send African Scientists to a 
Belgian Laboratory for up-to-date specialisation (see 7.3).
Some of those collaborations result into full programs.(Annex 18)

7.2. Kenyan Scientists working in the KBP

7.2.1. At the occasion of the visit of Mr. Beck, Head of the 
Co-operation Section at the Belgian Embassy in Nairobi, 
at the KBP, every Kenyan Scientist working in the frame­
work of the project, gave a seminar on his work, (see 
annex 4) .

7.2.2. An important contribution to the International Congress 
on Tropical Aquatic Ecosystems (UNESCO - October 1985
in Nairobi), was presented by several Kenyan Scientists. 
Their conferences belonged to the best ones and their 
data were on an international level, (annex 5)

7.2.3. UNEP funded two fellowships for East-Africa for the 
International Workshop on Coralreef Ecology. (Phillipines, 
May 1986). One of them was for a member of the KMFRI- 
staff working in the KBP.(Annex 16)

CONCLUSION

As in every Institute, anywhere in the world, we have at KMFRI 
some very good, motivated scientists whom merit the necessary 
help and facilities to continue their research.



7 .3. Fellowships

7.3.1. The Belgian Government

The Belgian Government, provided us, after discussion with the 
Kenyan Authorities, the necessary fellowships.

7.3.1.1. Long-term fellowships

The Belgian Government provided two long-term fellowships for 
Kenyans, to follow the Postgraduate two years course 1 FAME1 
(Fundamental and Applied Marine Ecology). This Postgraduate 
course on an interuniversity basis results into a Masters 
Degree. (Annex 17)
The Kenyan students of KMFRI are Mr. Odido and Mr. Oteko.
On the request of the Kenyan Authorities, there will be one
specialisation in Physical Oceanography and one in Marine 
Pollution (Prof. Dr. Ronday and Dr. Baeyens (Phys. Ocean.) 
and Dr. Dehairs - Marine Pollution)

7.3.1.2. Short-term felowships

In 1985, a fellowship was offered to Mr. Kazungu (KMFRI-KBP), 
who specialised in nutrient-determinations, during three months. 
He came back with extra equipment in order to continue his 
work in Kenya. (Dr. Dehairs, Lab. For Analytical Chemistry, 
University of Brussels), (annex 6)
In 1986, two fellowships are offered for a five month specialisa­
tion in Marine Ecophysiology (Prof. Dr. Decleir - University of 
Antwerp). The Kenyan Scientists are Mrs. Okoth and Mr. Omolo. 
They left Kenya on May 19, 1986.
Another fellowship is promised to Mrs. Mwobobia, Librarian for 
computerisation of the Documentation Centre (Prof. Dr. Egghe - 
University of Limburg).



7.3.2. Belgian Government and Internatinal Organisations

For the end of 1986, a mixed fellowship (airticket from UNESCO 
and a two months stay in Belgium from the Belgian Government) 
is offered to Mr. Ruwa, R.K. (KIÍFRI-KBP) for specialisation 
in Quantitive Ecology (Dr. Heip - University of Ghent).

7.3.3. International Organisations

In 1986 a fellowship is offered by UNEP to Mrs. Muthiga, KMFRI 
KBP for a workshop in the Phillipines on Coralreef Ecology, 
(see also 7.2.3.) (Annex 16)

CONCLUSION

In 1985 and 1985 we obtained from the Belgian Government, 
scolarships for 7 scientists for specialisation in Belgium 
and 6 return tickets Nairobi-Brussels-Nairobi.
The International Organisations gave us two airtickets and a 
two week stay.
Vie like to thank the people in the different Institutions 
who were responsible for delivering these fellowships. We 
can assure those people that these grants are being used in 
an optimal way. We hope we will have the same or even a 
better cooperation in the future.



7.4. The Kenyan Universities and the KBP

In March 1986, the students of the University of Nairobi (Dept, 
of Zoology) visited the experimental oyster cultures in Gazi. 
Prof. Dr. Polk gave a field course on the theoretical and 
practical scientific approach on oyster cultures and Mangrove 
biotopes.

In April 1986, the teaching staff of Kenyatta University (Dept, 
of Zoology) visited Gazi. Mr. Ruwa (KMFRI-KBP) gave them a 
field course on oyster cultures.

In May 1986, the students of the Naivasha Fisheries and Wildlife 
Training Institute, visited Gazi & KMFRI. Mr. Ruwa and Dr. E. 
Martens gave them an introduction on mangrove systems and a 
contribution in the field.

7.5. Regional seminar on Fundamental and Applied Marine Ecology

UNSSCO-Nairobi requested the K3P to organise in 1936 a Regional 
Seminar on Fundamental and Applied Marine Ecology. We'll 
organise this course in MOmbasa at KMFRI in collaboration with 
the Kenyan and Belgian Universities (extra funds have been asked 
from the Belgian Government and the International Organisations. 
We'd like to organise the seminar with a regional follow-up.

7.6. Cooperation between KBP and other scientists 

Assistance and collaboration was asked by:

Mr. Little,M. U.K. Plymouth Technical High School. Mangrove 
area as spawning and nursery grounds.

Mr. Orr, D. Canada. Feeding mechanisms by shrimps. FAO-project 
in Malindi.

Mr. Weston, J. U.S.A New York. Total Environmental Study of the
oyster cultures.

CONCLUSION

The KMFRI and the KB? are de facto becoming very important 
for Marine Sciences in East Africa.



PROJECT KENYAN RESPONSIBLE BELGIAN RESPONSIBLE

General Supervision 
Computer Section

Documentation Centre 
Mangrove Ecology 
Plankton Ecology

Phycology

Marine Chemistry 
Coralreef Ecology
Prawns Biology 
Fish Biology 
Ecophysiology

Oyster Culture

Biochemistry in 
Marine Organisms 
(Food Quality)

Mr. Alíela, S.O. 
Ms. Ogaye, W.
Mr. Onyango, H. 
Mrs. Mwobobia, J. 
M r . Ruwa, R.K.
Mr. Okemwa, E.
Ms. Kimaro, M.
Ms. De Souza, M. 
Mrs. Oyieke, H.

Mr. Kazungu, J. 
Mrs. Muthiga, N. 
Mr. Wakwabi, E.O. 
Mr. Nzioka, R.M. 
Mrs. Okoth, B.
Mr. Omolo
M r . Ruwa, R.K.
Mr. Okemwa, E.
Ms. Abubaker, L. 
M r . Oduor

(1) Provisional

Prof. Dr. Polk, Ph.
Mr. Pissiersens, P.

Prof. Dr. Egghe, L.
Dr. Heip, C.
Dr. Daro, N.
Drs. Tackx, M.

Dr. Coppejans, E.
Drs. Beeckman, T.
Dr. Dehairs, F.
Prof. Dr. Polk, Ph.(l)
Prof. Dr. Polk, Ph.(l) 
Prof. Dr. Polk, Ph.(l) 
Prof. Dr. Decleir, W.

Prof. Dr. Polk, Ph.

Prof. Dr. Polk, Ph.(l)

See also Annex 8 (1-11) : ongoing work



8. Research

8.1, Introduction

The interaction, between fundamental and applied research must 
enable us to obtain a global long-term management of the 
Coastal Zone. The priorities are:

a) an increase of protein production or other valuable sea- 
products«

b) to t halt to the degradation and destruction of the
marine environment for short-term profits.

To fulfill these aims in a pragmatic way, we consider four
different biotopes, going from land to the sea:

1. The Mangrove areas
2. The Inshore Waters
3. The Coralreef
4. The Outshore Waters

8.2. Ongoing Research

3.2.1. General Research

The Kenyan and Belgian Experts are working in the biotopes 
1,2 and 3.
Each ad hoc individual research program has to be integrated 
in a holistic model, indicating the pathways and quantities 
of energyfluxes through the Ecosystem.
The following Scientific Programs are in progress:



8.2.2. Specific Research on Oyster Culture

The Kenyan and Belgian Authorities insisted, after studying
our intermediate reports, to focus on oyster culture.
We can fully approve this for the following reasons:

1. The watercolumn in the Mangrove creeks has a very high 
primary production (more than 100 ton a day for Kenya).
This potential high valued "food" is at the moment washed 
out in the Ocean without use.

2. Culturing oysters in a tridimensional biotope, we can have 
a conversion up to 20%, 7.5 X more efficient than culturing 
cattle.

23. 1.000 oysters/M can be cultured, or 10 million per ha. 
(Kenya has 52.000 ha of mangrove area).

4. Oyster cultures are labour-intensive and can provide work 
for the local villagers.

5. The necessary investment is very low: only local material 
is requested (mangrove poles, nylon strings, marine cement, 
local labour) besides research.

6. There is already a home-market for oysters due to Kenya's 
tourist industry. But, as this market of collecting wild 
oysters becomes insufficient, the culture of oysters is 
needed. I

7. The oyster biotopes in the industrialised world are deterio­
rating more and more, due to industrial pollution. The 
demand for oysters is increasing on the world market.

8. A first class road along the coast from Malindi to Tanzania, 
an International Airport in Mombasa and a direct railway 
communication Mombasa-Nairobi facilitates the transport of 
oysters.

9. Oysters are protein-rich sea products. With the modern 
communication network (newspapers, weeklies, broadcastong 
and television) and publicity techniques, we can try to 
integrate this product in the local food-customs (annex 9).



10. la the sheltered Mangrove Creeks, the possibilities of
destruction of the infrastructures by tempates, as in the 
Far East, are low.

8.2.3. Scientific Publications

If scientific results are consistent, we publish them in the 
Kenyan Journal of Science and Technology Series, the African 
Journal of Ecology or in Hydrologia, so that they are accessible 
for the scientific community.

8.2.3.1. Accepted Scientific Papers

1. The Autecology of the Edible Oyster Crassostrea cucculata
Born, 1778 : Size realted distribution at Mkomani, Mombasa, 
1986, Kenyan Journal of Science and Technology Series. 
Okemwa, E.; Ruwa, R.K. & Polk, P. (annex 10)

2. Some observations and remarks on Mangrove Distribution in 
Kenya. Kenyan J. Science & Techa. Series.
Ruwa, R.K. 81 Polk, Ph. (Annex 11)

3. The biology of Marine Copepods in Kenya Waters.
Planktonic Copepods from Coastal and Inshore Waters of Tudor 
Creek. Kenyan J. Science & Techa. Series.
Okemwa, E. & Revis, N. (Annex 12)

4. Changes in Kenyan Coralreef community structure and function 
due to exploitation. Hydrologia.
McClanahan, T.R. & Muthiga, N .A. (Annex 13)

5. Change 5 in the population structure of the sea urchin 
Echin --atra mathaei de Blainville at Diani Beach, Mombasa 
Kenya. African J. of Ecology.
Muthiga, M.A. & McClanahan, T.R. (Annex 14)



8. 2. 3.2. Submitted Papers

1. Non-encrusting Macroalgal Zonation on Rocky cliffs around 
Mombasa, Kenya.
Oyieke, H.A. & Ruwa, R.K. (Annex 15)

8. 2. 3.3. Papers in preparation

1. The Diurnal Cycle of Zooplankton in Tudor Creek during the 
Southeast Monsoon.
Kimaro, M.

2. Relative abundance, diurnal and seasonal variation of the 
Zooplankton entering and going out of Port Reitz Creek, 
Mombasa, Kenya.
Okemwa, E.

3. Aspects of the biology of the reef fish Scolopsis bimaculatus 
(Ruppeli 1828) in Kenya. II Age, growth and mortalities. 
Nzioka, R.M.



9. Future and extension of the Kenyan-Belgian Project

9.1. Belgium as the backbone for the project

9.1.1. The Belgian Ministry of Cooperation

The Belgian Ministry of Co-operation gave us the opportunity 
to start the Kenyan-Belgian Project and as, it has been insisted 
we will stress the present project on oystercultures. (see 8.2.2) 
Presently, 150.000 oysters (May 1986) are growing at Gazi.
It only depends on the possibilities of investment to increase 
this number and to start, after discussions with the authorities, 
a semi-commercialisation or even a big-scale commercialisation.
But we have to switch, as soon as possible, from an incomplete
oysterculture (culturing wild oysters) to an integral oyster- 
culture (from spatfall till marketable oysters). To collect 
spat ad-illimitum seems succesfull (May-June '86). The possible 
bottle-neck from spat till marketable size has to be studied 
and tested out (1987-88), as well as the fauling problems (June- 
July 186).
We hope that the Ministry of Co-operation will give us those 
possibiblities and remains the backbone for the follow-up and 
extension of the project.
We also asked our Ministry of Co-operation an extra subvention 
for the organisation of the regional course, to be used for the 
Belgian experts.



10. The "Belgian House” in Nyali

The Kenyan Government offered housing to the Belgian Resident 
and his family. The house, located in Nyali, has hosted not 
only all the Belgian Experts, but also African, European and 
American scientists used the infrastructure of the Belgian 
House.
At the moment (July '86) our visitor's book has exactly 111 
signatures and nearly as many creative suggestions, remarks 
or proposals. We hope that the Kenyan and Belgian Governments 
will give us the possibility to continue this melting-pot 
of International Scientific creativity ana friendship.



11. Health-Care & Medical Services

Untill now , the KBP-staff had no serious health problems.
For minor health problems of the permanent resident, his 
children or the Belgian Experts, the Kenyan Authorities 
fullfilled totally their obligations.
When the Director of the KBP had to undergo an operation, 
everything happened in optimal conditions with a very helpfull 
administration.
Our congratulations to the Kenyan Authorities and the staff 
of the Mombasa Hospital.

"When I'm in Belgium and if I need to 
undergo an operation, I'll come back 
to Mombasa Hospital 1"

Prof. Dr. POLK



12. Post-Scriptum

As the responsable for the KBP, I'm happy to send this report 
to those persons who followed the experiences attentively, 
who helped us often in an enthusiastic way, practical or 
spiritual.
If the results of the KBP will lead to a stronger cooperation 
between Kenya, this beautifull country with so many potential­
ities, and Belgium, with his overspecialised scientists, this 
will be positive for both countries.
And if the results will lead to a better Management of an 
important part of a not-yet-totally-destroyed environment 
in East-Africa, then we would like to continue this work.
For some years...



13. Annexes

1. Computer Section : Activities. Pissiersens P.; Ogaye W. & Qnyango H.
2. List of the laboratory equipment (21/7/86)
3. List of the publications available in the Library of KMFRI.
4. Lectures given during visit of Mr. Beck.
5. Lectures given at the International Congres on Tropical

Aquatic Ecosystems (UNESCO, 1986).
6. Report on the study of nutrients and particulate carbon. 

Kazungu, J.M.
7. Pogramme payroll user's manual. Pissiersens P. & Onyango H
8. Reports on the ongoing research work :

1. Zooplankton research & research work plan on daily basis 
Okemwa, E.

2. Zooplankton in the Tudor Creek 
Kimaro, M.

3. Phycology study at Mackenzie Point, Mombasa 
Oyieke, H.A.

4. Study on the nutrients in Kilindini and Tudor Estuaries. 
Kazungu,J .M .

5. Study on mayor Peneidae shrimps in Tudor Creek.
Wakwabi, E.O.

6. The estuary fishes of Kenya.
Nzioka, R.M.

7. Fish quality parameters in Mombasa markets.
Oduor, P.M.

8. Biochemical levels in oysters.
Abubaker, L.U.

9. Mangrove ecology.
Ruwa, R.K.

10. Gazi oyster project.
Ruwa, R.K.

11. Coral Reef Ecology.
Muthiga, N.

9. Articles of Reuters on the oyster culture : Kenya, Belgium, 
Maleysia.



10. The autecology of the edible oyster Crassostrea cucullata 
Born, 1778 : size related vertical distribution at Mkomani, 
Mombasa.
Okemwa, E.; Ruwa R.K. & Polk, P.

11. Some observations and remarks on mangrove distribution in 
Kenya.
Ruwa, R.K. & Polk, P.

12. The biology of Marine Copepods in Kenyan waters.
Okemwa, E. & Revis, N.

13. Changes in Kenyan coral reef community structure and functioi 
due to exploitation.
McClanahan, T.R. & Muthiga, N.A.

14. Changes in the population structure of the sea urchin
Echinometra mathei de Blainville at Diani Beach, Mombasa/Ken'
Muthiga, N.A. & McClanahan T.R.

15. Non-encrusting macroalgal zonation on rocky cliffs around
M o m b a s a ,  K e n y a .
Oyieke, H.A. & Ruwa R.K.

16. Report on the workshop on Coral Reef Ecology in the Phillipii 
Muthiga, N.

17. F.A.M.E. : Program of the courses.
18. Instruction Manual on Field and Laboratory Sampling work

for Laboratory Assistants.
Dr. Martens, E. Pissiersens, P.



ANNEX 1

KENYA - BELGIUM COOPERATION IN MARINE SCIENCES 

Activities of the KBP-KMFRI Computer section

1/ Introduction

The computer section is active in three -fields : Administration , Science and
Wcrd-processing .

a/ Administration

As the Institute currently employs over ¿80 people , divided over 4 stations 
! Mombasa , Kisumu, Turkana , Sangoro ) , handles ever 5000 accountancy vouchers 
a year and has more than 1500 items on the stares inventory , automation o-f the 
Administration has become a must .
Until the instalLation o-f the Computer Section , all the in-formation had to be 
handled manually . Due to the time , consumed by the treatment of all these data 
, valuable time was lost for management in general .

As good management and Scientific Research have to go together in an 
Institution of this size , it was decided that Salaries Section , Personnel
Section , Stores Section and Accounts were to be computerised .

b/ Science

Thera are now 3t Research Officers in the Institute ( Mombasa ) . If they
work at their full capacity , a lot of valuable Scientific information is
produced .
They work in different fields : Marine chemistry ( Nutrients ,Pollution ) ,
Phytoplankton , Zooplankton .Coral Reef ecology and Fisheries , corresponding 
with the different trophical levels . Furthermore , there ara Geologists and 
Physical Oceanographers .
If we combine the data , collected by the different groups , we can start making 
an ecological model ( as it has been done in Belgium for the Mathematical Model 
for the North-Sea and the Scheldt Estuary ) . As it has been proven in many 
parts of the World such Models can be of great importance to the Fishing 
Industry , Fisheries Management and Coastal Management, the prime task of this 
Institute.

cl Word Processing

Following the collection and treatment of the data , Scientific reports and 
articles have been and will continue to be written . To enable the Scientists to 
present decent publications , typed within a short period , the Computer Section 
offers a Word-Processing service . ( Since June 1936 )

1



13. Annexes

1. Computer Section : Activities. Pissiersens P.; Ogaye W. & Qnyango H.
2. List of the laboratory equipment (21/7/86)
3. List of the publications available in the Library of KMFRI.
4. Lectures given during visit of Mr. Beck.
5. Lectures given at the International Congres on Tropical

Aquatic Ecosystems (UNESCO, 1986).
6. Report on the study of nutrients and particulate carbon. 

Kazungu, J.M.
7. Pogramme payroll user's manual. Pissiersens P. & Onyango H
8. Reports on the ongoing research work :

1. Zooplankton research & research work plan on daily basis 
Okemwa, E .

2. Zooplankton in the Tudor Creek 
Kimaro, M.

3. Phycology study at Mackenzie Point, Mombasa 
Oyieke, H.A.

4. Study on the nutrients in Kilindini and Tudor Estuaries. 
Kazungu,J.M.

5. Study on mayor Peneidae shrimps in Tudor Creek.
Wakwabi, E.O.

6. The estuary fishes of Kenya.
Nzioka, R.M.

7. Fish quality parameters in Mombasa markets.
Oduor, P.M.

8. Biochemical levels in oysters.
Abubaker, L.U.

9. Mangrove ecology.
Ruwa, R.K.

10. Gazi oyster project.
Ruwa, R.K.

11. Coral Reef Ecology.
Muthiga, N.

9. Articles of Reuters on the oyster culture : Kenya, Belgium, 
Maleysia.



2/ History and present of the Computer Section

Thanks to the arrival of an Olivetti M21 microcomputer ( with 640 KERAM and
2;; 360 KB floppy -disks ) , donated by the Free University of Brussels , the
computer Section started its activities around March 1985 . In March 1985 and
May 1935 , experts from Belgium (Dr. J.P de Greve & Mr. P.Pissierssens , Free 
University of Brussels ) came to Mombasa to give a first introduction to the use 
of the equipment.

In October 1985 , a Eelgian ABOS volunteer ( Peter Pissierssens ref.nr 
704745 ) was employed by the Institute for two years to set up the Computer
section and train local staff .
His Kenyan counterparts are Miss Winnie Ogaye and Mr. Hezborne Onyango 
Furthermore , several employees of each section concerned ( Salaries , Personnel 
, Stores , Accounts and Science ) have been or will be trained to use the
computer(s).

Another computer ( Kaypro 1 ) was donated by UNESCO . This unit is to be used 
for introductory lessons in BASIC computer language . Due to its memory 
limitations and less powerful processor it can not handle big tasks.

In October 1995 we started the activities of the Section with the design of a 
Store Mangement system ( using software package Open Access ) for the Equipment 
and chemicals , purchased by the Kenya Belgium Project ( Oceanography ) . This 
enables us to keep a continuouis record of the quantities in stock . Furthermore 
, we can foresee running-out of chemicals in advance so they can be purchased in 
time . To visiting experts , we can give an updated list of equipment and
chemicals ( and send it to Belgium before their visit ) so they can plan their
visit , according to the present equipment and bring with them what is missing .

Around December 1995 , we started writing the Program for the Payroll of the 
Institute . This program calculates the salaries , prints pay-slips, generates
reports , prints vouchers which are sent to the banks , performs cash-breakdown
for cash-payments etc. We started using the Program fully from May 1986 on .
To enable employees from Salaries section and Personnel section to operate the 
Program , a detailed User’s Manual was written ( see attached ) .

Around February 1986 , Researchers have started coming to the Computer
Section with Scientific data . To handle these data , small Scientific data­
bases were set-up , together with Graphics and Statistical Analysis Software 
Through the Faculty of Applied Science and Faculty of Science ( Section 
Informatics ) we will probably get even more software for this purpose !

In July , we have started writing programs for the Stores section , which 
will handle the complete inventory , produce monthly reports on the Stock 
balance and keep track of all of the inventor!sed items . Purchase orders will 
be printed automatically as well .



3/ Future

After completion of the Stores Program , we will continue with writing a 
Program for Accounts .
At the same time we will start with the Scientific data-base . The importance of 
this was already described above .

Furthermore,in cooperation with the University of Limburg .Belgium ,a 
Scientific Publication Data-base will be set-up ( The Librarian , Mrs. Janet 
Mwobobia will visit the LUC (Prof.Dr.L.Egghe)in a few months to learn how to use 
this data-base , which was created in the LUC and has been used there for some 
ti me )

Thanks to the cooperation of the Free University of Brussels ( Faculty of 
Science , Faculty of Applied Science , Faculty of Economic , Social and 
Political Science ) we received a considerable package of computer software ( 
language compilers for PASCAL,COBOL,C , SPSS ( Statistical Package for the 
Social Sciences )) . These will enable us to handle the Scientific data in the
most advanced way .

However , it has become clear that the present computer hardware will not be 
able to handle all the described tasks . For the Scientific-data base, for the
SPSS program as wel 1 as -for the Scientific Publication data-base , a Hard-disk
is neccessary as information storage medium .

Therefore , we have planned the purchase of an Olivetti M24 SP microcomputer 
with a 20 MB HDU around August , this year , if approved by ABOS. If later more 
M24-uni ts would be purchased , a Local network is possible .

Computer Section staff :

Mr. B.A.H Onyango ( KMFRI )
Mi55 W. Ogaye < KMFRI )
Mr. P. Pissierssens ( KMFRI,ABOS )



ANNEX 2
Page 1

CODE

KMFRI-KBP CONSUMABLE ST0RE5-CHEMICALS 

DESCRIPTION UNIT REQBAL

7-21-86

ISSUED NEWBAL

PftCET ftC ACETIC ACID ML 1000.0 100,0 900,0
PACTQN ACETON ML 60000,0 43420.0 16580,0
F'AgNQ3 SILVER NITRATE gram 700.0 200,0 500,0
PALIZARINRED ALIZARIN RED gram 100,0 0,0 100,0
PAS CAC ASCORBIC ACID L<+) gram 400,0 211,5 188,5
PBaClZ,2Aq BARIUM CHLORIDE grani 0,0 0,0 0,0
PBGLYF'DINaSLT Beta-GLYCEROLF'04-di-Na-salt gram 500,0 0,0 500.0
PBrZ BROMIDE ml 250,0 0,0 250,0
PBUF6 BUFFER pH 6 ml 1000,0 0.0 1000.0
PBUF6,4-amp BUFFER AMPOULE pH 6,4 amp 1,0 0,0 1,0
PBUF8-amp BUFFER AMPOULE pH 8 amp 1,0 0,0 1.0
PC2H50H/.96 ETHANOL 96 % ml 25000,0 17405.0 7595.0
PC2H50H/.99 ETHANOL 99 % ml 3000,0 3000,0 0,0
PCaCC'3 CALCIUM CARBONATE gram 500,0 536,0 464,0
PCd CADMIUM GRANULATED grani 1250,0 750,0 500.0
PCHC13 CHLOROFORM ml 2500,0 1450.0 1050.0
PCLEftN LASER MULTIPURPOSE CLEANER ml 100000,0 19000,0 81000,0
PCu(II>504 COPPER (II) SULPHATE grani 1500,0 123,0 1377,0
PCu(II)504.5Aq COPPER(II)SULPHATE,5HYDRATE grani 1500,0 93.0 1407,0
PDIFASA-Ba-slt DIPHENYLAMINESULFONIC A C .Ba-sltgram 5,0 0,0 5,0
PDIFft5ft-Na-slt DIPHENYLAMINESULFONIC A C ,Na-sltgram 5,0 0.0 5,0
PEDTft ETHYLENEDIAMINETETRAACETATE grani 50,0 50,0 0,0
PF0RHÖL/.37 FORMALDEHYDE 37 % ml 60000,0 56000,0 4000,0
PGLUC/D D-GLUCOSE gram 1000,0 30,0 970,0
P G L Y C / . 3 7 G L Y C E R O L  8 7  Z ml 1000,0 1000,0 0,0
PH202 HYDROGEN PEROXIDE ml 835 , 0 15,0 820.0
PH2S04/.95 S U L P H U R I C  A C I D  9 5 - 9 7 ’/; ml 15000.0 6520.0 8480.0
PH3P04/.85 ORTHO-PHOSPHORIC ACID 87 % ml 5000,0 206.0 4794,0
PHCl-amp/.IN HYDROCHLORIC ACID AMPOULE O.IN amp 1,0 0.0 1,0
PHC1/.37 HYDROCHLORIC ACID 37 7. ml 10000,0 8912,Q 1088,0
PHN03/.65 NITRIC ACID 65 % m 1 1000,0 1000, o 0,0
PI 2 IODINE gram 250,0 50,0 200,0
PIDRANAL IDRh NAL grani 0,0 0.0 0,0
PKZCi-204 POTASSIUM CHROMATE gram 1000.0 257,4 992,6
PK2Cr207 POTASSIUM DICHROMATE gram 1000,0 12,7 987,3
PK.C1 POTASSIUM CHLORIDE grani 500,0 500,0 0,0
F'KDIAMTART POTASSIUM DIAMM.TARTR, grani 500,0 0,7 499,3
PKH2P04 F'OTASSIUM-di-HYDROGEN PHQSPHATEgram 0,0 0,0 0,0
PKI POTASSIUM IODIDE grani 600,0 105,0 495,0
PKNa06C4H4,4Aq POTASSIUM SODIUM TATRATE.4HYDR grani 1000,0 0,0 1000.0
PKN02 POTASSIUM NITRITE grani 1000,0 1.0 999,0
PKN03 POTASSIUM NITRATE grani 250.0 1,0 249,0
PMARAGAR MARINE AGAR 2216 grani 2724,0 0,0 2724,0
PMARBROTH MARINE BROTH 2216 grani 1816,0 0,0 1816,0
PMCAGAR MAC C O N K E Y  A G A R grani 2500,0 0,0 2500.0
PHETAMNFENSUL 4- (METHYLAMINO) PHENOLSULF'HATE grani 1000,0 0.0 1000,0
PMgcL2 MAGNESIUM CHLORIDE grani 250,0 250.0 0.0
PMg504 MAGNESIUM SULPHATE grani 500,0 0,0 500,0
PMN504,lAq MANGANESE SULPHATE,1HYDR grani 2000,0 865,0 1135.0
PNa2B407. lOAq di-SODIUMTETRABORATE,10HYDRATE grani 1000,0 0,0 1000,0
PNa2C03 SODIUM CARBONATE ANHYDR. grani 1000,0 0.0 1000,0
F'NaZFe(CN)5NO SODIUM NITROPRUSSIDE grani 100,0 54,0 46,0

kmfri-kbp computer section



Page 2 

CODE

KMFRI-KBP CONSUMABLE 5T0RE5-CHEMICALS 

DESCRIPTION UNIT REQBAL

7-21-86

ISSUED NEWBAL

PNa2S203,5Aq SODIUM THIOSULPHATE gram 250,0 -517,6 767,6
PNa25i03,5Aq SODIUM METASILLICATE gram 500.0 0.0 500.0
PNa2S04 SODIUM SULPHATE gram 1000,0 270,0 730,0
PNa2W04.2Aq SODIUM TUNGSTATE gram 250,0 0,0 250,0
F'NaAC SODIUM ACETATE gram 1000,0 0,0 1000,0
PNaCITR SODIUM CITRATE gram 1000.0 400,0 600,0
PNaCl SODIUM CHLORIDE gram 690.0 1603,4 396,6PNaHOCl SODIUM HYPOCHLORITE ml 5000,0 1500,0 3500,0
PNaMo SODIUM MOLYBDATE gram 250.0 125.0 125,0
PNaN03 SODIUM NITRATE gram 500,0 263.0 237,0
PNaOH SODIUM HYDROXIDE gram 1500,0 953,4 1046,6
F'NaPDSul SODIUM F'EROXOD I SULPHATE gram 500,0 0,0 500,0
F'NEDADCL N-NAF'HTYL-ETHYLENEDI AMM . DICHL , gram 25.0 0,4 24.6
PNH3/.25 AMMONIA 257. ml 2500,0 0,0 2500,0
PNH4CL AMMONIUM CLORIDE gram 1000.0 528,0 472,0
PNH4Fe504 AMMONIUM-IRON(II)SULFATE gram 1000,0 0,0 1000,0
PNH4Mo AMMONIUM MOLYBDATE gram 1250,0 119,0 1131.0
PNH4S04 AMMONIUM SULFATE gram 500,0 0,0 500.0
PNUTAGAR NUTRIENT AGAR gram 2724,0 0,0 2724,0
F'NUTBROTH NUTRIENT BROTH gram 1696.0 0.0 1696,0
POXALAC OXALIC ACID gram 500.0 90,0 410.0
PPAPLITBLU BLUE LITMUS PAPER INDICATOR bo;-; 2.0 0,0 2,0
PPhPLITRED RED LITMUS PAPER INDICATOR box 2,0 0,0 2.0
PPHENOL PHENOL gram 1000.0 150,0 850,0
PSbK0C4H406 A N T I M O N Y  P O T A S S I U M S )  T A R T R A T E gram 0,0 0,0 0,0
P5FNAMID SULF ANILAMID gram 250.0 15,0 235,0
PSiGEL S I L I C A  G E L gram 20000.0 0,0 20000,0
P5TARCH STARCH INDICATOR gram 2500,0 60,0 2440.0
PTHVMOL THYMOL gram 100,0 0.0 100,0
PTRINaCITR.2Aq tri-SODIUM CITRATE,2HYDR gram 0.0 0,0 0,0
FT5TAQMKNH4 AQUAMERCK TEST AMMONIUM 150 tst box 3.0 3.0 0,0
PTSTAQMKN02 AQUAMERCK TEST NITRITE 50tst box 10,0 4,0 7.0
PT5TAQMKN03 AQUAMERCK TEST NITRATE 50 tst box 10.0 5.0 5,0
PTSTAQMKP04 AQUAMERCK TEST PHOSPHATE box 3,0 3,0 0.0
PTSTAQMKSi AQUAMERCK TEST SILICA box 3,0 3.0 0.0
1PTSTAQQTNÖ2 AQUAQUQNT TEST NITRITE 14424 box 1.0 1,0 0,0
PTSTMIQTSi MERCK MICRQUANT TEST SILICA box 1,0 1.0 0.0
PTST5PQTSÍ MERCK TEST SF'ECTROQUANT Si box 1,0 1,0 0.0

kmfri-kbp computer section



KMFRI-KBP CONSUMABLE STORES-LAB SMALL EQUIPMENT 
Page 1 7-21-86

CODE DESCRIPTION UNIT REQBAL ISSUED NEWBAL

5BAT1.5AA SIZE AA 1.5 DOLT BATTERY ALKAL NR 12 12 0
SBAT1.5D SIZE D 1,5 DOLT BATTERY NR 62 62 0
SB AT? ? VOLT BATTERY NR 4 4 0
SBULB60SCR BULB 23ÜV/60W SCREW fr 5PR0C0N NR 5 5 0
5C0RKRUB RUBBER CORK NR 400 47 353
5C0V5LIP COVER SLIPS MICROSC. 20 MM SQ, BOX 100 8 92
SDISHPETRI PETRI DISH PLASTIC NR 953 264 66?
SFILMEM/,2 MEMBR.FILTERS 0,2 MICR, 100/BX BOX 4 0 4
5FILMEM/.45 MEBR.FILTERS 0,45 MICR, 100/BX BOX 5 0 5
SFILMEM/,8 MEBR,FILTERS 0.8 MICR, 100/BX BOX 5 0 5
SFILPAPGFC25 WHATMAN FILT.GF/C 25 MM 100/BX BOX 10 6 4
5FILPAPGFC47 WHATMAN FILT.GF/C 47 MM 100/BX BOX 50 38 12
SLABEL GUMMED LABORATORY LABELS PC K 13 7 6
SMICR5LID MICROSCOF'. SLIDES 50/BX BOX 10 8
5NEEDPT POINTED TIP NEEDLE NR 20 8 12
SNEEDRE ROUND EYE TIP NEEDLE NR 10 -1 10
SPAPTISSUE KLEENEX TISSUE BOX BOX 53 46 7
5PARAFILM PARAFILM BOX 10 8 *?

5PIPATIPI AUTOF’IPET YELLOW TIP 20-100 MICNR 5000 0 5000
SPIPATIP2 AUTOF'IPET BLUE TIP 200-1000 MICNR 5000 1000 4000
5PIPPA5TEURLT PASTEUR PIPETS LONG TIP 25G0/BXB0X 2500 1 2499
5PLGAUZ100 PLANKTON GAUZE 100 MICR, MET. 5 5 0
5PLGAUZ200 PLANKTON GAUZE 200 MICR. MET. 5 5 0
5PLGAUZ50 P L A N K T O N  G A U Z E  5 0  M I C R M E T , 5 5 0
SPLGAUZ50Q PLANKTON GAUZE 500 MICR, MET , 5 5 0
55BLD1 SURGICAL BLADE TY25 NR 200 112 88
5SBLD2 SURGICAL BLADE TY21 NR 20 20 0
55URGL0V SURGICAL GLOVES 50/BX BOX 20 4 16
5TUBGAS9/17 GAS TUBE 9/17 MET. 10 0 10
5TUBPVC4/6 PVC TUBE 4/6 MET. 10 oc. 8
STUBPVC6/10 PVC TUBE 6/10 MET. 10 1 10
STUB5IL SILICON TUBE MET, 10 0 10
STUBVAC5/15 VACUUM TUBE 5/15 MET. 10 1 10

kmfri-kbp computer section
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CODE

KMFRI-KBP NON CONSUMABLE STORES - 

DESCRIPTION

LAB GLASSWARE 7-21

REQBAL LOSS

-86

ISSUED NEWBAL

GBEKG8 GLASS BEAKER 600 ML 10 i 7 9

GBEKG9 GLA55 BEAKER 1000 ML 10 0 6 4
GBEKP7 PLASTIC BEAKER 500 ML 10 0 10 0
GBEKP9 PLASTIC BEAKER 1000 ML 12 0 9 3
GBOTD DROPPER BOTTLE 12 0 7 5
GB0TG2 BOD BOTTLE 50 ML 10 0 10 0
GB0TG3 BOD BOTTLE 100 ML 100 0 49 51
GB0TG5 BOD BOTTLE 250 ML 100 0 68 32
GB0TG7 BOD BOTTLE 500 ML 50 0 23 27
GB0TG9 BOD BOTTLE 1000 ML 50 1 20 29
GB0TP3 PLASTIC SAMPLE BOTTLE 100 ML 200 0 200 0
GB0TP5 PLASTIC SAMPLE BOTTLE 250 ML 228 0 228 0
GB0TP9 SAMPLE BOTTLE 1000 ML 10 0 10 0
GBOTPSPEC SPECIMEN BOTTLE PLASTIC (vial) 340 0 27 313
GB0TP5PEC5 SPECIMEN BOTTLE PLASTIC 250 ML 500 0 180 320
GB0TP5PEC9 SPECIMEN BOTTLE PLASTIC 1000 ML 50 0 21 29
GBUCP PLASTIC BUCKET GRADUATED 12L 4 0 4 0
GBUR BURET 50 ML 9 0 9 0
GBURft AUTO BURET + RESERVOIR 9 0 0 9

GCONPL LARGE PLASTIC CONTAINER 9 0 2 0
GCONPS SMALL PLASTIC CONTAINER 2 0 9 0
GOONS SPIRAL CONDENSER 9 0 0 2

GC0V5H HAEMA COVER SLIP 20 0 18 9
C

GCUU1 SPECTRO CUVET 10x10x45 BOX OF 3 1 0 0 1
(KUOS SPECTRO CUVET 10;;40;;45 BOX OF 3 1 0 1 0
GCUVMATCH1 CUVETS MATCHED ref.SG 10 00 82 9 0 9 0
GCYLhGl MEASURING CYLINDER GLASS 25 ML 10 0 6 4
GCYLMG3 MEASURING CYLINDER 100 ML 10 0 10 0
GCYLMG7 MEASURING CYLINDER GLASS 500 ML 10 0 9 8
GCYLHG9 MEASURING CYLINDER GLASS 1000 ML 5 0 0 5
GCYLMP3 PLASTIC MEASURING CYLINDER 100 ML 5 0 0 5
GCYLMP7 MEASURING CYLINDER PLASTIC 500 ML 5 0 1 4
GCYLHP9 PLASTIC MEASURING CYLINDER 1000 ML 5 0 9 3
GDE55IC30 DESSICATOR GLASS 30 CM+TAF' 9£. 0 i 1
GDISEVES EVAPORATING DISH EMAIL SMALL l 0 0 1
GDI5EVQL EVAPORATING DISH QUARTZ LARGE 14 0 0 14
GDI5EVQS EVAPORATING DISH QUARTZ SMALL 19 0 0 19
GDI SP DISPENSER BOTTLE PLASTIC 500 ML 10 1 9 0
GRL10 ERLENMEYER 2000 ML WIDE MOUTH 10 0 0 10
GERL3 ERLENMEYER 100 ML 10 0 10 0
6ERL5 ERLENMEYER 250 ML 10 0 10 0
GERL7 ERLENMEYER 500 ML (WIDE MOUTH) 10 0 6 4
GERL9 ERLENMEYER 1000 ML 10 0 9

iL 8
GERLC5 ERLENMEYER FOR CONDENSER 250 ML 9 0 9c_ 0
GERLF11 ERLENMEYER FOR FILTRATION 5000 ML 3 0 0 3
GERLF9 ERLENMEYER FOR FILTRATION 1000 ML 5 0 9 3
GFIBft FILTER BASE MILLIPORE 5 0 4 1
GFICLft FILTER CLAMP MILLIPORE 5 0 9 3
GFIFUN FILTER FUNNEL MILLIPORE 5 0 2 3
GFI5YR5YR SYRINGE 50 ML FOR GFYSYRSYS 9 0 0 9

GFI5YR5YS MILLIPORE SYRINGE FILTER SYSTEM 9 0 0 9

kmfri-kbp computer section



KMFRI-KBP NON CONSUMABLE STORES - LAB GLASSWARE 
Page 2 7-21-06
CODE DESCRIPTION REQBAL LOSS ISSUED NEWBAL

GFLV0L2 VOLUME FLASK 50-55 ML 2 0 2 0
GFLV0L4 VOLUME FLASK 200-220 ML 10 1 4 5
GFLV0L6 V O L U M E  F L A S K  4 0 0 - 4 4 0  ML 1 0 1 0GFUNG1 GLASS FUNNEL 100 MM 4 0 2
GFUNG2 GLASS FUNNEL 200 ML 4 0 0 4
GFUNM METAL FUNNEL 1 0 0 1
GFUNF'l PLASTIC FUNNEL 100 MM 6 0 6 0
GFUNP2 PLASTIC FUNNEL 150 MM 3 3 -1 1
GFUNP3 PLASTIC FUNNEL 260 MM 3 0 1 9

GHCM HAEMACYTOMETER 5 0 9la 3
GK0L9 KOLVE FLAT BOTTOM 1000 ML 10 0 1 9
GK0L5C KOLVE FOR SPIRAL CONDENSER 2000 ML 2 0 0 9

GPETS PETRI SLIDES BOX OF 100 7 0 0 7
GPIP1 MEASURING PIPET 1 ML 18 0 10 8
GPIP10 MEASURING PIF'ET 10 ML 20 1 4 15
GPIP2 MEASURING PIPET 2 ML 20 0 9 11
GPIP20 MEASURING PIPET 20 ML 12 0 0 12
GPIF'5 MEASURING PIPET 5 ML 20 0 3 17
GPIPB10 BULB F'lPET 10 ML 3 0 3 0
GPIPB25 BULB PIF'ET 25 ML 5 0 1 4
GPIPB50 BULB PIPET 50 ML 5 1 o 2
GREDCOL REDUCTION COLUMN + TAP 10 0 7 3
GREDFUN R E D U C T I O N  F U N N E L 9 0 6 3
GRES G GLASS RESERVOIR 20 L 2 0 i i
GRESGT S P A R E  T A P  F O R  G R E 5 G 1 0 0 1
GRESF'L PLASTIC RESERVOIR 20 L 10 0 10 0
GRESF'S PLASTIC RESERVOIR 10 L + TAP 3 0 3 0
GROD GLASS STIRRING ROD 16 0 3 13
GTftPP PLASTIC TAF' 1 0 0 1
GTHOM TISSUE HOMOGENIZER (POTTER) 0 0
GTUBC1 CENTRIFUGE TUBE 15 ML CONICAL 200 31 34 135
GTUBC2 CENTRIFUGE TUBE 100 ML 10 0 9 1
GTÜBT 
Totals :

TEST TUBE
All

973 0 0 973

kmfri-kbp computer section



KMFRI-KBP NON CONSUMABLE ST0RE5-LAB SMALL EQUIPMENT 
>age 1 7-21-86

CODE DESCRIPTION REQ.BAL LOSS ISSUED NEWBAL

5BLDHOL SURGICAL BLADE HOLDER 10 0 14 6
5 B0R CORK BORER SET OF 12 1 0 1 1
5B0X5LID SLIDE BOX 5 0 1 4
5BRUUL LARGE BRUSH WASHER 4 0 n

Cm
?

5BRUWS SMALL BRUSH WASHER 5 0 3 2
BBULBHOL BULB HOLDER SREWFIT fr SF'ROCON 4 0 8 0
5BUR GAS BURNER 3 0 0 3
SBURNALL ALL PURPOSE GAS BURNER 1 0 0 1
SCABL ELECTRIC CABLE FOR SF'ROCON 4 0 3 1
5CLMPRETST CLAMP FOR RETORT STAND 10 0 -4 14
SCLP CLIP FOR RUBBER TUBE 20 0 0 20
5C0UNTER COUNTER 1 CHAN, HAND 0 0 2
SCUT CUTTER 2 0 1 1
5CUVHOL1 REF.CUVET HOLDER 1 CM SPECTRO 1 0 1 0
5CUVHOLL CUVET HOLDER LONG PATH 1 0 0 1
SDISKIT DISSECTING KIT 5 0 5 0
SDISTRIVAR500 DISTRIVAR 500 9 0 0 9

SDIVBACPAC DIVING BACK PACK 9 0 9 0
SDIVREG DIVING REGULATOR 9 0 9 0
SFILPOC FILING POCKET FOR MET,CABINET 290 0 290 0
SGAUZTRIP GAUZE FOR TRIPOD 5 0 0 5
5GCUT G L A S S  C U T T E R n

Cm 0 0 2
5GMARK G L A S S  M A R K E R  < INK TYPE) 9 0 1 1
5 H0 LN NEEDLE HOLDER 10 4 8 6

5HVGRO HYGROMETER(HAIR) 0-100 % 5 0 3 r>
Cm

SKOLCLMP KOLVE CLAMP 10 0 6 4
SMAFMIL SAMPLING MANIFOLD MILLIPORE 12 HOL 2 0 0 n

SMECAB METAL CABINET MEWAF 1 0 1 0
5MULPLUGSQP MULTIF'LUG SQ.F'IN 5 0 4 1

5NAB0T10 NANSEN BOTTLE 10 L 3 0 1
9

SF'INCCOVSLIF' COVER SLIP PLINCERS 9 0 1 i
5PINCFL FLAT END PINCERS 10 0 1 9
5PIPA20-1Q0 AUTOMATIC PIF'ET 20-100 MICL 3 0 1 2
5PIPA20Q-1000 AUTOMATIC PIF'ET 200-1000 MICL 3 0 3 0
SPIPAHOL AUTOMATIC F'IF'ET HOLDER 9Û 0 0 2
SPIPBAL F'IF'ET BALL 5 0 7 3
SPIPCON F'IF'ET CONTAINER 10 0 9 8
SPIPST PIF'ET STAND PLEXIGLASS 5 0 1 4
5PIPWASHB F'IF'ET WASHER BASKET 2 0 9 0
SPIPWASHC F'IF'ET WASHER CONTAINER O 0 9 0
5PLATMET METAL PLATE STAINLESS 1 0 i 0
5 P L N E T R 5 5 P L A N K T O N  N E T  + RES, 55 MICR, 9 0 9 0
5PLUGSQP TOF' PLUG SQ . PIN 12 0 8 4
SPR0C0N30 PROTECTING CONTAINER 30 1 0 1 0
5PR0C0N40 PROTECTING CONTAINER 40 n

C- 0 9 0
5PR0CON5O PROTECTING, CONTAINER 50 l 0 i 0
5RACDRY DRYING RACK. FOR GLASSWARE 9 0 9 0
SRACTUBT RACK FOR TEST TUBES 4x12 5 3 6 2
5RACTUBTS RACK FOR TEST TUBES 3X8 5 0 0 5
SREFRAC REFRACTOMETER ATAGO 0-100 F'F'M 4 0 9 9

5KQDMA12X55 MAGNETIC STIRRER 12 X 55 5 0 i 4
SR0DMA7X25 MAGNETIC STIRRER 7 X 25 10 1 i 10
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KMFRI-KBP NON CONSUMABLE STORES-LAB SMALL EQUIPMENT 
'age 2 7-21-86

¡ODE DESCRIPTION REQ.BAL LOSS ISSUED NEWBAL

ÍR0DMA9X35 MAGNETIC STIRRER 9 X. 35 10 0 2 8
IRODMAG M A G N E T I C  ROD C. 0

O 0
jSAFGLAS SAFETY GLASSES o 0 0 oc.
Ï5CI5 SCISSORS 3 0 3 0
5SPATSMIC SPATULA SEMI MICRO 5 0 5 0
55TARODBAS STAND ROD + BASE ( RETORT STAND) 5 0 3
5SWATCH STOP WATCH o 0 9 0
5THERMALC100 ALCOHOL THERMOMETER 100 C o 0 0 9u
5THERMHG110 MERCURY THERMOMETER 110 C 14 5 13 6
5THERMHIQ THERMOMETER 0,1 C PRECISION 0 0 o
5T0NGCRUC CRUCIBLE TONG 5 0 0 5
5TRIST TRIPOD STAND 3 0 0 3
Totals: All
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KMFRI-KBP NON CONSUMABLE STORES-LAB HEAVY EQUIPMENT

HAQF'UMP AQUARIUM AIR PUMP RENA 301 5 0 1 4
HAUTOCLAV AUTOCLAVE 1 0  1 0
H B A L A N A L A N A L Y T I C A L  B A L A N C E  S A R T O R I U S  1 0  1 0
HBALELEC ELECTROBALANCE CAHN C29 1 0  1 0
HBALELECACC ACCESSORIES CAHN BALANCE 1 0  1 0
HBATCHARGE BATTERY CHARGER TELWIN 1 0  1 0
HBIN0WM3 STEREOMICROSCÔPE WILD M3 3 0 3 0
HBIN0WM5 STEREOMICROSCOPE WILD M5 1 0  1 0
HBIN0WM5MICM MICROMETER FOR WILD M5 1 0  1 0
HBIN0WM5M0C MEASURING OCULAR FOR WILD M5 1 0  1 0
HCAMNIK5BAG BAG FOR CAMERA NIKONOS 5 1 0  1 0
HCAMNIK5B0DY CAMERA NIKONOS 5 BODY 1 0  1 0
HCAMNIK5FLASH FLASH FOR CAMERA NIKONOS 5 1 0  1 0
HCAMNIK50B.J OBJECTIVE LENS FOR CAMERA NIKONOS 5 1 0  1 0
HCENTRIF CENTRIFUGE ALC 4226 1 0  1 0
HFREEZLIEB FREEZER LIEBHERR 1 0  1 0
HGENKAW GENERATOR KAWASAKI 220/12 V-2600 W 1 0 1 0
HINCUBMT3Q INCUBATOR MEMMERT T30 53 L 1 0  1 0
HMAG5TIR „ MAGNETIC STIRRER PLATE CENCO 2 0 1 1
HMAGSTIRHOT MAGNETIC STIRRER + HOT PLATE 1 0  1 0
HMICLLABD MICROSCOPE LEITZ LABORLUX D 1 0  1 0
HMICLLDMICM MICROMETER FOR LEITZ LABORLUX D 1 0  1 0
HMI C LL DMOC M E A S U R I N G  O C U L A R  F O R  L E I T Z  L A B L U X D  1 0  1 0
HMILPUMP MILLIPORE VACUUM PUMP/COMPRESSOR 3 0 2 1
HOF'RO O V E R H E A D  P R O J E C T O R  1 0  1 0
H0VENMTV15U OVEN MEMMERT TV 15U 34 L 1 0  1 0
HOXMETCOZ80 OXYGEN METER CONSORT Z80 1 0  1 0
HPAMET0R231 PH METER ORION 231 1 0  1 0
HPARAMIX TEST TUBE MIXER F'ARAMIX JULABO 1 0  0 1
HPHMETEL0R231 PH METER ORION 231 COMB,ELEKTRODE 2 0 1 1
HPHMET0R231 PH METER ORION 231 1 0  1 0
HRADMOBIL MOBILE RADIO UNIDEN 4 0 4 0
HRADMOBILAMP MOBILE RADIO AMPLIFIER MOSQUITO 4 0 4 0
HREFRIZ REFRIGERATOR ZOF'PAS 1 0  1 0
H5PECTR0 SPECTROFOTOMETER SHIMADZU 1 0  1 0
HSTILL WATER DISTILLER VEL 7Q 1 0  1 0
HWPUMP WATER PUMP JL 130 + TUBE 1 0  1 0
HWWBATHMW350 WARM WATER BATH MEMMERT W350 1 0  1 0
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KENYA MARINE & FISHERIES RESEARCH INSTITUTE 
LIBRARY DEPARTMENT

1 3 t h  M a r c h ,  1 9 8 6 .  

R e f :  K M F / P U B / 1 3

1A

Dear
A t t a c h e d  is a list of r e f e r e n c e s  c o v e r i n g  F i s h e r i e s  a n d  

O c e a n o g r a p h y  r e c e i v e d  f r o m  B e l g i u m  b e t w e e n  J a n u a r y  1 9 8 5  a n d  D e c e m b e r  
1985.  D o c u m e n t a r y  I n f o r m a t i o n s  i s  a  p r o j e c t  w h i c h  w a s  p r o m o t e d  u n d e r  
t h e  u m b r e l l a  o f  K e n y a  -  B e l g i u m  p r o j e c t  i n  B i o l o g i c a l  O c e a n o g r a p h y  b a s e d  
at K M F R I ,  M o m b a s a ,  w i t h  t h e  o b j e c t i v e  o f  m a k i n g  s c i e n t i f i c  L i t e r a t u r e  
a v a i l a b l e  t o  r e s e a r c h e r s . ; .  T h e  p r o j e c t  i s  f i n a n c e d  p a r t l j r  b y  t h e  A r e a  
U n i v e r s i t y  o f  B r u s s e l s  ( V .  U .  B . )  a n d  p a r t l y  b y  L i m b u r g  U n i v e r s i t y  C e n t r e  
( L . U ^ C  )  B e l g i u m .  T h e  o n l i n e  s e a r c h e s  e n d  i r r t e r l i b r a r y  l e n d i n g  
s e r v i c e s  a r e  r e a l i s e d  i n  B e l g i u m  ( L . U . C .  )  a n d  r e f e r e n c e s  s e n t  t o  c o r  
L i b r a r y  b y  A i r m a i l .

4
Y o u r s  s i n c e r e l y ,

J . K ,  M w o b o b i a  
F o r  D I R E C T O R .

J K / e t ,



0 0 0 1  L u g o ,  B . A . ;  S n e d a k e r ,  C f S .  • 1 9 7 4 «  !.
T h e  e c o l o g y  o f  m a n g r o v e s .  J .  R e v .  E c o ! .  S y s t e m . ,
5 * 3 9 - 6 4 . iw

.0002 V e r v o o r t ,  W . 1 9 6 5 .
T h r e e  n e w  s p e c i e s  o f  B o m o l o c r i d a e (  C o p e p o d a ,  P y s c l o p o i d a  
f r o m  T r o p i c a l  A t l a n t i c  T u n n i e s .  Z o o l o g i s c h e  
V e r l a d e l i n g e n  7 6 * 3 - 4 0 .

0 0 0 3

0 0 0 4

0 0 0 5

0006

0 0 0 9? "> •/ •i . »
0010 
o o i i

S c o t t ,  * .  1 9 0 6 .  r a r e  *
N o t e s  o n  n e w  a n d <  ^ c o p e p o d a  f r o ^ m  t h e  a ç o t t i s h  S e a s .  
T w e n t y  f o u r t h - A n n u a l  R e p o r t ' o f t h e F i s h e r y  Board o f  
S c o t l a n d .  F t . f  I I I .  2 7 5 - 2 8 0 .

. • . : u . • • • . • - • or*? y k m  .
S m i t h ,  J . R . ,  S t r e h l o w ,  D . R .  1 9 8 3 .  .

A l g a l  i n d u c e d  s p a w n i n g  i n  t h e  m a r i n e  m u s s e l ;  l a t i l u s  
C a l i f o r n i a n u s  3 p .  V  - ' < /'"A

- :v
S c h m a u s ,  P . H .  ; .  L e h n h o f e r ,  K .  ; 1 9 2 7 .  w

Copepoda, 4* Rhincalanus D a n a  1852 derPeutsChSn *
T i e f s e e  Expedition* • Systematik W d r V e r b r e i t u n g  D e r  
G a t t u n g .  D e u t s c h e  T i e f s e e  Expedition 1898-1899.
B o l .  X X I I I  ( - ' * 4 6 - 5 1 .  8

A./Í .
S e l i g e r ,  H . H . ; B o g a s ,  J . A . j , B i g g ï o ÿ ,  W.J .  .Aspden, 

K . R . H .  1 9 f i t .
T h e  t r a n s p o r t  o f  o y s t e r  l a r v a *  >i n  a » 7 e s t u a x £ $ &  
M a r .  B i o l .  7 1 * 5 7 - 7 2 .

H l i i a a e r i n c k ,  P . W ;  \  1 9 6 9 * - ’
S t u d i e s  o n  t h e  f a j u n a  o f  C u r a c a o 'and 
V o l  X X V I I I * 1 - 1 2 5 .  -  '  V V > f ;  .• - •/ ■ #rg.

J u n e  1 9 7 6 .  P i f *  A Q / C énffaèfé^*- 2
- ; ":■■■/. IT-fp'

D i a l o g  I n f o r m a t i o n .  R e t r i e v a l  Jfi
: : -ïA.\ v i..;.;.:

B i o e i e  S e a r c h  g u i d e  : . - ¿ X a 3 t é ? - :  . . .
. . ;,,r. .

B i o s i s  S e a r c h  g u i d e :  u b l e o t  c l  _,-r . * ;

$  
-V,

Í-- -i.

i1»:*

... . Í P  -i-.r. > A

• -■ •-i ;t '• *Ü

/i
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G i e s b r e o h t *  W* 1 9 9 2 .  S y s t e m a t i k  u n d * ,  f a t u l i s  t i k
d e r t  p e l a g i s c h e n  C o p e p o d e n  d e a  G o l f e a  v o n  I T e a p e l  
u n d  d é r  A n g r e n z e n d e n  m e e r s - a b s e h n i t t e  v e o n  W . 
G i e s b r e c h t .  ( S y s t e m a t i O è  a n d  f a u n a  O f  p e l a g i c
c o p e p o d a  o f  t h e  g u l f  o f  f l a p l e s  a n d  n e a r b y  

- s e a a ) .  8 3 1 p . - /'•»ƒ'’ *‘r
S t  .’i c k l a n d ,  J .  D .  H .  ;  P a r s o n s ,  T .  R «  1 9 # 8 .  ' A  

p r a c t i c a l  h a n d b o o k  o f  s e a w a t e r -  a n a l y s i s .
B u l l .  P i s h .  R e a .  B d .  C a n . ,  1 6 7 |  , 3 1 1 p *

F i s c h e r ,  B . R . ;  P e t e r s ,  G .  B .  Í 9 6 9 .  A  b r i e f  I n t r o »  
d u c t  i o n  t o  q u a n t i t a t i v e  c h e m i c a l  a n a l y s t  A . . . '
537p. : =. / V  •

W i c k s t e a d ,  H .  J .  1 9 6 5 .  A n  i n t r o d u c t i o n  to the 
s t u d y  o f  t r o p i c a l  p l a n k t o n /  l 6 0 p .

G i e s b r e c h t ,  W . 1 8 9 2 .  S y s t e m a t i k  u n d  P e u n i s t i k  d e r
p e l r g i s c h e n  C o p e p o d a  C o f ô s  v o n ,  F e a p e l .  4 9 p .

L a n g ,  K .  1 9 7 4 .  M o n o g r a p h i c  d e r  h a r p a o t i c i d e n .
2  v o l a .  I 6 0 2 p .

B r o e c k e r ,  W . S .  1 9 . 7 4 .  C h e m i c a l  o c e a n o g r a p h y ,
2 1 4 p .  • 'lr' j . ;  'k

P a r s o n s ,  T .  R .  Y . ;  M a i t a , . Y .  $ . X a l í i : ¿ ^ 0 ?
A  m a n u a l  o f  c h e m i c a l - a n d  b i o l o g i o a l  m e t h o d  o f  s e a  
w a t e r  a n a l y s i s .  . 1 X $ P *  ! : -/■ . A';- \y.; ;*;*-• .7 •<.

. • ‘r J
W i t k o w s k i ,  Z .  1 9 7 0 .  T h e . p r o b l e m  o f s p e c i

d i v e r s i t y  i n  b i o o e n ó t i c a l > ;  s t u d i o s ,  ÿ
Ekologiczne XVII (2): U7U.32fcÿ;£:ï;^^è®gc 
: ■■■ • :

M u k u n d a n ,  C .  1 9 7 1 .  P l a n k t o n , o f  ¿ J a i i x m t  f  i n é h O r e _ J • (
w a t e r s  a n d  i t  r è l a t i o n a h i p ^ l l t i ^ o a É t ^ ^ ^ ^ i c  
F i s h e r i e s .  4 I n d i a n  J .  F i s h .  »  Í 4 ^ * t l 7 H 2 9 2 . ? ; , : ,  ' .

B r a u d ,  J . ,  P e t e r , ’ P . ,  1 9 7 3 . ’ F a m i n g  c
E u d i e u m a  S p i n o s u m  (  F l o r i d e o p h y c e a e )  '
w a t e r s ,  P r o c .  I n t .  S e a w e e d

P i l l a i ,  P . P . ;  Q a s i m ,  S .  C . ,  K e s a
C o p e p o d - c o m p o n e n t  o f  Z o o p l a n k t o n  

E  s t u a r y .  I n d i a n  J .  M a r .  S o l
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S h a n ,  M . 1963.  D i a i n a i  c h a n g e s  i n  c e r t a i n
o c é a n o g r a p h i e  f e a t u r e s  i n  t h e  L a c c a d i v  s e a  o f f  
C o c h i n  i n  S e p t e m b e r ,  1 9 6 6 .  B u l l . . D e p t , -  M a r .  
B i o l .  O c e a n o g r .  U n i v .  C o c h i n , ^ * 9 : 1 9 ^ 2 7 .

D e c k e r ,  A .  D . .  E .  1 9 6 4 .  O b s e r v a t i o n s  o f  t h e  e c o l o g y  
■ a n d  d i s t r i b u t i o n  o f  c o p e p o d a  i n  t h e  m a r i n e  

p l a n k t o n  o f  S o u t h  A f r i c a .  I n v e s t .  R e p .  D i v .
S e a  P i s h .  S .  A i r .  n o .  4 9 .  R e p r i n t e d  f r o m  
" C o m m e r c e  &  I n d u s t r y  J u n e  p p .  l /  3 3 .

W i l h m ,  J .  L .  1 9 6 8 ¿  • U s é  o f  b l o m a e  u n i t s  i n  s h a s m o n * s
f o r m u l a .  E c o l . ,  4 9 : 1 5 3 r l ! ? 6 f • Ä *

E v a n s ,  P .  1 9 7 7 .  S e a s o n a l , d e n s i t y  J S Q d  p r o d u c t i o n
e s t i m a t e s ,  o f t h e o o m m o n e r p i a n k t c ^•;/ I.UlVyiAAVyM
o f  N o r t h u m b e r l a n d  c o a s t a l  w a t ^ r s l ' - ^  
C o a s t .  M a r .  S e i . ,  5 i 2 2 3 - 2 4 1 .  .; - -/ : «y

B a i n b r i d g e ,  V ¿  1 9 6 4 . '  T h e  Zooplankton. 
i f a n  S e r .  A ,  2 6  ( 2 ) :  3 9 0 - 4 0 1 .

•A, y •!:
B u l l .

« :4

C o n o v e r ,  R .  J .  1 9 7 9 .  P r o d u c t i o n  i n  m a r i n e  p l a n k t o n i c  
c o m m u n i t i e s .  R e p o r t  o f  t h e  f i r s t  I n t e r n a t i o n a l  
C o n g r e s s .  E c o l o g y , .  1 5 9 - 1 6 4 .  < w  ■ ■ r  :.‘<Y

D e  N i e ,  H .  W , ;  B ^ ÿ n l e y ,  H .  J .  j  A'/'ar ■■ ****
D i s t r i b u t i o n  p a t t e r n s  » :? z o p p i a  
T h e  N e t h e r l a n d s ;  J .  P l a n ^ | ^ e ^

H u r e ,  . J .  ;  I a n o r a ,  A .  ; ;  B r u n o ,
a n d  t e m p o r a l  d i a t  r  i b u t i o i ^ o f i g  
i n  t h e  A d r i a t i c  S e á ' .  J .  ■*** *
2 9 5 - 3 1 6 .  -

M s  h i  g e n i ,  K .  E .
s e a s o n a l i t y  a m  
o i d  f r o m  t h r e e  
M a r i n e  - A l g a e  i n  P h a r m d é ú *
G r u t  e r ,  B e r l i n .  ? 2 Ï

. , ‘*3- -- V:.r--' * 4»
M i s r a ,  A .  ;  ö i n h a ,  R .  > 1 9 7 9 .  ^  

i n . I n d i a .  I n :  < y a r i n e  
S c i e n c e  ( H o p p e ,  H i  A . ^  >  
e d a ) ,  p p .  2 3 7 - 2 4 2 ; : . .

B e t t e r t o n ,  C .  . 1 9 8 1 ' .  À
P e n i n s u l a r  M a l a y s i a . (
M a l a y .  H a t .  J . , .

SVV'Í,'..
h>ML

m :  %&
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0 0 3 5  E r i k s s o n ,  S .  1 9 7 3 «

T h e  B i o l o g y  o f  m a r i n e  planktonic copepoda on the 
w e s t  c o a s t  o f  S w e d e n .  Z o o n . 1 - 3 7 - 6 8 .  •

0036 Q a s i m ,  S.Z. 1973*
P r o d n r t i v i t y  o f  B a c k w a t e r s  a n d  E s t u a r i e s  I n :  t h é  
B i o l o g y  o f  I n d i a n - 0 c e ? n - 1 0 p . H a n d b o o k  n o .  3  
^ c o l g i c a l  S t u d i e s ,  p p .  1 4 4 - 1 3 4 .  >

0 0 3 7  K o c h f o r d ,  D . J ,  1 9 7 3 .
S e a s o n a l  V a r i a t i o n s  i n  t h e  I n d i a n  O c e a n  a l o n g  1 1 0  ° E  
A u s t .  J *  M a r .  F r e s h w a t e r  R e s .  2 0 : 1 - 5 0 *  •' •>('. ;

■ • - , í .• ' •
0 0 3 8  F i s h e r ,  R . À .'{ C O r h e t ;  A ¿ S ¿ ;  W i í l i a m j  C*B. 1 9 4 3 .

T h e  ^ e l a t i o n  b e t w ç e n  t h e  n u m b e r  o f  s p e c i e s  a h d '  t h e
n u m b e r  o f  i n d i v i d u a l s  i n  a  r a n d o m  s a m p l e  o f  á n  u n i m c ^  .
p o p u l a t i o n  J .  A n i m .  E c o l .  1 2 .  4 2 - 5 8 .  s . %

. rr' »*
0 0 3 9  R i c h a r d ,  A.G. ;  ^ u t k o m p ,  L . K .  1 9 4 6 . '  ' '

C o r r e l a t i o n  b e t w e e n  t h e  p o s s e s s i o n  o f  a  o h i t i n o u s  
cuticle and sensitivity to DDT.
B i o l .  B u l l .  9 7 - 1 0 7 .  ,

■ r, * . \ # ' * if V

0 0 4 0  D i a l o g  P i l e s  f o r  I n f o r m a t i o n  R e t i ç v a l  S e r v i c e  1 2 8 p .

0 0 4 1  P a e c h ,  K . ?  T r a c e y ,  M . V .  1 9 5 5 .
i
t

M o d e r n  m e t h o d s  o f  p l a n t  A n a l y s i s  . V c p L f l l .  626p.'mii' rir

Ö 0 4 2  K u m a r ,  S .  ;  H a m s e m ,  P . M . T .  ;  S c h o l m a n , ’ S.O. 1972.<

» t r t l v c r i  ci á V  • i' /  A

a c n u o m a “  "  ** " "
N e w  R é a c t i o n  m i x t u r e  f o r  
D e t e r m i n t i o n  o f  N - A c e t y l h e x o e a m i h e 0¿
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" O p i s t h o b r a n c h i a "  ;
P i c h .  I d n n t ,  Z o o p l a n c t o n ,  7 9 ï  4 p .

0 0 3 3 5  M o r t o n ,  J .  E .  1957.
" O p i s t h o b r a n c h i a "  „■
P i c h .  I d e n t .  Z o o p l s n c t o n ,  8 0 s  4 p .  

• ’ ■ ' V \
0 0 3 3 6  P i k e ,  R . B . ,  W i l l i a m s o n ,  D .  I .  1 9 5 9 .

" C r u s t a c e a  D e c a p o d a :  L a r v a e "
P i c h .  I d e n t .  Z o o p l s n c t o n ,  8 1 :  9p «

0 0 3 3 7

00338

0 0 3 3 9

0 0 3 4 0

0 0 3 4 1

0 0 3 4 2

0 0 3 4 3

0 0 3 4 4

0 0 3 4 5

B r o c h .  H .  1 9 5 9 .  
" C i r r i p e d i a "  ' i : ¿Í< ¿i : - . •* -P i c h .  I d e n t .  Z o o p l a n c t o n ,  8 3 :  4 p . '  ,

» - /  • ' ** i

Berzins, B. I960.
" R o t a t o r i a .  ; I "
P i c h .  I d e n t .  Z o o p l a n c t o n

’~.y\ >: . ..*■: ' '
- 'jit'- '

W- Kr A « t ■’
• -s ••. < i-.;' . r*i .?■ -  •

,  C 4 ï  7 p *  .

B c r z i n 3 ,  B .  I 9 6 0 .
" R o t a t o r i a  I I "  ■ • '
P i c h  I d e n t .  Z o o p l a n c t o n ,  8 5 : ' - 3 p .  ^  p

B e r z i n s ,  B .  I 9 6 0 .  ,
" R o t a t o r i a  I I I "
F i c h .  I d e n t .  Z o o p l a n c t o n

B e r z i n s ,  B .  I 9 6 0 .  , . . . . ,
" R o t a t o r i a  I V "  ' ' ’
P i c h .  I d e n t .  Z o o p l e n c t o n ,  idffi

B e r z i n s ,  B .  I 9 6 0 .  —  ..
'iPn+n+nria V” ' ;
P i c h .  I d e n t .  Z o o p ï a n c t o n ,

Berzins*. B. ’ . 1^60V
" R o t a t o r i a  V I "  _  —
P i c h .  I d e n t .  Z o o p l c n c t o n ,

• . . -'cmKtft

ïar

—
W i l l i a m s o n ,  D .  I .  ,  I 9 6 0

" C r u s t a c e a .  D e c a p o d a :  L a r v a . e .74 
P i c h .  I d e n t .  Z o o p l a n c t o n ¿ - 9 0 :

• ...v •; . p.a ^
HsjiriGrz^1 9 6 1  • . .

" P o l c h a e t a : L a r v a e "  V  :/ ,v  . p p i  
P i c h . -  I d e n t .  ‘ Z o o p l a n c t ö n V ' ,  9 I i a

. • r ; f i ^ £ É l
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0 0 3 4 6

0 0 3 4 7

0 0 3 4 8

0 0 3 4 9

00350

0 0 3 5 1

0 0 3 5 2

0 0 3 5 3

0 0 3 5 4

0 0 3 5 5

0 0 3 5 6

W i l l i a m s o n ,  D . . ,  1 9 6 2 .

" C r u s t a c e a  D e c a p o d a  :  E a r v a e " : .
P i c h *  I d e n t .  Z o o p l a n c t o n ,  9 2 .

L e l o u p ,  E .  1 9 6 2
" A n t h o z o a " . '  r ' • ’
P i c h .  I d e n t .  Z o o p i a n o t o n ,  9 ^ î 7 p .

M u u s ,  B . J . ;  1963.
•"  C e p h a l o p o d a " .
P i c h .  I d e n t .  Z o o p l a n c t a n ,  9 4 :  5 p .
; ■ v * ^

M u u s ,  B . J . . ,  ,  1 9 6 3 .
"  C e p h a l o p o d a " .  .
P i c h .  I d e n t .  Z o o p l a n c t o n ,  9 5 :  3 p «

M a u s ,  B . J ,  1963.  /
" C e p h a l o p o d a "  '  -
P i c h .  I d e n t .  Z o o p l a n c t o n ,  96.  6p .
' \ 

M u u s ,  3 . J ,  1 9 6 3 .
" C e p h a l o p o d a "  .  • '  . *. :
P i c h .  I d e n t .  Z o o p l a n c t o n ,  9 4 :  5 p «

■* • "V

V a r c s c h i ,  E .  • 1 9 7 8 .  <(
T h e  e c o l o g y  o f  L a k e  - N a k ^ r u *  ( K e n y a )  v  ;
O e c o l o g i a  ( B e r i )  3 2 ,  1 1 - 3 5 .  ‘ . v \  ; • * /

E l z a r k a ,  M .H .  1 9 8 4 .  : ’
■ i»4 ; /

"A m o d e l  f o r  g e r e n a t i o n ,  • m i  g r a i i  oh ̂anf ' 
o f  o i l  o f  t h e  S o u t h  B a k r ,  Gulf of c S t r '  
G e o s c i e n c e  j o u r n a l ,  V o l i  1  pp. 1 - 1 2 . '

■ . , *V,J iki

S a m m a r c o ,  P . W ,  a n d  O t h e r s  ^ 1 9 8 3 .  
" C o m p e t i t i v e  s t r a t e g i e s  ' ó f  S f o f t  
( C o e l e n t e r a t a : O c t o c o r a l l i a }  
e  f  f  e  e t  s  o n  s e l e  c t  e á ’; s ^
C o r a l  r e e f s  1 . :  1 7 3 ^ l 7 8 * f > ;

A n n i ,  L .  1 9 7 8 .  x
M i x i n g  i n  the d e e p  o c e a n ;  the- jjiportan^e o ‘ 
O c e a n u s  2 1  ( l )  :  1 4 '  -  1 9 .  ^

T h o m s o n ,  J .  A . ,  H e n d è r s o n  W.D. .- ¡ t 9 0 2 . - ; ' > -tvi 
" A l c y o n a r i a n s  f r o m  Z a n z i b a r "
P r o c .  C a m p .  P h .  1 .  S o c .  k l  p

*&£%■

.•••. ' ■-•.•'.'•¿.■rw*--¡■ r • * 1 . 4» f - • *K• /V ‘ '» .'.< •••. ; * » . !•>. jSffSÖ' • • - V ; ... . ;\V- W-.



0 0 3 5 7

0 0 3 5 8

0 0 3 5 9

0 0 3 6 0

00361 

00362

0 0 3 6 3

0 0 3 6 4

0 0 3 6 5

0 0 3 6 6

0 0 3 6 7

0 0 3 6 8

Muus, B. J. 1963.
" Cephalopoda,"
P i c h .  I d e n t .  Z o o p l a n c t o n ,  98.  4 p

R u s s e l l ,  P . S .  1 9 6 3 .
" H y d r o m e d u s a e "  .•
P i c h .  I d e n t .  Z o o p l a n c t o n ,  99.  4p

R u s s e l l ,  P . S . ,  1 9 6 3 .
" H y d r o m e d u s a e "
P i c h .  I d e n t  Z o o p l a n c t o n ,  1 0 0 4 p

R u s s e l l ,  P . S .  1 9 6 3 .  <
" H y d r o m e d u s a e "
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 0 1 :  4p

R u s s e l l ,  P . S .  1 9 6 3 .
"Hydromedusae11
Pich. Ident Zooplancton., 102« 4p

Dunhar, K.J. 1963.
" A m p h i p o d a " -
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 0 3 »  4 p

S h i h ,  C - T . ,  D u r b a r ,  M . J .  1 9 6 3 .
" A m p h i p o d a " -  . . .
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 0 4 »  6p

, • » *
G e i g e r ,  S . R .  1 9 6 4 .

" E c h i n o d e r m a t a :  L a r v a e "  • 4 -,
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 0 5 .  5 p

• .V. • ' *
H a d f i e l d ,  H . G .  1 9 6 4 .  * • V .

" O p i s t h o b r a n c h i a "
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 0 6 .  3 p

• I * , •
\ R y l a n d ,  J . S .  1 9 ¿ 5 .  . : ! :

" P o l y z o a  ( B r y o z o a ) "  ; ¿ Vx >
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 0 7 V  6p

B e ,  A . W . H .  1 9 6 7 .  ;  •
" P o r a n i n f e r a "  ' * ' •
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 0 8 .  8p ,

W i l l i a m s o n ,  D . I .  1 9 6 7 .
" C r u s t a c e a  D e c a p o d a .  L a r v a e "

P i c h .  I d e n t . .  Z o o p l a n c t o n ,  1 0 0 !  5 p
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00369 Bock> KiJ» 1967.
" P r o t o z o a "  . *.
P i c h .  I d e n t .  Z o o p l a n c t o n ,  110.  4p M

00370

0 0 3 7 1

W i c k s t e a d ,  J . H .  1 9 6 7 . .  . •
" C h o r d a t a "  :
P i c h .  I d e n t .  Z o o p l a n c t o n ,  U l .  4 p ~

R i c e ,  A . L .  1 9 6 7 .
" C r u s t a c e a : ■D e c a p o d a "  ¡ •’ *
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 1 2 .  7 p

0 0 3 7 2  H a m o n d ,  R .  1 9 6 7 .  . v -
" P o l y p c h a e t a :  S y l l i d a e " , ? .  . :
P i c h .  I d e n t .  Z o o p l a n c t o n i  1 1 5 .  4 p

0 0 3 7 3

00374

M a s s e r a ,  E . B . ,  E e n c i n i ,  G .  1 9 6 9 *
"Acantharia: Holocantha: flolocantha"
Pich. Ident. Zocolan c ton.- 114* 4p

• ■ ... . ‘ :/ T.Vf'.
P o u l s e n ,  E . M .  1 9 6 9 .  . ■ V . " .

" O s t r a c o d a  1 1 - M y o d o c o p a :  H a l o c y p r l f o r m e s "  
P i c h *  I d e n t .  Z o o p l a n c t o n  1 1 6 .  7 p

0 0 3 7 5 M a r s h a l l ,  S . K .  1 9 6 9 .
" P r o t o z o a :  T i n t i n n i d i i d a e ,v 
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 1 7 . : 1 2 p

. *'* i
» -i -

0 0 3 7 6

0 0 3 7 7

0 0 3 7 8

0 0 3 7 9

00380

M a r s h a l l ,  S . U .  1 9 6 9 .  •
" T i n t i n n i d a :  C o d o n e l l i d a e  •
P i c h .  I d e n t .  Z o o p l a n c t o n ,  1 1 8 .  5 p

M a r s h a l l ,  S . M .  . 1 9 6 9 .
" T i n t i n n i d a :  C o d o n e l l o p s i d a e "  - 
F i  c h .  I d e n t .  Z o o p l a n c t  c g a /  1 1 0 .  7p

M a r s h a l l ,  S . M .  1 0 6 9 .
" T i n t  i n n i d a :  C o x l i e l l i d a e "  ‘
P i c h .  I d e n t .  Z  o o p l M n c t o n , i  1 2 0  J B jp i J

; . - .. 'V
M a r s h a l l ,  S . M .  1 0 6 9 . 1

" T i n t i n n i d a : .  P a v e l l i d a é ? : ^ f r ^ ^ ; ÿ
P i c h .  I d e n t .  Z o o p l a n e t o n V l 2 l V € p ï

. . \ . •
M a r s h a l l ,  S . l î .  • 1 9 6 9 .  £

"  T  i n t - i n n i d a  ;  P e t  a l o t r i  c h l d e t ó * * ^ .  ' 3 * ^ /
P i  c / h .  I d e n t .  Z  o  o p l a n c t  o n | - .  Í 2 2 .’v 8 p  I f

. . e? : H ífcvá

'i •**/•« •' >

• -• i ' -r.‘. . •* :■ ’ ’ *

fejpva- T-™ '■ »• »SPî»'
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0 0 3 8 1

0 0 3 8 2  

O Q 3 8 3  

0 0 3 8 4

'  0 0 3 8 5  

00386

0 0 3 8 7

00388

0 0 3 8 9

0 0 3 9 0

0 0 3 9 1

0 0 3 9 2

Maxshall, S.M. 1969.
" T i n t i n n i d a :  X y s t o n e l l i d a e  ( 1 ) "
F i c h .  I d e n t .  Z o o p l a n c t o n ,  1 2 3 «  4 p

M a r s h a l l ,  S . M .  1 9 6 9 «  ;
" T i n t i n n i d a :  X y s t o n e l l i d a e  ( 2 ) . "
F i c h .  I d e n t ,  Z o o p l a n c t o n ,  1 2 4 ;  6p  

» • "•
M a r s h a l l ,  S . M .  1 9 6 9 .

" T i n t i n n i d a :  U n d e l l i d a e V •
F i c h .  I d e n t .  Z o o p l a n c t o n ,  1 2 5 .  5 p

M a r s h a l l ,  S . M .  1 9 6 9 .  ,  ;
" T i n t i n n i d a :  T i n t i n n i d a e - ( l ) ?
F i c h .  I d e n t .  Z o o p l a n c t o n ,  1 2 6 .  5 p

Marshall, S . M ,  Í969.
"TintinnidarTintinnidáe ; ( 2 )  _ ,
F i c h .  I d e n t ,  Z o o p l a n c t o n ,  1 2 7 .  7 p

I h i s s e l l ,  F . S .  1 9 7 0 .  •
" H y d r o m e d u s a e  : A e q u o r e i d a e "
F i c h .  I d e n t .  Z o o p l a n c t o p ,  1 2 8 .  4 p

M a u c h l i n e ,  J .  1 9 7 1 .  - ,
" E u p h a u s i a c e a :  A d u l t s "  ‘ • ;
F i c h .  I d e n t .  Z o o p l a n c t o n ,  1 3 4 ;  8p

M a u c h l i n e ,  J .  1 9 7 1 .
" E u p h a u s i a c e a :  L a r v a e "  ' . ~
F i c h .  I d e n t .  Z o o p l a n c t o n ,  1 3 5 / 1 3 7 .  l 6

C o r r a l ,  J .  1 9 7 2 .
" C o p e p o d a :  C a l a n o i d a "  - V ,
F i c h .  I d e n t ,  Z o o p l a n c t o n .  Í 3 8 .  7 p  a  :  ̂

• \  • 1 .• 
■ P i k e ,  R .  B .  ■ 1972. ' ‘ ;

" C r u s t a c e a  D e c a p o d a :  L a r v a e " ,  r .  /  . 5 Í  
F i c h ,  I d e n t .  Z o o p l a n c t o n

S p o e l ,  S .  V a n  D e r  1 9 7 2 . ' ; -  - ,  ' Wt
" P t e r o p o d a  t h e c o s o m a t a "  ,
F i c h .  I d e n t .  Z o o p l a n c t 0 J Í , ' ’Í 4 P i ¿ Í ^  ‘, * -s '• V 'Í ■»;* r•• • . : -%>- 

D e l l a  C r o c e ,  N .  1 9 7 4 .
F i c h .  I d e n t .  Z o o p l a n c t o n ¿ l 4 p W ^
" C l a d o c e r a " .  '  . /



0 0 3 9 3

0 0 3 9 4
,/

0 0 3 9 5  .

00396

0 0 3 9 7

00398

0 0 3 9 9

0 0 4 0 0

00401 

0 0 4 0 2

0 0 4 0 3

0 0 4 0 4
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I s a a e ,  M . J .

" C o p e p o d
F i c h .  I d e n t .  Z o o p l a n o t o n  144/145
" C o p e p o d a "  ; ¡j_'̂

G - r e v e ,  W . 1 9 7 5 .
" C t e n o p h o r a "  • - - - -
F i c h .  I d e n t .  Z o o p l a n c t o n ,  146.  6p ^ *

C h e n g ,  L .  - 1 9 7 5 ;
" I n s e c t a .  H e m i p t e r a :  H e t e r o p t e r a "
F i c h .  I d e n t .  Z o o p l a n c t o n ,  1 4 7 .  4 p

D e m i r ,  N .  1 9 7 6 .
" C a l l i o n y m i d a e  o f  t h e  N e a t h  E a s t e r n  N o r t h  A t l a n t i c "  
F i c h .  I d e n t .  Z o o p l a n c t o n ,  1 4 8 .  5 p  *

F i v e s ,  J . K .  1978.  • , •  . .
"Labridae of the Eastern-North Atlantic#'
F i c h .  X d e n - t .  Z o o p l a n c t o n ,  1 4 9 *  7 p  Vr

N i c h o l a ,  J . H .  1 9 7 6 .
" S o l e i d a e  o f  t h e  E a s t e r n - N o r t h  A t l a n t i c "
F i c h .  I d e n t .  Z o o p l a n c t o n ,  1 5 0 / 1 5 1  1 0 p

R u s s e l l ,  F . S .  1 9 7 6 .  1
S c y p h o m e d u s a e  o f  t h e  N o r t h  A t l a n t i c ,
F i c h .  I d e n t .  Z o o p l a n c t o n  1 5 2 ,  4 p

R u s s e l l ,  F . S *  1 9 7 7 .  •
H y d r o m e d u s a e  j  F a m i l i e s  Z a n c l e i d a e ,  C l a d o n e m i d a e  
a n d  E l e u t h e r i i d a e ,  '  r  , j ,
F i c h .  I d e n t .  Z o o p l a n c t o n  1 5 Î !  4 P

R u s s e l l ,  F . S .  1 9 7 7 .  '*
Hydromedusae: Ifcmiliea Clavidae and ̂ dbÊ§ctiniidaef ?
F i c h .  I d e n t .  Z o o p l a n c t o n  1 5 4 s  4 p  v "

L a g a r d e r e ,  ¡ J . P .  . • 1978.  • ; '
C r u s t a c e a  p é l a g i q u e s ,  ; • • ~
F i c h .  I d e n t .  Z o o p l a n c t o n ,  155/ l 56/ l 5̂ ^ É ^ :® | ^ ^ í & . ■¥

R u s s e l l ,  F . S .  ' 1 9 7 8 . '
S c y p h o m e d u s a e  o f  t h e  N o r t h  A t l a n t i c
F i c h .  I d e n t .  Z o o p l a n c t o n  1 5 8 :  4 p  ^  ;l M v  ; J

F i n c a m ,  A . A . " ,  W i l l i a m s o n ,  D . I .  '
D e c a p o d a ,  L a r v a s ,  V I ,  C a r i d e a ,  . . . . . . .  . . . . . .
F i c h .  I d e n t .  Z o o p l a n c t o n  1 5 9 / l 6 0 :  ' 8p  ~M

• ::íii¡árnsm$MÉM

m
'C. i-w *\
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0 0 4 0 6

0 0 4 0 7

00408

00409

0 0 4 1 0

0 0 4 1 1

0 0 4 1 2

í

0 0 4 1 3

0 0 4 1 4

00415

R u s s e l l ,  F . S .  1 9 7 8 .
"  A d d e n d a  t  o  ; H y d r o m e d u s a e
F i c h .  I d e n t .  Z o o p l a n c t o n ,  161.  4 p

. v - j ‘ ’ ...
M a r t e r s ,  P .  1 9 7 8 .  - •

" F a e c a l  p e l l e t s "  • *.
F i c h ’.  I d e n t .  Z o o p l a n c t o n ,  1 6 2 ,  4 p

_wa

L a n g ,  W .H .  1 9 8 0 .  ‘ .
» - " B a l a n  o n m o r p h  n a u p i i i  o f  t h e  NW  A t l a n t i c  s h o r e s "  

F i c h .  I d e n t .  Z o o p l a n c t o n  1 6 3 .  6p  
* *. * *. • • -

R u s s e l l ,  F . S .  1 9 8 0
" T r a p h y m e d u s e a "  , -,
F i c h .  I d e n t .  Z o o p l a n c t o n  1 6 4 .  4 p

Russell, F.S. I98I.
"Trach.ymëâTii3a ë “ . -' * ;
F i c h .  Ident. Zooplancton 1 6 5 .  4p

R u s s i l l ,  F .  S .  1981.
" n a r c o m e d u s a e "
F i c h .  I d e n t .  Z o o p l a n c t o n ,  1 6 6 .  5 p

W i l l i a m s o n ,  D . I .  1 9 8 3 .
" D e c a p o d a ,  L a r v a e ,  V I I I " - .  *

• F i c h .  I d e n t .  Z o o p l a n c t o n ,  I 67/ 168;  8p

-h -

M a l t ,  S . J .  - 1 9 8 3 .  . \ \  . .
" C o p e p o d a ,  O n c a e a "  « ■ .
F i c h .  I d e n t .  Z o o p l a n c t o n ,  i S S / l l O / l .

B r y a n ,  F .  G . ,  M a d r a i s a u ,  B . B . ,  ; H é v e y  
?Hormone induced, and naturel 

. c a p t i v e  s i g a n u s  c a n a l i c u l a t i c t g '  ( - p l a c e  
M i c r o n e s i a ,  l í :  ( 1 2 )  1 9 9 - 2 0 4  v i  ,

. • - . ’
G u n d e r m a n n ,  N . ,  P o p p e r ,  D . J I .  L i p h a . ‘ »•

4 ê - - ^ ' Vr •

" B i o l o g y  a n d  l i f e  c y c ï t f h f  3 J  
( S i g a n i d a e .  P i a e e s ) "
P a c i f i c  S c i e n c e ,  3 7  W  i

W o o d l a n d ,  D . J .  1 9 8 3 . ' ■ • * “>  "'-M.; -■
" Z o o g e o g r a p h y  o f  t h e  S i g à n i ^ è i
A n ' I n t e r p r e t a t i o n  o f  d i s t r i b u t i o n  a n . d ^ n ^ p a è S ^ ^ P & S I

B u l l e t i n  o f  m a r i n e  s c i e n c e .  3 3  ( 3 ) .  : M g m m

ç3r?î';î^’ t
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Bryan, P.O. 1975.
" F o o d  h a b i t s ,  f u n c t i o n a l  d i g e s t i v e  m o r p h o l o g y ,  
a n d  a s s i m i l a t i o n  e f f i c i e n c y  o f  t h e  R a b b i t i f i s h  
S i g a n u s  S p i n u s  ( P i s c e s  S i g n a i d a e  o n  G u a m ) *  
P a c i f i c  S c i e n c e  2 9 Í 3 ) :  2 6 9 - 2 7 7 .

* ' % • ^  
Y a n a n o t o ,  E . ,  Y a m a z o k i ,  F «  1 9 6 1 *

Rythm o f  d e v e l o p m e n t  i n  t h e * O o c y t e ’" o f  t h e
G o l d - F i s h . ,  C a r a s s i u s  A u r a t u s "  ,
B u l l .  F a c .  Fish. 12: 93-110. t. i-

Chutter, F, I960. • . j
" O n  the ecology o f  t h e  F a u n a  o f  s t o n e s  i n  t h e  
c u r r e n t  i n  a S o u t h  A f r i c a n  H i y e r  s u p p o r t i n g  
a v e r y  large simulium ( D i p t e r a )  p o p u l a t i o n " .

' Journal o f  applied e c o l o g y ,  5; 531-561.’ • '

Cimtter, F.IV 1972. *
"An Empirical biotic index of the quality of 
water in south-African s t r e a m s  a n d - R i v e r s " .  
Water Research, 6: 9-30. V

Harrison,. A.D. 1965.
"River donation in Southern A f r i c a "
Arch. Fydrobiol-. 61, ( 3 )  3 Ö O - 3 Ö 6

* - *

H a l l ,  A . ,  V a l e n t e ,  I .  T. C . ' B .  S . ,  Davies, B.B .  1 9 7 7 :  
" T h e  Z a n b e z i  R i v e r s ' i n  Mozambique.' The phusico- 
c h e m i c a l  s t a t u s  o f  t h e  middleand lower Zambezi 
p r i o r  t o  t h e  c l o s u r e - o f  thè' Cabora Bossa Dom
F r e s h w a t e r  B i o l o g y  7 ,  1 8 7 - 2 0 6 .

. ’ • . ; ƒ * V;a:
J a c k s o n ,  B .  N .  • 1 9 6 1 ;  • ’

T h e  i m p a c t  o f  p r e d a t i o n ,  espeiq
T i g e r - F i s h  ( H y d r o c v o n   _ _ _ _ _

■ - o n  A f r i c a n  ; f r e shwater • fishes.'̂ . "
P r o c .  Z o o l .  S o c .  London, 1 3 6 * ' 6 0 J "- t - .  . .  - '» •• • -  'V  . ;  •  v-j v s ? - . ..

H o l d e n ,  M.J G r e e h ,  J j  1 9 $ j D '$ £ Y ¿
 " T h e  h ÿ d r o l o g y  a n d  ^enktbfhyj^t^

J o u r n a l  o f  A n i m a l  b i i 3 l o ^ ; ( ' 2 9 ^  6l l

M i d d l e t o n ,  H . S .  1 9 30.*
P r o p e r t i e s  o f  s o l i s -  
Ü .  S .  D e p t ,  o f  A g r i e .  T e c h ; *

m

: vr&lt
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« * *

G a u d e t ,  J . J .  1 9 7 7 .
" U p t a k e ,  A c c u m u l a t i o n ,  a n d ’ l o s a  o f  n u t r i e n t s  to y  
p a p y r u s  i n  t r o p i c a l : s w a m p s .
E c o l o g y  5 8 :  4 1 5 - 4 2 2 .

F r y e r ,  G .  1 9 7 3 .  . . .  -
" T h e  l a k e  v i c t o r i a  f i s h e r i e s ^ s o m e ,  f a c t s  á n d  
f a l l a c i e s " ;

' B i t o i .  C o n s .  5 :  3 0 4 - 3 0 8

B r u t o n ,  M . N .  1 9 7 2 .
T h e  f o o d  a n d  f e e d i n g  B e h a v i o u r  o f  c l a r i a s '  
g a r i e p i n u s  ( p i s c e s :  C l a r i i d a e )  i n  l a k e  s i t o a y a  
S o u t h  A f r i c a ,  w i t h  e m p h a s i s  o n  i t s  r o l e  a s  a  
p r e d a t o r  o f c i c h l i d s "
T r a n s .  Z o o l .  L o n d ,  4 7 - ^ 1 1 4

Tailing J. 3?. 1957.
" T h e  l o n g i t u d i n a l  s u c c e s s i o n  o f  w a t e r  
c h a r a c t e r i s t i c s  i n  t h e  w h i t e  n i l e " .  /
H y d r o b i o l o g i e  1 1 :  7 3 - 8 9 .

C h i l y e r ,  R . M . *, G e e , .  J . M .  1 9 7 4 .  \
T h e  f o o d  o f  B a g r u s  d o c m o e  ( F o r s k )  ( P i s c e s :
S .  p u r i f o r m e s )  a n d  i t s  r e l a t i o n s h i p  w i t h  H a p l o c h r o m ^  
i s  H i l g e n d e r f  ( P i s c e s :  c i c h l i d a e )  i n  t h e  L a k e  
V i c t o r i a ,  E a s t  A f r i c a .
J . , .  F i s h  t o i o l . ;  6 :  4 8 3 - 5 0 5

V e l l c o m m e ,  R . L .  1 9 7 6 .  .
" S o m e  g e n e r a l  a n d  t h e o r e t i c a l  c o n s i d e r a t i o n  o n  
t h e  f i s h  y i e l d  o f  A f r i c a n  r i v e t s " ,  /  ' '  7* r ^ .
J .  F i s h .  B i o l .  8 :  3 5 1 - 3 6 4 , .  M  ,

. • '■ .. /-.j:’ y
T a l l i n g ,  J . F .  ;  B z o s k a ,  J .  1 9 6 7 .  '

• T h e  d e v e l o p m e n t  o f  p l a n k t o n  i n  r e l a t i o n  | t < £  % . 
h y d r o l o g i c a l  r e g i m e  i n  t h e  t o l u e  
J .  E c o l .  5 5 :  6 3 1 - 6 6 2 .  , , -,i-V •, r • - '• '

H a r r i s o n ,  A . D .  1 9 6 5 .  , n ;
" G e o g r a h i c a l  d i s t r i b u t i o n  o f  B i v é r i n ô : f  v 
e d  i n  S o u t h e r n  A f r i d a  * '?&: ■'
A r c h .  H y d r o t o i o l .  6 1  ( 3 ) :  3 8 7 - 3 9 4  " f

'  '  • '  ••• : - • . . ' . , •  ■ ,v '
K e n d a l l ,  R . L .  1 9 6 9 .  ,

"An Ecological history of the lake victoria
basin.”" ■>’ V- •• . • \ -
Ecol. Monogr. 39 (2): 121-176.

• • -
D e e l s t r a ,  H .  . 1 9 7 7 *

" O r g a n o c h l o r i n e  i n s e c t i c i d e  levéis, in 
' f i é h  n p e c i ë s  invíáke T a n g a n y i k a "  >v : t* t;
Med. • F&c,. * L o n d t o R13ksuniv. '
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Jackson, P.B.N. 1961*
" T h e  i m p a c t  o f  p r e d a t i o n ,  e s p e c i a l l y  "b y  t h e  t i g e r -  
f i s h  ( H y d r o c . y o n  V i t t a t u s  O a s t )  o n  A f r i c a n  F r e s h ­

e n s *J ^ t e r Soc, Lond.j 136:603-622

D e g e n s ¿ • E i  T .  j  V o n  H e r t e n ,  R , P ¿ j  W o n # *  H . K . * ,  D e u s e r ,  
^ . G * i  J a n n a s c h j  H .W * -  1 9 7 3 *  - 1
L a k e  K i v u :  S t r u c t u r e ,  c h e m i s t r y  arid b i o l o g y  o f  
a n  E a s t  A f r i c a n  R i f t  L a k e .
G e o l o g i s c h e  R u n d s c h a u  6 2 :  2 4 5 - 2 7 7

T a l l i n g ,  J .  F .  1 9 6 6 .
" T h e  A n n u a l  c y c l e  o f  s t r a t i f i c a t i o n  a n d  p h y t o p l a n k ­
t o n -  G r o w t h  i n  L a k e  V i c t o r i a  ( E a s t  A f r i c a ) " -  
I n t .  R e v u e  g a s .  I l y d r o b i ó L »  5 1  ( 4 ) :  5 4 5 - 6 2 1 .

Leffinaohn, C, *1982, - f
"Researches on the coast o£ somalia. ' The,shore
a n d  t h e  Dine of Sar Vanis* 33. Diogoudae,
P a g u r i d a e  a n d  C o e n o b i t i d a e ‘ ( C r u s t a c e a ,  ,D e c a p o d a  
P a g u r e  d e a ) "  '  •-.
M o n i t o r e  z o o l .  I t a l .  ( $ w S .  )  S u p p l
X V I  ( d )  3 5 - 6 8  '

L e W i n s o h n ,  C .  1 9 0 1 .
R e s e a r c h e s  o n  t h e  c o a s t  o f  S o m a l i a  ( G a l a t h e a  
T a n e g a s h i m a e  h a h a  ( C r u s t a c e a  D e c a p o d a )  
f r o m  S o m a l i a  a n d ,  n o t e s  o n  G a l a t h e a  S p i n o s o r o s t r i s  
D a n a " .  ; ‘ * *, \  \l . ■
M o n i t o r e  z o o l .  I t a l ;  ( N .  S *  )  S u p p l
X I V  ( 1 2 ) :  1 8 1 :  - 1 0 8

E d m u n d s ,  M . 1 9 6 9 ' .  . .
" O p i s t h o b r a n c i a t e  m o l l . u s e a  f r o m  T a n i  
I  E o l i d a c e a  ( E u b r a n c h i a t e  a n d  . A e o l i d i a

* *>€>'>
• v.

ÿ-'r . * 'i

iSa) i- ■ • ‘' M Ä
J o n e  s ,  D .  A .  -, l e e  l y ,  ; J  ¿ D *  I o p ]  

" E x c i r o l a n a  B o w m a n i ,  n e *  
I s o p o d  f r ô m  K e n y a  *' -
C r u s t  r a c e a n a »

F e r r e i r a ,  A . J .  ‘ 1 9 8 3 *  • 
" R e s e a r c h e s  o n  t h e  c o a s t  
T h e  c h i t g n  F a u h a  ( M o l l u s  
M o n i t o r e  S f c o o l .  I t a l .  ( H *  
2 4 9 - 2 9 7 .  < V

F o x t o n ,  D .  1 9 5 6 .
T h e  d i s t r i b u t i o n  o f  t h , e  
Z o o p l a p k t  o n  i n  t h e ,  a c u t h e x h ' p c  
Discovery
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K r u g e r ,  I .  1 9 8 0 .
" A c h e c k l i s t  o f  S o u t h  W e s t  A f r i c a n  M a r i n e  p h y t o -  
p l a n k t o n  w i t h  s o m e - p h y t o g e o g r a p h i c  r e l a t i o n s ” .
T i s h .  B u l l .  S .  A f  r .  1 3 :  3 1 - 5 3 .

Mordasova, N.V. 1980.
" F a r i n e  b i o l o g y :  C h l o r o p h y l l  i n  t h € * S o u t h w e s t e r n  
I n d i a n  O c e a n  i n  r e l a t i o n  t o  h y d r o l o g i e  c o n d i t i o n s  
O c e a n o l o g y  2 0 ( l ) :  7 5 - 7 9 .¿ f

S a r k a r ,  R .  K r i s h n a m o o r t h i , - K . P .  1 9 7 7 .
"BiologiJnl m e t h o d  f o r  m o n i t o r i n g  w a t e r  p o l l u t i o n  
l e v e l :  s t u d i e s  a t : N a g p u r " . .
I n d i a n  f f .  S a v i r o n .  • H L t h ,  1 9 . - ( 2 ) :  1 3 2 —1 3 9

B o r g n e ,  R .  1981. :
"Relationship b e t w e e n ,  t h e  h y d r o l o g i c a l  s t r u c t u r e
chlorophyll and’Zooplankton biomasses in the
Gulf of Guineai-”T ■ - - :
J .  P l a n k t .  R e a .  3 ( 4 ) :  5 7 7 - 5 9 2 .

, . ■ . . . . ;

Rosenberg, G.G. 1980.
" P i l m e d  o b s e r v a t i o n s  o f  f i l t è r  f e e d i n g  i n  t h e
M a r i n e  p l a n k t o n i c  c o p e p o d  A c a r t i a  C l a u s i "
Limnol. Oceanogr. 2 5 ( 4 ) :  7 3 & t 7 4 3 .

» : ' * *
Qasim, S.Z.; Bhattathiri, P.M.A. , A b i d i ,  S.A.H.

1 9 6 8 .  J v •
" S o l a r  r a d i a t i o n  a n d  i t s  p e n e t r a t i o n -  i n  a  t r o p i c a l  
E s t u a r y " .  • . . . .  ' '  -
J .  E x p .  M a r .  B i o l .  E c o l .  2 :  8 7 - 1 0 3  x

- - - " V  •' - i ,
Joint. I . R .  1978. • '  -  f

•"Microbial production ó f  an, e s t u a r i n e  f l a d f i a t " .
E s t u a r i n e  a n d  C o a s t a l  Marine Science, 7 *  1 # K L 9 5

A --, :V. ‘-7- -V
H e c k y ,  R . E .  ;  K l i n g ,  I Î . J .  ' 1 9 8 l ’¿  *>■

T h e  P h y t o p l a n k t o n  a n d  protoíóóplanktón nf r $he ;
e u p h o t i c  z o n e  o f  L a k e  Tangö&yila: SpeQ̂ afĉ ,:-;..
c o m p o s i t i o n  b i o m a s s ,  c h i ó l r o p b l l  . C k í h 1 ^ t « ' , ^ d  '  - . > • ' 
s p a t i o - t e m p o r a l  ' r ' ^
L i m h p l .  O c e a n o g r .  . 2 6  . ( 3 Í ;  ^ ^ 5 4 6 ;  ^ % -  *r •

/  '  '  * ’ ‘ » Ê  * M'*
• i n b o k e l  J . P . j  B e e r s  J . E .  '  1 9 7 9 *  ; . .< £ *  \ -, ¿ : -

•i r t j  n * i  *  A J _ _  j . *  j* 2 .it*’ * m - i f l  «tftl&'îà.'* ?H ¿il '• ^  _  - a :
H e i n b o k e l

" S t u d i e s  of t h e  functional yolë of ̂fl^jjnnids in 
t h e  S o u t h e r n  California Bight. ;III^
I m p a c t  ó f  N à t u r a l  Assemblages*^
M a r i "  B i o l . .  ,  5 2 :  2 3 - 3 2 ,*2

.... „ S S- '■ ■' -■ ■ . -vJVÍ*2
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Navea, E.-,- Miranda, Y.O. 1982;
" C a r b o n a t e  d e  c a l c i o  e n  m o l u s c o s  e q u i n o d e r m o s  d e  
d e  A n t o f a g a s t a ; ,  c h i l e "  • •
R e v .  B i o l .  l á á r »  V a l p a r a i s o ,  1 8 ( 2 ) :  1 1 7 - 1 2 8 .  *

E b l e t ,  R . B .  1 9 8 3 .  • '
" L o c o m o t i o n ,  d r a g ,  a í i d  t h e  r i g i d  s k e l e t o n  o f  
l a r v a l  e c h i n o d e r m a " . .
B i o l .  B u l l .  1 6 4 :  4 3 3 - 4 4 5 .  '

H u d i n a g a ,  K . ~  : 1 9 4 2 £ , .
" R e p r o d u c t i o n ,  d e v e l o p m e n t  a n d  r e a r i n g  o f  P e n a e u s  
J a p o n i c u s  B a t e " . -  v.
J a p .  J o u m ,  Z o o l .  V o l .  X :  3 Ö 5 - 3 9 3 .

Costello, T . J . i  Allen, D . M .  1 9 6 8 .  ; »
"Mortality rates in population of pirik Shrimp,
Penaeus • Duorarum on the sanfbol and tortugae
G r o u n d s ,  F l o r i d a " .
Fiah. Bull. 66(3); 491^502. - »

B a r n a r d ,  K . H .  1 9 ( 5 2 .  *'
 " N e w  r e c o r d  o f  M a r i n e  c r u s t a o o r .  from t h e  JK-flt ’

A f r i c a n  R e g i o n " .
C r u s t a c e a n s ,  3 ( 3 ) :  2 3 9 - 2 4 5 .  * .

• - 
P a u l i n o  s e  V . T . ;  G e o r g e ,  M " J .  1 9 7 6 ' .  * , /

" A b u n d a n c e  a n d  d i s t r i b u t i o n  o f  p e n a e i d  l a r v a e  
a s  a n  I n d e x  o f  p e n a e i d  p r q w n  r e s o u r c e s  o f  t h e  
I n d i a n  O c e a n " ,  \  • ' - v - *
I n d i a n .  J .  F i s h .  2 3 ( 1  -  2 )  p .  1 2 7 - 1 3 3 . ^ ^ .  : ;  '.V

R o t h l i s b e r g i  C . P .  ;  J a c k s o n ,  C . J . ;  P e n d r c y 4 ^
3.983.  ?
" S p e c i f i c  i d e n t i f i c a t i o n  a ^ d  a s s e s e m e n t  o f  t h e  
d i s t r i b u t i o n  a n d  a b u n d a n c e  o f  e a r l y  P e n a e i d  S h r i m p  ! 

l a r v a e  i n  t h e  G u l f  o f  C a r p e n t e r i i ,  A u s t r e á i ¿ f ;;
' B i o l .  B u l l .  1 6 4 :  2 7 9 - 2 9 8 . ;  ;

■ G e o r g e ,  L . C .  i  G
" A . s t o c h a s t i c  s i m u l a t i o n  
( P e n a e i d  A z t o c u s  I v e s )  ' G r o w t h ,  
s u r v i v a l  i n  G a l v e s t o n  
E c o l o g i c a l  M o d e i i i n g ; ' * “ “  *“  - t * » -

• • ' - . . * * # * . v . f

- J o n e s ,  ; A .  C .  ;  D i m i i r i o u *  4 > . E * t ? ^
J . H .  1970. .  - . . . / V ,  .
" D i s t r i b u t i o n  o f '  e a r l y  d e v e l o p m é n t á l ^ f í t i i g e s  
p i n k - s h r i m p ,  P e n a e i d  D u o r a r u m ;  i n  ’f e o r “ “ '
B u l l .  M a r ;  S e i .  2 0 ( 3 )  6 3 4 ^ 6 6 1 .



00463

0 0 4 6 4

0 0 4 6 5

00466

0 0 4 6 7

00468

0 0 4 6 9

0 0 4 7 0

0 0 4 7 1

00472

F l e m i n g e r ,  A .  1 9 7 9 »
" L a b i d o c o r a  ( c o p e p o d a ,  C a l a n o i d a  )
N e w  a n d  p o o r l y  k n o w n  C a r i b b e a n  s p e c i e s  w i t h  a  k e y  
t o  s p e c i e s  i n  t h e  w e s t e r n  A t l a n t i c ” .
B u l l .  M a r .  S e i . ,  2 9  ( 2 ) :  1 7 0 - 1 9 0 .

• * .

L o n g h u r s t ,  A . R .  1 9 5 9 .  '  ’•
" P r e d i c t i o n  o f ; S e l e c t i o n  f a c t o r s  i n  a  t r o p e c a l  
T r a w l  F i s h e r y " .  , .
N a t u r e ,  1 0 4 :  1 1 7 0  •

B a r l o w  J . P .  1 9 5 5 .
P h y s i c a l  a n d  b i o l o g i c a l  p r o c e s s  d e t e r m i n i n g  
d i s t r i b u t i o n  o f  Z o o p l a n k t o n  i n  a  T i d a l  E s t u a r y .  
B i o l .  B u l l . ,  1 0 9 :  2 1 1 - 2 2 5 .

Runga, J.A. I98O,
"Effects of hunger a n d  s e a s o n  o n  t h e  f e e d i n g  
b e h a v i o r  o f  C a l a n u s  P a c i f i c u s . " -  
L i m n o l .  O c e e n o g s ;  2 5 ( l ) :  1 3 4 - 1 4 5 »

K e t c h u m ,  B . H .  1 9 5 4 .
" R e l a t i o n  b e t w e e n  c i r c u l a t i o n  a n d  P l a n k t o n i c  
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Mosher, D . F .  1 9 7 5 . '  ■
" C ro ss-lin k in g  o f  c o l d - i n s o l u b l e  G l o b u l i n  b y  
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I n f e c t ,  I m m j  3 7 ( 2 ) :  5 2 6 - 5 3 1 Í  ;  ̂ .
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Boughton, B.J .  i ;  S i m p s o n ,  A . 196.4
" T h e  B i o c h e m i c a l -  a n d  f u n c l í í c A i a l  N é t e  
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M e r .  1 1 9 : 5 7 - 1 9 8 3 .  2 l 2 p .
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F r e t t e r ,  V .  1 9 7 0 .
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W e l l s ,  J . B .  1 9 7 0 .  • , ;
F i c h .  I d e n t .  Z o o p l a k t o n ,  1 3 3 :  7 p .
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M o r r o w ,  J . E .  1 9 5 4 .
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A n n .  \  M a g .  N a t .  H i s t .  ( 1 2 )  7 :  7 9 7 - 8 2 0 .

D a l e s ,  R . P .  1 9 6 3 .  . '
" P e l a g i c  p o l y c h a e t e s ; f r p m  ' w a t e r s  o f f  t h e  c o a s t s  o f  
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S i m s ,  h ! \ V .  1 9 6 5 .  _ , ' 7 ' v*, q 7
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B u l l .  M a r .  ' S e i .  1 5 ( 1 ) :  2 2 3 - 2 2 7 .

• i • ’ ... ’ \ . V ■ •• " r ;
W o o d ,  E . J . F .  1 9 6 5 . .  *. , ’ o  7 ' v  ‘

" P r o t o p l a n k t o n  o f  t h e  B e n g u e l a  G u i n e a  c u r r e n t  
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B u Z L l .  M a r »  S e i .  1 5 ( 2 ) :  4 7 5 - 4 7 9 !  ?  ? "  •

• \f ' - *  V \  • ■' V * ~t/~' ;
N i e l s e n ,  G .  1 9 6 5 .  . .
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O c e a n  o f f  - S o u t h e r n  f l o r i d a " .  '
B u l l .  - M a r .  S e i .  V o l .  1 5 ( 4 ) :  ‘9 6 4 - 9 8 6 .  ; 4’ '
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C h u t t e r ,  P . M .  1 9 6 9 .  _ ■
T h e  e f f e c t s  o f  s i l t  a n d  s a n d  o n  t h e  i n y e i r t e b r a t e
f a u n a  o f  s t r e a m  a n d  R i v e r s » ; .  1
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T e l a r e n ,  I . A .  1 9 7 4 .
D e . n o ^ r a p h i c  s t r a t e g y  o f  v e r t i c a l  m i g r a t i o n  b y  a   . . . . . . .
m a r i n e  c o p e p o d .
A r i e r .  N a t u r .  I O C : . S 1 - 1 C 2 .

B r y a n ,  J . R . ,  R i l e y ,  J . B . ,  B i H i a m s ,  P ¿4 „  L e B , .
' 1 9 7 6 .

A w i n k i c r  p r o c e d u r e  f o r  m a k i n g  p r e c i s e  m e a s u r e m e n t s  
. o f  o x y g e n  c o n c e n t r a t i o n  f o r  p r o d u c t i v i t y  a n d  

r e l a t e d  s t u d i e s .
J .  e x p .  l a r . „ B i o l .  E c o l .  2 1 :  1 9 1 - 1 9 7 .
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S c h a e f e r ,  t . e ,  1 9 6 5 .
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T r a n s  A m e r .  f i s h .  3 0 c .  9 4 ( 2 ) :  1 2 3 - 1 2 8 .

B e l c h ,  E . Í 3 .  , I s a a c ,  G - . B .  1 9 6 7 .
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p l a n k t o n  p r o d u c t i v i t y  i n  a n  e s t u a r y .
J .  B a t e r  l o ! 1 . G o n t .  B e d .  3 9 :  3 6 0 - 3 6 6 .

B e b b ,  K . L . ,  D ' E l i a ,  C .  B .  1 9 8 0 .  _ ... . . .
N u t r i e n t  a n d  o x y g e n  r e  d i  g t  r l b ù t  I o n  ’ d u r i n g  . a  A ' 
s p r i n g  n e a p  t i d a 1 c y c l e  i n  a  t e m p e r a t u r e  e s t u a r y .  
■ S c i e n c e .  2 0 7  :■ 9 r 3 - 9 0 5 .  ....... u  , ,  : ...

Eyther, J.F. ^ 6 ^ .  ■ ' ■ ,. M  0 - - -
P h o t o s y n t h e s i s  a n d  f i s h  p r o d u c t i o n  i n  t h e  s e a ,  
t h e  p r o d u c t i o n  o f  o r g a n i c  m a t t e r  a n d  i t s  c o n v e r s i o n  

v t o  h i g h e r  f o r m s  o f  l i f e  v a r y  t h r o u g h o u t , t h e  w o r l d
OCGrxTk* • % - '■ ; ; j
S c i e n c e  1 6 6 :  7 2 - 7 6 .  ~ ? '  <

L d w s ,  E . A »  1 9 7 - 5 .  -  . £  T k y
T h e  i m p o r t a n c e  o f  r e s p i r a t i o n  i 0 3 3 e s  i »  c o n t r o l l i n g  r 
t h e  s i z e  d i s t r i b u t i o n  o f  m a r i n e  p h y t o p l a n k t o n .
E c o l o g y  5 6 :  4 1 9 - 4 2 6 . - .
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H a n n ,  E . E .  1 9 6 9 .  •• v
T h e  d y n a m i c s  o f  opuntic ecosystem s. 
A d v .  E c o ! .  R e s .  6;  l - O l .
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B e r m u n d a . '
L i m n o l .  O c e a n o g r .  2 3 ( 5 ) :  8 5 1 - 8 5 7 .

•••*
B a n s e ,  K .  ;  M o s h e r ,  S í  . 1 9 8 0 .
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r e l a t i o n s h i p s - o f  f i e l d  p o p u l a t i o n s .
E c o l .  M o n o g r . ,  5 0 ( 3 ) :  3 5 5 - 3 7 9 *
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N e w e l l ,  R . I . E . } J o r d a n ,  S . J .  1 9 8 3 . ,  .
P r e f e r e n t i a l  i n g e s t i o n  o f  o r g a n i c  m a t e r i a l  b y  t h e  
A m e r i c a n  o y s t e r  c r s s p s t r e a  v i r g i n i c a .  M a r .  E c o ! »  
P r o g ,  s e r . ,  1 3 : 4 7 - 5 3 .

/ » " *
C o n l e y ,  R . F .  ;  B u n d y ,  W . M .  1958.

M e c h a n i s m  o f  g y p s i f i c a t i o n *  ■
G e o c h i m i c a  C o s m o c h i m i c a  A c t a ,  1 5 :  5 7 - 7 2 .  >.

B u n g e ,  C . A .  1984.
P o t e n t i a l  a n d  r e a l i t y  a t  t h e  r e f e r e n c e  d e s k :  
r e f l e c t i o n s  b n  a  r e t u r n  t o  t h e  f i ç l d .
J o u r n a l  o f  A c a d e m i c  L i b r a r i a n s h i p .  1 0 ( 3 ) :  1 2 8 —1 3 3
/

B o n n ,  G . S .  1 9 7 4 .
E v a l u a t i o n  o f  t h e  c o l l e c t i o n .
L i b r a r y  T r e n d s ,  2 2 ( 3 ) :  2 6 5 - 3 0 4 .

b h e n g ,  C - C .  1 9 7 4 .  >
H o w  d o  s c i e n t i s t s  m o e t  t h e i r  i n f o r m a t i o n  g  • , . 
n e e d s ?  S p e c i a l  L i b r a r i e s  6 5 ( 7 ) :  2 7 2 - 2 8 0 .  - 7  

: . - 
P i e r m a l t i ,  P . A .  ; B o l l e s ,  S . W .  198O .  b

P l a n n i n g  o p l i n c  s e a r c h  s e r v i c e  i n  a  s ta te -  •- V 
u n i v e r s i t y .  ' .‘Ci  : ' i
S c i e n c e - &  T e c h n o l o g y  L i b r a r i é s ,  l ( l ) :  4 7 - 5 0 ;  '  :

T r e g o u b o f f ,  G .  ; R o s e .  M .  1 9 5 7 . ' b
M a n u e l  d e  P l a n c t p n o g i % o ! í e á i t e r t * a n é a M Í e .  ■
C e n t r e  N a t i o n a l  d e  l a  R e c h e r c h e  S ç i ë h t i f i q  
2  V o l s .  8 0 5 p p .  .
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SUBJECT: LITERATURE RECEIVED UNDER THE AVSPICES OP EBP

A t t a c h e d  i s  a  l i s t  o f  l i t e r a t u r e  w e  h a v e  r e c e i v e d  b e t w e e n  M a r c h  a n d  

J u l y  1986 f r o m  L . U . C .  a n d  P r e e  U n i v e r s i t y  o f  B r u s s e l s  i n  B e l g i u m .

A  t o t a l  o f  1 3 9  ( 2 7 8 5  p a g e s )  s u r t i ó l e s  h a v e  b e e n  r e c e i v e d .5

J . K .  M w o b o b i a  

L i b r a r i a n  .
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Por, P . D . ,  Dor, I .  e d .  1 9 8 4 .
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m a n g r o v e s  f o r e s t s .  T h e  H a g u e j  W . J u n k ,  2 6 4 p .
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D i t l e v ,  H .  1 9 8 0 .
A  f i e l d  -  g u i d e  t o  t h e  r e e f - b u i l d i n g  c o r a l s  o f  
t h e  I n d o - P a c i f i c .  «
R o t t e r d a m :  D . W .  B a c k h u y s ,  2 9 1 . p .

Marrow, J.E. 1954. *
D a t a  on Dolphin, ’ Y e l l o w  fin tuna and little tuna
from East Africa. Copeia (l): 14 — 16.

/
Hatchell, G.W. 1954.

S e a - f i s h i n g  o n  t h e  T a n g a n y i k a - C o a s t .  T a n g a n y i k a  
n o t e s  a n d  R e c o r d s :  3 7 :  1 - 3 9 »

W i l l i a m s ,  P .  1 9 7 0 .
T h e  s p o r t < f i s h e r y  f o r  s a i l  f i s h  a t  M a l i n d i ,  K e n y a ,  
19587-1968-, w i t h  s o m e  p b h l o g i . c a l  n o t e s .
B u l l .  M a r ,  S e i .  2 0 :  8 3 0 - 8 5 2 .

M e r r e t t ,  N . R .  1 9 7 0 .
G o n a d  d e v e l o p m e n t  i n . b i l l f i s h  ( i s t i o p h o r i d a e )  
f p o m  t h e - I n d i a - O c e a n .
J .  Z o o l . ,  L o n d . ,  1 6 0 :  3 5 5  -  3 7 0 .

Williams, F. 1959.
Marlins in British East African Waters.
N a t u r e :  1 8 3 :  7 6 2  -  7 6 3 .

Bulow, P .  J. 1971.
S e l e c t i o n  o f  s u i t a b l e  T i g s ü e s  f o r  u s e  i n  t h e  
R N A  -  D N A  r a t i o n  t e c h n i q u e  o f  a s s e s s i n g  r e c e n t  
g r o w t h  r a t e  o f  a  f i s h .
I o w a  s t a t e  J o u r n a l  o f  S c i e n c e  4 6 ( l ) :  7 1  -  7 8 .

H e i d i n g e r ,  R . C . ,  C r a w f o r d ,  S . D .  1 9 7 7 .
E f f e c t s  o f  T e m p e r a t u r e  a n d  f e e d i n g  r a t e  o n  t h e  
l i v r  * s o m a t i c  i n d e x  o f  t h e  l a r g e m o u t h  B a s s ,  
m i c r o p t e r u s  s a l m o i d e s .  •.
J .  P i s h .  R e s .  B o a r d . C a n .  3 4 :  6 3 3 - 6 3 8 .

/
B u l o w ,  P . S .  I 97O .

RNA - INA ratios as indicators of recent growth rate 
r a t e s  o f  a f i s h .  :
J .  P i s h .  R e s .  B o a r d  C a n .  2 7 :  2 3 4 5 - 2 3 4 9 ' *
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H a i n e s ,  T . A *  1 9 7 3 .
A n  e v a l u a t i o n  o f  R D A - B N A  r a t i o  a s  a  m e a s u r e  o f  
l o n g - t e r m  g r o w t h  i n  f i s h  p o p u l a t i o n s .  ;
J .  P i s h .  R e a .  B o a r d  C a n .  3 0 :  1 9 5  -  1 9 9 .

G o r b u n o v a ,  N . R .  1 9  6 9 .
B r e e d i n g  g r o u n d s  a n d  f o o d  o f  t h e  l a r v a e  o f  s w o r d  - 
f i s h  ( X I P H I A S  G L A I U S  L i n n e )
P r o b l  Y e h r h y o e  ( V o p r o s y  l e h r i o l )  9 :  3 7 5 - 3 8 7 .

C a d w a l l a d e r ,  P . L .  1 9 7 5 .
T h e  f o o d  o f  t h e  N e w  Z e a l a n d  c o m u o n  R i v e r  G a l a x i a s ,  
G a l a x i a e  V u l g a r i s  s t o k e l l ( P i s c e s : ; .  S o l m o n i f o r m e s )  
A u s t .  « t .  f r e s h w .  R e s .  2 6 :  1 5 - 3 0 .

Morgans, J . P . C .  1 9 6 2 .
E c o l o g i c a l  A s p e c t s  o f  D e m e r s a l  T r o p i ç a l  f i s h e s  off 
East Africa. Nature: 1 9 3 -  8 6 —8 7 «
t

M e l a r e n ,  L . A .  1 9 6 3 .
E f f e c t s  o f  t e m p e r a t u r e  on g r o w t h  o f  Zooplankton 
a n d  t h e ; a d a p t i v e ; v a l u e  o f  v e r t i c a l  m i g r a t i o n .
J .  P i s h .  R e s .  B d .  C a n a d a ,  2 0 :  6 8 5 - 7 2 7 .
/ "

A l l e n ,  K . R .  1 9 7 1 .
R e l a t i o n  b e t w e e n ; p r o d u c t i o n  a n d  B i o m a s s .
J .  P i s h *  R e s *  B d .  C a n .  2 8 :  1 5 7 3 - 1 5 8 9 .
t

B a r n e s ,  H *  1 9 5 6 .
B A L A N U S .  B A L A N O I D E S  ( L )
I n  t h e  d e v e l o p m e n t  a n d  A n n u a l  v a r i a t i o n  o f  t h e
larval p o p u l a t i o n ,  a n d  t h e  ; c a u s a t i v e  f a c t o r s .
J. Anim. E c o l .  25: 72 - 84.

# '  i * ’ * /  '  • •. • . • / • • *
B l a c k  B u m -,. M . ,  L a u r s ,  R . M . ,  O w e n  R . W . ,  Z e i t s t s c h e l ,  B .  

1 9 7 0 .
" S e a s o n a l  a n d  a r e a l  c h a n g e s  i n  s t a n d i n g  s t o c k s  
o f  p h y t o p l a n k t o n ,  Z o o p l a n k t o n ; . a n d  M i p r o n e k t o n  i n  
t h e - , e a s t e r n  t r o p i c a l  p a c i f i c " .
M a r .  B i o l .  7 :  1 4  -  3 1 .

# ‘ * í / /
K u t t y a m m a ,  V . J . , , K u r i a n ,  C . V .  1 9 8 2 .

D i s t r i b u t i o n  o f  p o s t  l a r v a e  p f  m a r i n e  p r a w n s  i n  
t h e  s o u t h w e s t  ; c o a s t ,  o f  I n d i a .
I n d i a n  J .  M a r .  S e i .  1 1 :  2 7 0  -  2 7 2 .

H a s s a n ,  H .  1 9 7 4 .
VjA g e n e r i c  K e y  t o  t h e  P e n a i  e  d  L a r v a e  o f  P a k i s t a n .
A g r i .  P a k .  2 5 :  2 2 7 - 2 3 6 .

/ ” ' < • 4 4

V i n o g r a d o v ,  M . E . j  G i t e l z o n ,  1 , 1 ;  S o r o k i n ,  Y . I ,  1 9 7 0 .
" T h e  v e r t i c a l  s t r u c t u r e  o f  a  p e l a g i c  c o m m u n i t y  i n  
t h e ; . t r o p i ç a l  O c e a n " / .  ;.
M a r .  B i o l .  6 :  1 8 7 - 1 9 4 .
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M u l l i n ,  M .  M .  ;  B r o o k s ,  E . R . ,  1 9 7 0 .
G r o w t h  a n d  m e t a b o l i s m  o f  t w o  p l a n k t o n i c ,  m a r i n e  
c o p e p o d s  a s  i n f l u e n c e d  b y  t e m p e r a t u r e  a n d  t y p e - o f  
f o o d .  I n  M a r i n e  f o o d  c h a i n s ?  e d .  J .  H .  S t e e l e ,  
O l i v e r  a n d  B o y d ,  E d i n b u r g h  P .  7 4  — 9 5 .

*. <
P a r s o n s ,  T . R . ,  L e b r a s s e u r .  R . J .  1 9 7 0 .

T h e  a v a i l a b i l i t y  o f  f o o d  t o  d i f f e r e n t  t r o p h i c  
l e v e l s  i n  t h e  M a r i a e  : f o o d  c h a i n .  I n  M a r i n e *
P o o d  c h a i n s , ■e d .  J . H .  S t e e l e ,  O l i v e r  &  B o y d ,  
E d i n b u r g h ,  P .  " 3 2 5  -  3 4 3 «

H a l e ,  H . M .  1 9 5 2 .
" N o t e s  o n . d i s t r i b u t i o n  a n d  n i g h t  c o l l e c t i n g  w i t h  
a r t i f i c i a l ;  l i g h t " .Trans. Roy. Soc. S. Aust, 76: 70 - 76.

Walsh, J.J. 1971.
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E c o l ,  M o n o g r .  4 1  ( 4 ) :  2 9 1  -  3 0 9 .
< ■ • < . ■ ' . • ' t 4 .

P a r s o n s ,  T i R . ,  l e b r a s s e u r ,  R . J . ,  S u l t Q n  J . D .  ' E ^ n n ^ d ï | 0 . D .  
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R i v e r  p l u m e  y F e b r u a r y  t o  M a y ,  1 9 6 7 . M 
J .  e x p .  M a r .  B i o l .  E c o l .  3 :  3 9  -  5 0 .

P a t t e n ,  B . C .  1 9 6 2 .
" I m p r o v e d  m e t h o d  f o r  e s t i m a t i n g  s t a b i l i t y  i n  plankton"
limnol. O c e a n g r .  7(6): 266 - 268.

S h e a r d .  K .  1 9 4 1 .  ;
" I m p r o y e d  m e t h o d s  . o f  c o l l e c t i n g  M a r i n e  o r g a n i s m s " .  
R e c .  S .  A u s t .  M u s .  7 :  1 1 - 1 4  
/ '  • * /

M u l l i n ,  M . M . ,  B r o o k s ,  E . R *  1 9 6 7 .
" L a b o r a t o r y  c u l t u r e ,  g r o w t h  r a t e ,  a n d  f e e d i n g  
b e h a v i o u r  o f  A  p l a n k t o n i c  m a r i n o  c o p e p o d "
L i m n o l .  O c e a n o g r .  1 2 :  6 5 7  -  666.

C o o k ,  H . L .  1 9 6 6 .
" A  g e n e r i c  k e y  t o  t h e  p r o t o z o e a n ,  m y s i s  a n d  p o s t -  
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" P a t t e r n s  o f  c o m m u n i t i e s  i n  t h e  t r o p i e s " .
B i o l .  J .  l i n n .  S o c .  1 :  1 9 < - 3 0 *

R o t h l i s b e r g ,  P . C .  1 9 8 2 .
V e r t i c a l  m i g r a t i o n  a n d  i t s  e f f e c t  o n  d i s p e r s a l  
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A u s t r a l i a .
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i f y s i k u  ( D e s c r i p t i o n  o f  t h e  D a t a - b a s e  
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M a r .  S e i .  2 :  1 - 3 1 .



A n n e x  ^

Visit of Mr. Beck, Head of the Development / Co-operation Sectio»»at the Belgian 
Embassy in Nairobi, to the Kenyan - Belgium Cooperation in Karine Sciences" 
project in Mcmbasa from. _ccemöer 9 to io, 1985. K.M.F.R.I.

Proposed Agenda

Monday December 9: - Arrival 9:35 a.m. - Hotel
- 2 p.m. : discussion agenda

Tuesday December 10: - Trip to Gazi - Discussion on the Oyster culture 
Departure time will depent o n  t h e  t i d e s .

W ed n esd ay  D ecem ber 1 1 : - Trip to Kanamai - Discussion on Seepage 
Departure time will depent on the tides.

Thursday December 12

Friday December 13:

- Seminaries on the Kenyan-Belgian Project done by the 
Kenyan counterparts.

- 2:30 p.m. Visit to the Laboratory, the Documentation 
Centre and the Store room at K.M.F.R.I.

- Discussion on the present situation and the perspectives 
of the project with Mr. Alíela» Director K.M.F.R.I.

- Regional Centre - Documentation Centre *
- Pollution heavy mecals
- Mangrove Project
- Algae culture
- Oyster culture
- Project Primary Production (Ms. De Souza)
- Project Secondary Production (Mr. Okemwa - Mrs. Kimaro)
- Project Coral Ecology (Ms. Muthiga)
- Project Seepage (Prof. Van Der Beken)
- Project Geology (Prof. Paepe)
- Diving Centre
B. International Contacts
- State of affairs in the contacts with EEC, UNEP, FAD, 
UNESCO, Ministry of Wildlife

C^_Infrestructure
- Regional Centre - Buildings
Di_Varia
- State of affairs in relation to the exhibition on 

"Oceanography" organised by tile French B r b a s s y .
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SEMINARS GIVEN BY THE KENYAN COUNTERPARTS ON DECEMBER 11, 19I

Library KMFRI, 9:15 a.m.

TOPIC

1. Introductory speech

2. Literature retrieval 
. Computerisation

4. Effects of seepage on 
distribution of mangro­
ves anu oyster culture

5. Distribution of Macro- 
alouQ

6. Primary Production in 
creeks

Tea break

7. Coral reef ecology and
importance of creating 
a diving centre

8. Relevance of short term
fellowships

9. Aspects cf biology of 
Siganus

10. Ecology of copepods
11. Biology of Zooplankton 

in Tudor creek
12. Conclusion

PRESENTED BY

The Director, Mr.S.O. Alíela
Mrs. Mwobobia 
Ms. W. Ogaye

M r . R . Ruwa 

Mrs. H. Oyieke 

Ms. De Souza

M s. N . Muthiga

.Mr. J. Kazunga

Mr. M. Ntiba 
Mr. E . Okemwa

Mrs. M. Kimaro *
Prof. Dr. P. Polk

* is on leave, the topic will be presented by Prof. Dr. Polk
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Afternoon Session: Contributed Papers on Current Research 4/10/85

02.00 - 02.20 The Dynamic Zonation of Three Nerltid Rocky Shore

X Prosobranchs at the Kenya Coast.
R.K. Ruwa and Victor Jaccarini .
Kenya Marine and Fisheries Research Institute 
Mombasa, Kenya.
and
Department of Zoology
University of Nairobi, Nairobi, Kenya.

02.20 - 02.40 Changes in the Population Structure of a Sea Urchin
(Echinometra Mathaei de Blainville) on an ExploitedV Fringing Reef at Diani Reef, Mombasa.

N y a w i r a  Muthiga and Tim R. Mcclanahan 
Kenya Marine and Fisheries R e s e a r c h  I n s t i t u t e  
Momb asa, Kenya.
a n d

Friends World College,
Machakos, Kenya.

02.40 - 03.20 Abundance and Exploitation of Small Pelagic Fish in Marine
and Fresh Waters of Tanzania.

L.B. Nhwani and D.B.R. Chitamwebwa,
Tanzania Fisheries Research Institute 
Dar Es Salaam, Tanzania.

03.00 - 03.20 Massive Fish Kills within the Nyanza Gulf of Lake Victoria,
Kenya.

Peter B.P. Ochumba
K e n y a  M a r i n e  and Fisheries Research Institute 
Kisumu, Kenya.

03.20 - 03.40 Distribution, Biology and Fishery of the Introduced
Fish Procambarus Clarkii Girrard in Lake Naivasha, Kenya.

A. Olouch and M. Litterick
Department of Zoology
University of Nairobi, Nairobi, Kenya.

03.40 - 04.00 Fish Yield of Kilifi Coral Reef in Kenya.
V  Raphael M. Nzioka

Kenya Marine and Fisheries Research Institute 
Mombasa, Kenya

04.00 - 5.00 Discussion of Future Aquatic Research Priorities for East
Africa.

05.00 Closing Remarks and Adjournment.
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THE DYNAMIC ZONATION OF THREE NERITID ROCKY SHORE PROSOBRANCHS
AT THE KENYA COAST

by
R.  K.  Ruwa a n d  V. J a c c a r i n i  

Ke n y a  M a r i n e  à F i s n e n e s  R e s e a r c h  I n s t i t u t e ,  P . O .  Box 81 ó 51 , Mombasa
and

Dept. of Zoology, University of Nairobi, P.O. Box 30197, Nairobi, Kenya

Abstract

The rocky shore Indo-Pacific prosobranch Nerita undata is shown to 
have a dynamic zonation similar to that of its two co-occurring congeners, 
N. piicata and N. texti1 is, and the zonation of the three species is 
analysed quantitatively. The mean vertical resting p o s i t i o n  o f  a l l  t h r e e  
species exhibits a s p r i n g - n e a p  cycle, w i t h  the animals resting at h i g h e r  
levels (P 0.001) around s p r i n g  tide days than around neaps. These 
spring-neap migrations are Of larger amplitude during the rough southeast 
m o n s o o n  (SEM) and in exposed situations, than during the calmer northeast 
monsoon (NEM) and in sheltered situations. N. texti1 is always rests at a 
significantly lower position (P 0.001) than the other two species and 
lies within the upper eulittoral. Though there is always some overlap 
between the populations of the two higher level species, N. undata and N_. 
piicata, which is more extensive around spring tide days, the me^n resting 
position of N. undata is higher (P 0.001) than that of N. piicaT:a during 
the SEM. During the NEM they occupy the same.zone. These two species 
exhibit in addition a seasonal monsoon cycle superimposed on the spring- 
neap movements with the animals resting higner (P 0.001) during the SEM 
than during the NEM. In more exposed shores all three species exhibit the 
usual uplift of zonation as compared to more sheltered situations. This 
uplift is seen only during the rough SEM. Within each species the 
vertical zonation is related to the size of individuals but in different 
ways. Downward feeding migrations take place during night ebb tide. Most 
of the above features can be interpreted as a response to the degree of 
wave energy.
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CHANGES I ri THE POPULATION 5TRUCTURE GF A SEA UACHIN • gCH 1NOME TRA NATHAE
d e  b l a i n v i l l e - o n  a n  e x p l o i t e d  f r i n g i n g  r e e f  h t  d  i  a n  i  b e ^ c h » k e n y *a

E Y
NYAWIRA h. MUTHI6A AND TIM  R. MCCLANAHAN 

KENYA MARINE, t, E 15HERIES RESEARCH INSTITUTE’
P. □. BOX 81651- MOMBASA’ KENYA ;

AND
FRIENDS JWORLD COLLEGE» P. 0. BOX 526» MACHAROS « KENYA

* C

ABSTRACT /
1 /  ; , > .

A COMPARISON OF E. MATHAEI DENSITY AND SIZES WAS MADE ON AN INNER 
REEF LAGOON AND AN OUTER REEF EDGE AT D I A N  I BEACH.» K E N Y A .  E. M A T H A E I  
D E N S I T Y  A N D  AVERAGE LENGTHS WERE SIGNIFICANTLY higher <p < o.oi> in the 
INNER REEF LAGOON <X = 14.£.'M£ +• 15.8» N = 90? X = 40.8 MM + 7.4» N 3 14 
R E S P E C T I V E L Y )  THAN IN THE OUTER REEF EDGE <X * 1.7 + U0/M£- N - 60S X =
31.2 MM + 6.7» N = 68» RESPECTIVELY). A COMPARISON WITH D E N S I T I E S  A N D
AVERAGE LENGTHS MEASURED 15 YEARS PREVIOUSLY CKHAMALLA» 1971) SHOWED 
INCREASES IN THE NUMBERS AND AVERAGE LENGTHS ( A V E R A G E  LENGTH? P < 0.05)
E. MATHAEI IN* THE INNER REEF AND A- DECREASE IN AVERAGE LENGTHS CP < 0.05 
IN THE OUTER X.REEF EDGE. A CORRELATION OF AVERAGE LENGTHS VERSUS WEIGHT 
= .£ ’i X 1 Y2.64» R = 0.96» N = 144) INDICATED AN INCREASE IN BIOMASS 
4£4 G- M'd ON THE INNER REEF AND A DECREASE OF 81 Ĝ -'ME ON THE OUTER REEF. 
THE DISTRIBUTION OF E. MATHAEI ALONG THE TRANSECTS CORRELATED 
SIGNIFICANTLY CR,= 0.69» F = 82.2» P < 0.01) WITH PERCENT HARD SUBSTRATE 
ON THE INNER REEF LAGOON WHERE THE AVERAGE DENSITY OF HARD SÚBSTRATE WA> 
41* AND NOT ON THE OUTER PEEF EDGE WHERE THE HARD SUBSTRATE DENSITY WAS
MUCH HIGHER (83*). IT IS SUGGESTED THAT THE POPULATION OF SEA URCHINS Ii
THE INNER REEF LAGOON IS REGULATED PRIMARILY?BY BIOTIC INTERACTIONS 
(COMPETITION AND PREDATION) AND BY PHYSICAL FACTORS (WAVES AND TIDES) IN 
THE OUTER REEF EDGE. i>¡E ATTRIBUTE THE INCREASED BIOMASSES OF SEA URCHIN' 
IN THE INNER REEF LAGOON TO INCREASED FISHING AND SHELLING WHICH REDUCES 
C O M P E T I T O R S  AND PREDATORS OF THE SEA URCHIN.

\
\

F I S H  Y I E L D  OF JCILIFI C O R A L  R EE F  IN K E N Y A
3 Y

RAPHAEL M. M21 OKA

THE FISH YIELD OF K.ILIFI REEF» WHICH IS ABOUT 4.0 K M2 » WAS ESTIMA 
FOP THREE YEARS. IT WAS FOUND THAT THE YIELD ON THE REEF RANGED FROM 
ABOUT 5.07 T/KM2/YEAP TO 12.9 T.-KM2/VEAP» WITH A MEAN OF 3.3 T "KM2.- YEHR. 
THE MAJOR GROUPS OF FISH CAUGHT WERE MOSTLY SIGANIDAE» SCARIDAE»
LUT IANIDAE» SERRANIDAE» CARANGIDAE» PLECTGRHYCHIDAE» SCOMBRIDAE»
S P H Y R E A N I  D A E  A N D  C A É S I O D I D A E .  T H E R E  W E R E  M O R E  F I S H  C A U G H T  D U P I N G  T H E  
NORTHEAST MONSOON WHEN T H E  S E A  WAS CALM THAN DURING THE SOUTHEAST MONiOO
WHEN THE SEA WAS ROUGH.

f
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N U T R I E N T S  A N D  P A R T I C U L A T E  O R G A N I C  C A R B O N  S T U D Y

F R E E  U N I V E R S I T Y  O F  B R U S S E L S  S E P T E . M B E R - D E C E M B E R
1985

J O H N S O N  M . K A Z U N G U



C O N T E N T S

1 .  N U T R I E N T S

1 . 1  D e t e r m i n a t i o n  o f  A m m o n i a  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 . 2  D e t e r m i n a t i o n  o f  N i t r a t e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 . 3  D e t e r m i n a t i o n  o f  P h o s p h a t e  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1.4 Determination of Silicate------------------ ---

2 .  P A R T I C U L A T E  M A T E R I A L

D e t e r m i n a t i o n  o f  p a r t i c u l a t e  o r g a n  c r ; - b e , : :  - - - - - -



D E T E R M I N A T I O N  O F  A M M O N I A  I N  S E A W A T E R  (  B E R T H E L O T  R E A C T I O N  )

A .  I N T R O D U C T I O N

T h e  B e r t h e l o t  r e a c t i o n  i s  t h e  n a m e  g i v e n  t o  t h e  r e a c t i o n  o f  A m m o n i u m  i o n s  a n d  P h e n o l ,  

w i c h ,  u n d e r  s u i t a b l e  o x i d i z i n g  c o n d i t i o n s ,  r e s u l t s  i n  t h e  f o r m a t i o n  o f  a n  I n d o p h e n o l  
d y e .  T h e s e  d y e s  a r e  h i g h l y  c o n j u g a t e d  a n d  a b s o r b  b e t w e e n  6 2 0  a n d  7 2 0  n m .

N a t u r e  o f  r e a c t i o n ,  ( r e a c t i o n  m e c h a n i s m )

( 1 )  N H 5  +  O C T  >  N H j C l

Y E L L O W  B L U E
R e a g e n t s .

P H E N O L S  :
P h e n o l s  t h a t  u n d e r g o  t h e  B e r t h e l o t  r e a c t i o n  n o r m a l l y  h a v e  a n  u n s u b s t i t u t e d  p a r a - p o s i ­
t i o n  a l t h o u g h  s o m e  P h e n o l s  w i t h  v a c a n t  p a r a - p o s i t i o n s  m a y  n o t  r e a c t  i f  t h e r e  i s  s t e r i c  
h i n d r a n c e  f r o m  a d j a c e n t  g r o u p s .  O t h e r  p h e n o l i c  c o m p o u n d s  a r e  s o m e t i m e  u s e d  i n  p l a c e  c  
P h e n o l .  H o w e v e r  ,  o n l y  T h y m o l  a n d  S o d i u m  s a l i c y l a t e  h a v e  b e e n  f o u n d  t o  g i v e  s o m e w h a t  
g o o d  r e s u l t s  c o m p a r a b l e  t o  P h e n o l .

H Y P O H A L I T E  S O U R C E  :
T h e  f o r m a t i o n  o f  M o n o c h l o r a m i n e  a s  t h e  f i r s t  s t a g e  (  s e e  t h e  r e a c t i o n  m e c h a n i s m  )  i s  
u s u a l l y  a c h i e v e d  i n  t h e  p r e s e n c e  o f  H y p o c h l o r i t e .

C A T A L Y S T S  :
S o d i u m  n i t r o p r u s s i d e  i s  u s e d  a s  a  c a t a l y s t  b e c a u s e  i t  p r o v i d e s  a  m o r e  r a p i d  c o l o u r  d e ­

v e l o p m e n t  a n d  a  s t a b l e  c o l o u r .



2.

B .  O R D E R  O F  A D D I T I O N  O F  R E A G E N T S

I n  m o s t  m e t h o d s  t h e  P h e n o l  i s  a d d e d  p r i o r  t o  t h e  H y p o c h l o r i t e  a n d  a t  h i g h  c o n c e n t r a t i  

o f  H y p o c h l o r i t e ,  l i t t l e  o r  n o  I n d o p h e n o l  i s  p r o d u c e d  i f  t h e  H y p o c h l o r i t e  i s  a d d e t i f i r s  
A t  l o w e r  c o n c e n t r a t i o n s  t h e  H y p o c h l o r i t e  c a n  b e  a d d e d  f i r s t  w i t h  n o  l o s s  o f  s e n s i t i v i  
a n d  t h i s  o r d e r  o f  r e a g e n t  a d d i t i o n  f i t s  t h e  p r o p o s e d  r e a c t i o n  s e q u e n c e .

C .  R E A G E N T S  P R E P A R A T I O N

1 .  D e - i o n i z e d  w a t e r .

Distilled water is passed trough a cation exchange column in the hydrogen form
( 30 cm. long, 1-2 cm. wide ). This water should be prepared fresh for use

2 .  P h e n o l - a l c o h o l  r e a g e n t .
D i s s o l v e  2 0  g .  o f  a n a l y t i c a l  g r a d e  P h e n o l  i n  2 0 0  m l .  o f  9 5 %  v / v  E t h y l  a l c o h o l .

3 .  S o d i u m  n i t r o p r u s s i d e  s o l u t i o n .

D i s s o l v e  1 , 0  g .  o f  S o d i u m  n i t r o p r u s s i d e ,  N a  J V e i C N )  N oj 2 H a Q ,  i n  2 0 0  m l .  o f  d e ­
i o n i z e d  w a t e r .  S t r o r e  i n  a  d a r i 1 c  g l a s s  b o t t l e ;  t h e  s o l u t i o n  i s  s t a b l e  f o r  a t  l e a s -  

a  m o n t h .

4 .  A l k a l i n e  r e a g e n t .
D i s s o l v e  1 0 0 g r .  o f  S o d i u m  c i t r a t e  a n d  5  g r .  o f  S o d i u m  h y d r o x i d e  i n  5 0 0  m l .  o f  d e ­
i o n i z e d  w a t e r .  T h e  s o l u t i o n  i s  s t a b l e  i n d e f i n i t e l y .

5 .  S o d i u m  h y p o c h l o r i t e  s o l u t i o n .

U s e  c o m m e r c i a l l y  a v a i l e b l e  H y p o c h l o r i t e  (  e . g . "  C h l o r o x "  )  w i c h  s h o u l d  b e  a b o u t  1 .

6 .  O x i d i z i n g  s o l u t i o n .
M i x  1 0 0  m l .  o f  r e a g e n t  4  a n d  2 5  m l .  o f  r e a g e n t  5 .  K e e p  s t o p p e r e d  w h i l e  n o t  i n  u s e  

a n d  p r e p a r e  f r e s h  e v e r y  d a y .

D .  E X P E R I M E N T A L  P R O C E D U R E

1 .  A d d  5 0  m l .  o f  s e a w a t e r  t o  a n  e r l e m e y e r  f l a s k  f r o m  a  5 0  m l .  m e a s u r i n g  c y l i n d e r .
A d d  2 m l .  o f  p h e n o l  s o l u t i o n ,  s w i r l  t o  m i x ,  a n d  t h e n  a d d  i n  s e q u e n c e  2  m l .  o f  N i t r o ­
p r u s s i d e  a n d  5  m l ' ,  o f  o x i d i z i n g  s o l u t i o n ;  m i x  a f t e r  e a c h  a d d i t i o n  b y  s w i r l i n g  t h e  

f l a s k .
2 .  A l l o w  t h e  f l a s k  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  ( 2 0 - 2 7 ° C  )  f o r  o n e  h o u r .  T h e  t o p  o f  

t h e  f l a s k  s h o u l d  b e  c o v e r e d  w i t h  p a r a f i l m  d u r i n g  t h i s  p e r i o d .  T h e  c o l o u r  i s  s t a b l «  
f o r  a b o u t  2 4  h o u r s  a f t e r  t h e  r e a c t i o n  p e r i o d .



3 .  R e a d  t h e  e x t i n c t i o n  (  a b s o r b a n c e  )  a t  6 4 0  n m .  i n  a  s p e c t r o p h o t o m e t e r  u s i n g  a  1 0  c r  
(  o r  1 c m .  )  c e l l  l e n g t h .

4 .  C o r r e c t  t h e  m e a s u r e d  e x t i n c t i o n  f o r  t h e  r e a g e n t  b l a n k  a n d  c a l c u l a t e  A m m o n  i a - n i  t r o  
f r o m  a  p r e p a r e d  s t a n d a r d  c a l i b r a t i o n  g r a p h .

E .  D E T E R M I N A T I O N  O F  B L A N K

C a r r y  o u t  t h e  m e t h o d  e x a c t l y  a s  d e r s c i b e d  i n  s e c t i o n s  D 1  t o  D 3  a b o v e  u s i n g  5 0  m l .  o f  
d e - i o n i z e d  w a t e r .  B l a n k  e x t i n c t i o n ,  s h o u l d  n o t  e x c e e d  a b o u t  0 . 0 7 5  o n  a  1 0  c m .  c e l l  
(  0 . 0 0 7 5  o n  a  1 c m .  c e l l  ) .

F. CALIBRATION

1. C a r r y  o u t  t h e  c a l i b r a t i o n  w i t h  f i l t e r e d  s e a w a t e r  i n  w h i c h  t h e  c o n c e n t r a t i o n  o f  
A m m o n i a  h a s  b e e n  r e d u c e d  b y  b o i l i n g .

2 .  D i s s o l v e  0 . 1  g .  o f  a . g .  (  N H h ) j_ S 0 m i n  1 0 0 0 m l .  o f  d e - i o n i z e d  w a t e r  .  A d d  1 m l .  o f  

C h l o r o f o r m  a s  a  p r e s e r v a t i v e  a n d  s t o r e  i n  a  r e f r i g e r a t o r .  T h e  s o l u t i o n  i s  s t a b l e  
f o r  m a n y  m o n t h s  i f  w e l l  s t o p p e r e d .

C o n c e n t r a t i o n  =  1 5 0 0  p g . - a t  N /  L

F o r  c a l i b r a t i o n  p u r p o s e s ,  d i l u t e  t h i s  s t o c k  s o l u t i o n . !  u s i n g  A m m o n i u m - f r e e  s e a w a t e  
a n d  p r e p a r e  w o r k i n g  s t a n d a r d s  w i t h  t h e  f o l l o w i n g  c o n c e n t r a t i o n s  :

1 p g . - a t  N/L , 5  p g . - a t  N/L , 7 p g . - a t  N/L , 10 p g . - a t  N/L , 15 p g . - a t  N/L 
2 0  p g . - a t  N / L  ,  2 5  p g . - a t  N / L  ,  3 5  p g . - a t  N / L  ,  45 p g . - a t  N/L ,
5 5  p g . - a t  N / L  .

I



R E S U L T S

C O N C E N T R A T I O N  A B S O R B A N C E  (  A B S  )  (  A B S  -  B L A N K  A E S  )

B l a n k  0 . 0 C 6

1 p g . - a t  N / L  0 . 0 1 5  C . 0 0 9
5  " 0 . 0 4 7  0 . 0 4 1
7  " 0 . 0 7 3  0 . 0 6 7
1 0  " 0 . 1 4 6  0 . 1 4 4

1 5  " 0 . 2 4 0  0 . 2 3 4
2 0  " 0 . 3 3 1  0 . 3 2 5
2 5  " 0 . 4 1 0  0 . 4 0 4
3 5  11 0 . 5 9 3  0.587
4 5  " 0.761 . 0.755
5 5  11 0 . 8 4 0  0 . 8 3 4

F i g u r e  1 s h o w s  a  g r a p h  o f  A b s o r b a n c e  v / s  C o n c e n t r a t i o n .  I t  i s  c l e a r l y  i n d i c a t e d  t h a t  
t h e  m a x i m u m  c o n c e n t r a t i o n  v a l u e  w h i c h  o b e y s  B e e r ' s  l a w  i $  4 7 . 5 0  p g . - a t  N / L .
F r o m  t h e  g r a p h ,  t h e  l i n e a r  r e g r e s s i o n  e q u a t i o n  i s  :

y  =  0 . 0 1 6 6 7  x  -  0 . 0 2 6 5

T h i s  i m p l i e s  t h a t

A B S O R B A N C E  =  0 . 0 1 6 6 7  C O N C E N T R A T I O N  -  0 . 0 2 6 5  (  I  )

ABS + 0.0265CONCENTRATION =   ( II )
0 . 0 1 6 6 7

A c c u r a c y  c a l c u l a t i o n

A b s o r b a n c e  f o r  t h e  1 0  p g . - a t  N / L  s o l u t i o n  w a s  0 . 1 4 0

A B S  +  0 . 0 2 6 5
.*. C o n c e n t r a t i o n  =

0 . 0 1 6 6 7

0 . 1 4 0  +  0 . 0 2 6 5

0 . 0 1 6 6 7  
9 . 9 8 8  p g . - a t  N / L



5 .

10 - 9.983
A c c u r a c y  =    x  1 0 0  %

10
0 . 1 2 %

Detection limit calculation

F o r  d e t e c t i o n  l i m i t  c a l c u l a t i o n ,  p r e p a r e  1 0  b l a n k  s a m p l e s  a n d  r u n  t h e m .  T h e n  u s i n g  

t h e  a b s o r b a n c e  v a l u e s ,  c a l c u l a t e  t h e  s t a n d a r d  d e v i a t i o n  d  .  T h e n  m u l t i p l y  t h e  s t a n ­
d a r d  d e v i a t i o n  b y  3 .  I n s e r t  t h e  v a l u e  3  O'  a s  a b s o r b a n c e  i n  e q u a t i o n  ( I I )  a n d  g e t  t h e  
c o r r e s p o n d i n g  c o n c e n t r a t i o n  v a l u e .  T h i s  v a l u e  i s  t h e  d e t e c t i o n  l i m i t .

SALINITY EFFECT

T o  c h e c k  w h e t h e r  t h e  B e r t h e l o t  r e a c t i o n  m e t h o d  c o u l d  b e  a p p l i e d  i n  e s t u a r y  c o n d i t i o n s  
a  s t a n d a r d  s a m p l e  o f  5  p g . - a t  N / L  w a s  p r e p a r e d  b y  d i l u t i n g  1 m l .  o f  t h e  s t o c k  s o l u t i o r  
t o  3 0 0 m l .  w i t h  a r t i f i c i a l  s e a w a t e r  o f  d i f f e r e n t  s a l i n i t i e s .

R e s u l t s  :

C o n c e n t r a t i o n S a l i n i t y A b s o r b a n c e

1 .  5  p g . - a t  N / L 5 % . 0 . 0 3 8
2 . 1 0 % . 0 . 0 3 8
3 . 2 0 % . 0 . 0 3 9

4 . 0L
O

O
J 0 . 0 3 8

5 . 3 0 % 0 . 0 4 0

6 . 3 5 % 0 . 0 4 1

7 . 4 0 % 0 . 0 4 1

F r o m  o u r  r e s u l t s ,  i t  a p p e a r s  t h a t  s a l i n i t y  d i f f e r e n c e  d o e s  n o t  a f f e c t  o u r  
A B S O R B A N C E  v a l u e s  v e r y  m u c h .  T h i s  i m p l i e s  t h a t  " s a l i n i t y  e f f e c t "  c a n  b e  n e g l e c t e d  

f o r  A m m o n i a  m e a s u r e m e n t s  i n  e s t u a r i e s .

S A M P L E  S T O R A G E

It i s  important that samples f o r  Ammonia determination should be analysed immediatly 
a f t e r  c o l l e c t i o n  a n d  s t o r e d  i n  g l a s s  b o t t l e s .



DETERMINATION OF NITRATE

Introduction

N i t r a t e  i n  s e a w a t e r  i s  r e d u c e d  a l m o s t  q u a n t i t a t i v e l y  t o  N i t r i t e  w h e n  a  s a m p l e  i s  r u n  
t r o u g h  a  c o l u m n  c o n t a i n i n g  C a d m i u n  f i l i n g s  c o a t e d  w i t h  m e t a l l i c  C o p p e r .  T h e  N i t r i t e  
p r o d u c e d  i s  t h e n  d e t e r m i n e d  b y  d i a z o t i z i n g  w i t h  S u l f a n i l a m i d e  a n d  c o u p l i n g  w i t h  

N - ( I - n a p h t y l ) - e t h y l e n e d i a m i n e  t o  f o r m  a  h i g h l y  c o l o u r e d  a z o  d y e  w h i c h  c a n  b e  m e a s u r e ?  
s p e c t r o p h o t o m e t r i c a l l y .  A n y  N i t r i t e  i n i t i a l l y  p r e s e n t  i n  t h e  s a m p l e  m u s t  b e  c o r r e c t ?  
f o r .
P o s s i b l e  s u g g e s t e d  e q u a t i o n s  f o r  t h e  d i a z o t i z a t i o n  a n d  c o u p l i n g  o f  t h e  r e a c t i o n .

NH1S0x C,H,NH¿HC1 + HNOj  > NHJSOtCfcH(|NsNCl + 2Ht0 (I)

NH1SOlCsHl1N=NCl + C^H^NHCHjCH^NH^ .2HC1 ------------> (2)

N H l S 0 x Ct H s N = N N H C H x C H i N H ( C lBH , ) . 2 H C l  +  H C 1

N H j S O j  C4 Hh N = N C 1 +  Cl o H , N H C H 2 C H i N H z . 2 H C l  - - - - - - - - - - - - - - - - - - - - - - - ».  ( 2 a )

NHĵ SOj C (  HhN*NC,0H6 NHCH^CHj NHx .  2 H C 1  +  H C 1

n o t e  : T h e  p r o d u c t  o f  t h e  c o u p l i n g  r e a c t i o n  i s  n o t  d e f i n i t e l y  k n o w n  b u t  e q u a t i o n s  ( 2 )  
a n d  ( 2 a )  r e p r e s e n t  p o s s i b i l i t i e s .

I n t e r f e r e n c e s  (  R e d u c t o r  c o l u m n  )

The mechanism of reduction must involve the oxidation o f  Cadmium metal as given in t h  
r e d o x  r e a c t i o n s  ( 3 )  a n d  ( 4 )  ;

N O "  +  2 H *  +  2 e ~  =  N O "  +  H ¿ 0  ( 3 )

Cd = CdA+ + 2e' (A)

A n y t h i n g  t h a t  c a n  c h a n g e  t h e  u l t i m a t e  r a t e  o f  e l e c t r o n  t r a n s f e r  o r  t h e  r e d o x  p o t e n t i e  
o f  r e a c t i o n  ( 4 )  c a n  p o s s i b l y  i n t e r f e r e  w i t h  t h e  a n a l y t i c a l  m e t h o d .  O t h e r  m e t a l  i o n s  

a n d  l i g a n d s  c a n  c h a n g e  t h e  r e d o x  p o t e n t i a l  o f  ( 4 )  a n d  h e n c e  p o s s i b l y  d e c r e a s e  o r  i n c r  
t h e  e l e c t r o n  a v a i l a b i l i t y  w h i c h  c o u l d  s h o w  u p  a s  a  p o s i t i v e  o r  n e g a t i v e  i n t e r f e r e n c e  
i n  t h e  m e t h o d .  A l t e r n a t i v e l y  i n o r g a n i c  o r  o r g a n i c  c o m p l e x i n g  a g e n t s  c a n  i n t e r f e r e  b^  
a s s o c i a t i n g  w i t h  C a d m i u m  i o n s  f o r m e d  a t  a l  t h e  m e t a l  s u r f a c e ,  s o  p r o v i d i n g  a  b l o c k  t (  

m o s t  a c t i v e  r e d u c i n g  s i t e s .



METHODOLOGY

F o r  t h e  e x p e r i m e n t a l  p r o c e d u r e ,  r e f e r  " A  m a n u e l  o f  C h e m i c a l  a n d  B i o l o g i c a l  M e t h o d s  
f o r  S e a w a t e r  A n a l y s i s  B y  T i m o t h y  R .  P a r s o n s ,  Y o s h i a k i  M a i t a  a n d  C a r o l  M .  L a i i  i .

R E S U L T S

F i g u r e  2  s h o w s  t h e  c a l i b r a t i o n  g r a p h  o b t a i n e d  b y  p l o t t i n g  c o n c e n t r a t i o n s  v a l u e s  
(  p g . - a t  N / L  )  o f  a  s e t  o f  s t a n d a r d  N i t r a t e  s a m p l e s  a g a i n s t  t h e i r  a b s o b a n c e  v a l u e s  
a f t e r  b e i n g  r e d u c e d  i n  t h e  c o l u m n .  T h e  l i n e a r i t y  c o n f o r m s  w i t h  B e e r ' s  l a w

. EFFICIENCY OF THE REDUCTION COLUMN

T o  c h e c k  t h e  e f f i c i e n c y  o f  t h e  r e d u c t i o n  c o l u m n ,  t w o  s e t s  o f  s t a n d a r d  s a m p l e s  (  o n e  
p r e p a r e d  f r o m  P o t a s s i u m  n i t r a t e  (  K N O ,  )  a n d  t h e  o t h e r  f r o m  p o t a s s i u m  n i t r i t e  (  K N 0 ¿  ) 
b o t h  c o n t a i n i n g  t h e  s a m e  c o n c e n t r a t i o n  o f  n i t r o g e n  a t o m  p e r  l i t e r  (  s a y  6  p g . - a t  N / L  
a r e  m a d e .  S i n c e  t h e  d e t e r m i n a t i o n  o f  N i t r a t e  f o l l o w s  t h e  p r o c e d u r e  a s  t h e  d e t e r m i n a t i  
o f  N i t r i t e  o n c e  t h e  N i t r a t e  h a s  b e e n  r e d u c e d .  C o m p a r i s o n  o f  t h e  a b s o r b a n c e s  o b t a i n e d  
f r o m  t h e  6  p g . - a t  N - N O j / L  w i t h  t h o s e  o b t a i n e d  f r o m  t h e  6  p g . - a t  N - N 0 2 / L  w i l l  h e l p  o n e  

c a l c u l a t e  e f f i c i e n t y .

R e s u l t s  :

F o r  t h e  N O j ,  t h e  m e a n  a b s o r b a n c e  f o r  t h e  6  p g . - a t  N - N O  / L  w a s  0 . 2 8 3 .
F o r  t h e  NC £  ,  t h e  a b s o r b a n c e  f o r  t h e  6  p g . - a t  N - N O  / L  w e r e ;

A b s o r b a n c e % E f f i c i e n c y

1 . 0 . 2 7 5 9 7 . 2 %

2 . 0 . 2 8 0 9 9 . 0 %

3 . 0 . 2 7 3 9 6 . 5 %

4 . 0 . 2 7 6 9 7 . 5 %

5 . 0 . 2 7 6 9 7 . 5 %

6 . 0 . 2 7 4 9 6 . 8 %

7 . 0 . 2 6 3 9 3 . 0 %

8 . 0 . 2 7 7 9 7 . 9 %

9 . 0 . 2 5 5 9 3 . 6 %

1 0 . 0 . 2 7 1 9 5 . 8 %

m t h e  a b o v e  f i g u r e s , t h e  m e a n  e f f i c i e n c y  o f  t h e

96.5%

about  97%.



SAMPLE STORAGE

S a m p l e s  s h o u l d  b e  a n a l y s e d  i m m e d i a t e l y  a f t e r  c o l l e c t i o n .  I n  c a s e  t h i s  i s  d i f f i c u l t ,  

4 0  m g . / L  M e r c u r i c  c h l o r i d e  s h o u l d  b e  u s e d  a s  a  p r e s e r v a t i v e .  I f  t h e  p r e s e r v a t i v e  i s  
u s e d ,  t h e n  t h e  s a m p l e  s h o u l d  b e  a n a l y s e d  w i t h  i n  t h e  f i r s t  e i g h t  h o u r s .

D E T E R M I N A T I O N  O F  P H O S P H A T E

A .  I n t r o d u c t i o n

The concentration of Phosphorus as Phosphate in seawater may range from less than abo 
0 , 0 1  ù g . - a t  P / L  i n  s u r f a c e  w a t e r s  t o  o v e r  3  pg.-at P / L  in deep water. In the upper 
l a y e r s  o f  t h e  s e a ,  t h e  c o n c e n t r a t i o n  r a r e l y  e x c e e d s  1 . 0  pg.-at P / L  and i t  i s  i n  t h e s e  
l a y e r s  t h a t  P h o s p h a t e  i s  t a k e n  u p  b y  t h e  p h y t o p l a n c t o n  a n d  e n t e r s  t h e  m a r i n e  f o o d  c h a  
C h a n g e s  i n  t h e  P h o s p h o r u s  c o n t e n t  o f  t h e  s e a w a t e r  m a y  b e  u s e d  a s  i n d i c a t o r s  o f  t h e  
w a t e r  m o v e m e n t  a n d  a s  a n  i n d e x  o f  p l a n t  g r o w t h  a n d  p r o d u c t i v i t y .
I n  t h e  f o l l o w i n g  P h o s p h a t e  d e t e r m i n a t i o n  m e t h o d ,  t h e  s e a w a t e r  s a m p l e  i s  a l l o w e d  t o  
r e a c t  w i t h  a  c o m p o s i t e  r e a g e n t  c o n t a i n i n g  M o l y b d i c  a c i d ,  A s c o r b i c  a c i d  a n d  t r i v a l e n t  
A n t i m o n y .  T h e  r e s u l t i n g  c o m p l e x  i s  r e d u c e d  t o  g i v e  a  b l u e  s o l u t i o n  w h i c h  i s  m e a s u r e d  
a t  8 8 5  n m .

B .  S P E C I A L  R E A G E N T S

1 .  A m m o n i u m  M o l y b d a t e  s o l u t i o n .
D i s s o l v e  1 5  g r .  o f  a n a l y t i c a l  r e a g e n t  g r a d e  A m m o n i u m  p a r a m o l y b d a t e  ( N H , , ) t M q , 0 w . 4 H t ( 
i n  5 0 0  m l .  o f  d i s t i l l e d  w a t e r .  S t o r e  i n  p l a s t i c  b o t t l e  a w a y  f r o m  d i r e c t  s u n l i g h t .  
T h e  s o l u t i o n  i s  s t a b l e .

2 .  S u l f u r e  A c i d  s o l u t i o n .
A d d  1 4 0  m l .  o f  c o n c e n t r a t e d  (  s p .  g r .  1 . 8 2  )  a n a l y t i c a l  r e a g e n t  q u a l i t y  S u l f u r i c  
a c i d  t o  9 0 0  m l .  o f  d i s t i l l e d  w a t e r .  A l l o w  t h e  s o l u t i o n  t o  c o o l  a n d  s t o r e  i t  i n  a  

g l a s s  b o t t l e .
3 .  A s c o r b i c  A c i d  s o l u t i o n .

D i s s o l v e  2 7  g r .  o f  A s c o r b i c  a c i d  i n  5 0 0  m l .  o f  d i s t i l l e d  w a t e r .  S t o r e  t h e  s o l u t i o i  
i n  a  p l a s t i c  b o t t l e  f r o z e n  s o l i d  i n  t h e  f r e e z e r .  T h e  s o l u t i o n  i s  s t a b l e  f o r  m a n y  
m o n t h s  b u t  s h o u l d  n o t  b e  k e p t  a t  r o o m  t e m p e r a t u r e  f o r  m o r e  t h a n  o n e  w e e k .



4 .  P o t a s s i u m  A n t i m o n y ! - T a r t r a t e  s o l u t i o n .

D i s s o l v e  0 . 3 4  g r .  o f  P o t a s s i u m  a n t i m o n y l - t a r t r a t e  (  t a r t a r  e m e t i c  )  i n  2 5 0  m l .  o f  
w a t e r ,  w a r m i n g  i f  n e c e s s a r y .  S t o r e  i n  a  g l a s s  o r  p l a s t i c  b o t t l e .  T h e  s o l u t i o n  i s  
s t a b l e  f o r  m a n y  m o n t h s .

5 .  M i x e d  R e a g e n t .

M i x  t o g e t h e r  1 0 0  m l .  A m m o n i u m  m o l y b d a t e ,  2 5 0  m l .  S u l f u r i c  a c i d ,  1 0 0  m l .  A s c o r b i c  a  
a n d  5 0  m l .  o f  P o t a s s i u m  A n t i m o n y l - t a r t r a t e  s o l u t i o n .  P r e p a r e  t h i s  r e a g e n t  w h e n  
n e e d e d  a n d  d i s c a r d  a n y  e x c e s s .

C .  E X P E R I M E N T A L  P R O C E D U R E

1 .  W a r m  t h e  s a m p l e s  t o  r o o m  t e m p e r a t u r e  (  1 5 - 3 0 ° C  ) .  M e a s u r e  t h e  t u r b i d i t y  of a  s a m p  

a t  8 8 5  n m .  ;  if t h i s  v a l u e  i s  g r e a t e r  t h a n  0 . 0 1 ,  a  c o r r e c t i o n  s h o u l d  b e  a p p l i e d  t o  
the final extinction value ( step 4 ).

2 .  T o  a  1 0 0  m l .  s a m p l e ,  a d d  1 0  m l .  o f  m i x e d  r e a g e n t  u s i n g  a  s y r i n g e -  t y p e  p i p e t t e  a n d
m i x  a t  o n c e .

3 .  A f t e r  5  m i n .  a n d  p r e f e r a b l y  w i t h i n  t h e  f i r s t  2 - 3  h o u r s ,  m e a s u r e  t h e  e x t i n c t i o n  i n  ¿
1 c m .  c e l l  a g a i n s t  d i s t i l l e d  w a t e r  a t  8 8 5  n m .

4 .  C o r r e c t  t h e  e x t i n c t i o n  w i t h  t h e  r e a g e n t  b l a n k  (  a n d  t u r b i d i t y  b l a n k  i f  n e c e s s a r y  )  
a n d  g e t  t h e  c o r r e s p o n d i n g  P h o s p h a t e  c o n c e n t r a t i o n  f r o m  a  s t a n d a r d  c a l i b r a t i o n  g r a p i  
(  s e e  b e l o w  ) .

D .  D E T E R M I N A T I O N  O F  B L A N K

U s e  d i s t i l l e d  w a t e r  i n  p l a c e  o f  a  s a m p l e  a n d  c a r r y  o u t  s t e p s  1 - 3  a b o v e  t o  o b t a i n  t h e  

e x t i n c t i o n  o f  t h e  r e a g e n t  b l a n k .  R e a g e n t  b l a n k s  s h o u l d  b e  l e s s  t h a n  0 . 0 0 2  o n  a  

1 c m .  c e l l .

E .  C A L I B R A T I O N

D i s s o l v e  0 . 1 3 6  g r .  o f  a n h y d r o u s  p o t a s s i u m  d i h y d r o g e n  P h o s p h a t e ,  K H t P O s ,  i n  1 L  o f  d i s ­
t i l l e d  w a t e r .  S t o r e  i n  d a r k  b o t t l e  w i t h  1 m l .  o f  C h l o r o f o r m  ; t h e  s o l u t i o n  i s  s t a b l e  

f o r  m a n y  m o n t h s .

C o n c e n t r a t i o n  =  1 0 0 0  p g - a t  P / L

F r o m  t h i s  s t o c k  s o l u t i o n  p r e p a r e  s t a n d a r d  w o r k i n g  s a m p l e s  o f  1 p g . - a t  P / L ,  3  p g . - a t  P 
5  p g . - a t  P / L ,  7  p g . - a t  P / L  a n d  1 0  p g . - a t  P / L .

With each sample, repeat steps 1-3 of section C. After correction fot the blank reaa. 
p l o t  a  g r a p h  o f  A b s o r b a n c e  a g a i n s t  C o n c e n t r a t i o n  (  i n  p g . - a t  P / L  ) .



10.

Figure 3 shows the calibration graph obtained. Note the linear relationship between 
t h e  a b s o r b a n c e  a n d  t h e  c o n c e n t r a t i o n  a s  e x p e c t e d  i n  t h e  B e e r ' s  l a w .  B y  p r e o a r i n g  
m a n y  s t a n d a r d s ,  t h e  l i n e a r i t y  r a n g e  m a y  b e  f o u n d .

F .  S T O R A G E  O F  S A M P L E S

S a m p l e s  s h o u l d  b e  a n a l y z e d  i m m e d i a t e l y  a f t e r  c o l l e c t i o n  o t h e r w i s e  p r e s e r v e d  w i t h  
C h l o r o f o r m .

D E T E R M I N A T I O N  O F  S I L I C A T E

A .  I n t r o d u c t i o n

M a n y  n a t u r a l  w a t e r s  c o n t a i n  l e s s  t h a n  1 0  m g . / L  S i l i c a ,  t h o u g h  s o m e  m a y  a p p r o a c h  

6 0  m g . / L .  A  S i l i c a  c y c l e  o c c u r s  i n  m a n y  b o d i e s  o f  w a t e r  c o n t a i n i n g  o r g a n i s m s  s u c h  a s  
d i a t o m s  t h a t  u t i l i z e  S i l i c a  i n  t h e i r  s k e l e t a l  s t r u c t u r e .  T h e  S i l i c a  r e m o v e d  f r o m  t h p  
w a t e r  m a y  b e  s l o w l y  r e t u r n e d  b y  r e - s o l u t i o n  o f  d e a d  o r g a n i s m s .
T h o u g h  t h e r e  a r e  q u i t e  a  n u m b e r  o f  m e t h o d s  f o r  t h e  d e t e r m i n a t i o n  o f  S i l i c a  i n  s e a w a t e  
t h e  H e t e r o p o l y  b l u e  m e t h o d  s e e m s  t o  b e  u s e d  t h e  m o s t .  I n  t h i s  m e t h o d ,  t h e  s e a w a t e r  

s a m p l e  i s  a l l o w e d  t o  r e a c t  w i t h  M o l y b d a t e  u n d e r  c o n d i t i o n s  w h i c h  r e s u l t  i n  t h e  f o r m a ­
t i o n  o f  S i l i c o m o l y b d a t e ,  P h o s p h o m o l y b d a t e  a n d  A r s e n o m o l y b d a t e  c o m p l e x e s .  A  r e d u c i n g  
s o l u t i o n ,  c o n t a i n i n g  A s c o r b i c  a c i d ,  i s  t h a n  a d d e d  w h i c h  r e d u c e s  t h e  S i l i c o m o l y b d a t e  

complex to give a blue colourand simultaneously decomposes any Phosphomolybdate or 
A r s e n o m o l y b d a t e .  T h e  r e s u l t i n g  e x t i n c t i o n  i s  m e a s u r e d  u s i n g  a  1 c m .  c u v e t t e .

B . S P E C I A L  R E A G E N T S

1 .  M o l y b d a t e  r e a g e n t .
D i s s o l v e  4 . 0  g .  o f  a n a l y t i c a l  r e a g e n t  q u a l i t y  A m m o n i u m  p a r a m o l y b d a t e  , ( N H h ) 4 Mo, 0 t r  
A H j O ,  i n  a b o u t  3 0 0  m l .  o f  d i s t i l l e d  w a t e r .  A d d  1 2  m l .  o f  c o n c e n t r a t e d  H y d r o c h l o r i c  
a c i d  (  1 2  N ) ,  m i x  a n d  m a k e  t o  v o l u m e  o f  5 0 0  m l .  w i t h  d i s t i l l e d  w a t e r .  S t o r e  t h e  
s o l u t i o n  i n  a  p o l y e t h y l e n e  b o t t l e  a n d  k e e p  o u t  o f  d i r e c t  s u n l i g h t .

2 .  A s c o r b i c  a c i d .
D i s s o l v e  1 7 . 6  g .  o f  r e a g e n t  g r a d e  q u a l i t y  A s c o r b i c  a c i d  i n  5 0 0  m l .  o f  d i s t i l l e d  
w a t e r  c o n t a i n i n g  5 0  m l .  o f  A c e t o n e .  M i x  a n d  d i l u t e  t o  1 L .  w i t h  d i t i l l e d  w a t e r .



].

3 .  O x a l i c  a c i d  s o l u t i o n .
P r e p a r e d  s a t u r a t e d  O x a l i c  a c i d  b y  s h a k i n g  5 0  g .  o f  a n a l y t i c a l  r e a g e n t  q u a l i t y  

Oxalic acid dihydrate, (COOH)^.2HA0 , with 500ml. of distilled water. Decant the so­
lution from the crystals for use; the solution may be stored in a glass bottle and 
is stable indefinitely.

4 .  S u l f u r i c  a c i d  s o l u t i o n  5 0  % v / v .
P o u r  2 5 0  m l .  o f  c o n c e n t r a t e d  S u l f u r i c  a c i d  ( s p .  g r  1 . 8 2 )  i n t o  2 5 0  m l .  o f  d i s t i l l e d  
w a t e r .  C o o l  t o  r o o m  t e m p e r a t u r e  a n d  m a k e  t h e  v o l u m e  t o  5 0 0  m l .  w i t h  a  l i t t l e  e x t r a  
w a t e r .

5 .  R e d u c i n g  r e a g e n t .
M i x  1 0 0  m l .  o f  t h e  A s c o r b i c  a c i d  w i t h  6 0  m l .  o f  O x a l i c  a c i d  s o l u t i o n .  A d d  s l o w l y  

w i t h  m i x i n g ,  6 0  m l .  o f  t h e  5 0  %  S u l f u r i c  a c i d  s o l u t i o n  a n d  m a k e  t h e  m i x t u r e  u p  t o  
3 0 0 m l .  w i t h  d i s t i l l e d  w a t e r .  T h e  s o l u t i o n  s h o u l d  b e  p r e p a r e d  e a c h  t i m e  f o r  i m m e d i a '  

u s e .

C. EXPERIMENTAL PROCEDURE

1 .  S a m p l e s  s h o u l d  b e  a t  r o o m  t e m p e r a t u r e  (  1 8 - 2 5 ° C  ) .  A d d  1 0  m l .  o f  M o l y b d a t e  s o l u t i o i
t o  a  d r y  5 0  m l .  g r a d u a t e d  c y l i n d e r  f i t t e d  w i t h  a  g l a s s  s t o p p e r .  P i p e t t e  2 5  m l .  o f
t h e  s e a w a t e r  s a m p l e  i n t o  t h e  c y l i n d e r ,  s t o p p e r  a n d  m i x  b y  i n v e r t i n g ;  a l l o w  t o  s t a n d  
f o r  1 0  m i n .  ,  b u t  n o t  f o r  m o r e  t h a n  3 0  m i n .

2 .  A d d  t h e  r e d u c i n g  r e a g e n t  r a p i d l y  t o  m a k e  5 0  m l .  a n d  m i x  i m m e d i a t l y .
3 .  A l l o w s  t h e  s o l u t i o n  t o  s t a n d  f o r  2 - 3  h o u r s  t o  c o m p l e t e  t h e  r e a c t i o n .  M e a s u r e  t h e  

e x t i n c t i o n  f o r  t h e  b l a n k  a n d  r e a d  t h e  c o r r e s p o n d i n g  S i l i c a t e  c o n c e n t r a t i o n  f r o m  t h e  
s t a n d a r d  c a l i b r a t i o n  g r a p h . (  s e e  b e l o w  ) .

D .  D E T E R M I N A T I O N  O F  B L A N K

U s e  d i s t i l l e d  w a t e r ,  w h i c h  h a s  b e e n  c o l l e c t e d  i n  a  p o l y e t h y l e n e  c o n t a i n e r ,  i n  p l a c e  o f  
s e a w a t e r  a n d  c a r r y  o u t  s t e p s  1 t o  3  i n  s e c t i o n  C .

E .  C A L I B R A T I O N

S t a n d a r d  S i l i c a  S o l u t i o n  (  S t o c k  S o l u t i o n  )
W e i g h t  1 . 4 4  g .  o f  S o d i u m  m e t a s i l i c a t e  m o n o h y d r a t e ,  N a j S i O j . 9 H t 0 ,  a n d  d i s s o l v e  i n  1 0 0  rr 

o f  d i s t i l l e d  w a t e r .  D i l u t e  t o  e x a c t l y  1 0 0 0  m l . , m i x ,  a n d  t r a n s f e r  t h e  s o l u t i o n  t o  a



v¿.
p o l y e t h y l e n e  c o n t a i n e r  f o r  s t o r a g e .  T h e  s o l u t i o n  i s  s t a b l e  a n d  c o n s i s t  o f  ;

1 m l . = 5 pg.-at Si
B y  d i l u t i n g  c e r t a i n  q u a n t i t i e s  o f  t h e  s t o c k  s o l u t i o n ,  p r e p a r e  t h e  w o r k i n g  s t a n d a r d s  

o f  c o n c e n t r a t i o n s  : 1 p g . - a t  S i / L  ,  5  p g . - a t  S i / L  ,  1 0  p g . - a t  S i / L  ,  5 0  p g . - a t  S i / L
a n d  1 0 0  p g . - a t  S i / L .
U s i n g  t h e s e  w o r k i n g  s t a n d a r d s ,  i n s t e a d  o f  t h e  s e a w a t e r ,  r e p e a t  s t e p s  1 t o  3  o f  s e c t i o n
C .  A f t e r  c o r r e c t i n g  f o r  t h e  b l a n k  r e a g e n t  p l o t  a  g r a p h  o f  a b s o r b a n c e  v s .  c o n c e n t r a t i e  
F i g u r e  4  s h o w s  t h e  c a l i b r a t i o n  g r a p h  o b t a i n e d  u s i n g  t h e  a b o v e  w o r k i n g  s t a n d a r d .

D E T E R M I N A T I O N  O F  P A R T I C U L A T E  O R G A N I C  C A R B O N

A .  O U T L I N E  O F  M E T H O D

T h e  m e t h o d  d e s c r i b e d  i s  e s s e n t i a l l y  f o r  a n a l y s i n g  o r g a n i c  C a r b o n  i n  s e d i m e n t s .  A 
c e r t a i n  a m o u n t  o f  t h e  p a r t i c u l a t e  m a t t e r  i s  w e i g h e d  a n d  p u t  i n t o  a  3 0  m l .  b e a k e r .

C a r b o n  i s  t h e n  d e t e r m i n e d  b y  " w e t - a s h i n g  " w i t h  D i c h r o m a t e  a n d  c o n c e n t r a t e d  S u l f u r
i c  a c i d .  T h e  d e c r e a s e  i n  e x t i n c t i o n  o f  t h e  y e l l o w  D i c h r o m a t e  s o l u t i o n  i s  t a k e n  a s
a  m e a s u r e  o f  t h e  o x i d a b l e  C a r b o n .
R a n g e  : 1 0  t o  4 0 0 0  p g . - a t  C / L



B .  S P E C I A L  R E A G E N T S

1. Sulfuric acid-dichromate oxidant.

D i s s o l v e  4 . 8 4  c.  o f  P o t a s s i u m  d i c h r o m a t e  ,  K z C r ¿  0 . , ,  i n  2 0  m l .  o f  d i s t i l l e d  w a t e r .
A d d  t h i s  s o l u t i o n  a  l i t t l e  a t  a  t i m e  t o  a b o u t  5 0 0  m l .  o f  c o n c e n t r a t e d  S u l f u r i c  a c i d  

(  a n a l y t i c a l  q u a l i t y  g r a d e  )  i n  a  1 0 0 0  m l .  v o l u m e t r i c  f l a s k .  C o o l  t h e  m i x t u r e  t o  
r o o m  t e m p e r a t u r e  a n d  m a k e  t o  v o l u m e  w i t h  m o r e  c o n c e n t r a t e d  S u l f u r i c  a c i d .  S t o r e  ir 

a  g l a s s - s t o p p e r e d  b o t t l e  p r o t e c t e d  f r o m  d u s t ;  t h e  s o l u t i o n  i s  s t a b l e  i n d e f i n i t e l y .
2 .  P h o s p h o r i c  a c i d .

A n a l y t i c a l  r e a g e n t  g r a d e  ( 7 0 % )  P h o s p h o r i c  a c i d .

C .  E X P E R I M E N T A L  P R O C E D U R E

1 .  W e i g h  o u t  a b o u t  2 5 0  m j .  ^ u . 2 5  g .  )  o f  t h e  s a m p l e  a n d  p u t  i t  i n t o  a  3 0  m l .  b e a k e r .

2. A d d  1.0 m l .  o f  P h o s p h o r i c  a c i d  a n d  1.0 m l .  o f  d i s t i l l e d  w a t e r .  M i x  a n d  p l a c e  i n  a  
b l o c k  h e a t e r  a t  1 0 0 - 1 1 0 ° C  f o r  3 0  m i n . ,  c o v e r  w i t h  a  w a t e r  q l a s s  d u r i n g  t h i s  p e r i o d .

3 .  T h e n ,  a d d  1 0  m l .  o f  S u l f u r i c  a c i d - d i c h r o m a t e  o x i d a n t  a n d  4 . 0  m l .  d i s t i l l e d  w a t e r .
4. M i x  b y  s w i r l i n g  a n d  p l a c e  a  c o v e r  g l a s s  o v e r  e a c h  b e a k e r  H e a t  f o r  6 0  m i n .  a t  '

1 0 0 - 1 1 0 ° C .
5 .  C o o l  t h e  m i x t u r e  a n d  t r a n s f e r  t h e  s o l u t i o n  t o  a  5 0  m l .  v o l u m e t r i c  f l a s k .  R i n s e  t h e  

s i d e s  o f  t h e  b e a k e r  w i t h  d i s t i l l e d  w a t e r  a n d  m a k e  t h e  f l a s k  u p  t o  v o l u m e  w i t h  d i s t i l  
l e d  w a t e r .  S t o p p e r  a n d  m i x  b y  i n v e r t i n g ;  a l l o w  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  t o  c o o l

6 .  M e a s u r e  t h e  e x t i n c t i o n  o f  a  b l a n k  s o l u t i o n  a g a i n s t  t h e  s a m p l e  a t  4 4 0  n m .  u s i n g  a  

1 - c m .  c u v e t t e .
7 .  C o r r e c t  t h e  r e s u l t i n g  e x t i n c t i o n  f o r  t h e  a b s o r b a n c e  o f  t r i v a l e n t  C h r o m i u m  b y  t h e  

e x p r e s s i o n  :
E =  1 . 1  E p  ,  w h e r e  E F i s  t h e  e x t i n c t i o n  f o u n d  b y  d i f f e r e n c e  i n  6
a b o v e .

C a l c u l a t e  t h e  p a r t i c u l a t e  C a r b o n  i n  p g . C / g  f r o m  t h e  e x p r e s s i o n  :

p g  C / g  =  E x  F  x  v  w h e r e  W i s  t h e  w e i g h t  o f  s a m p l e  u s e d  i n  g r a m s ,  
w V i s  t h e  v o l u m e  o f  o x i d a n t  u s e d  (  1 0  m l .  )  

F  i s  t h e  f a c t o r  a s  d e s c r i b e d  b e l o w .

D .  BLANK DETERMINATION

B l a n k  d e t e r m i n a t i o n s  s h o u l d  b e  c a r r i e d  o u t  e x a c t l y  a s  d e s c r i b e d  i n  s t e p s  2  t o  5  a b o v e ,  
u s i n g  1 m l .  o f  P h o s p h o r i c  a c i d  ,  1 0  m l .  o f  o x i d a n t  a n d  4  m l .  o f  d i s t i l l e d  w a t e r .
T h e  b l a n k  e x t i n c t i o n  m e a s u r e d  a g a i n s t  d i s t i l l e d  w a t e r  s h o u l d  b e  b e t w e e n  1 a n d  1 . 1  .  
T h e  b l a n k  s h o u l d  t h a n  b e  u s e d  i n  s t e p  6  ,  s e c t i o n  C a t > o v e .



i

E .  C A L I B R A T I O N

1 .  S t a n d a r d  G l u c o s e  s o l u t i o n .
D i s s o l v e  7 . 5 0  g .  o f  p u r e  g l u c o s e  a n d  a  f e w  c r y s t a l s  o f  m e r c u r i c  C h l o r i d e ,  H g C l  ,  
i n  d i s t i l l e d  w a t e r  a n d  f i l l  u p  t o  a  v o l u m e  o f  1 0 0  m l .  T h e  s o l u t i o n  i s  s t a b l e  f o r  

m a n y  m o n t h s  i n  t h e  r e f r i g e r a t o r  b u t  s h o u l d  b e  d i s c a r d e d  i f  a n y  t u r b i t y  d e v e l o p s .  
D i l u t e  1 0  m l .  o f  t h e  c o n c e n t r a t e d  s o l u t i o n  t o  1 L w i t h  d i s t i l l e d  w a t e r .

1 m l .  =  3 0 0  p g  o f  C a r b o n

2 .  P r o c e d u r e .
P u t  1 m l .  o f  P h o s p h o r i c  a c i d  i n t o  a  b e a k e r .  T h e n  a d d  1 0  m l .  o f  o x i d a n t  a n d  4  m l .  

o f  d i l u t e d  G l u c o s e  s o l u t i o n  t o  t h e  b e a k e r .  C o n t i n u e  t h e  m e t h o d  a s  i n  s e c t i o n  C ,  
s t e p s  4  t o  7 .  C a l c u l a t e  t h e  f a c t o r  F  a s

120p  _  _ _ _  w h e r e  E s  i s  t h e  a v e r a g e  o f  t h r e e  s t a n d a r d  e x -

Es t i n e t i o n s  c o r r e c t e d  f o r  t h e  t r i v a l e n t  C h r o m i u m
a b s o r p t i o n  a t  440 nm.

F .  R E S U L T S

T h e  f o l l o w i n g  i s  t h e  r e s u l t  o f  o r g a n i c  C a r b o n  m e a s u r e m e n t  f o r  a  s e d i m e n t  s a m p l e  c o l i '  
t e d  n e a r  t h e  Kenya M e a t  C o m m i s s i o n  (  K . M . C .  )  i n  t h e  T u d o r  c r e e k .  T h e  c o r e  s a m p l e  w . 
s e c t i o n e d  i n t o  n i n e  p a r t s  a n d  m a r k e d  A 1  t o  A 9 .  T h e  r e s u l t s  a r e  e x p r e s s e d  i n  m g .  C p> 
g r a m  o f  s a m p l e  a n a l y s e d ,  ( m g . C / g ) .

CORE SECTION DEPTH (cm) CORRECTED ABS mgC/g

A 1 A í 0 -  3 . 0 0 . 2 5 2 3 2 . 5 8

A 2 A 2 3 . 0  -  5 . 5 0 . 2 7 2 3 5 . 1 7

A 3 A 3

OsCO1tr>IT) 0 . 2 0 9 2 7 . 0 7

A 4 A 4 8 . 0  -  1 0 .5 0 . 2 6 6 3 4 . 3 9

A 5 A 5 10 .5  -  1 2 .0 0 . 1 8 5 2 3 . 9 2

A 6 A 6 12.0  -  13 .0 0 . 0 5 9 7 . 6 3

A 7 A 7 1 3 . 0  -  1 4 . 0 0.111 1 4 .3 5

A 8 A 8 14.0  -  15 .0 0 . 1 5 6 2 0 . 1 7

A 9 A 9 15 .0  -  16 .0 0 .1 5 0 1 9 .40



1

Average Es = 0.3375

Absorpt ion of  blank a g a i n s t  d i s t i l l e d  wate r  was 0.999

From the  r e s u l t s  ob t a i ned  we observe  a genera l  dec rea se  wi th  depth  o f  t he  o r g a n i c  
Carbon c o n t e n t .  This  dec rease  i s  mainly due to  b a c t e r i a l  d e g r a d a t i o n .

CONCLUSION

F o r  n u t r i e n t s  a n a l y s i s ,  t h e  m o s t  d i f f i c u l t  p a r t  i s  w i t h  s a m p l e  s t o r a g e  p r i o r  t o  a n a ­
l y s i s .  I n  m o s t  c a s e s  s a m p l e s  h a v e  t o  b e  a n a l y s e d  i m m e d i a t l y  a f t e r  c o l l e c t i o n .  T h i s 
i s  u s u a l y  d i f f i c u l t  d u e  t o  t h e  n u m b e r  o f  s a m p l e s  o f t e n  c o l l e c t e d .  F r e e z i n g  o f  t h e  

s a m p l e s  i m m e d i a t e l y  a f t e r  c o l l e c t i o n  h a s  b e e n  f o u n d  t o  b e  t h e  b e s t  w a y  f o r  p r e s e r v i r
the samples. Sample poisoning is also another way of preserving samples for nutrier 
a n a l y s i s .  F o r  A m m o n i a  d e t e r m i n a t i o n , -  i t  i s  r e c o m m e n d e d  t h a t  s a m p l e s  s h o u l d  b e  t r e a t  
w i t h  a  0 . 4 9  1 0 0  m l M  o f  P h e n o l  i m m e d i a t e l y  a f t e r  c o l l e c t i o n .  S a m p l e s  f o r  N i t r a t e - N i t  
d e t e r m i n a t i o n  s h o u l d  b e  p r e s e r v e d  w i t h  4 0  m g / L  m e r c u r i c  C h l o r i d e .  F o t  P h o s p h a t e  a n c  

S i l i c a t e  d e t e r m i n a t i o n s  s a m p l e s  s h o u l d  b e  p r e s e r v e d  w i t h  C h l o r o f o r m  a n d  s t o r e d  i n  
p l a s t i c  b o t t l e s .  F o r  p r o p e r  N i t r a t e  a n a l y s i s ,  i t  i s  q u i t e  i m p o r t a n t  t h a t  t h e  e f f i c i  

c y  o f  t h e  r e d u c t i o n  c o l u m n  i s  a l w a y s  a b o v e  9 5 % .  I n  c a s e  i t  f a l l s  b e l o w  9 5 % ,  t h e n  t h  
C a d m i u m - C o p p e r  r e d u c t o r  s h o u l d  b e  r e - a c t i v a t e d .  F o r  A m m o n i a  d e t e r m i n a t i o n ,  w e  h a v e  
e s t a b l i s h e d  t h a t  t h e  " s a l t  - e f f e c t "  i s  n e g l i g i b l e .  T h i s  i m p l i e s  t h a t  t h e  d é t e r m i n â t  
m e t h o d  c a n  a l s o  b e  a p p l i e d  f o r  e s t u a r y  s t u d i e s .  H o w e v e r  f o r  N i t r a t e - N i t r i t e  d e t e r m i  

n a t i o n s ,  i t  i s  e s s e n t i a l  t h a t  t h e  s t a n d a r d  c a l i b r a t i o n  i s  d o n e ,  u s i n g  p r e p a r e d  a r t i f  

c i a l  s e a w a t e r .
F o r  t h e  d e t e r m i n a t i o n  o f  p a r t i c u l a t e  o r g a n i c  C a r b o n ,  t h e  m o s t  d i f f i c u l t  p a r t  i s  t h e  

h e a t i n g  s t a g e .  A p r o p e r  t e m p e r a t u r e  o f  1 0 0 ° C  s h o u l d  b e  m a i n t a i n e d  f o r  a l l  t h e  s a m p l  
t o  b e  a n a l y s e d .  S l i g h t  c h a n g e s  o f  t e m p e r a t u r e  a f f e c t  v e r y  m u c h  t h e  c o l o u r  i n t e n s i t y  
o f  t h e  s o l u t i o n  m a k i n g  o n e  r e c o r d  w r o n g  a b s o r b a n c e  v a l u e s .
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Introduction  i

The Program 'Payral 1’ was written far the Kenya Marine and
Fisheries Research Institute staff payroll. It can
fai 1 owing Cl mensions :

- maximum nr of employees ( per disk > : 300
- maximum nr of deductions : 40
- maximum nr of deductions per employee : 15
- maximum nr of banks : 60
- maximum nr of ♦deductions : 10
- max i mum nr of insurance policy per employee : 3
- maximum nr of Insurance companies : 20

the

P A R T - I 

CHAPTER I ï Initiating the program

After inserting the payroll disk and switching the computer , the 
program must be initiated : first, the date of the payroll must be
entered , < this date can differ from the current date ! ) followed by
the month (in letters), and the name of the station. (Not necessary 
for Hard Disk version). See fig.l for the procedure.

I N I T I A T E  STATION

DATE OF PAYROLL (MMDDYY) : ? 
MONTH OF PAYROLL (LETTERS) : ? 
STATION : ?

MENU PRINT CHANGE KALKÜL DO

Fig. 1

Note : A part from the bottom line, the   indicate where to
enter a variable. The next question only appears after the 
previous variable has been entered, followed by a RETURN.



After entering this information and RETURN, the first menu will 
appear on the screen (fig 2.) You can choose between 2 options :

1/ Input 
2/ Output

- Input contains all the routines which will change the records of the 
employee, whereas output includes all the reports, payroll and other 
print-outs.

- If you choose to quit, then the program will be terminated.

Enter the choice as a number from 1 to 3 and press RETURN.

PAYROLL M E N U  SANGORO STATION

Make your choice :

1/ Input : Modify variables
2/ Output : Reports and payroll

3/ Quit

C h o i c e  ?  :  ?

MENU PRINT_____________ CHANGE____________KALK.UL__D0__

Fig.2

Exercise : enter 1 , then RETURN

Note : Some screens will not be illustrated becaause they are
just slight variations of the ones illustrated. After a 
little practice, you will be at home with them .



2.1 Menu

CHAPTER II : Modify

After entering 1, the Modify menu will appear ( fig.3 ). Here
you have 11 options :

1/ Update paysheets : to change the information 'which will be used to 
calculate the salary .

2/ Update personnel sheets : to change the personal information of
the employeee.

3/ Update deductions : to change the label information of the used
deductions.

4/ Process records : this will update the unused values in the
records . This procedure will be used after the last print-cut ,
every month or before the first updating the fallowing month .

5/ Reset unused values to 0 : this can be used to reset the values
of unused to 0 .

6/ Add employee : to add an employee to the file .
7/ Kill employee : to remove an employee from the file .
8/ Transfer employee : to transfer an employee to another station

(file) .
9/ Modify salary scales s to change the salary scales .
10/ Modify tax table : to change the tax rates .
11/ Return to main menu : to return to menu ( fig.2 ) .

Enter your choice as a nr from 1 to 11 , and press RETURN .

Exercise : Enter é ,then RETURN .

Modify M E N U  SANG0R0 STATION

M a k e  y o u r  c h o i c e  :

1/ Update paysheets 
2/ Update personnel sheets 
3/ Update deduction variables

4/ Process records (use before PAYROLL or OPTIONS) 
5/ Reset unused values to 0

6/ Add employee
7/ Kill employee
8/ Transfer employee ,

9/ Modify salary scales 
10/ Modify tax table

11/ Return to main menu
Choice ? : ?

MENU PRINT____________ CHANGE____________KALKÜL_DO_

F i g .  3
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2.2 Starting or Adding a -file

If starting a fils, then adding an employee will be the first 
instruction . After entering 6 in menu ( fig.3 ) you will then get 
screen ( fig.4 ) .

A D D  employee SANGORO STATION

Employee nr : 6? Name :

Personnel nr :

Job group ! . First D.O.A :
Job : . T.Q.E :

Sank :
Bank acc. nr :

CHANGE<F6>,CONTINUE(F10)

MENU PRINT CHANGE KALKÜL DO

Fig.4

’Employee nr’ gives the number at which the new employee’s 
details will be stored (this nr will further be called the Payroll nr 
). At the bottom of the screen you can see the choices for the 
function keys : ’CHANGE(F6) , CONTINUE(F10> ’. The F6 corresponds with 
the function key ( top row on th keyboard ) F6 , the F10 with the 
corresponding function key F10 .

As you wish to change the values for this employee ( it is now an
empty record > , press F6. Now , for every variable to enter, limiters
’<<’ will appear ( fig.5 ) : these indicate the maximum length of that
variable . If you make the ’word’ longer then the extra characters or 
numbers will be left out ( ignored ).

After the entry of each variable , push RETURN . Fig.5 also shows 
a finished screen.
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A D D  employee SANGORO STATION

Employee nr : 69 Name : ? OWIDI C.A. <<

Personnel nr : ? 446 <<

Job group : ? B «  First D.O.A s ? 0?0?S3<<
Job : ? AUX.STAFF «  T.O.E : ? PF «

Bank : ? CASH 
Bank acc. nr : ? --

CHANGE<F6>,SAVE<F10>

 MENU___ PR I NT____________ CHANGE____________ KALKUL__DO__

Fig.5

The option line now gives 5CHANGE(F6) , SAVE(FIO)’ s ’change ’-for 
more changes ,’save’ to store the record as you have now entered it.
If you think the record is now OK, push F10 . You will see the little 
red light on Disk drive 2 come on and hear the disk turn. After this, 
the option line shows x’ CONTINUE(F10)’ . It is only one option, so 
press it.

You can continue the above procedure for all employees .

>>Important i Always make sure you have entered the job group.
Omitting this information will give problems when you try to update 
the paysheet later ( ERROR Î! ).

2.3 Update Personnel Sheets

If you want to change the personal information after adding the 
employee , you must use ’Update personnel sheets’ to do this. Choice 
nr 2 of the modify menu.

After entering this option , enter the payroll nr of the employee 
you want to change . See ’Add employee’ for further instructions.



2.4 Update Paysheets

Fig.6 gives the update paysheets screen.

UPDATE PAYSHEETS SANGORO STATION

Make your choice :

1/ Selected sheet 
2/ More sheets 
3/ Return to menu

Choice ? : ? _

 MENU PR I NT____________ CHANGE_____________KALKUL__DO__

Fig.¿i

Choices are ’Selected sheet’ or ’More sheets’. Whereas -for ’selected 
sheet’ after the updating is finished, you will return to the menu, 
’more sheets’ will return you, after updating, to the next screen ( 
fig.7 ).

Update More sheets SANGORO STATION

Current number of entries = 68 

Payroll number of employee ? : ?

MENU PRINT_____________ CHANGE___________ KALKÜL__DO

Fig.7
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I f  your c h o ic e  i s  ’ s e l e c t e d  s h e e t ’ then push 1 f o l lo w e d  by RETURN.

This screen ( fig.8 ) gives you the information which will be
used to generate the payslip later.

All variables which were not entered in the ’Add’ routine should 
be 0 ( zero >. If not ¡.then there was still information left from a 
previous file, which had not been erased. This will not interfere with 
your new file, but may sometimes have strange effects.

The bottom ( option ) line gives ’MENU(F2), PRINT(F3), CHANGE(F6), and 
CONTINUE<F10>’

>>Important : For unused you can see a highlighted nr and a normal
video nr. The highlighted nr is the value now stored on the disk , 
while the other one is the currently calculated unused ( = old val. + 
new unused or - used )

If you push F2 you will be returned to the ’Modify menu’ ( fig.3 )

- F3 will give a print-out copy of the screen, and

- F6 will enable you to update this record :
Push F6 s a ’?’ will appear after the D.O.A (Date of appointment) ; it 
asks for the last date of job-group change.

Payroll sheet nr : 1

Personnel nr : 446 
Terms of emplm : PF

Earnings i

Job group : B
Basic Pay 725.00

Name : OWIDI C.A.

Bank : CASH 
Bank Account : --

D.O.A : 090983 D: 063086 
First date : 090983

lax calculation Deductions i_

Round down : 45.00 +NSSF 45.00

GROSS PAY : 1000.00
Tax deduc. 00.00

Net Pay : 700

MENU(F2),PRINT(F3>,CHANGE(F6),CONTINUE(F10) 

MENU PRINT CHANGE

Tot ded. : 300.00

KALKÜL DO

Fig.8
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If the employee was given ’increments’, this date must be 
decremented by a number o-f years equal to the number of increments. 
Alternatively, it the employee was demoted, this date must be 
incremented by the number ot years ot decrement.

>>Important : It the D.O.A exceeds the current date, then the Basic 
Pay will be zero (0).

Atter entering the D.O.A , press RETURN . You will notice that 
not every variable can be changed. Some variables on personal 
intormation can only be changed through the ’Update personnel sheets’ 
routine, whereas others cannot be changed by you because they are 
calculated by the computer.

Remark : Deductions are updated in the next screen ( -fig.9 )

After entering all variables the bottom line gives the following 
options : T?hANGE(F6), CALCULATE(F9), SAVE(FIO)

Use F6 if you want to make more changes,
- F9 if you want to calculate the salary with the updated variables,

and
-  F10 t o  sa v e  th e  updated v a lu e s .

D E D U C T I O N S OWIDI C.A. Paynr: 1 # Ded.: 4

+NSSF:
+NHIF:
+H.PUR.(Woodventure) : 
+H.PUR.(Argos): 
+H.PUR.(Bic.KNTC):

45.00 Petty cash:
Thabiti loan: 
+S.A.Y.E:
House mortg.loan:

Harambe loan/inter: Miscallenous 2: 10.00
CHANGE(F6),C0NTINUE(F10 >

SUBTOTAL DEDUCTIONS : 274.90
MENU PRINT CHANGE KALKÜL DO

Fig.9

Remark i
1/ This F10 here , will only save the personal information , plus 

entered information : deductions and calculations are not saved.
2/ If you ’changed’ and ’calculated’ several times, you will have to 

’save’ several times as well. Changing and calculating more than 
five times may cause problems. Avoid it !
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2.5 Deduction Screen

After ’saving’ you will get the ’Deductions’ screen ( fig.9 ).
The top line gives you the employee’s name, payroll nr, and current 
nr of deductions, while the bottom line gives you the choice between 
CHANGEing (F£>) or CONTINUEing (F10) :

- F10 will continue back to the menu so you can do something else,

- F6 will allow you to make any changes in the deductions :
On pushing F6 , a ’?’ will appear next to +NSSF. If you don’t want to 
change the value which is there , then push RETURN; if you want to 
change the value, enter the new value followed by a RETURN. Continue 
this until the last deduction.

The option line gives the options to CHANGE(F6> again , or SAVE(FIC) 
this infortôàtion.

Remark : Several deductions have a ’+’ as the first character. This
indicates that these deductions are ’label l ed ’ : other information is
attached to them. See 2.6 for further information.

>>Important > It is passible to redefine the names of the deductions. 
Refer to the Appendix for more information.

Now, if your choice at screen ( fig.6 ) was ’Selected sheet’, 
then F10 will return you to the menu. If , however , tour choice was 
’Mere sheets’ then after F10 a new option line will appear : MENUCF2), 
and RETURN TO PAVSCREEN(F10).

Pushing F10 will enable you to check the salary , calculated with 
the changed deductions. Onthis screen it is again possible to make 
change. Entering F10 after this will return you to the ’Number of
employee ?’ screen ( fig.7 ).
Note : Subsequent deduction screens are similar to fig.9

2.6 Update Deduction Variables

After entering all records, you can update the deduction 
variables for the ’+’ deductions. This will enable you later to use 
the ’Split Deductions’ routine in the output section. Now enter choice
3 in the ’Modify’ menu < fig.3 ). This gives screen < fig.10 ).

U P D A T E  deduction variables SANGORO STATION

Current number of entries : 63 

Payroll nr of employee ? : ?

MENU PRINT____________ CHANGE____________ KALKÜL_DO

Fig.10
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iI
Enter the payroll nr o-f the employee to update. This gives screen ( 
-fig. 11 ).

-In the top line, you will -find the Payroll nr, Name and Personnel nr, 
-Line 2 gives the nr of deduction inthe payslip and the name of the 

deduct!on, 
then :
- Variable 1 s this , depending on the deduction, can be a PLC nr or 
an Insurance policy nr.

- Variable 2 : this, depending on the deduction, can be an Account nr, 
NSSF nr, NHIF nr or Insurance Company name.

If you want to change the current info, then push Ft. Else 
pushing F10 will advance you to the next +deducticn or, if there are 
no other -»-deductions, to the next screen.

Push Ft : now, the limiters appear. Enter the new info. If you
don’t want to change , just push RETURN.

Remark : Far variable 1 ,the range is 10 characters, and for variable 
2, 20 characters. However, if necessary, the length of variable can
exceed 10 to be 20. This, however might result in problems in the 
output routines. Therefore, it is advisable not to exceed 10.

U P D A T E  deduction variables SANGORO STATION CHANGE

Payroll nr 1 0WIDI C.A. Pers.nr : 44t

Ded.nr : 1 +NSSF

Variable 1 (PLC nr ) : ?
(Insur.pol.nr)

Variable 2 (Account nr ) : ? 
(NSSF nr )
(NHIF nr ) 
(Insurance cy )

 MENU PRINT____________ CHANGE_____________KALKUL__D0__

Fig.11

After Add employee, Update Paysheets and Update Deductions, you 
should be ready to proceed to the output routines. Sometimes, however, 
more changes are necessary i Remove employee or Transfer employee. If 
you don’t need these, you can proceed to PART II.
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P A R T - I I

This part deals with the second option o-f the ’payroll menu’ 
(fig.2)

CHAPTER III: Payroll Options

On entering choice 2 followed by a RETURN, the ’payroll options’ 
menu will appear on the screen (fig.36).There are 9 possibilities here

1/ Generate payroll ( + report )
2/ Report ( without generating payroll )
3/ Paylist < bank or cash )
4/ Split bank payments 
5/ Split deductions 
6/ Personnel list
7/ Check deduction variables
8/ Tax deduction card for current year , and
9/ Return to payroll menu

Select and enter your choice as a nr from 1 to 9, and press RETURN

PAYROLL O P T I O N S  SANGORO STATION

Make your choice :

1/ Generate payroll (+ report )
2/ Report ( without generating payroll ) 
3/ Paylist ( bank or cash )
4/ Split bank payments
5/ Split deductions
6/ Personnel list
7/ Check deduction variables
9 /  Ta>: d ed u ct io n  card fo r  c u r r e n t  year

9/ Return to main menu

Choice ? : ?

MENU PRINT_____________CHANGE KALKÜL DO

Fig.12

Choice 9 will return you to the ’payroll menu’ (fig.2)

Note : all choices are followed by a RETURN ; thus ’entering’
hereafter means " typing your choice, followed by a RETURN "

12



3 .1  G enerate p a y r o l l  < + rep o r t  )

This choice will generate the payslips -for the employees. On
entering this choice you will get screen (fig.13 ). Here again there
is a choice between generating the whole payroll ( plus a full report
) - choice 1, or generating part of the payroll < plus a report on
that part of the payroll ) - choice 2.

Generate payroll SANGORO STATION

Number of entries : 68 

Make your choice :

1/ All
2/ Partly

Choice ? : ?

MENU PRINT CHANGE KALKÜL DO

Fig.13

’Generate all’ ( choice 1 ) will commence the generation of the whole 
payroll, printing payslips ( fig.14 ) for all employees in the station 
- either ’bank’ or ’ cash’ as the case may be. After the completion of 
the printing of the payslips, you will be prompted to ’Adjust paper 
and push any key’. This allows you to adjust the printer paper to top 
of page if it had gone below.

KENYA MARINE AND FISHERIES RESEARCH INSTITUTE 
SANGORO STATION

S a la r y  f o r  JUNE 1986
Name : OWIDI C.A.

Personnel nr : 446 Bank : CASH
Terms of employment : PF B.acc.: --

- same as fig.8 -

Net pay : 725.00 Total deductions : 275.00

Payrol1 nr : 1 Payrol1 sheet nr i 4

Fig.14

13



After adjusting the paper and pushing any key, a report will be 
generated. This report will comprise :

i. breakdown of all payments to all employees, and
ii. breakdown of all deductions from all employees.

The options line gives ’STOP PRINT F (2)’. Pushing F (2) will halt
printing and return you to ’payroll options’ menu. Otherwise the
generation continues.

’Generate part’ ( choice 2 ) will give the ’Generate part’ screen 
You have the choice of generating payslips for individual employees, 
each at a time, or a few at a time.

To generate for an individual, enter the individual’s payroll nr 
at the ’First nr :’ prompt, and also at the ’Second nr :’ prompt.

Enter appropriate payroll numbers at both prompts to generate payslips 
for a few employees.

Remark : A report is generated after every ’generate’ has been
effectuated.

Note : - that the current nr of entries is indicated,
- that before printing starts, you are asked to ’Activate 

printer !’. Make sure you do if the printer wasn’t,
otherwise you may be forced to start running the program
a fresh !

3.2 Report < without generating payroll )

Choice 2 of the payroll options will give the ’Report without 
generating payroll’ screen . The report is generated without the 
payslips being printed.In the mid-section of the screen the current 
number of record being processed is indicated until the last record. 
After all the records are processed,the report is printed out.
Remark¡The time taken to produce the report without generating 

payroll is about the same as the time taken to produce the 
report with the payroll ( 3.1 ).

3.3 Paylist

Normally a paylist is required for a quick check of errors.and 
for record.On choosing 3, the ’Paylist’ screen will appear.This gives 
you 3 choices:

1- Paylist for record
2- Paylist for cash payments (signature column) ,and
3- return to main menu.

-Choice 3 returns you to 'main menu’
-Choice 1 gives a paylist for ’Bank’ or ’Cash’.For cash payroll this 
choice doesn’t give a column for signatures of the payees: this 
signature column is given by 
-Choice 2,which gives only a paylist for ’cash’ in which is also 
included the cash breakdown for each payee,to facilitate easy payment 
by the cashier.

14



After a paylist -for cash with signature column has been 
produced,a "Certificate of Paying Officer"is generated followed by a 
"Totals of cash breakdown".This cash breakdown helps the cashier when 
withdrawing from the bank to know how much of 100’s,50’s, etc. notes 
or coins to take.

Remark: The paylists are arranged according to the order of sorting
e.g. Name,Personel number etc (see 3.6 for details on sorting ).

3.4 Split Bank Payments

This option works only with bank payments.lt breaks down the 
payees to their banks and then makes paysheets for the banks,plus by a 
voucher for recommendation and approval.The voucher also has spaces 
for ’voucher number’ and ’cheque number’. Also, verification and 
examination are done on these paysheets ( as is done on all 
paysheets ).
- on entering this choice,a sorting of the banks is done ,and shown 
on the screen.The option line gives "MENU F<2), HARD COPY <F3) and 
CONTINUE (F10)

- F(2) returns you to the ’payroll options’menu.
- F (3) gives a print-out of the sorted list of banks,after which the 

option line gives the same options.
- F (10) will enhance the splitting of the bank payments and print-out 
of bank lists detailing name, payroll nr, personnel nr, bank, bank 
account and net pay.

Note: If you want a sorted list of banks,press F (3) before 
’continuing’.

3.5 Split Deductions

This choice does essentially the same thing as the split bank 
payments except here the split is according to the different 
deductions. The print-outs are lists of all deductions with all the 
employees contributing to each. The format is the same.

- On entering this choice ,the screen of all deductions appears.The 
option line gives F(2),F(3) and F(10).

- F (2) returns you to payroll options menu.
- F(3) gives a print-out of the deductions,yielding same options 

again.
- F(10) allows you to continue with the splitting.
Note i If you want a print-out of the deductions,press F (3) before 

F (10).

On pushing F10 to continue, the option line gives ’SPLIT SELECTED(F6), 
SPLIT ALL(F10)’.

You have a choice of splitting all the deductions one after the 
other automatically (F10), or splitting (a) selected deduction(s) one 
at a time (F6).0n pushing F6 to split a selected deduction, the option 
line will ask you 'Which number (1-38) ?’ : you will enter your choice 
as a nr from 1 to 38 as on the deductions screen .

15
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After entering your choice, the deduction you have chosen will be 
highlighted on the screen which also informs you about current nr of 
entries. Splitting will commence , giving a print-out similar to that 
one of ’bank split’. The main difference will be the deduction name in 
place of the bank name, and of course the differences in personal 
details.

After finishing, the option line will give MENU(F2),HARD 
COPY(F3) , and CONTINUE(F10) on screen .

You can opt to quit by going back to menu (F2), make a hard copy 
( print-out ) of the screen (F3), or continue (F10) which will allow 
you to choose between selected split or split all again.You can do 
this until all the deductions you wanted split are finished.

3.6 Personnel List

This choice 6 of the payroll options will generate two types of 
personnel lists ;

i - the list of employees who have their salaries paid to their banks
: this list details for each such employee, list nr, (bank)
payroll nr, name, personnel nr, bankers and bank accout nr,and

ii - the list of employees who are paid in cash, detailing their list
nrs, (cash) payroll nrs, name, and personnel nrs .

These are just routine lists for checking details on both types of 
payroll. On entering this option, a screen giving total nr of entries, 
and the order to which the Personnel list will be sorted : this can be 
name, peronnel nr, date of appointment,payrol1 nr, first date of 
appointment, terms of employment, job group or bank (for bank payroll 
only).The option line gives you ’CHANGE SQRT(F6), and CONTINUE(F10)’ :

- Change sort (F6) will allow you to change the order to which the 
list is sorted (as given on the screen).If you push F6 you will be 
prompted to choose the sorter option among those 8 above or to go 
back to the Personnel list menu. Choose the order to which you want 
the list sorted and enter. The sorting will be done and you will be 
retu rn ed  t o  th e  P ersonnel l i s t  menu. From h e r e  you can now

- Continue (F10) to print a list sorted according to last order of 
sorting.The date of printing as well as the station (and bank or 
cash) also appear on the list for reference.

3.7 Check Deduction Variables

This option is something between a 'Deduction split' and a 
’Personnel list’. It works only with the +deductions, and gives 
splits for these deductions detailing employees’ (contributors’) name, 
PLC nr,( or insurance policy nr ), and Account nr,( or Insurance 
company name ).

These lists are merely for checking if the details are correct 
for the contributors before generating the payroll and the reports to 
accompany such contributions to the companies concerned.

16



On entering this choice, before the printing of the lists, you 
will have the choice of returning to the menu without the lists <F2>, 
making a hard copy of the +deductions which will appear on screen 
(F3), or continuing <F10>. F<10) will allow the lists to be printed.

On pushing F10 you will have a list on screen, of all the
+deductions and a prompt for the +deduction you have chosen to
split.After finishing splitting one +deduction, you will have the 
choice to go back to 'MENU <F2)' or ’SPLIT ANOTHER DEDUCTION<F10>.

You can get all the splits for all the +deductions in the same
manner , and quit by ’MENUÍF2)’.

Details on Insurance Premuim splitting will be appended.

3.8 Tax Deduction Card for the current year

This option will produce, for every employee on an annual basis,
a card d e t a i l i n g  a l l  his/her taxation records for the year.

Again as you will have realised by now, the program is very easy
to use i.e user friendly, since you are aided by suggesting prompts at
every stage.

You can try this option as an exercise to see if you have
mastered the procedures. You can also try out the other options not
covered in both parts e.g Kill employee, Transfer employee etc etc.

G O O D  L U C K

First Edition - July 1986

copyright by Pissierssens P. \
Onyango B.A.H / mombasa, kenya
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Annex 8

TO* ALL RSSEiRCTT 0.-7FICSRS & 30TH MAY, 19^6
TECHNICIANS. /•

SaiHTAN KEET 12! C.

This is to inform you that there will he a seminar meeting on Friday, 
13th June, I9Ö6 in the library as from 9*00 am*

Tho following officers will deliver a speech for between 1 5-20 minutes 
on the topics shown against their namess— y

1. Dr. Taolac Hickeys
2« Mr. Ckeuua
3» Mrs. Kirâ ro
4* Mr, Kazungu

5» Mrs. Oyielze:
6, Mr. Nakwabis

7, Mr. Nzioka:
8,x Itr./Oduor:
9% Mr. Ruwa:
IQ. Ms. I rut higa:
:u. Miss Abu! joker :

Overiew of the research in oceanography.
Plankton Ecology (Copepods)
Zooplankton ( Fish eggs & Larvae)
Marine Chemistry (ïTutrients, POC, Salinity, 
Oxygen in Tudor Creek)
Phyoology
Population Dynamics of Penaoid Shrimps in Tudor 
Creek.
Research on fishes.
Fish quality Control.
Mangrove Eoology. -
Coral Reef Ecology. -
Nutritive Value of Oysters. .
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k e n t a n / b e l g i a n  b i o l o g i c a l  o c e a n o g r a p h y  p r o j e c t .

EZEKIEL OKEMWA 

ZOOPLANKTON RESEARCH.

1.1 ZOOPLANKTON STUDY FROM LIKONI FERRY

Data are drawn from six 24-hours samplings taken in a serie 
once a month and every after two months for a year starting i 
April, 1985 to February, 1986.

Zooplankton samples were collected from a car ferry using th 
clarke-Bumpus high speed sampler having a month area of 0.017 
Tows were conducted every two hours for the duration of the
crossing (about 4 minutes) by the car ferry with a 480 hp die
p ower engine.

Total Zooplankton abundance averaged 2000/m^. The magnitude 
annual changes was small. Calanoid increased five fold in th 
South-East monsoon than North-East. The copepoda were clearl 
the dominant taxa throughout the six 24-hours cycles.

In the evening there is a sudden increase which holds on duri] 
the night. In the morning there is a sudden drop. We can 
attribute this to vertical migration of copepoda and some oth< 
taxa.

However, the magnitude of the difference and the pattern of 
catch-rates over 24 hours varied on each of the six occasions. 
Some of the variability appeared to be linked to the high-low 
tidal cycle (see Annex).

1.2 COPEPODA STUDY FROM TUDOR CREEK
Fifty-two free swimming planktonic copepod species were 
identified from the samples collected from three stations in 
Tudor Creek between 1984 and 1985* This appears to be the 
first systematic account of copepod6 reported from the coasta! 
and inshore waters of Kenya (see Annexai.)

• • •/<



BMSPTB^TTOM HPffilKENT

The aim le to mea eure the amount of food required by an animal for 
maintenance« Port hér it is also a rough method to sleet oh the lriwd of food 
web we are dealing with in Tudor Creek*

Zooplankton camples were oolleoted on four ocoasions (l2th February» 19th 
Mar oh» 2nd May» and 6th June, I986) from Fort Jesus near Mombasa* Zooplahktc 
were selected far respiration experiment Respiration rates were measured usir

i
Winkler method» and related to dry-weight of the animals*

The respiration rate far the Zooplankton ranged from 0*57>*g O2/12 hours/ 
animal to 130.2/g O2/12 hours/Ani mai with a mean value.of 13*6/*g 02/12 hrs/

i
aninml (see Table l)*

All these respiration results show different features» Most of the species 
have a muoh higher respiration rate at night than a-t day* We oan conclude 
that zooplankton are much more active at night than at day1*
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Table 1« Respiration of sooplankton from Fort Jesus expressed in>ag02/l2 hrs/ 
inimali

I

DATE February 
12th, 1986

March
19th, 1986

May
3rd, 1986

JVae
5th, I9&

PIEIGD Day Night Day Might Day Night Day ni<

SPECIES

Temora turbinata 3.07 11.25 2.69 13.47 3.33 10.47

Centropages orsinii 2.4 3.15 8.07

Acartia sp. 0.57
Acartia SP2 2.79 11*25 3.42 6.69 1.5 8.16

Eucalanus SP 5.61 34.96 3.12 25.8 5.O7 24.33

Macrosetella 3.06 2.91 8.82 3.6 18.36

Caab larvae 0.78 3.12 2C
Acrocalanus 28.74 3.39 21.63 i m  6.
Decapod larvae 25.41

Calanopia elliptioa 2.85 9*27 8.

Oncaea sp ! 2*79

Signathus cvnosoilus 45.

Hemisiriella 31

Ostracod 2'

Undinula val garis
i I3O .2
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An attewpt vas made to estiaate the organic carbon weight of 
the aniani and respiration expressed as a function of the unit 
weight/day; and carbon respiration as a function of carbon 
weight. Table 2 lists the dry weight in >ig per tniaal, Respirât: 
i n ^ g  carbon and percentage of body carbon weight used by 
respiration.

Carbon losses were expressed by reppiration as a function of the 
body carbon and we find that there are higher losses for the 
herbixores (30-49#) than for the carnixores (20#) (Table 2).

Table 2:
Respiration and dry wiight of Zooplankton fro* Fort Jesus 
expressed as a function of the unit weight/day; and carbo 
respiration as a function of carbon weight.

Date:y12.2.1986

Species

Dry weight in>Lg Respiration 
in>A.g C

# of body carbon 
weight used by 
respiration.

Tesora 28.9 4.47 34
Eucalanus 74.7 12.68 38
Caab larvae 13.4 1.22 20
Acartia sp -, 22.5 4.39 ^3

Dates 19.3.1986
Species
Eucalanus 55.8 9.04 37
Calanopia 27.58 31

Date: 3.5.1986
Species
Tesora 28.9 4.31 33
Centropages 23.8 3.51 33

Date: 6.6.1986 ✓
fSpecies

Acrocalanus 10.0? 1 2.23 1 49
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2.2 COPEPODS» WEIGHTS AND LE1GTHS MEASUREMENTS

Tabl« 3 shows the sean weight per individual aniaal and 
the corresponding mean lenfchhpenper individual for the 
copepods on each planchet froa the three stations in 
Tudor Creek.

Estiaation of bioaas6 is going to be aade after aore data 
ha6 been acquired. .

\

For accurate analysis it is better to work on foraalized 
samples. So a serié of aeasureaents is being carried out 
on individual species to khow the weight'loosed in foraalinc

/
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Table 3. Mean dry weight and mean length of Groups 
of copepoda from Tudor Creek.

Species
Location/Dateoof
collection

Number of 
animals

Mean lenght M 
(mm) C

rean weigh 
Mg)

Undinula vulgaris Stn 1/27.8.1985 IO 1 . 8 1  1 0 . 1 1 99.9k
Undinula vulgaris ff 10 2 . 2 3  + 0 . 0 8 151.33
Undinula vulgaris •I 10 1.92 ♦ 0.08 114.82
■alanopia elliptica stn I/2 7 .8 0 I985 10 1.11 ♦ 0.12 42.24

Centropages furcatus «i 10 1.10 ± 0.11 20.34
Centrooaces orsinii it 10 1.11 ♦ O.O5 14.28
Temora turbinata stn 1/U«3*86 9 O.8 I + O.O9 11.66
Temora turbinata •1 9 0 . 7 3  + 0 . 0 8 1 1 . 9 7
Acarti a h 10 0.93 ♦ 0.07 10.89
Centropages orsinii stn 1/27.8.85 10 I . 0 5  + O.O5 5.03
Acrocalanus stn 2/ 1 2 .2 . 1 9 8 6 10 0 . 8 2  ♦ O.O8 8.7
r.alanonia el liotina stn 2/27.8.85 24 1.35 ± 0.05 33.0
Temora turbinata II 14 0.73 ±  0.02 9.2
Canthacalanus pauper II 11 I . 0 5  ♦ 0 . 0 2 19.8
Undinula vulgaris • I 5 I . 9 2  + O.O3 94.6
Undinula vulgaris II 7 2 . 2 3  ♦ O.I3 111.4
calanopia minor II 7 1.21.± 0.06 25.8
Calanopia minor II 1 0 1.19 ♦ O.O8 24.7
Centropages orsinii If 15 1.05 ±  0.03 13.1
Centropages orsinii II 15 I.I3 + 0.04 15.2
¡Jalanepia elliptica If 33 I . 2 7  7 O . 0 3 42.43
Centropages orsinii 9f 18 1 . 0 7  ♦  0 . 0 5 14.12
Canthocalanus pauper stn 3/ 2 7 .8 . 1 9 8 5 ■ 35 1.04 ♦ 0.05 1 8 . 3 6
Temora turbinata II 64 O . 7 4  ♦ 0.04 8.93
Temora turbinata II 39 0.77 ♦ O . 0 5 9.35
Undinula vulgaris II 9 1.75 ♦ 0.09 64.20
Calanopia elliptica ft 10 1 . 1 0  ♦ 0 . 1 5 2 8 . 8 5
Calanopia minor II

1 ..

13 0.96 ± 0 . 0 2 10.70
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2.3: ZOOPLANKTON COUNTINGS

A vertical net hani ie being taken twice a month at Port Jesus (station one 
on Tudor Creek for identification of the most important Zooplankton species

Regular sampling of Zooplankton is oarried out on Tudor Creek on 5 stations 
Gazi Creek) and at English Point (near EMIRI).

2.4* STUDIES ON OYSTERS

Plankton sampling at ENGLISH POINT and Gazi are carried out twice every weei 
and oyster larvae are observed and enumerated in the laboratory.

2.5 WATER CHEMISTRY

A monitoring programme on water chemistry has been set out) one sampling 
station at English Point* is carried out daily* and 5 stations on Tudor
Creek are sampled four times monthly.

Salinity and Température are measured daily during working days in a week a1 
English Point. Dissolved Oxygent PK> Sio^ are also measured twice a week ai

English Point. All the parameters mentioned above are measured twice month! 
during day and night of one spring and one neap tides respectively.

In addition to the monitoring programme) nutrient analysis are carried out 
on the 5 stations on Tudor Creek by Nr. Kazungu.

2.6 Algae and Primary Production

Samples for algal species composition) biomass) chlorophyll analysis and 
Primary Production measurements are planned on a monthly basis on the 5 
stations on Tudor Creek.



KENYAN/BELGIAN BIOLOGICAL OCEANOGRAPHY PROJECT 
KENYA MARINE AND FISHERIES RESEARCH INSTITUTE, 

P. 0. BOX 81651,
MOMBASA.

WORK PLAN ON DaILY BaSIS; 
)

time 0630 1230 1230 - 1400 1400 1830 '

JAY
10NDAY

Collection of plankton (pass 
200 Its of water through 55A*m mesh -, 
Net). Take measurements of physical 
and chemical parameters (PH,02, salinity,
Temperature, secchi disk measurement,
Sio?, NH¿, No-....) at English point(pool water Brackish water-

LUNCH

Oyster culture experiment in wet 
Lab and at the Jetty and at the 
Pillars on Mkomani Beach.
Measure physical and chemical parameters
at KMFRI and pool water and Brackish water- Collect plankton. Write labels 
and enter the findings.

JUESDAY

Collect oyster larvae during low and 
high tide at English point. Take 
measurements of physical and chemical 
parameters: 02,pH, salinity* Temp.,
secchi disk measurement. Enter data 
in files.

LUNCH
Take measurements of physical and 
chemical parameters at English point 
during low and high tide. Data 
processing. Oyster experiment in the 
wet lab. and at English point and at 
the Pillars on Mkomani Beach.

/EDNESDAY

Take observations on water pool, 
pass 100 Lts of water through 55*m 
mesh. Net. Measure 0* pH, No-, No- 
NH* Sio, salinity, Temperature, * 
Secchi disk.
Oyster culture experiment in wet Lab. 
Data analysis.

LUNCH

Measure physical and chemical parameters 
at English point. Carry out Oyster experiment.
Data analysis.

/2
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TIME 0630 ---  1230 1230-1400 1400 -------- 1830
DAY

THURSDAY

Oyster culture. Measure 02Secchi disk, 
pH, salinity, No^ Temperature ... etc.
during low and high tides.
Wash and prepare sample bottles, up 
data files, and note books.

LUNCH

carry out measurements of physical aí 
chemical parameters, at English point 
Data analysis.

ehidai

/ '
Take plankton samples from English 
point (pass 200Lts of sea water 
through 55^ mesh-Net).
Measure and count oyster settlement 
on the control packets at Oyster 
platform A & B during low tide.
Monitor 02,pH, Salinity, Temp., Secchi
disk measurement ... etc at English 
point.
Oyster experiment in the .aquaria in 
wet Lab.

LUNCH

Take plankton samples at English 
point.
Measure physical and chemical paramet 
also at English point.
Oyster experiment at wet Lab. and 
English.

\ 1

PERSONNEL:
1. Mr. Stephen Muiru (Technician)
2. Mr. Jospha Kitonga " I
3. Mr. Joseph Kilonzo ""
4. Mr. James Anunda " I
5. Mr. Nicholas Maroko "

NOTE:

The success of experiment calls foi 
the spirit of TEAM WORK.

I
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THE COHF'QSITION DISTRIBUTION AND ABUNDANCE OF NEAR SURFACE 
ZOOPLANKTON IN TUDOR CREEK ^ MOMBASA j_ KENYA■

BY

Mercy Mghc-i Ki maro

Abstract of a thesis t ; be sufcr.itted in part fulfilnent for the degree 
of Master of Science , University of Nairobi.

University of Nairobi t
198£



The cciïij.:asition , distribution and abundance of near-surface 
Zooplankton throughout a one year cycle (November 1984-October 1985 )
was studied by the analysis of monthly samples taken at three fixed 
stations in Tudor Creek , Mombasa, The biomass was measured by 
displacement volume of fixed material . The numerical abundance of 
selected groups was determined by counting using a Bogorov tray under 
a Wild ( Heerbrugg ) M3C stereomicroscope . The selected groups were 
chaetognatha,copepods,molluscan larvae,crustacean decapod larvae ( 
excluding brachyuran larvae ) ,brachyuran larvae , fish eggs and fish 
larvae.Station 1 was located at the mouth of the creek ,station 2 was 
about 2 km from station 1 in the middle reaches of the creek and 
station 3 was about 2 km from station 2 in the upper reaches of the 
creek .

Zooplankton sampling was carried out by horizontal tows with
a plankton net of 335 micron mesh size at an approximate depth of 1.3
m , Surface water temperature , surface water salinity and turbidity 
were measured at the same time as the Zooplankton was being collected

On two occasions ( 24th-25th -June , 1985 and 23rd*24th September
1985 ) . 2*+ h sampling was carried out at two hourly intervals at a
fixed station (English point ) in Tudor Creek , in order to determine 
the diel cycle of near-surface abundance of the selected groups .

The composition , distribution and abundance of Zooplankton
and the hydrographic parameters monitored , showed seasonal changes
closely related with the two monsoon seasons ( northeast monsoon
season November-March ; southeast monsoon season :
May-5eptember; intermonsoon periods April and October ) . The
surface water temperature was high during the northeast monsoon with a 
maximum value of 29.0*0 recorded from January to March at all stations 

During the southeast monsoon , the surface water temperature 
declined reaching a minimum value of 26.0*C at station 1 from July to 
september and the same minimum at stations 2 and 3 in October . The 
annual range of surface water temperature at the tree stations was 
therefore small ( 3 *C ) characteristic of tropical waters . The
surface water salinity was 35 X. at all stations throughout the 
northeast monsoon except in February when the maximum value of 36 X. 
was recorded at all stations .

During the southeast monsoon the surface water salinity 
declined reaching minimum values in May at all stations coinciding 
with a peak in rainfall . The minimum value differed between stations 

33 X. at station 1, 31 X. at station 2 and 30 X. at station 3 .
5tation 1 experienced the least annual salinity change ( 3 X. )
whereas stations 2 and 3 experienced the largest ( 5 X . and'K'é'A-X• 
respectively ) as would be expected from their locations in the creek 

The largest Secchi disc readings were recorded at station 1 and 
ranged from 12,3 m in December to 2.3 m in June . At station 2 
smaller Secchi disc readings were recorded at station 3 which ranged
from 3.3 m in January to 1.5 m in October . Station 1 had the least
amount of suspended particulate matter as shown by the large Secchi 
disc readings and station 3 had the most as shown by the small Secchi 
disc readings . Station 2 had intermediate amounts . The Secchi disc 
readings recorded at all stations during the northeast monsoon were 
larger than those recorded during the southeast monsoon . Therefore



there was less suspended particulate matter during the northeast 
monsoon than during the southeast monsoon .

The selected groups of Zooplankton showed different patterns 
of near-surface abundance in different months whereas in the diel 
cycle , most of the selected groups showed a similar pattern of
near-surface abundance .

The chaetognaths occurred at all stations during the study 
period and showed maximum abundance during the northeast monsoon 
The mean monthly abundance during the northeast monsoon was 10 /
cub,meter ( + 3,67 5E ) at station 1 , 8 /  cub, meter ( + 2.53 5E )
at station 2 and 9 / cub.meter ( + 3.96 SE ) at station 3 and during 
the southeast monsoon the values were 3 / cub.meter ( + 0.65 SE ) at 
station 1 , 2/ cub.meter ( + 0,20 SE ) at station 2 and 3/ cub,meter ( 
+0.49 SE ) at station 3 .

Copepods were an important component of the Zooplankton
especially in samples collected from station 1 . Copepods reached
maximum abundance during the northeast monsoon . The mean monthly
abundance of copepods was 154 / cub.meter (+ 44,42 SE ) at station 1

66 / cub,meter ( + 22,78 5E ) at station 2 arid 90 / cub.meter ( +
60.17 SE ) at station 3 during the northeast monsoon and 22 /
cub,meter ( + 5.55 SE ) at station 1 , 16 / cub.meter ( +2.04 SE ) at
station 2 and 28 / cub.meter ( + 14.17 SE > at station 3 during the
southeast monsoon .

The crustacean decapod larvae ( excluding brachyuran larvae 
showed maximum abundance during the northeast monsoon , The mean
monthly abundance was 12 / cub.meter ( + 2.53 5E ) at station 1 , 142
/ cub.meter ( + 100.79 SE ) at station 2 and 221 / cub.meter ( +
167.91 SE ) at station 3 during the northeast monsoon and 18 /
cub.meter C +2,12 SE ) at station 1 , 23 / cub.meter ( + 4.44 SE ) at
station 2 and 22 / cub.meter ( + 6,40 SE ) at station 3 during the
southeast monsoon .

The brachyuran larvae showed a mean monthly abundance of 27 
/ cub, meter ( + 6.78 SE ) at station 1 , 292 / cub. meter ( + 103,65 SE
) at station 2 and 328 / cub.meter ( + 127.90 SE ) at station 3 during
the northeast monsoon and 186 / cub.meter (+ 112.22 5E > at station 1 
, 180 / cub.meter ( + 107,77 SE ) at station 2 and 155 / cub.meter ( +
72.14 SE ) at station 3 during the southeast monsoon .

Fish larvae were more abundant at station 2 and 3 than at 
station 1 . The mean monthly abundance of fish larvae was 2 /
cub.meter ( +0.61 SE ) at station 1 , 6 /  cub,meter ( + 3.31 SE > at 
station 2 and 3 / cub,meter ( + 1,02 SE ) at station 3 during the 
northeast monsoon and 1 / cub.meter < + 0.40 SE ) at station 1 , 2  /
cub.meter ( + 0,33 SE > at station 2 and 1 / cub.meter < + 0,40 5E )
at station 3 during the southeast monsoon .

Fish eggs were more abundant at station 1 than at stations 2 
and 3 , Station 1 had an equal value of mean monthly abundance in
both seasons 4 / cub.meter ( + 0.78 SE ) during the northeast
monsoon and 4 / cub.meter ( +0.73 SE ) during the southeast monsoon . 
Stations 2 and 3 had low numbers of fish eggs during the northeast 
monsoon with a mean monthly abundance of 1 / cub.meter ( + 0.20 SE )
at station 2 and 1 / cub.meter < +0,69 SE ) at station 3 . The
number of fish eggs at stations 2 and 3 increased during the souteast 
monsoon with a mean monthly abundance of 6 / cub.meter (+ 3.84 SE )
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at station 2 and 3 / cub,meter ( + 0,69 5E ) at station 3 .
The molluscan larvae were more abundant during the southeast 

monsoon than during the northeast monsoon . The mean monthly 
abundance was 4 / cub. meter ( + 1,30 SE ) at station 1 , 3 /  cub.meter 
( + 1.02 SE ) at station 2 and 1 / cub.meter ( +0.32 5E ) at station
3 during the southeast monsoon and 1 / cub,meter ( + 0,98 SE ) at
station 1 , 1 /  cub. meter ( + 0.53 SE ) at station 2 and more at
station 3 .

Thus all the selected groups of Zooplankton except molluscan 
larvae showed maximum abundance during the northeast monsoon .

The biomass and numbers exhibited a seasonal Cycle closely
related to the rainfall pattern . Major peaks in numbers occured in 
December , April and a minor peak in July/August at all stations 
The peaks in December occured a month after the short rains in
November . The peaks in April occured a month after the onset of the 
long rains in March . The peak in numbers in June occured a month 
after peak rainfall in May . Probably , the increased nutrient input
into the creek during the heavy rains enhances phytoplankton growth
which inturn leads to higher biomass and numbers of Zooplankton in the
peaks that we see . The lag time between heavy rainfall and 
Zooplankton abundance was about two to four weeks , The biomass and
numbers of Zooplankton reached the lowest values during the dry months 
of both monsoons January-February in the northeast monsoon and 
September-October in the southeast monsoon.

The diel variations in the hydrographic parameters monitored
were small . The diel range of surface water temperature was 2 C in
■June and 1.5 C in September . The lowest surface water temperatures 
were recorded at night and the highest during the day on both 
occasions . The diel range of surface water salinity was 1 on
both occasions . However , the instrument used ( a refractometer with 
1 %» graduations ) was not precise enough in order to measure small
subtle but significant differences in the diel cycle of surface water 
salinity .

The values of the silica content of the water were higher in 
June ( 0.08-0.2 ppm ) than in September ( 0.06 - 0.10 ppm ) . The
pH values ranged from 8,05 ( 07,30 h ) to 8.31 ( 11.30 h ) in June and 
8.30 ( 07.30 h ) to 8.60 ( 11.30 h ) in September , The lowest and
the highest pH values on both occasions occured at the same time in
the diel cycle . The pH values recorded in June were lower than those
recorded in September .

There was less Zooplankton caught near the surface during 
the day than during the night on both occasions . Most of the 
selected groups of Zooplankton showed maximum heat-surface abundance 
at night between 19.30 h and 23.30 h on both occasions . The pattern 
observed was accounted for by the classical pattern of vertical 
migration . The results point firstly to light as the the major 
timing factor and secondly , that the tidal cycle has no discernable 
effect on the diel cycle of near -surface abundance .



A n n e x  8 / 3
THE DISTRIBUTION OF GRACILARIA AROUND MOMBASA AND THEIR OPTIMAL PERIOD OF
GRORTFH
M rs.O yieke.

A study on the Phycology of the Kenyan Coast is being carried out in which 5 
sampling stations have been selected around Mombasa:Mackenzie Point, Kanamai 
Beach, Shelly Beach, Tiwi Beach and Bamburi Beach (Reef Hotel). From the -five 
stations all the Gracilaria species are to be identified and their different 
habitats described. Transects will be taken from the intertidal to the 
sublittoral zone, and any other algae that grow together with the Gracilaria 
will be identified.
A biomass study has to be done for every Gracilaria identified so as to find 
out: which of the Gracilaria species occurs in economically harvestable
quantities, which is the regeneration time for each Gracilaria species, when it 
is the best moment to harvest them with respect to dry or rain season, and which 
is the best method for harvesting with the "holdfast" or just above it.
The extraction of agar will be done for the different Gracilaria species in 
order to establish which of them is richest in agar, when it is best to harvest 
for agar, and whether the habitat has any influence on the quantities of agar 
produced.

So fa r  th e  work has been c o n f in e d  t o  Mackenzie P o int (due t o  availability of
transport to go to outer stations...).
At Mackenzie P o in t  th e  fo l lo w in g  work has been going on fo r  th e  p a s t  3 months 
(February, March, April 1986):
1. A transect study has been done, the dominant Gracilaria species is 

G ¡.sa l_i cor n i a. Its habitat as well as of all the other algae in the transect have 
been recorded. The sampling of this transect is done once a month.
2. Sites for biomass study have been located and biometric observations have 

been made. The initial biomass of G¿sali cornea was taken and the regeneration 
time is being monitored.
3. At each sampling specimens have been used for agar extraction.

The transect under investigation is located at a place where the land ends in a 
cliff. The cliff gives way to a sandy beach which stretches for about 10 m, then 
followed by rocky pools of various sizes whose bottoms consist of sand. The 
pools stretch for about 30 m before reaching the low water line. The area is 
sheltered from surf activities.

1



February 1986.

Zone Remarks
Gracilaria.

on Remarks on oth er  
common a lg a e .

l.This zone consists 
of shallow rock
pools with sandy
bottoms . The pools 
are 5-10 cm deep

2.The rock pools here ar 
10-15 cm deep.

3.The rock pools here are 
deepest: 15-20 cm deep.

Giialicornia is the main 
Gracilaria species, 
is the most abundant 
algae growing on the 
edges of the pools. The 
thai lus are about 3 cm 
high and are cushion 
forming.

5iIiiÍ£9!IDÍa is still 
the most abundant algae 
growing on the edges of 
the pools. The thallus 
size is about 3 cm 
forming cushions.

§-.sal i cor n i a is st i 11 
most abundant on the 
edges as well as on the 
bottom of the pools. 
The thallus of those 
in the pools are 10-15 
cm hi_gĥ

ÉQtë!IQSeC.eha k y l in i  i. 
i s  q u i t e  common on
exposed  s u r fa c e s  of
r o c k s  .Lyngbya sp . i s
very  common in
t h e  p o o ls .

iikylinii is still 
common on the rocky 
surfaces.Lyngby sp. is 
common in the pools and 
Laurentia venusta
occurs in thick
cushions on the edges
of the pools.

The common algae
occuring here are 
Boodlea composita (on 
edges of pools), 
Cystoseira myrica (in 
pools) and Laurencia 
E^giHosa (in pools).

4.This is a flat surface 
without pools. The 
substrate is rock 
covered with little 
sand.

5i§ikÍ.E2LQÍ.i still
dominates but growing 
in very small forms in 
cushions of about 1 cm 
high

Other common algae are: 
Acrocystis nana, Ulva 
pestusa, Centoçerus 
ÇLiyulatum, Laurencia 
venusta.

5.This is a sublittoral 
zone. The height of 
waterlevel at low 
spring tide is about 1 
m.

G¡.sal i cor ni a grows in „ 
patches scattered all 
o v e r .  The t h a l l u s
cushions are about 2 cm 
high on rocky surfaces 
and on sandy areas up 
to 5 cm high.

I h a l a s s i a  hem prichii  
( se a  g r a ss)  i s
abundant. C entrocetus  
c lavu la tu m  i s  a l s o  
common.



March 1986

Zone 1 

Zone 2

Zone 3

Zone 4

Zone 5

ftpr i 1 

Zone 

Zone 

Zone

Zone

Zone

Remarks a s  in  February Remarks as in February

Idem Other common algae are 
Qbiftomgrgha crassa and
Éikylinii-

Idem Other algae commonly 
•found are encrassa and 
Ej.kyl.inii.

Idem Other common algae 
areBoodlea composita, 
ÉikyliOii and Hygnea 
pannosa.

Idem Other a lg a e  occu r i ng:
Jhalassia hemprichii
and Centroceras
clavulatum.

1986

As in March

As in March

The thallus size o-f 
ÉiiâLîtQr ni.a i s
slightly smaller: about 
7-10 cm high.

As in March 

As in March

As in March

As in March 

As in March

As in March 

As in March

3



May 1986

Zone 1

Zone 2

There i s no Graçi1 ari a 
in  t h i s  zone

§ i . s a l iç o r n ia  occur in  
p a tc h e s  here but are  
not th e  most abundant 
a lg a e .  They grow in  
c u s h io n s ,  about 2 cm 
h ig h .

E ^kyli ni i i s  th e  most 
common a lg a e  on th e  
rocky s u r fa c e s .
Monostroma sp . a l s o  
o c c u r s  f r e q u e n t ly .

Padina boryana i s  very  
common in  th e  p o o ls  and 
L au rencia  p a g i11 osa
o c c u r s  on th e  edges .  
Hypnea n id u la n s  and 
E^ramulosa are  a l s o  
q u i t e  common.

Zone §i§§ki.£SCQL§ occur o n ly  
in  d isp ersed  p a tc h e s ,  
are  not th e  most 
abundant a lg a e .  T h a llu s  
s i z e  about 4-6  cm h ig h .

P o o ls  dominated by Ulva 
r e t i c u l a t a  and 
E .ram ulosa .

Zone 4 Cushions of
5;.§§Li.cgrnia dominate  
th e  p la tform . The 
t h a l l u s  are about 1 cm 
h igh .

C en troceras  clavulatum  
are  very  common
to g e t h e r  with
IJ ..per t u s a .

Zone 5 i § § i i c o r n i a  occur in  
cu sh ion s  on th e  rocky  
s u r fa c e s .

Sea g r a s s  Jhalassi^a 
hempirchi_i i s  most 
abundant.
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Biometric studies at Mackenzie Point

This is a study on the regeneration period o-f ^salicornia • There are 4 
one metre quadrats . Quadrat 1 and 2 had { ^ s a l i c o r n ia  removed w ith  th e  
hold-fast. Quadrats 3 and 4 had G._sal.içornia removed above the holdfast.

Quadr. nr. Date Wet wt(kg) Dry w t(g) '/. Cover Agar Remarks

1 2 4 -2 -8 6 0 .9 4 5 75 58 t r a c e Experiment
2 24 -2 -8 6 0 .8 8 80 50 t r a c e s e t  o n .
3 2 4 -2 -8 6 1.225 105 63 t r a c e Thai lu s
4 2 4 -2 -8 6 1 .26 110 68 t r a c e s i z e  10-15

cm h ig h .

1 2 5 -3 -8 6 Not ready fo r  h a r v e s t 5 New growth has
n 5 a lr e a d y  s t a r t e d
3 10 T h a llu s  s i z e
4 8 1-2  cm h ig h .

1 2 4 -4 -86 Not ready for harvest 15 Growth continues
2 13 T h a llu s  s i z e
3 30 2 -5  cm h ig h .
4 23

1 2 3 -5 -8 6 Not ready for  h a rv es t 20 Growth c o n t in u e s
n 19 T h a llu s  s i z e
3 38 4 -7  cm high
4 33

5



Annex 8/4
WATER MASS ANALYSIS IN RELATION TO PRIMARY PRODUCTIVITY IN

KILINDINI AND TUDOR ESTUARIES.

J.M.Kazungu.

Introduction
Kilindini and Tudor Estuaries form a very interesting area 
for Oceanographic study. As pointed out in my earlier re­
search project proposal, it is not clear as to why Kilindini 
estuary- though not scientifically proven- has relatively 
more fish than the Tudor creek. This implies that primary 
productivity in Kilindini estuary is higher then that of 
Tudor creek.
The present study is therefore centered on the identification
of various water types which might be existing within the
estuaries and try to relate them to primary productivity.
To do this the study is divided into three sections, namele-
i y  :
1. Analysis of the nutrients (phosphates, silicates, nitrates 

ammonia) distribution within the estuaries.
2. Analysis of particulate organic carbon (POC) distribution 

both within the estuaries water column and the bottom sedi 
ments.

3. Analysis of the salinity and oxygen distribution within 
the creeks.

Period of study.

This study is to be conducted in both the wet and the dry 
seasons. This would place us in a better position of under­
standing the effect of the monsoon rains on the river input 
of nutrients and organics in the creeks.



I

Discussion.

So far little can be said due to limited data. However, it 
is noticed that for the Tudor Creek, lowest concentrations 
of nitrate, phosphate and silicates were found at the mouth 
of the estuary near the open sea, whereas high concentrations 
were found upstream. Figs. 2 and 3 show representative graphs 
of nutrients concentration Vs sampling stations for the Tudor 
and Kilindini Estuaries respectively. As indicated in Fig.2 
the highest nutrient concentrations for the Tudor Creek were 
found around station A6 near the river mouth, while the lowest 
were recorded at station A2 near the open sea. As expected, 
salinity concentrations decreased upstream. The highest sili­
cate, nitrate and phosphate concentrations were 186.0 pg-atSi^ 
28.50 pg-at N/^, and 4.12 pg-at P/^ respectively, while the
lowest were 65.50 pg-at Si/^, 5.20 pg-at N/^ and 0.64 pg-atP/^
respectively.
For Kilindini Estuary (Fig.3), the situation was different. 
Salinity and silicate concentrations behaved as expected, with 
salinity decreasing upstream and silicate increasing.uHowever, 
it is surprising to find phosphate concentrations decreasing 
upstream. Nitrate concentrations oscillated between 0.2 and
0.5 pg-at N/^ except station 01 which had 1.80 pg-at N/^.
It is also surprising to discover that nutrients concentrations 
are higher in Tudor than in Kilindini Creek which is thought 
to be having a higher fish stock.



RESULTS FOR THE FIRST TWO MONTHS

Date: 08/04/86 Estuary: Tudor

STATION
NO- 

/Pg-at N/l
n o 2

/Pg-at N/l
NHt4

/Pg-at N/l
Si

^pg-at Si/1
p°; 

^pg-at P/1

Al (0m) 1.02 0 6.0 0.35
(5m) 1.56 - - 0.25

A2 (0m) 2.98 0.05 - 8.0 0.35
A3 (0m) 1.78 0.05 - 12.0 0.35
A4 (0m) 1.70 0.05 - 15. 50 0.25
A5 (Om) 2 . 05 0.02 — 28. 50 0
(2.5m) 1.80

A6 (Om) 6.80 0.15 - 105.00 0.55



Date: 22/4/86 Estuary

STATION
NO- 

^g-at N/l
n o 2

/pg-at

AÍ (Om) 0.15 0
(5m) 0.37 0

A2 (Om) 1.60 0.04

A3 (Om) 3.10 0.06

A4 (Om) 3.40 0.08

A5 (Om) 9.25 0.24
(5m) 1.90 0.22

A6 (Om) 9.25 0.64

Date: 22/05/86

Al (Om) - -

A2 (Om) 5.20 0.05
A3 (Om) 9.30 0.05
A4 (Om) 17.80 0.05
A5 (Om) 22.50 0.05
A6 (Om) 28.50 0.08

/Pg-at N/l 

0 

0

2.65 
2.70 
8 . 50

10.65

Tudor

Si
,yig-at Si/1

P0¡ 
^ig-at P/1

S o/oo

4.00 0.30 36.36
3.50 0.50 36.36
5.00 0.70 36.26
13.40 0.70 34.09
20.00 0.95 32.25
70.00 1.20 12.41
17. 80 0.95 34 .63
71.50 0.10 1. 11

65. 50 0.64 25.07
116.00 0.68 18.53
163.50 1.46 11.29
186.00 1.92 5. 66
180.50 4.12 0.72



Date: 06/05/86 Estuary: Kilindini

STATION
NO3

ypig-at N/l
N0¡ 

^pg-at N/l
NH*4

/Pg-at N/l
Si

^pg-at Si/1
P0¡ 

/Pg-at P/1
S ó/oo

AÍ (Om) 0.30 0.04 4.00 0.90 34.99
(5m) 0.30 0.04 — 4.00 0.56 35.53

Bl (Om) 1.80 0.00 - 6.70 0.66 34.45
(5m) 0.60 4.00 0.66 34.81

B2 (Om) 0.25 0.00 - 7.20 0.52 34.09
(5m) 0.50 0.04 — 5.70 0.48 34.99

B3 (Om) 0.53 0.05 - 8.30 0.56 34.27
(5m) 0.80 0.04 — 8.80 0.52 38.42

B4 (Om) 0.40 0.05 - 8.80 0.42 33.55
(5m) 0.80 0.10 — 11.80 0.71 33.91

B5 (Om) 0.55 0.07 - 24.00 0.38 31.17
(5m) 1.00 0.08 - 23. 50 0.86 31.71

B6 (Om) 0.40 0.04 - 16.00 0.66 32 .97
(5m) 0.75 0.13 14.00 0.86 33.33
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Annex 8/5

POPULATION DYNAMICS MAJOR PENAEIDAE SHRIMPS SPECIES IN THE TUDOR CREEK 

E.O. Wakwabi

Aims ; (1) To study the life history with emphasis on documentation
on larval stages of the major penaeids in inshore waters 
(case study area: Tudor Creek).

(2) To determine relative abundance, recruitment intensities, 
growth rates, reproduction and mortalities on the creek 
penaeids.

Introduction

In recent years, the prawn fishery has grown tremendously, due to the 
high market value. Such growth, if not based on sound understanding 
of the population, may result to resource depletion due to overfishing 
The Tudor Creek is likely playing a multiple role to the shrimp fish­
ery i.e. offering nursery, feeding and spawning grounds; which must 
be understood in order to evaluate the actual fishing pressure the 
creek population can sustain.
Precise knowledge on life cycles through which the shrimp grows is 
necessary for understanding and executing management procedures. In 
a multispecies fishery, specific identity of the very young is impor­
tant for designing sampling and fishing programmes.

Methods

1. Relative reqruitment into the backwaters i.e; the settling post­
larvae in shallow (lm) waters where they assume benthie life, has 
to be followed by regularly sampling. Penaeids tend to migrate 
to the (offshore) sea waters where they mature and spawn. Samples 
from the principal gears used in the creek will be used in the 
shallow water fishery. Trawling in the deeper waters will afford 
data on the older and larger animals.

< ./I



2. The reproductive cycles can be studied by sampling ovarian devel­
opment cycles, plankton for larvae and postlarvae and beachseining 
for postlarvae.

3. Reproductive potential - studies on the sex ratio, size at maturity 
and fecundity will provide information on the potential for the 
population to replanish itself. This kind of information is nec­
essary for determining potential yields.

4. Histological preparations to confirm ovarian stages and fecundity 
counts.

5. Oceanographic parameters include water temperatures, salinities
a n d  pH.

L/



DATA ANALYSIS : 1) Catch Sampling

Date Gear Total 
Catch 
( kgm)

Sample 
kgm 
(indiv.)

% Species Composition

1/1/86 castnet 1.8 1.8 1. 2% P. ,in4i£U£(383) 2. 90% P. monodon
3. 6% M. monoceros
4. 2% others (non

Penaeids)
6/1/86 castnet 1.3 1.3 1. 4% P. indicus

(412) 2. 86% fL*. monodon
3. 8% M. monoceros
4. 2% (non penaeids)

21/1/86 castnet 3.7 3.7 1. 18% P. indicus
(959) 2. 80% monodon

3. 2% M. monoceros
23/2/86 castnet 10 1.6 1. 53% Pj. indicus

(402) 2. 39% P. monodon
3. 0.2%M. monoceros
4, 8% P. semisulcatus

11/3/86 castnet 5.5 3.0 1. 58% P. indicus
(912) 2. 34% p. monodon

3. 3% M. monoceros
4. 4% P. semisulcatus

11/4/86 castnet 4.0 2.5 1. 54% P. indicus
(337) 2. 43% P. monodon

3. 3% M. monoceros

Sex ratio 
F/M

Mean size 
(CL mm)
î , 0 0

(x) Maturity ( )̂

0.96 17.5, 17.4

0.70 12.4, 10.7
0.99 16.4, 16.2

0.94 14.3, 13.8
1.20 17.1, 16.2

1.24 20.6, 20.1

1.18 13.6, 13.8
0.99 17.8, 17.9

0.90 13.0, 12.6
1.20 23.2, 21.9

Juveniles

Juveniles
Juveniles

Juveniles
Juveniles

Juveniles

Juveniles
Juveniles

Juveniles
Sub-adults



Date Gear Total Sample %
Catch kgm 
(kgm) (indiv.)

28/4/86 castnet 10 4.7 1.
(lili) 2.

3.
4.
5.

10/5/86 castnet 3.0 3.0 1.
(784) 2.

3.
4.
5.

12/5/86 castnet 2.1 2.1 1.
(355) 2.

3.
4.

Species Composition Sex ratio Mean size (x) Maturity (o
F/M (CL mm)

Î , o'

36% P. indicus 0 .68 15.0, 13.4 Sub-adults
39% P. monodon 0 .84 21.3, 19.8 Sub-adults
21% M. monoceros
0.3% P. semisulcatus
2.7% non penaeids
58% ,P. indicus 0 .73 13.4, 12.9 Juveniles
21% P., mçnçtfçn 1.32 22.0, 22.0 Sub-adults
6.0% M. monoceros
14% P. semisulcatus
1% non penaeids

53% P. indicus 1.39 18.3, 18.8 Adults32% P . monodon 0 .79 21.5, 19. 5 Sub-adults8% M. monoceros
4% P. semisulcatus



2. Plankton, Beach seining : Hydrography 

Date Station Gear type T°c Sö/oo pH

10/1/86

28/1/86

1 Plankton
2 net
3
4
5

1 Beach 
seine

2 Beach 
seine

3 beach 
seine

1 Plankton
2 net
3
4
5

2 Benthic
trawl in 
l-2m depth 
with 500 
jum mesh
3 tows

28 35 7.82
28 35 7.61
29 35 7.48
29 35 7.18
29 30 7.07

28.5 - 7.82

29.5 30 7.61

30.5 25 7.48

28 35 7.83
28.5 36 7.72
29 35 7.47
29 35 7.32
30 35 7.19

Total Species composition 
catch

No
Penaeid
larvae

7 5 P. semisulcatus
2 Acetes sp.

83 68 unidentified Penaeids
5 Juveniles - 4 P. latisulcatus 

1 M. monoceros
7 caridians 
3 Acetes erythreus

181 148 P. semisulcatus
23 P. latisulcatus 
1 P. monodon 
6 Acetes erythreus 
3 Caridians

No
Penaeids
recorded

110 78 P. indicus
5 P. monodon/semisulcatus 

26 M. monoceros 
1 Acetes erythreus

Size range 
(mm)

3.20 - 8.25

0.7 - 4.11 
11.2  -  22.0 
6.7

0.5 - 15.7 
0.8 - 4.7 
4.55

1.4 - 3.5 
1.3 - 3.5 
1.0 - 3.8 
4 . 0



Date Station Gear type T°c S°/00 pH

Benthic 
trawl in 
l-2m depth 
with 500 
.pm net 
2 tows

31 35

10/3/86 2 Benthic 31 
traw^ 2 
tows with 
500 ypm net
Benthic 
trawl 3 
tows

31.5 -

28/3/86 2
2 tows

stream Benthic 
trawl towed 
up & down 
stream 60 m 
one way

9/4/86 stream
beach seine 
0.5cm mesh+ 
benthic trawl 
500 Aim mesh 
combined

o s

7.69

i

Total Species Composition 
catch

6 P. semisulcatus
1 J4. monoceros
2 Acetes erythreus

15 8 P. indicus

46 23 ,P. semisulcatus/monodon
23 P. indicus

66 P. indicus
P. semisulcatus 
P. latisulcatus 

508 91 P.. semisulcatus
4 P. monodon 
6 M. monocesos 

349 P. indicus 
58 non-identified

265 51 P. semisulcatus
155 P. monodon 
26 M. monoceros 
33 P. indicus

Size range

5.8 - 8.3 
4.3

8 - 3 2  (TL)

12 - 23 (TL) 
9 -14 (TL)

1.8 - 15.2 (CL)
7.0 - 11.8 (CL)
5.1 - 19.4 (CL) 
2.0 - 10.0 (CL)

6 - 17 CL (13)
6 - 14 CL (10.9) 
4 -16 CL (9.5)
8 - 15 CL (11.6)



Date Station Gear type T°c S°/00 pH

25/4/86 beach seine 
0.5cm mesh 
one tow

34

beach seine 
one tow 
benthic trawl- 
lmm net

27

stream one tow 
2mm benthic 
net

35

9/5/86 2 beach seine - 33
4mm mesh

32

stream 2mm mesh - 33
60m benthic trawl 

on rectangular 
mouth

TL = total lenght 
CL = carapax lenght

7.88

7.67
II

7.62

8.59

8.41

8.33

Total
catch

1

23

1

704

0

4

Species composition

1 P. latisulcatus (stocked)

stocked 

P. monodon

263 P. semisulcatus 
65 P. monodon 
6 M. monoceros 

111 p,.J .n<U gws 
236 others (caridians)

1 P. monodon juv.
2 P. latisulcatus
1 gravid Macrobrachium sp.

Size range

5 - 2 0  (11.9) 
5 - 1 4  (8) 
9 - 1 4  (11)
5 - 11 (7)

1 M. monoceros sub-adult



Annex 8/6

THE ESTUARINE FISHES OF KENYA.

R.M.Nzioka.

The East A frican  Coast su p p o rts  an e x tr e m e ly  d iv e r s e  f i s h  fauna which 
has been s tu d ie d  ta x o n o m ic a lly  in  c o n s id e r a b le  d e t a i l s  but o n ly  l i t t l e  
in  term s of i t s  b io lo g y  and e c o lo g y .  The need fo r  t h i s  ty p e  of  
r e se a r c h  has developed p r o g r e s s i v e ly  during  th e  l a s t  decade due t o  
d e c l i n e  in  a v a i l a b i l i t y  of c e r t a in  s p e c i e s  in  resp on se  t o  commercial 
f i s h i n g  and environm ental d e g r a d a t io n .  Furthermore, concern over th e  
s t a t e  of th e  fauna and th e  lack  of th e  r e se a r c h  has been s t im u la te d  by 
an in c r e a s in g  awareness t h a t  i t  c o n s t i t u t e s  a v a lu a b le  n a t io n a l  a s s e t .  
In view of th e  d i v e r s i t y  of th e  fauna and i t s  environment, g r e a t  c a re  
had t o  be taken to  s e t  r e se a r c h  p r i o r i t i e s  so  as  t o  i n v e s t i g a t e  th e  
most s e r io u s  problems f i r s t .  I t  was d e c id ed  t h a t  p r i o r i t y  shou ld  be 
g iv en  t o  f i s h e s  l i v i n g  in  endangered and degraded h a b i t a t s  ra th er  than  
t o  in d iv id u a l  s p e c i e s  s u b je c te d  t o  heavy e x p l o i t a t i o n .  This was based
on the conviction that serious long-term and sometimes irremediable
damage can result from the former, whereas exploited species have a 
n a tu ra l  a b i l i t y  to  recover  i f  f i s h i n g  e f f o r t  i s  reduced.
P r im a r ily  sampling was s t a r t e d  in  February 1985 and fo l lo w e d  by 
i n t e n s i v e  monthly sam pling. T h is  work i s  t o  co n t in u e  for  t h r e e  y e a r s .

Sampling was con cen tra ted  in  Port R e itz  and Tudor Creeks.
The main f i s h  groups were L e io g n a th id a e ,  S c ia n id a e ,  H u lidae ,  
Pomadasydae, Sphyraenidae, C lu p e id a e , L u tjan idae , Carangidae,  
Drepanidae and Teraponidae. Numerous o th e r  s p e c i e s  were p r e sen t  in  
sm all q u a n t i t i e s .
In many s p e c ie s  j u v e n i l e s  exceeded th e  number of a d u l t s .  Examples are  
S c ia n id a e ,  Joi i n ig g s  d u s s u m e r i ,  J ^ s i  na; G erridae, Gerres oyena,  
ÇLÎÎlâlBËQtosus; Pomadasydae, Pomadasys o p e r c u la r i s ,  P a n ic u la tu s ,  
P^BëçuLumatum; Sphyraenidae, Sphyraena o b tu sa ta ,  it iâB Q Q içus;
L u tja n id a e ,  Lutjanus s e t a e ,  L -f . lu v if la m a ;  Drepanidae, Drepane 
pun ctata;  Carangidae, Rhabdosargus sarba  and Terapon jarbua. In o th er  
important s p e c i e s  j u v e n i l e s  do not appear t o  predominant in  th e  same 
e x te n t  but are  n e v e r t h e l e s s  e x tr e m ely  abundant; examples be ing  
S a r d in e l la  a l b e l l a ,  H e r k lo t ic h th y s  guadri m acu latus, H.p u n cta . T ryssa  
v itr ir o s tr is ,  P e llo n a  d itch e lla ,  Leiognathu| eguulus, L¿bindus, 
L -_fasc ia tu s,  L .sp len d e n s .  L ^berb is , Lt l i n e o l e t u s .  I t  i s  a l s o  im portant  
t o  record  th a t  in  a number o f  s p e c i e s  which are l e s s  common in  th e  
c r e e k s ,  i t  i s  again th e  j u v e n i l e  s t a g e  which occurs  in  g rea t  numbers. 
These in c lu d e  Carangidae, Carangoides ch rysop h rys .
An i n t r e s t i n g  f e a tu r e  of th e  le n g th  c o m p o sit io n  of a number o f  s p e c i e s  
i s  th e  rapid  d e c l in e  in  ca tch  a s  s i z e  i n c r e a s e s .  The most l i k e l y  
f a c t o r s  r e s p o n s ib le  fo r  t h i s  are  m o r t a l i t y  w ith in  th e  e s t u a r in e  
environment and em igration  from i t .

1



T a b l e  1 .  F i s h  s p e c i e s  c a u g h t  i n  t h e  E s t u a r i e s  i n  1 9 8 5 .  ( %  o f  t o t a l  c a t c h )

L eiognath i dae

S c ia n id a e

Gerridae

M ullidae

P o m a d a s y d a e

Sphyraenidae

C lypeidae

L u tjan idae

Carangidae

L eiogn ath u s  e g u u lu s  : 27 .1
' C

L .b e r b is  : 11 .4
L ^ sg lendens : C
L ¿ l i n e g le t u s  s 5 .8
L¿bindus : 7 .8
Gaz:a minuta : 8 .7
Secu tor  i n s i d i a t o r  : 7 .7

Jgl_i ni ops d u ssu m ier i:  2 .7
J^ s in a  ; C

Gerres gyena : C
Üi.Îii§!D§Otgsus : 7 .4

Upeneus v i t t a t u s  : 2 .1
U iiu lg h u r u s  : 1.1

P o m a d a s y s  o g e r ç u l a r i s : C
ulumatum s C

P^maculatus : C

Sphyraena o b tu s a ta  : 1
j a p o n ie u s  : C

S a r d in e iy a  a l b e l l a  : 3 .7
b§ü!il9t i ç h t y s  guadr i m aculatus : 4 .7  
^-.punctata : C
Thryssa v i t r i r g s t r i  s :  1 .8  
P e l lgn a  d i t c h e l l a  : C

L utjanus s e t a e  : C
L i i i y y i f 1 ama ! C
L i t y s s e l i  : C

C arangoides chrysophrys  : C 
A l e c t i s  in d ic u s  : C
Rhabdosargus sarba  : C
Pseudorhambus arsius: C

t C : common



Annex 8/7

GOK'E FI3H JÜALITY PARAMETERS OBSERVED IN MOMBASA MARKETS 

P.M.Oduor.

GUktt/iAFlY:

Crude protein contents of most fish species analysed ranged 
O f l á

between 14.0/o Jbe22.0/o of protein on weight basis per grar,i of 
muscle.

Crude fat content seems to have a role in the rate of detariutÉLlon 
of dry salted fish.

Moulds, Insects, rodents play different roles In spoilage of 
sun-dried, dry salted and smoked fish.

INTRODUCTION:

The major nutrient in fish are proteins. Preservation of fish to 
prevent any losses nutritionally is the key to improving the 
nutritional status of a population. It is impartant to ensure that 
potentially available fish nutrients reach the oonauraer. Nutritional 
loss in this case can be defined as the nutrients from, and the value 
of fish which is Bailable potentially far hunan consumption but 
fails to be consumed or sold as traditionally curad products. These 
lasses are due to spoilage randrlrg the fish or fish product unfit 
to eat, to physical destruction and to lowering the nutritional 
value of the product. (FAO fisharing technical paper No. 219).

METHODS

For protein content, the Kjelcfahl method was used (Maynard and 
Johnson 1970). The fish «are bought from the market fresh and 1 gram 
from each fish species was used.

4
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For fat oontent, the soxhlet method «es used (windsor and Barlow 
(19B1). Petroleum spirit Boiling point BO - 1Q0°C «es used 
instead of diethyl ether. The fish were bought from the market, 
sun-dried and 5 g of muscle from each used. The fish took five 
months before being disoarded and observations were organoleptic.
For storage and handling of fish, lAajengo, Mwenbe Teyeri, Kilifi and 
Old town markets were visited.

R E S U L T S ^

PRfTtTTN OHMTFNT CRUDE PROTEIN CONTENT/

NAME gram wet weight

Lutjanus bohar 14.30)G
Octopus B. 80)0
Cuttle fish 9.
Gaterin gaterinus 15.40£
Pomadysis naenia tus 15.B0JÍ
Tilapia (Banburi fish farm) 17.90)t
Leognathus aqmla 16,7C^
Lethrinus harak lS.lDji
Lethrinus miniatus IB. xsf;
Lethrinus nebulosus IB.
Cephalopholis argus 1B.2D)&
Siganus oanalicufetus lB.Ojt
Upeneus bensasi lB.BOJ&i? .* .
Shark 19.90
Epinephelus tauvina 22.B0)t

I



- 3 -

CRUDE FAT:

MAUF FAT CONTENT/5g ORGANOLEPTIC
DRY WEIGHT ASSESSMENT.

Trichimtus
blochii

2.90)1. After 5 months, no 
sign of spoilage

Heminipherous
far

7.00* Ants invaded this i 
the 4th month.

Drepane punctata 9.50* No signs even during
5th month.

Pseudopristome 
plagiodesmus

11.90* After 3 months, 
alight signs of 
détérioration notie* 
soms mouldy growth 
observed towards 4tf 
—

body, extending to 
aovar I. i of thia boc 
during the 5th eontf 
Ants also prevalent.

Monocht stylus 
argenteus

14.90* 1 month 3 (toys, Boui 
growth covering 
about i of the body 
seen to spread.

14.00*
frateoulus

1 month 3 days, ‘ante 
appeared eating the 
muscle, mouldy growt 
seen to be similpr ■ 
in Monodactylus arge 
teus.

3



s T O R A G E:

(MME
NAME

MARKET TYPE OF PP /ATXON

King fish Old town Brining
Shark 1/warte Tayetrl Dry salting

Kilifi, Old Town

darius
Protopterus

Nile Perch 
Eungalocypris

Majengo
Kilifi Snaking

Majengo, Kilifi Sun-drying

All observations made wera organoleptic; the fish had been brought 
to the narkst ready for aale hence source where processing aorraanced 
was not reached.

DISCUSSION:

The lowest protein content was observed in the cuttle fish and ? 
octopus and Epinepharous tauvina the highest. The highest fat content

*r £  .was observad in Pseudopenaous frateculus and the lowest in 
Trachinotus blochii. The storage life of sun-dried fish showed acme 
correlation with fat contant in that the higher the fat content, the 
ffcstar was the rete of détérioration. Ants were however seen to •»- 
attack the fish indiscriminately.
Eungalocypris were attacked by warms which sources at the narkato
said appeared after 2 - 3  months and fed from within the fish. In the 
storage placed at night, rats mainly ate the fish. The nile parch 
(amoked) was not effected but this could be due to the short storage 
time they take in the narkets - they takas less than 2 weeks befare 
being sold. King fish did not show any signs of détérioration sten 
still brined in the »well* Infact the storage period according to 

the dealers could extend untn P veers. Thn *»herk*» werp affected



( after a fairly short time almost two months within drying) by 
beetles and moulds (not identified). and destroyed the muscle,
Clarius, protopterus only affected by cockroaches on a minor 
s o d a  and by rats only when stored at night. They stay in the 
market far a abort time before being oold and fturlng tbs day, they 
are exposed outside to the sun in the rarkets.

The fat content relation to spoilage was seen to be appreciably < 
signif leant considering the lowest fat content observed on
Tri-Oh ino tus blochii (2.5D}C) end Pseudopeneus frm tapuius (14.aO)t),
It is obvious therefore  that the higher the fet the faster the rete
of deterioration and vioe versa. This could be due to the fact
that a high fat content in the flesh will act as a barrier to
diffusion of water from the uantre of the flak to the surface hence
spoilage due to high «ater activity in fish suitable far microbial

growth, (KAO Tech, paper No, 219)« The fact that the smoked Nile
pareh is not attacked in any way though it la flatty la partly ajplained
by the short time they taka in the market and also due to a possibility
of the phenolic substances found in wood smoke hefting an anti^cKidant

nay
activity (preventing rancidity) and/* provide aorae protection for 
the fat, (FAD fisheries teen, paper). This could hold time far Clarias 
and protopterus which do not undergo visible spoilage though they also 
take a short time in the market, Cocktoach— . Rats are their major 
attackers.

The King fish which Ire brined in a bftg wall for a long time Survived 
without any attack. Possible exploration hara la that the salty 
conditions are too adversa for any of the paste to survive. Their 
consumption m  to has to go up after renova} fro» the well as they are 
fatty and the ones which had been renovad from brine for sama tins were

t
being attacked by sone beetles.



Far the dry saltad aub-ctrled shark, first they ars sp nany in the 
markets, packed closely together especially at Mwanbe Tayeri narket 
under daop conditions« The tbup conditions anoourapa the mould 
aporea to proliferate due to high eater activity possible (FAD 
pop re No. 219;). The fish are packed closely togettier and this aids 
spread of moulds« They are fad on by adult beetles indiscriminately 
all three year round and these could also aproad the aporos «hen the 
aperas stick on thMr lags« The environment favours the breeding of 
beetle larvae being wet, filthy, with all kinds of rastas fron this 
fish markets« Some of the sharks vhieh «ere being (tried naar the 
markets mere attacked by sorb fly lanae.

Where es the fish studied have vary high contant of proteins, for 
this to be aval lehi a, inprovsment on traditional curing «oti mis are 
necessary« It is alnnst convenient to smoke fatty fish to minimis» 
spoilage or to brine them« Sun dried salted fish should be apauAf to 
avoid rapid attack by moulds and other agants, pauli r Iran or other 
such sprays could be used; to eradicate the boat loe; renouai of fish 
«astas from the storage premisas ae thaca amay contribute breediry 
sites far pests* Use of traps to pnwerrt podante. However, tttffWrerrt 
factors play different rolas in fish spoilage and one or a 
caridination of t«o can not be eaen as a major source éfppoilags i"
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A study of the biochemical levels in commercial oysters,

Crassostrea cucullata Barr .

Laila U. Abubaker
Assistant Research Officer, KMFRI 

Abstract.

The nutritive value of Crassostrea cucullata Barr was investigated 
in March and May 1986. The study indicatedthat this species is 
rich in protein and carbohydrate which are necessary for a balan­
ced diet.

Introduction ;

Oysters and other bivalves are a low-cost subsistance food of the 
coastal people. The molluscan resources of this coast are largely 
unexploited as only a minority of people eat them, consumption 
being restricted to tourists. The oyster meat is unknown to many 
Kenyans especially those inland. However, it is believed that 
oyster fishery will have a good commercial potential in the 
country once the meat becomes acceptable to the locals. Thus an 
understanding of the biochemical composition and stage of develop­
ment when nutritional value is optimum are prerequisite for plan­
ning large scale culture.
The present study describes the biochemical composition during 
the growth period of C.cucullata grown on mangrove poles at Gazi 
oyster culture (= experimental culture project)

Material and methods.
Samples were pooled from at least 20 individuals of uniform size 
between March and May 1986, and analysed for their food value.
In general, the methods elaborated by Giese (1967)for inverte­
brates were followed for both preparation and biochemical esti­
mations. For the biochemical composition, the levels (in % dry 
weight) of protein and carbohydrate were estimated. The water 
level (in % wet weight) was determined by drying at 100°C to 
constant weight. The levels of protein and carbohydrate were 
estimated using previously dried sample. The total nitrogen value



as determined by the semi-micro Kjeldhl method (Joslyn, 1970) 
was multiplied by the conversion factor 6.25 to obtain the 
total protein value. The total caMiydr&te (in % glucose of dry 
weight) was estimated by the Anthron method (Seigter et al,1950).

Results.

The table below shows the result obtained compared with 
C .virginica (Galtsoff, 1964), C .gigas (A.C.Giese), local beef 
and eggs.

% composition C .cucullata C .virginica C .gigas beef eggs

protein
carbohydr. 
water

56.08
7.58

75.6

49
10.5
80.5

9.8
4.5

18.7 
0.5

64.7

45.4
1.0

66.3

Water levels in % wet weight. Protein and carbohydrate levels 
in % dry weight.

In May 1986 the results are as follows for C.cucullata:
Protein: 49.9 %, carbohydrate: 0.38 %, water: 87 %

The table shows that oyster meat is as nutritive as local chicken 
eggs.
In May there is a fall in the protein and carbohydrate levels.
This could be the time when the oysters have spawned as the 
reserve nutrients have been converted to gamete material.
However, moEe analyses shoiid be done on weekly bases in order 
to arrive at a definite conclusion.
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Annex 8/9

MANGROVE ECOLOGY

R.K. Ruwa

Mangroves are important for nutrient release, offer 
habitats for several organisms, protect shores and in terms of 
human economic uses they are used for building purposes, fuel etc. 
Beside mangrove ecosystems mariculture projects are in practice.
But even with this knowledge mangroves have not been exonorated 
from the myth that they are idle forests.

In Kenya, although they are protected under the Governmen 
Forest Act$ they have been cut down in some areas for the construc­
tion of salt and mariculture ponds. The mangrove ecosystems in 
Kenya are also faced with an eminent degradation of their environ­
ments due to the dumping of sewage and solid wastes from fast growin 
coastal towns, some of which a couple or three decades ago were 
v i l l a g e s .

Since ecological information on mangrove ecosystems in 
Kenya, which could be used for conservation purposes and direct or 
indirect planned exploitation of this resource,is lacking, this pro­
ject was initiated. It is geared to gather information (a) regardinc 
species diversity in mangrove forests (b) their role as suitable 
mariculture sites and in our case e.g. oyster culture, and (c) their 
role in protecting shorelines from erosion which is very common in 
Lamu District.

1.1. Mangrove Environment

Mangrove seedlings germinate in brackish water environment 
Brackish water conditions are therefore prerequisites for mangrove 
development and occurence. In Kenya the brackish water conditions

A



are created by river discharges and seepage of underground water 
into the intertidal zone.

A survey on the intertidal environment of various parts 
of the Kenya coastline showed that there is considerable amount of 
underground fresh water seeping into the intertidal zone which 
therefore creates the brackish water environments. The fresh water 
mixes with marine salts in the sediments or mixes with the sea water 
as indicated by the salinity records in Table 1. This seepage 
phenomenon has now explained the existence of mangroves on areas 
without any river flowing into the sea e.g. Eamburi, Kanamai, Mida 
etc. (see also annex 11).

1.2. Species diversity

Since the Kenya coastline has brackish water biotopes with and with­
out mangroves, the role of the latter in increasing species diversit 
in Kenya can be evaluated. Thus beginning with the Crustacea, a 
faunal species composition of the crabs was initiated.
The current areas of study are :
(a) Kanamai beach, where there is a muddy shore with considerable 

seepage but, has no mangroves
(b) Bamburi and Mkomani, where there are small mangrove patches 

growing on brackish environments created by seepage only.
(c) Gazi mangrove forest, where the brackish water environment is 

created by seasonal rivelets and seepage (see also annex 11).
To date,the species composition is as shown in Table 2. From the 
latter Table there is a clear indication that mangrove vegetation 
increases species diversity in brackish water biotopes. Further 
work is in progress to establish the relative abundances of various 
species in relation to forest size or area of seepage and the micro­
habitat description prefered by each species.

i
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Table 2 : Occurence of various types of brackish water crabs at Gazi, 
Kanamai, Ramburi and Mkomani. (x) indicates that the species 
was seen and (-) indicates: not seen to date, 18/6/86.
O u t  of t h e  f o u r  l o c a l i t i e s  s a m p l e d  it is o n l y  K a n a m a i  b e a c h  
s w a m p  t h a t  h a s  n o  m a n g r o v e s .

SPECIES Gazi Kanamai Bamburi Mkoma

1. Uca annulipes X _ X X
2. U. chlorophtalmus X - X X
3. U. marionis X X X —
4. U. vocans — X X —
S. U. tetragonon X X X X
6. U. inversa X — — -
7. U. urvillei X - - -
8. U. dussumieri X — — —
9. Macrophtalmus X X - -
10. M. milloti X X — -
11. M. consorbrinus - X X -
12. M. bosci - X - X
13. Thalanita crenata X X X X
14. Scylla serrata X X - -
15. Metopograpsus messor X “ X X
16. Sersana elonqatum — — — X
17. S. impressum - — X —
18. S. guttatum X — — —
19. S. plicatum X — — —
20. S. eulinene X — — -
21. S. meinerti X - - -
22. S. catenata X - - -
23. Pseudograpsus elongatus X — - -
24. Cardisoma carnifex X - - -
25. Eurycarcinus natalensis X - - -
26. V a r u n a  l i t t e r a t a X - - -
27. Xanthid sp. X - - -
28. Ilyograpsus paludicola X

Total No of species 23 9 9 7

Ÿ



Annex 8/10

EftZI OYSTER PROJECT I. GROWTH OF OYSTER CRASSOSTREA CUCULLftTft 
BORN.

R.K.Ruwa.

Introduction.

The growth of oysters -from the time of settlement is being
monitored at Gari Creek. This study is started to :
1. proyide an idea on their patterns o-f growth at different 

levels on the shore
2. determine the suitable size and age tor transplanting them 

without high risks of mechanically damaging them when cementing
3. study the effects of intraspecific and interspecific 

competition on their growth.

Methods.

Strung coconut shells whose surfaces have been entirely cemented 
with marine cement were suspended vertically on oyster racks in 
the interdidal zone . The surfaces of the coconut shells were 
used as sites for settlement of oyster spats. The shells were 
spaced at 10 cm intervals. The level of the first shell at the 
bottom was 1.1 m above datum, whereas the highest shell 2 m for 
the strings of 10 shells and 1.5 m for those of 5 shells. The 
strings were suspended on the racks on the 17th March 1986.

Observations and remarks.

Counts of the oyster spat that settled on the coconut shells were 
made. Their growth was followed by measuring their maximum shell 
lengths using a vernier calipers (Table 10. The measurements of 
their shell lengths showed that the oysters on the lower shells 
grow faster than those on the higher ones.
Barnacles were observed to be the only competitors for space on 
both the upper and the undersides of the coconut shells. The 
barnacles were mainly Balanus amghi tr i_te and occasionally 
EyC§E>!li.§ withfrsi. Counts of the barnacles showed that the 
higher level coconut shells supported more specimens than the 
lower level ones (Table 2)>
The oyster spats settled more abundantly on the lower level 
shells and also more on the underside of the shells than on the 
uppersides (Table 3). Since the oyster settlement at the lower 
levels were higher and the growth was faster, and since there was 
less competition for space with barnacles, it was found more 
suitable to hang shorter strings of 5 coconut shells in the level 
1.0-1.5 m above datum to collect the oyster spats.
Further studies were done to find out the significance of the 
relationship between their height on the shore and their growths. 
The sequence of the shells on one of the monitored strings was



reversed, having now the -first shell uppermost and the last tenth 
one lowermost in decending order. This was done on the 26th May 
1986 and the experiment is still in progress.
So -far, the sizes o-f the growing oysters on the coconut shells 
are not yet suitable for removal without high risks of mechanical 
damages. The oysters are therefore still being nursed on the 
shel1 s



Table 1.

Ranges of shell lengths (in ■■) of the oysters on coconut shells 
suspended on the racks on 17th Harch 1986.
A, B and C denote the strings.
Note: soie dark silting soaetiies concealed soae oysters in the 
lower levels. C was not aeasured on the 9th Hay 1986.

Nr.of coconut Elevation 1st April 1986 16th April 1986
shell

1

(■) above 
datua 
1.1

A

1.6 2.

B

1-3.2

C

1.5

A

0.7-2.8

B

1.2-6.4

C

0.6-5.0
2 1.2 2.0 1.9 1.2 1.2-5.5 3.5-4.9 0.6-2.4

3 1.3 0 0 1.3-2.7 1.0 1.1 1.0

4 1.4 0 0 0 0.8 0.7-1.5 1.6-1.8

5 1.5 0 0 0 1.0-1.5 0 1.0-1.8
5 1.6 - 0 0 - 2.0-2.1 0.5
7 1.7 - 0 0 - 1.0 0

3 1.8 - 0 0 - 0 0

9 1.9 - 0 0 - 0 0

10 2.0 - 0 0 - 0 0

Nr. 29th April 1986 
A B C

9th Hay 1986 
A B

21st Nay 1986 
A B

1 1.7-8.0 1.6-10.6 1.0-4.4 1.2-9.1 1.0-14.0 1.0-11.9 1.5-15.5

2 1.0-10.7 1.1-8.0 1.2-4.0 1.5-17.1 1.6-13.0 1.0-19.0 1.0-14.8

3 1.5-2.0 1.0-2.0 1.0-9.6 1.6-3.4 1.0-3.4 2.3-5.4 1.0-5.7

4 1.1-1.7 1.0-2.2 1.5 1.2-5.2 1.0-5.8 1.0-6.0 1.8-8.0

5 1.1-3.2 1.2-2.2 1.0 1.7-5.3 1.2-5.8 1.0-4.6 2.0-6.0

6 1.6 1.4-4.2 - 1.3-6.0 - 1.5-6.2

7 1.4-2.5 1.5 - 1.2-3.6 - 1.6-3.9

1.2 0 - 1.0-2.6 - 1.5-3.0

9 1.0 0 - 0 - 2.0-3.0

10 0 0 - 0 . 0

C

1.3-10.2

1.3-10.7

1.5-15.5

1.5-4.8

1.7-7.0

1.3-7.3

1.8-4.0

1.5-3.8 

0

0

3



Table 2 \

Relationship between settlement of barnacles and the oyster Crassostrea cucullata Born 
on the B coconut strings (as in Table 1 and 3).
The counts were »ade on the 26th day 1986.
The nutbers in parantheses represent the nu»bers of barnacles.

Nr.coconut shell Underside of coconut Upperside of coconut
shell shell

1 101 ( 13 ) 0 ( 0 )
2 66 ( 31 ) 10 ( 4 )
3 31 ( 71 ) 6 ( 2 )
4 84 ! 110 ) 18 ( 0 )
5 117 ( 270 ) 17 ( 7 )
6 87 ( 89 ) 18 ( 33 )
7 81 < 155 ) 28 ( 80 )
3 59 ( 1075 ) 4 I 167 )
9 12 ( 870 ) 0 ( 288 )
10 0 ( 665 ) 0 ( 51 )

4



Table 3.

Patterns of settlement of the oyster Crassostrea cucullata Born on cemented coconut shells, 
ft, B and C denote the strings.
Note: some dark silting sometimes concealed some oysters in the lomer levels.
Numbers represent the numbers of oysters settled on the inner surfaces of the shells.
Numbers in parenthesis represent the numbers of oysters settled on the upper surfaces of the shells.

.coconut Elevation (m) 1st April 1986 16th April 1986
■11 above datum A B C ft B C

1 1.1 1 (2) 4 (2) 1 (1) 15 (21) 26 (9) 4 (8)

2 1.2 1 (0) 4 (1) 3 (0) 4 (8) 5 (5) 8 (0)

3 1.3 0 (0) 0 (0) 2 (0) 6 (0) 1 (0) 2 (4)

4 1.4 0 (0) 0 (0) 0 (0) B (2) 16 (3) 2 (0)

5 1.5 0 (0) 0 (0) 0 (0) 8 (0) 0 (0) 2 (0)

i 1.6 - 0 (0) 0 (0) - 3 (0) 7 (0)
7 1.7 - 0 (0) 0 (0) - 2 (0) 0 (0)

8 1.8 - 0 (0) 0 (0) - 0 (0) 0 (0)

9 1.9 - 0 (0) 0 (0) - 0 (0) 0 (0)

10 2.0 - 0 (0) 0 (0) - 0 (01 0 (0)

5



Table 3

Nr.shell 28th April 1986 6th Nay 1986 15th Hay 1986
A B C A B C AI B C

1 155 (>>2) BÍ (11) IO (3) 141 (24) 91 (0) i lCk (0) 149 (31) 72 (7) 56 (5)
i IK». w (11) 51 (13) 42 (0) 29 (8) 72 (0) 33 (2) 33 (11) 46 (6) 34 (0)

3 21 (8) 14 (0) 10 (0! if4.U (5) 16 (2) 15 (9) 29 (6) 14 (2! 15 (17)

4 71w * (2) 18 (0) 5 (0) 37 (2) 26 (6) 12 (0) 33 (1) 47 (3) 21 (0)

5 26 (1) i (0) 7 (0) 37 (0) 68 (6) 15 (3) 28 (0) 93 (4) 26 (2)

6 - nL.À. (1! 35 (1) 64 (0) 61 (2) 68 (10) 37 (0)

7 - 7 (0) 10 (2) - 41 (0) 31 (23) 51 (9) 24 (2)

3 - 6 (0) 1 (0) - 17 (0) 6 (3) 4 (0) 8 (0>

9 - n (0) 3 (0) - 0 (0) 7 (0) 6 (0) 3 (0)

10 _ 0 (0) 0 (0) - 0 (0) 2 (0) 1 (0) 0 (0)
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Annex 8/11

THE DISTRIBUTION AND ABUNDANCE OF CORALS ALONG THE KENYA COAST.

N. M u t h i g a .

I n t r o d u c t i o n .

I n  v i e u w  o f  t h e  i m p o r t a n c e  o f  c o r a l  r e e f s  t o  t h e  l i t t o r a l  e c o l o g y  o f

a d j o i n i n g  c o a s t s ,  a  c o r a l  r e e f  p r o j e c t  w as  s t a r t e d  w i t h  t h e  f o l l o w i n g

o b j e c t i v e s .

( 1 )  To s u r v e y  t h e  S c l e r a c t i n i a  a n d  o t h e r  a n t h o z o a n s  i n  v a r i o u s  b i o t o p e s  

a l o n g  t h e  K e n y a  c o a s t .

( 2 )  To s e l e c t  s u i t a b l e  c o r a l s  f o r  g r o w t h  s t u d i e s ,  t h e  m a in  c r i t e r i a  b e i n g  

d o m in a n c e  w i t h i n  t h e  v a r i o u s  b i o t o p e s  a n d  a  m o r p h o l o g i c a l  s t r u c t u r e  

a l l o w i n g  f o r  q u i c k  a n d  e a s y  m e a s u r e m e n t  o f  g r o w t h .

M e th o d .

( 1 )  S p o t  c h e c k  m e th o d :  c o n s i s t s  o f  sw im m ing  a l o n g  a  r e e f  s l o p e  r e e f  

c r e s t  o r  r e e f  f l a t  a n d  r e c o r d i n g  a n y  new  s p e c i e s  o f  c o r a l  e n c o u n t e r e d  

a n d  t h e  b i o t o p e  a n d  d e p t h .

( 2 )  F o r  m ore  d e t a i l e d  s t u d y  o f  t h e  c o m m u n i ty  s t r u c t u r e ,  a  t r a n s e c t  l i n e  

i s  l a i d  a l o n g  o r  a c r o s s  a  z o n e  a n d  a n y  c o r a l  u n d e r l y i n g  t h i s  l i n e  i s  

m e a s u r e d  a n d  r e c o r d e d .

The f o l l o w i n g  s i t e s  w e r e  s t u d i e d :

L o c a t i o n  /  o f  s i t e s

K i u n g a  M a r i n e  N a t i o n a l  R e s e r v e  5

M a l i n d i  M a r i n e  N a t i o n a l  P a r k  4

M id a  c r e e k  2

K an am a i  2

B a m b u r i  1

N y a l i  1

T iw i  2

D i a n i  2

S h im o n i  ( K i s i t e  I s l a n d )  3

A w id e  r a n g e  o f  r e e f  t y p e s  i n c l u d i n g  m a i n l a n d  a n d  i s l a n d  f r i n g i n g  r e e f s ,  

i n t e r d i d a l  a n d  s u b m e r g e d  r e e f s  w e r e  s t u d i e d .



Results of the survey.

A t e n t a t i v e  c h e c k l i s t  w as  c o m p i l e d  ( A p p e n d ix  I )  w h ic h  i n c l u d e s  c o r a l s  

i d e n t i f i e d  i n  t h e  f i e l d ,  a n d  c o r a l s  t h a t  a r e  p a r t  o f  t h e  K . M . F . R . I .  

c o l l e c t i o n  a n d  t h e  U n i v e r s i t y  o f  N a i r o b i ,  Z o o lo g y  D e p t  c o l l e c t i o n .  The 

c o r a l s  i d e n t i f i e d  i n c l u d e s  50 g e n e r a  a n d  m ore  t h a n  1 4 4  s p e c i e s .

The K enyan c o a s t  i s  t h e r e f o r e  r e l a t i v e l y  r i c h  i n  c o r a l  s p e c i e s  c o m p a r a b l e  

t o  r e e f s  i n  t h e  S o u t h  E a s t  A s i a n  r e g i o n  w h i c h  h a v e  t h e  g r e a t e s t  a b u n d a n c e  

a n d  d i v e r s i t y  o f  h e r m a t y p i c  c o r a l s .  M o s t  o f  t h e  r e e f s  v i s i t e d  w e r e  f a i r l y  

s h a l l o w  ( 2 0  m) a n d  t h e r e f o r e  w i t h  d e e p e r  a r e a s  b e i n g  e x p l o r e d ,  m ore  

s p e c i e s  c o u l d  b e  d i s c o v e r e d .  O t h e r  c o r a l s  n o t  i n c l u d e d  i n  t h e  O r d e r  

S c l e r a c t i n i a  a l s o  o c c u r  a l o n g  t h e  K e n y a « c o a s t  i n c l u d i n g  t h e  f a m i l i e s  

T u b i p o r i d a e ,  H e l i o p o r i d a e ,  M i l l e p o r i d a e  a n d  S t y l a s t e r i d a e .  A p p e n d ix  I I  

shows the distribution of the most abundant genera along the Kenyaftcoast.
A c r o p o r a ,  P o c i l l o p o r a ,  M o n t i p o r a ,  P o r i t e s ,  F a v i t e s ,  P l a t y g y r a ,  P a v o n a  a n d  

E c h i n o p o r a  a r e  t h e  m o s t  common g e n e r a ,  w h i l e  A u r o p o r a  a n d  F a v i a  h a d  t h e  

m o s t  n u m b e r  o f  s p e c i e s .  From  t h e  s p o t  c h e c k s ,  t h e  M a l i n d i  M a r i n e  N a t i o n a l  

P a r k ,  M ida  c r e e k  a n d  S h im o n i  h a d  t h e  h i g h e s t  a b u n d a n c e  o f  g e n e r a .

F o r  m o re  d e t a i l e d  w o r k ,  t r a n s e c t s  w e r e  l a i d  a l o n g  t h e  r e e f  c r e s t ,  s l o p e  

a n d  f l a t  a t  N o r t h  r e e f  a t  t h e  M a l i n d i  M a r i n e  N a t i o n a l  P a r k  ( a s  d e s c r i b e d  

a b o v e ) .  T he  d a t a  t h a t  w as  c o l l e c t e d  w i l l  b e  i n c l u d e d  i n  a  p a p e r  f o r  

p u b l i c a t i o n  s i m i l a r  w o rk  i s  c a r r i e d  o u t  o n  o t h e r  r e e f s  i n c l u d i n g  M id a  c r e e k  

a n d  S h i m o n i .  The d a t a  c o l l e c t e d  t h u s  w i l l  g i v e  u s  a n  i d e a  o f  t h e  c o m m u n i ty  

s t r u c t u r e  o f  t h e s e  r e e f s  i n c l u d i n g  s p e c i e s  d i v e r s i t y  a n d  a b u n d a n c e .  T h i s  

d a t a  c a n  b e  u s e d  a s  a  b a s e  f o r  f u t u r e  m o n i t o r i n g  o f  t h e s e  r e e f s .

Results of Growth Studies.

S i x  c o r a l  c o l o n i e s  o f  t h e  g e n e r a  A c r o p o r a  w e r e  t a g g e d  w i t h  i n s u l a t e d  

e l e c t r i c a l  w i r e  ( 5  b r a n c h e s  e a c h )  a n d  s u b s e q u e n t  m e a s u r e m e n t s  w e r e  m ad e .

The a v e r a g e  g r o w t h  r a t e  w as  5 cm i n  s e v e n  m o n t h s .  As g r o w t h  m e a s u r e m e n t s  w e re  

n o t  t a k e n  f r e q u e n t l y ,  we c a n n o t  d e d u c e  w h e t h e r  t h e  g r o w t h  r a t e  c h a n g e s  

d u e  t o  c h a r g e s  i n  t h e  e n v i r o n m e n t  ( i . e .  c o o l e r  w a t e r ,  l e s s  s u n l i g h t ,  l o w e r  

s a l i n i t y  e t c . ) .  As M a l i n d i  i s  f a r  aw ay f r o m  t h e  M a r i n e  s t a t i o n ,  h a v i n g  a  

s t e d d y  s c h e d u l e  i s  d i f f i c u l t  t o  m a i n t a i n .  H o w ever  w i t h  t r a n s p o r t  r e a d i l y  

a v a i l a b l e ,  m ore  c o r a l s  n e e d  t o  b e  t a g g e d  on  d i f f e r e n t  p a r t s  o f  t h e  r e e f .



3.

APPENDIX I : A TENTATIVE CHECKLIST OF HERMATYPIC CORAL SPECIES FOUND 

ALONG THE KENYA COAST.

S y s t e m a t i c s :

O r d e r  SCLERACTINIA B o u r n e ,  1 9 0 0

S u b o r d e r  A s t r o c o e n i i n a V a u g h a n  & W e l l s  1943

F a m i l y  T h a m n a s t e r i i d a e W e l l s ,  1956

G en u s  P sa m m o c o ra D ana

P .  h a im g a n a M i l n e  -  E d w a rd s  & H a im e ,

P .  n i e r s t r a z i H o r s t ,  1921

P .  e x p l a n u l a t a H o r s t ,  1921

P .  c o n t i g u a E s p e r

F a m i l y  A s t r o c o e n i i d a e Koby

G e n u s  S t y l o c o e n i e l l a Yabe & S u g iy a m a ,  19 3 5

S . a r m a t a ( E h v e n b e r g ,  1 8 3 4 )

F a m i l y  P o c i l l o p o r i d a e G r a y ,  1842

G en u s  P o c i l l o p o r a L a m a r c k ,  18 1 6

P .  d a m i c o r n i s ( L i n n a e u s ,  1 7 5 8 )

P .  v e r r u c o s a ( E l l i s  & S o l a n d e r ,  1786

P . e y e d o u x i E d w a rd s  & H a im e , 18 6 0

G en u s  S e r i a t o p o r a L a m a r c k ,  18 1 6

S . h y t r i x D a n a ,  1846

S .  c a l i e n d r u m E h r e n b e r g ,  1 8 3 4

Genus Stylophora Schweigger, 1819
S .  p i s t i l l a t a E s p e r ,  17 9 7

F a m i l y  A c r o p o r i d a e V e r r i l i ,  19 0 2

G e n u s  A c r o p o r a O k en ,  18 1 5

A c r o p o r a  f o r m o s a D a n a ,  1846

A c r o p o r a  p h a r a o n i s M i l n e  -  E d w a rd s  & Haim e

A c r o p o r a  h u m i l i s D a n a ,  18 4 6

A c r o p o r a  r o t u m a n a G a r d i n e e

A c r o p o r a  s e c a l e S t u d e r ,  1 8 7 8

A c r o p o r a  f l o r i d a D a n a ,  1846

A c r o p o r a  p a l i f e r a L a m a rc k



A. g r a n u l o s a

A. clathrata
A. cuneata
A. milleDora
A. ocellata
A. hyacinthus
A. cytherea
A. hemprichi
A. aculeus
A. variabilis

G en u s  A s t r e o p o r a

A. m y r i o p h t h a l m a  

A. i n c r u s t a n s  

S u b o r d e r  F u n g i i n a  

F a m i l y  F u n g i i d a e  

G e n u s  C y c l o s e r i s  

C. c y c l o l i t h e s

C. p a t e l l i f o r m i s  

G e n u s  D i a s e r i s

D. d i s t o r t a  

G en u s  F u n g i a  

S u b g e n u s  F u n g i a

F .  ( F . ) f u n g i t e s  

S u b g e n u s  V e v r i l l o - ' f u n g i a

F .  (V) r e p a n d a

F .  (V) g r a n u l o s a

F .  (V) p l a n a  

S u b g e n u s  P l e u r a c t i s

F .  (P )  s c u t a r i a  

G en u s  H e r p o l i t h a  

H. l i m a x  

G en u s  H a l o m i t r a  

H. p h i l i p p i n e n s i s  

G en u s  Po

P .  c r u s t a c e a

M i l n e  -  E d w a rd s  & H a im e ,  18 6 0

B r o o k ,  1891

D ana

E h r e n b e r g ,  18 3 4  

K l u n z i n g e r  

D a n a ,  1846  

D a n a ,  1846  

E h r e n b e r g  

D a n a ,  1846  

K l u n z i n g e r  

B l a i n v i l l e ,  1 8 3 0  

L a m a r c k ,  18 1 6  

B e r n a r d ,  1896  

V e r r i l i , 18 6 5  

D a n a ,  1846

E d w a rd s  & H a im e ,  1849  

L a m a r c k ,  1801  

B oschm a

E d w a rd s  & H a im e ,  1849  

M i c h e l i n ,  18 4 3  

L a m a r c k ,  1801 

L a m a r c k ,  1801 

L i n n a e u s ,  17 5 8  

W e l l s ,  19 6 6  

D a n a ,  1846  

K l u n z i n g e r ,  1879  

S t u d e r

V e r r i l i ,  1 8 4 4  

L a m a rc k ,  1801 

E s c h s c h o l t z ,  1824

D a n a ,  1846  

S t u d e r

E d w a rd s  & H a im e , 1849  

P a l l a s ,  17 6 6



F a m i l y  P o r i t i d a e  

G en u s  P o r i t e s  

P .  l o b o t a  

P .  c o m p r e s s a  

P .  l u t e a  

P .  n i g r e s c e n s

P o r i t e s  ( S y n a r a e a )  c o n v e x a  

P .  s p  1 & P . s p  2 

G e n u s  G o n i o p o r a  de  

G. s t o k e s i

G. l o b o t a

G. c o lu m n a  

Genus Alveopora
A. m o r t e n s e n i  

F a m i l y  S i d e r a s t r e i d a e  

G en u s  s i d e r a s t r e a  

* S i d e r a s t r e s  s p .  

F a m i l y  A g a r i c i i d a e  

G en u s  P a v o n a

P .  f r o n d i f e r a

P . v a r i a n s

p . m a l d i v e n s i s

p . e s p l a n u l a t a

G en u s  P a c h y s e r i s  

P .  r u g o s a  

P .  s p e c i o s a  

G en u s  G a r d i n o s e r i s

G. p l a n u l a t a  

* G en u s  C o s c i n a r a e a  

C. m o n i l e  

G en u s  A g a r i c i e l l a  

A. m i n i k o i e n s i s  

G en u s  C o e l o s e r i s  

C . m a y e r i  

S u b o r d e r  F a v i i n a  

F a m i l y  F a v i i d a e  

G en u s  F a v i a

F .  s t e l l i g e r a

G r a y , 18 4 2  

L i n k ,  1807  

D a n a ,  18 4 6  

D a n a ,  1846

E d w a rd s  & H a im e ,  18 6 0

D a n a ,  18 4 6

V e r i l l

B l a i n v i l l e ,  1 8 3 0  

E d w a rd s  & H a im e ,  1851 

E d w a rd s  & H a im e , 1860  

D a n a ,  1846

Blainville
C r o s s l a n d

V a u g h a n  & W e l l s ,  1943

G r a y , 1 8 4 7  

L a m a r c k ,  1801  

L a m a rc k  

V e r v i l l ,  1 8 6 4  

G a r d i n e r ,  1 9 0 5  

L a m a r c k ,  1 8 1 6  

E d w a rd s  & H a im e ,  1849  

L a m a r c k  1801  

D a n a ,  1 8 4 6

S c h e e r  & P i l l a i ,  19 7 4  

D ana

E d w a rd s  & H a im e ,  1 8 4 8  

F o r s k a l , 17 7 5

G a r d i n e r  

V a u g h a n ,  19 1 8  

V a u g h a n ,  19 1 8  

V a u g h a n  & W e l l s ,  1943  

G r e g o r y ,  19 0 0  

O k en ,  18 1 5  

D a n a ,  1846



6.

F . l a x a  

F .  p a l l i d a  

F .  f a v u s  

F .  s p e c i o s a  

F .  m axim a 

G en u s  F a v i t e s  

F .  a b d i t a

F .  p e n t a g o n a  

G e n u s  G o n i a s t r e a

G. r e t i f o r m i s

G. a u s t r a l i e n s i s  

Genus Platygyra 
P .  d a e d a l e a  

P .  l a m e l l i n a  

G e n u s  L e p t o r i a  

L. p h r y g i a  

G en u s  O u l o p h y l l i a  

0 .  c r i s p a  

G e n u s  L e p t a s t r e a  

L . p u r p u r e a  

G e n u s  C y p h a s t r e a  

C. s e r a i l i a  

C. c h a l c i d i u m  

C. m i c r o p h t h a l m a  

Genus Echinopora 
E. l a m e l l o s a  

E .  gem m acea  

F a m i l y  T r a c h y p h y l l i d a e  

G e n u s  T r a c h y p h y l l i a  

T. g e o f f r o y i  

F a m i l y  R h i z a n g i i d a e  

G e n u s  C u l i c i a  

C. c u t i c u l a t a  

F a m i l y  O u l l i n i d a e  

G e n u s  G a l a x e a

G. c l a v u s

G. f a s c i c u l a r i s  

F a m i l y  M e r u l i n i d a e

Genus Hydnophora
H. r i g i d a

K l u n z i n g e r ,  18 7 9  

D a n a ,  1846  

F o r s k a l ,  1 7 7 5  

D a n a ,  1846

V e r o n ,  P i c h ó n  & W i j s m a n - B e s t , 1977  

L i n k ,  1807

E l l i s  & S o l a n d e r ,  1786  

E s p e r ,  17 9 4  

E d w a rd s  & H a im e ,  18 4 8  

L a m a rc k  , 1816  

E d w a rd s  & Haim e 

E h r e n b e r g ,  1834  

Ellis & Solander, 1786 
E h r e n b e r g

E d w a rd s  & H a im e ,  18 4 8  

E l l i s  & S o l a n d e r ,  17 8 6  

E d w a rd s  & H a im e ,  18 4 8  

L a m a r c k ,  18 1 6  

E d w a rd s  & H a im e ,  18 4 8  

D a n a ,  18 4 6

E d w a rd s  & H a im e ,  18 4 8  

F o r s k a l ,  1775  

F o r s k a l ,  1 7 7 5  

L a m a r c k ,  1 8 1 6  

Lamarck, 1816 
E s p e r ,  1 7 7 5  

L a m a rc k  

V e r r i l i , 1 9 0 1  

E d w a rd s  & H a im e ,  1 8 4 8  

A u d o u in ,  18 2 6  

d ' O r b i g n y

K l u n z i n g e r  

G r a y ,  1 8 4 7  

O k en ,  18 1 5  

Dana

L i n n a e u s ,  1767  

Verrili, 1866
F i s c h e r  d e  W a ld h e im ,  1807  

D a n a ,  1846



H. e x e s a

H. m i c r o c o n o s  

G enus  M e r u l i n a  

M. a m p l i a t a  

F a m i l y  M u s s i d a e

G en u s  A c a n t h a s t r e a  

A. e c h i n a t a  

G enus  L o b o p h y l l i a  

L. h e m p r i c h i i  

L. c o s t a t a  

L . h a t a i i  

G en u s  S y m p h y l l i a  

S y m p h y l l i a  s p .

F a m i l y  P e c t i n i i d a e  

G en u s  E c h i n o p h y l l i a

E . a s p e r a  

G e n u s  O x y p o ra  

0 .  i a c e r a  

G en u s  M ycedium  

M. e l e p h a n t o t u s  

G e n u s  P e c t i n i a  

P .  l a c t u c a  

S u b o r d e r  C a r y o p h y l l i i n a  

F a m i l y  C a r y o p h y l l i d a e  

G en u s  P h y s o g y r a  

P .  l i c h t e n s t e i n i  

G en u s  P l e r o g y r o  

P .  s i n u o s a  

G en u s  G y r o s m i l i a

G. i n t e r r u p t a  

S u b o r d e r  D e n d r o p h y l l i i n a  

F a m i l y  D e n d r o p h y l i i d a e  

G en u s  T u b a s t r a e a

T . c o c c i n e a  

T . d i a p h a n a  

T . m i c r a n t h a  

G enus  H e t e r o p s a m m i a

H. c o c h l e a

H. michelini
G en u s  T u r b i n a r i a  

T . p e l t a t a

Pallas, 1766
L a m a r c k ,  1816

E h r e n b e r g ,  1834

E l l i s  a n d  S o l a n d e r ,  1786

O r tm a n ,  1 8 9 0

E d w a rd s  & H a im e ,  18 4 8

D a n a ,  1846

B l a i n v i l l e ,  1 8 3 0

E h r e n b e r g ,  1 8 3 4

D ana

Y a b e ,  S u g iy a m a  & E g u c h i , 1936  

E d w a rd s  & H a im e ,  1 8 4 8

V a u g h a n  & W e l l s ,  1943  

K l u n z i n g e r ,  1879  

( E l l i s  & S o l a n d e r ,  1 7 8 8 )

S a v i l l e  -  K e n t ,  1871

V e r r i l i ,  18 6 4

O k en ,  1 8 1 5

P a l l a s ,  1766

O k en ,  1 8 1 5

P a l l a s ,  17 6 6

V a u g h a n  & W e l l s ,  1 9 4 3

G r a y ,  1847

Q u e i c h ,  1886

( M i I n e  -  E d w a rd s  a n d  H a im e ,  1 8 4 8 )  

M i l n e  -  E d w a rd s  a n d  H a im e ,  1 8 4 8

M i l n e  -  E d w a rd s  a n d  H a im e ,  1851

E h r e n b e r g ,  18 3 4

V a u g h a n  a n d  W e l l s ,  1943

G r a y ,  18 4 7

L e s s o n ,  18 3 4

E h r e n b e r g ,  18 3 4

D ana

E h r e n b e r g

E d w a rd s  & H a im e ,  1848  

S p e n g l e r ,  1781

M i l n e  -  E d w a rd s  a n d  H a im e ,  18 4 8  

O k en ,  1818  

E s p e r ,  17 9 4



T. frondens 
T. crater 
T, stellulata

Dana, 1846 
Pallas
Lamarck, 1816.



APPENDIX I I :  THE DISTRIBUTION OF CORAL GENERA ALONG THE KENYAN COAST.
S)

Kiun g a  Walindi Waida Crssk Kanaasi Baaburi Myall Tiwi Di ani Shisoni

Eenera

^saaaocora t i t t

Stylophora t t t t t

Seriatcphora t t t t t

Pocillopora t I t t t t t t

Acropora * t t t t t t t

Astreopora I t t t t

M o n t i p o r a  t I * t t 1 t t

Pavona 1 1 t t t t t

Coeloseris t 1

Pachyseris t I I I I t t

Fungia t t t t  t

Herpolitha t t t

soni opera t t t t t I

Pori tB5 t t t t t t t t

Alveopora t t t t

Favi a l l t t t t t t

:avites t t t t t t t

Platygyra t t I t t t t

Leptoria t í  I

Hydnophora t t t t t

Leptasterea t t t t

Cyphastrea t t t t t

Echinopora t t t t t t t

Lobophyllia I t  t

Mvcedi um t t t

1



Ac

T ubas t rea  î î i *

T u r b i n a r i a i t t t

ü i l l e p c r a t t 1 t t i t

A p p e n d i x  2 .



Annex 9 uysters: Kenya s 
underexploited 
food resource
IN a ««eluded creek beside 
the Indian Ocean, a marine 
biologist from Belgium 
toils in the brackish water 
and dreams of a new high- 
protein food, for AfrjeaV  
undernourished masses — 
oysters.

" T h e  s n o b  aJBteal 
attached lo oysters^VMUld 
'be destroyed,” Professor 
P h ilip  Polk. Dean of 
B io lo g y  at the Free 
University of Brussels, 
said as he worked with two 
Kenyan assistants in the 
green w ater of Caxi Creek.
S o u th  o f  M o m b a s a .  “T h e  
protein content of Oysters 
is far s'uperior td that of 
any red meat or even fish, 
and here* are oysters in
inexhaustible q u an titie s ."

Agencies

By OSEI KOFI

Polk, 'stripped to. the 
waist and burned brown 
by the fierce equatorial 
sun. said he wanted the 
w o r l d ' s  p r i v a t e  a nd  
international development 
agencies such as the 
United Nations Children 
Fund to think about oysters 
seriously "Third World 
f a m i l i e s  s h o u l d  be  
encouraged to feed their 
babies with oysteia. 
Oysters as a food are 
v e r s a t i l e  and e a s i l y

'Ttranspui table. They can be 
' dried, packed canned or ' 

mixed with other foods*, 
bp said.

Polk came to Kenya 18 
months ago to supervise 20 
Belgium-funded marine 
and aquaculture projects 
ranging from coral reef 
protection to plankton and 
algae classifications. He 
found oeysters flourishing 
wild, growing in mangrove 
outcrops in the estuaries 
and fresh water irilètathat 
dot the Kenyan coast.

T h e  l u s h  t r o p i c a l  
vegetation marking the 
shoreline where fresh and 
sea water meet has helped

create a natural reservoir 
of brackish water which is 
clogged with plankton and 
other nutrients, formiqg a 
perfect habitat for oysters, 
o t h e r  m o l l u s c s  i h d  
crustaceans, says Polk. 
"What you see here is the 
b e g i n n i n g  of  v i ab l e ,  
lucrative industry for this 
country," Polk says with
the sweep of his arms over
90,000 young oysters that 
be and Kenyan aeaistants. 
Renison Ruwa and Mi­
chael Ngoa are cultivating.

From this collection of 
wooden frames in the mud 
beside the sleepy water­
front of C a». Polk hopes to 
aea Kenya break the  
dominance of Japanese, 
F r e n c h  and S p a n i s h  
producers in the world’s 
annual 800. tonne oyster 
market.

The wild Kenyan oyster 
is about half the size of the 
European variety because 
of the Mombasa coast's 
crowded oyster colonies 
and is unsuitable for 
export. Polk is seeking to 
change this. "We trans­
plant them onto culture 
beds where each oyster has 
room to expand. They 
should grow as big as, if 
mrt- b igger , than the 
European or Japanese 
variety," he sailtat.

Tourists

his doctrate in marine 
ecology under Polk.

The cash earned with the 
first harvests would then 
be used to teach villagers 
living on the creeks and 
estuaries to create oyster 
beds which could later be 
expanded into shrimp and 
lobster fanning,.according 
to Polk.

Villages

He aims to sell his initial 
harvests to the dozens ol 
luxury tourist hotels along 
the coast where some
S00.000 affluent West 
Germans, Italians, Britons 
and Scandinavians holi­
day each year. "The hotels 
h a v e  e x p r e s s e d  keen  
interest. But we have a 
year to so before our first 
harvest, said 32-year-old 
Ruwa, who is preparing for

Polk who saya he lovei
"the sea. Dach and French 
cuisine — in that order." is 
an ardent conservationist.
He would like to see the 
young man in the villages, 
who make their living from 
collecting and selling sea 
shells to tourists, switch to 
oyster farming. "But you 
cannot urge tqg govern­
ment to ban the sale of these 
rare shells unless you have 
a more licrative alternative 
for the mostly unemployed 
school leavers," he said.

Asked if he was not 
being too ambitious Polk 
said: "In 1978 South Korea 
did not produce a single 
commercial oyster. Today 
it is the world’s fourth 
biggest producer, harve- ■ 

sting over 70,000 tonnes a 
year both for exports and 
the home market."

Polk, Relieves JSSM ianjJ 
o t h e r  A f r i c a n  s t a l e s
ven tu ring  in to  com m ercial 
oyster production would
have a big advantage 
because European oyster 
beds are being contamina­
ted by industrial waster 
and pollution. "Very soon. 
European consumers will 
d i t c h  E u r o p e a n  and  
Japanese produce for 
Africa's," he told Reuters.

Senegal is the only 
African country whicn 
produces oysters commer­
cially, harvesting about 
200 ton n es annual ly ,  
mostly culled from tne 
wild. _— Reuter.
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OYSTERS - THE ANSWER TO WORLD'S FOOD WOES

GAZI, (Kenya) : In  a  secluded 
creek  beside the  Indian  O cean ia  
m arine  biologist from  Belgium  
toils in the  brackish  w a ter and  
d re a m s  of a  new  h ig h -p ro te in  
food for A frica’s undernourished 
m asses — oysters.

“The snób appeal a ttached  to 
o y s te rs  shou ld  be destroyed ,*
s a id  P ro fe s so r  P h ilip  P o lk , Ü ean 
of B io logy  a t the F ree  U niversity  
o f B russels, a s  lie worked w ith  ; 
tWjO K en y an  a s s is ta n ts  in  th e  
g re e n  w ater of G  azi Creêk,’ south

oy ster both for export and  do- . 
m estic  consumption.

“We tran sp lan t them  onto cul­
tu re  beds w here each; oyster has— 
room . tb. e xpand í ..They shou ld  

.grow  á s  b ig  as, if  not bigger, th a n
th e  E uropean  o r Japanese  var- ’ 
iety ," h e  said.

He a im s  to  sell h is  in itia l h a rr’ - 
v e s ts  to  th e -d o z en s  of lu x u ry  
to u r is t  h o te i»  a long  th e  c o a s t ; 

' w here  som e 900,000 affluent W est
. G erm ans, Ita lians , B ritons and 

S c a n d in a v ia n s  h o lid a y  e a c h ^
oí M om basa. . ,  .

"The p ro te in  con tra t of oysters  .. "T h e  h o te ls  h avL , __
i s f  a couperio r to .that of anv  gqd vkisra In terest, B u t we h ave  a  y< 

t im e 'a rd r  ev eh íl3 h ,'an d  Í
f; oyst e rs ' In: Inexhaustible 
• ' ues.*r \ ÿ '-ï k ?

P rofessor Polk, s trlp p ed to '
'¡•'waist am}-burned brp.wh .by 
¡/ 'H o rce^ iú a tO T iiU 'S m tó s^ d íh i ,s,i w anted th e  Wbrid’s fp riv a te  and t> harye3 t3bV 0u ld* th ra__
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SUMMARY

The littoral Crassostrea cucullata occurs between 1.0.5 - 3.35 m, with 

the highest density ocçuring between 1.85 - 2.75 m above datum. Its 

distribution is size related as demonstrated by computation of correlation 

coefficients (r) and regression equations. The shell lenghts (i.e. maxi­

mum linear dimension) decreases in an upshore direction. The analyses

show high r-values which are significant at p < 0.001. The equations 
and.the r-values are as follows: (i) .for the lower level oysters between 
1 - 1.85 m: y=43.64 - 6.49 x, r = -0.659 (ii) for the mid-level oysters 

between 1.86 - 2.75 m : y = 62.67 - 17.14 x, r =-0.941 and (iii) for the
« ' \ .

high level oysters between 2.76 - 3.35«: y = 91.44 - 24.85 x, r = -0.899 

where y stands for the ræan shell length (nm) and x is the mean height (m) 

above datum. The elevation and density related effects on the shell lenghts
f

of the oysters are discussed.



INTRODUCTION

Crassostrea cucullata is a littoral oyster found on the trunks, stilt 

roots and pneumatophores of mangrove plants and rocky substrata in 

brackish-marine environments. Zoogeographically it is an Indo-West 

Pacific species (Day 1974).' The ecological studies of this species 

done in the Western Indian Ocean in Seychelles (Taylor 1968); Aldabra

(Taylor 1970); Tanzania (Hartnoll 1976); Somalia (Chelazzi and Vannini 
1980) and Kenya (Ruwa 1984) indicate that it is abundantly found in the 

upper eulittoral zone following the shore terminology of Lewis (1964) and 

Hartnoll (1976). In some cases its upper limit is known to be slightly 

(0.3 - 0.5 m) above the mean high water spring tide level, probably . 

changing with wave action (Hartnoll 1976, Chelazzi and Vannini 1980).

Various studies on vertical distribution of molluscs on the sea shores

have demonstrated that they may be size-related both interspeçifically

and intr.aspecifically (Vermeij 1972, 1973; Ruwa and Brakel 1981). 
t a

Similar quantitive studies on Crassostrea cucullata are non-existant 

to the best of our knowledge. Since this is an economically important

species which can be cultured (van Scmeren and Whitehead 1961) the fol-
/

lowing study was also geared to define the levels which support large 

sizesof oysters and where they axe found in highest densities on-the cliffs.

The tides on which the oysters depend for their filter feeding (Morton 1977) 

exhibit a large range in this portion of the Western Indian Ocean and are 

semi-diurnal. According to Brakel (1982) the average tidal ranges at



at spring tide days and neap tide days are 3.2 m and 1.0 m respecitvely.✓
The extreme high water spring (EHWS): is 4.0 m; mean high water spring 

(MHWS), 3.5 m; mean high water'neap (MHWN),. 2.4 m; mean low water neap’
f

( (MLWN) 1.4 tn; mean low water spring (MLWS), 0.3 m; and the extreme low 
water spring (ELWS), - 0.1 m.

MATERIALS AND METHODS . . , : ■

The study was carried out at Mkomani rocky cliffs, Mombasa (figure 1)
« *» *on à randomly chosen population of Crassostrea cucullata covering an 
area measuring about 4 x 2.5 m on a vertically rising cliff in March/ 
April 1985. The shell lenghts (i.e. maxrjnum linear dimension) of all 

live oysters in this population were measured using vernier callipers 

to the nearest 0.1 mm in consecutive 10 cm vertical bands gping perpen­

dicularly upwards to the base of the cliff to as far as the oysters 

were encountered. From several measurements of the tine;at which the 

water level reached the base of the cliff during the calm water around 

neap tide days, the height of the base above datum was determined ac­

cording to the Kenya Ports Authority (1985) tide.tables. This enabled
the heights of the oyster bands to be expressed above datum/' '

• • !/

i ■ . •

RESULTS

A total of 1470 oysters were measured. From these measurements a fre­
quency table for each oyster band was made at the following size inter­
vals: 1.0 - 10.9 mm; 11.0 - 20.9 mm; 21.0 - 30.9; 31.0 - 40.9 mm; 41.0 - 
50.9 mm and 51.0 - 60.9 mm, to study the changes of the modBl class from 
one level of the oyster band to the other. Frcm these data percentages

' • */4



were worked out and used for constructing the histograms (figure 2).
✓

The histograms showed that the modal class shifts left-wards, towards the
ry-axis when traced from the lowest to the highest oyster levels. !he rrpdal 

class shifted from size range 31.0 - 40.9 mm at the levels between 1.0 -

1.10 m and 1.80 - 1.90 m to size range 21.0 - 30.9 mm at the levels be­

tween 1.90 - 2.00 m and 2.20 2.30 m. It then subsequently shifted to

/11.0 - 20.9 mm at the levels between 2.30 - 2.40 m and 3.00 - 3,10 m 

and finally t o  s i z e  r a n g e  1 . 1  -  1 0 . 9  m m  a t  the l e v e l s  between 3 . 1 0  -

3.-'20 m and 3.30 - 3.40 m. '

The mean heights (elevation) of the oyster bands and the mean shell sizes 

of the oysters were computed. The mean shell sizes were then plotted 

against elevation (figure 3). The plot showed that three linear regressions 

could convtniently be fitted to describe the relationship. 'Ihe regression 

equations were calculated and fitted. The correlation coefficients (r) 

were all significant (p<0.001) and negative.

A  f u r t h e r  c o m p a r i s o n  w a s  m a d e  t o  f i n d  o u t  i f  t h e r e  . w e r e  d e n s i t y  r e l a t e d  

effects on the mean shell lenghts of the oysters with height on the. cliffs. 

To facilitate the comparisons plots of the number of oysters per band at 

each irean height or elevation were plotted along with their values of 

mean shell lenghts in figure 3. ' The:densities at.the peaks and troughs

indicated with the alphabetical letters A to J were, used for comparisons.
/

../5
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The area between 1.85 and 2.75 m above datum had the highest density 

of oysters. The comparisons showed that even for almost similar numbers 

of oysters e.g. ^and E, C and J, D and F; the samples B, C and D at 

lower levels had bigger mean shell lenghts than their counterparts.

Similarly, even for situations where e.g. D and G, F and I, H and J 

where D, F and H are lower level samples with larger numbers of. indivi­

duals than their counterparts they still showed bigger mean shell lengj^. 

These results indicate that the changes in mean shell size between the 
lower and higher level oysters are independent of their densities.

i

DISCUSSION
, i

The high negative correlation coefficients (r) significantly (p<0.001)

demonstrate that Crassostrea cucullata exhibits size related patterns

in its vertical distribution with an upshore reduction, in shell lengf̂ ;.

The results clearly show that the upshore reduction in shell leng^y
~\ ' 

is caused by the abundance of small sized oysters in the upper levels
whereas conversely, the lower levels support a larger number of rejâ̂ ftively

bigger sized oysters. A similar type of size gradient was described in

the filter feeding mussel Mytilus edulis L. populations by Newcombei(1935)

and Seed (1968). They showed that the growth rate in this mussel at lower

levels was greater than at higher levels. Thus the lower level mussels grow

. . / 6
I

\



to larger sizes than the higher lével ones. From our study we do not 

have data on growth rates and-of ages of the oysters foF comparison. 

However from the knowledge that oysters are filter feeders which depend 
on the high tides for their feeding action to take place (r-'orton 1977)

and that the duration of continuous submersion and frequency of the latter/ '
decrease in an upshore direction, the causes and consequences are the 

same as those of the equally filter feeding mussels. Hie longer duration 
and higher frequency of submersion allows the lower level oysters to

j
âcquire more food because they can feed for longer periods and consequent­

ly grow faster than their higher level counterparts.

There are demonstrations that in seme littoral bivalves density may ëffeet 

their growth rates and size (Trevallion et al 1970). In our study it 

can be notably seen that at non-successive levels the mean shell size 

is still larger for oysters in comparatively lower levels even for 

situations where the lower level samples:have larger numbers of individuals 

than the higher level samples. Ihe difference.in size between the lower 

and higher level oysters may therefore principally be due to the differen­

ces in the duration and frequency of feeding periods, rather than their 

differences in densities. ,
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INTRODUCTION

The distribution of mangroves in the tropics is linked 
with the presence of estuaries and creeks (Maenae 1968, 
Barth 1982). There is a consensus that river discharges ■ 
into the oceans cause the brackish water micro-environ­
ment which is the key factor for development of mangroves 
and that in sheltered conditions they form luxuriant 
forests (Maenae 1968, Barth 1982, Joshi und Boshale 1982 j 
Saedaker 19 82).

, /
t

In Kenya a similar pattern(.- figure 1) exists but with 
some specific differences. We observe that there are 
no mangrove trees in the estuary of River Sabaki despite 
th<p fact that it is a permanent river. Secondly the bulk 
of the mangrove forest cover occurs in creeks and estuaries 
of seasonal rivers (Boute jet jal I98I). We additionally 
see mangroves growing at places without any r i v e r  inputs 
such as:

I
a) in front of rocky cliffs where there is heavy wave 

action e.g. Kanamai; ' /
b) in the sheltered inlets of the sea whose ambient water 

salinities are oceanic i.e. 35%o, eg. Mida.
c) in a sheltered site behind the high -rocky cliffs at 

Bamburi where some mangroves are thriving success­
fully.
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These niches occupied by some of the mangroves in Kenya 
appear to be exceptional <t first sight. As these ex­
ceptions are most interesting we set forth to study the 
micro-environments of:
a) the Ione mangrove of Kanamai;
b) the estuarine system of Gazi mangrove swamp;

c )  t h e  M i d a  c r e e k  m a n g r o v e  e c o s y s t e m  w i t h  a n  a i m  o f
\

explaining the observed local distribution patterns 
of the mangroves in Kenya.

METHOD AND RESULTS

The site where the Ione mangrove Sonneratia alba J. Sm. 
at Kanamai is thriving remains wet throughout the low 
tide period. Carefull observations on the micro-en­
vironment under the mangrove reveals small trickles 
of water coming out from the underground. The salini­
ties at these discharge points including those of neigh- 
bourhing pools in the vicinity of the mangrove tree 
were measured using a refractometer. The^y were measured 
during ebb tide'' and at high tide on a sunny day. The 
salinities at high tide were constantly 35%o i.e. fully 
oceanic salinity. The results of the measurements

Iduring ebb tide are as shown in figure 2. Other salinity 
measurements were carried out at the Maftaha Gazi Bay,

• .  • /  3
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Gazi mangrove biotope (figure 3)« Almost all the water \ 
in the bay is replaced in each daily tidal cycle. There 
are two seasonal rivers discharging into this bay namely, 
Mkurumuji and Kidogoweni. During the dry season (January 
to April) they are almost non-existent but they discharge 
heavily during the rainy season in May/and June. The sali­
nities were taken on a sui>ny day during the daytime low 
tide at areas 1, 2, 3, 4, 5 and 6 (see Table 1 and figure 
3)., At site 2 (figure 3) three seepage points were de—

' tected during low tide. These had the following sali­
nities: 16, 18 and 20%o. At high tide the salinities 
in the bay were 33 -» 35%o. Further salinity measurements 
were carried out at the Mida mangrove biotope. The sali­
nities were measured during low tide, in the daytime on 

/ * •

a sunny day. The salinities at various seepage points 
were 29, 30, 31 and 32%o. Almost all the water in this 
creek is also replaced i n  each d a i l y  t i d a l  c y c l e .

DISCUSSIONS AND CONCLUSIONS

^ t
Seepage of underground water into the sea is very common 
in the lower eulittoral zone:

a) at the bases of high rising rocky cliffs e.g. Kanamai, 
Mtwapa, Bamburi, Mombasa Island, Tiwi, Msambweni etc.

\ i
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b) on beaches e.g. Kanamai^ Tiwi etc.
c) in creeks e.g. Gazi, Mida etc.

Although Isaac and Isaac (1968) .and Knutzen and Jasuund 
(1979) mentioned about the seepage in Kenya they neither 
measured the salinities of the seepages nor did they study 
their consequences to the marine life.

From our data on salinities it is clear that seepages of
j

underground water to the seashore change the micro-en­
vironmental conditions from oceanic to -brackish water, 
creating suitable micro—habitats for colonization by 
mangrove seedlings and therefore offer suitable habitats 
for mangrove development. Itulits (1984) flow model for 
underground water flow in the Athi and Tana River basin 
indicates that the Mida area is one of the places exhi­
biting highest flow rates into the sea. The latter may 
explain the existence of a big mangrove forest at Mida 
without any river discharging into it. This seepage 
phenomenon was overlooked by Isaac and Isaac (1968) when
describing the distribution of mangroves in Kenya.

\

The role of seepage in the mangrove colonization and 
development was reported by Maenae and Kalk (1962a, b) 
after observing that on the riverless Inhaca Island s 
(Mozambique) mangrove forests were growing in areas 
without river discharge and were 30 km away from the
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nearest river input on the mainland. At the sites of 
these mangroves there was flow of underground water into 
the intertidal zone. This underground -uter was fresh 
water because wells dug near the mangrove forest areas 
were yielding portable freshwater. This seepage was 
therefore evidently responsible for creating a brackish 
environment which allowed colonization by m a n g r o v e s ,  ,

Similarly at the Kenya'coast boreholes near mangrove
»

forests give portable fresh water. In a semiarid zone 
' like the Kenya coastal zone the presence of underground 
portable water near mangrove forests seems to explain 
why major villages and boreholes are concentrated around 
these biotopes. Indeed, in view of the information avail­
able we can even say that the mangroves are indicating 
where underground watpr is released into the sea and that 
seepage is playing an important role in the distribution 
of mangroves in this semi-arid Kenya coast.
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TABLE 1 : Salinity of isolated pools at Gazi mangrove
biotope on a sunny day during low tide on 
15/7/85. n — number of measurements at 
different points.

SITE SALINITY %o

1. River discharge area

2. Pool

27 28 29
n=2 n=3 n=2

I
27 28 29
n=l n=4 n=2

3. Pool 27 28 29

n=3 n=4 n=2

4. Pool 28 29 30 31 32 33
n=l n—3 n=3 n=2 n=l n=l

5 .  P o o l 30 3 1  32 33
n=l n=2 n—12 n=l

6. Pool 30 31 32 33
n=2 n=6 n=l n—1
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THE BIOLOGY OP MARINE COPEPODS IN KENYAN WATERS.

!• Planktonic copepods from coastal and inshore 
waters of Tudor Creek, Mombasa.

E. N. ökemwa, Kenya Marine and Fisheries Research 
Institute, Mombasa, Kenya.

N. Revis, Pree University of Brussels, Faculty 
of Science, Laboratory of Ecology,
Brussels, Belgium.

S U M M A R Y

Fifty two free swimming planktonic copepod species were identified from the 
samples collected from three stations in ■pudor Creek. This appears to be the 
first systematic account of copepods reported from the Coastal and inshore waters 
of Kenya.

INTRODUCTION
Zooplankton is a source of food for many fish species which themselves serve as 
a basis for the artisanal fishery well-known in East Africa. To understand the 
secondary and tertiary productivity, it is desirable that the systematica of the 
Zooplankton is known. As copepoda are quantitatively the most important group, 
research on this taxon is particularly significa^. Although much work has been 
done in South Africa and in the Red sea, the copepod fauna of East Africa is not 
well known, except for the work of sewell (1929,1932,1947, & 1948), and Smith 
and Lane (1981), who worked in the Western Indian Ocean, but did not include 
creek waters. Wickstead (1965 & 1968) published work on tropical plankton, and 
Okera (1974) examined the zooplankton of the inshore waters of Tanzania.

Reay and Kimaro (1984) wrote the first paper on zooplankton from Tudor Creek.
This study demonstrated the possibility of seasonal, lunar and tidal influences 
on the abundance and composition of zooplankton at the mouth of Tudor Creek.
Apaid from that no attempt has been made to study the'Haxine copepod fauna in 
Kenya. The taxonomy of the free -swimming copepods of Kenya will also contribute 
to the knowledge of the moogeography of this group.
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STUDY AREA

The Coastline of East Africa alternates between fringing reef and. tidal 
mangrove creeks. Tudor Creek is a tidal Mangrove estuary located at short 
distance East of Mombasa Port (Fig.l). The three stations were chosen, to 
represent creek mouth, creek channel and inner creek waters.

Tidal exchange in Tudor Creek is considerable ani a tidal range of 4.0 m was
recorded during a spring tide at Mombasa Port (Brakel, 1982). The residence
time for water in the estuary is not yet known.

The temperature range during the period of study was greatest in the upper
estuary and varied between 30.0 °C in December I984 and 29*5 °C in March I985 
at station 3 (Figure 2). In the middle region the water temperature varied 
between 29*5 °C in December I984 and 29*0 °C in March I985. In the mouth of the 
estuary temperatures varied between 29.0 °c and 28.0 °C. Depth at station 1 was 
40m! and decreased gradually to 5m in station 3. Turbidity (measured as secchi 
depth) decreased from station 1 to station 3»

Salinities recorded at station 1 were consistently high and did not drop below 
35 parts per thousand (Figure 2). In the ypper estuary and middle channel 
salinities were also high and varied between 34*5 and 30.C parts per thousand.
All this period rainfall was below average.

METHODS AND MATERIALS
The samples were obtained using a Bongo net fitted with a flow meter towed at 
4.0m S"1 for 15 minutes from a research vessel with a 210 hp diesel powered engine 
The Bongo towing frame was fitted with two cylindrical - conical nets (Mesh 
diameter 335 m and 5°° m)> each 0.6m in diameter, connected by a central yoke to 
which the towing wire is attached. All the tows were horizontal to the surface 
and samples were taken at a mean depth of 1.4m«
The sample was immediately stored in a 5$ formaline solution. Samples from 335 m 
net were analysed. Samples were taken only during day time, twice a month, betwee: 
neap and spring tides. The work reported here began in December I984 and goes 
till March I985} the project is still in progress.

• « . / 3
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LABORATORY METHODS

Preparation for analysis involved passing the sample through a 42 m mesh sieve 
and placing the residue in the petri dishes. The sub-samples were then sorted 
out under a binocular microscope and copepods were put separately in the petri 
dishes.

To identify the copepods to species level, it is necessary to dissect the animal 
and drav: the antennae, antennules, mouth parts, thoracopods and furca. The kevs 
and reference books by Giesbrecht (1892), sars (19OI), sewell (1929,1932,1947 & 
I948), Rose (1933), Bradford (1972), Owre and Foyo (1967)» Frost and FLeminger 
(1968), and Fleminger (1973)  w e r e  used.

RESULTS AIÎD DISCUSSION

A total of 96 net tows was taken during the study period, of this number 8 hauls 
were made each mcnth at each station. The Zooplankton is rich and abundant in the 
Creek. Copepods were dominant and present in all stations sampled (Table l).
Prom all stations, 52 species were identified. Forty one spedies were found at 
station 1, and 30 of those were specific for this station. In station g, 20 specie 
were found of which 7 were specific. In station 3 there were only 5 species found, 
of which 2 were specific for this station and this supports the gradient hypothesis 
Apparently, there exists a gradient in diversity and each station has a more 
or less characteristic C o p e p o d  -  f a u n a .  S p e c i e s  d i v e r s i t y  i s  d i r e c t l y  r e l a t e d  to 
the number of species unique to the station. A number of species was represented 
by only one individual so it is possible that such species were present, but 
undetected at another station*
Information on the abiotic environment from the series of stations in Tudor Creek 
is given in figure 2. These demonstrated increasing temperature and turbidity, 
and decreasing water depth from the mouth to the uppermost stations of the creek, 
with salinity remaining more or less constant.

Throughout the study period (December, 1984 - March, I985) temperature fluctuation 
of almost 3 °C can be associated with a gradient of decreasing depth and the 
relative movement of 'Creek* and 'Coastal* waters in relation to the tides.

. . . * /4



-4-

The implication is that the abiotic characteristics at any of the three 
stations in the system is faced with a complex state of flux in relation to 
tidal movement» Therefore, depending on the extent to which copepods are 
affected by the variations in abiotic factors observed, then this state of flux
is also likely to apply to their diversity and abundance. An ecological gradien 
observed in Tudor Creek can be related to the observed gradients of increasing 
temperature decreasing depth and turbidity from the mouth inwards. It is i 
interesting to observe that the diversity was high in station 1 and low in 
station33.

In inshore waters of Dar-es-salaam in Tanzania, South East Africa, Ckera (1974) 
observed Rhincalanus cornutus, Acartia danae, Centropages gracilis and Temora 
discaudata. Apparently there is higher diversity in Mombasa water than in 
Tanzania waters. This may be attributed to the productivity of the area. Rythe 
et all (1966) mapped the Western Indian Ocean and showed Mombasa to have a 
productivity of more than 1.00 g C/mü/day in contrast to Dar-es-salaam at 0.26- 
O.5O g c/m2/day. Since we don't have enough data on abiotic parameters, it is 
difficult to conclude precisely. Plankton distribution can vary greatly over 
very small distances: it has a very "patchy" distribution. Their distribution 
varies considerably with depth and time.

S m ith  and L an e  (1981) r e p o r t e d  t h e  o c c u r r e n c e  and distribution of Paracalanus
aculeatus, Acartia danae, clausocalanus farrani. Centropages furcatus. Scolecithr 
danae, Canthocalanus, Pleuromamma piseki. Pleuromamma indica, Rhincalanus cornuta: 
and Macro-setella gracilis in offshore waters of Somalia in the Indian Ocean. Tb 
Copepod faoina at station 1 can be regarded as Oceanic as defined hy faith & Lane 
(1981), and Sewell (l947)& 1948).

The species fooind by faith and Lane (1981) and Ckera (1974) were found in our 
samples.

. . . / 5
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Table 1» Classified ligt of copepod species and their occurrence in three statio- 
of TuJor Creek» Mombasa»

Station
1

CALANOIDA
Fam. Calanidae Dana 1853
Canthocalanue pauper (Giesbrecht 1888)
Undinula vulgorie (Dana I849)
Fam. Eucalanidae Giesbrecht I892 
Eucalanus spp.
Rhincalanus cornutus (Dana I849)
Fam. Paracalanidae Giesbrecht I892 

Acrocalanus Longicornis Giesbrecht I888 

Paracalanus aculeatus Giesbrecht I892 

Fan. Pseudocalinidae Sars I9O2 
Clausocalanus farrani S*v:ell 1929 
Fan. Euchaetidae Sars I9O2 
Euchaeta marina (Prestandra 1533) 
Euchaeta pubera Sars I9O7 
Euchaeta tenuis Esterly 1906 

Farn. Scolecithricidae Sars I9O2 
Scolecithrix danae (Lubbock 1856)
Fam. Temoridae Sars I9O2 
Temora discaudata Giesbrecht I888 
Temora stylifera Dana I849 
Temora turbinata Dana I849 
Fam. Metriidae Sars I902 
Pleuromamma indica Wolfenden 1905 
Pleuromamma piseki Farran I929 
Fam. Centropagidae Giesbrecht I892 
Centropages brachiatus Dana I849 
Centropages furcatus Dana I849 
Centropages gracilis Dana I849 
Centropages orsinii Giesbrecht I892 
Fam. Lucicutiidae Sars 1902 
Lucicutia flavicornis (Claus I863)
Fam. Candaciidae Giesbrecht I892 

Candacia bispinosa Claus I863 
Candacia catula Giesbrecht I892

Station
2

Station
3

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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Candacia longimana Claus I863 
Candacia magna Sewell 1Ç12 
Candacia pachydactyla Dana I848 
Candacia simplex Giesbrecht I892 
Fam. Pontellidae Sars I9O2 
Calanopia elliptica Dana I849 
Labidocera acuta Giesbrecht I892 
Labidocera kroyeri Brady I883 
Labidocera detruncatum Dana I914 
Labidocera minuta Giesbreaht I892 
Pontellina plumata Dana I849
Pontellopsis herdmani Thompson & Scott I9O3
Pan. Acartia Sars I903
Acartia danae Giesbrecht I889
Acartia bispinosa Carl I907
Pam. Tortanidae ’Sars I9O2
Tortanus barbatus (Brady I883

Station 1 Station 2 Station
X

X

X

X

X

X

X

X

X

X

X

POECILOSTOMATOIDA

Fam. Corycaeidae Claus I863

Corycaeus spp.
Pam. Oncaeidae Giesbrecht 1892 
O n c a e a  m e d i t e r r a n e a  C l a u s  I 863
Oncaea venusta Philippi I843 
Fam. Sapphirinidae Thoreil I859 
Copilia mirabilis Dana I849
Copilia quadrata Dana I849 
Sapphirina auritens Claus I863- sinuicauda

Brady I883 
Sapphirina nigromaculata Claus I863 
Sapphirina ovatolanceolata Dana l849~gemma

Dana I849 
Fam. Clausidiidae Bnbleton 19OI 
Saphirella tropica Wolfenden 19^5

X

X

X

X

X

X

X

X

• ••/7
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CYCLOPOIDA

Fam. Oithonidae Sars 1913
Oithona plumifera Baird I843 x
Oithona setigera Dana I849 x

HARPACTICOIDA

Fam. Ectinosomatidae Moore I878
Microsetella rosea Dana I849 x
Fam. Miraeidae Dana I846
Macrosetella gracilis Dana 1849 x
Fam. Tachidiidae Sars I9O9

Euterpina acutifrons (Dana I849) x
Fam. Harpacticidae Dana I&46
Harpacticella spp. x

MONSTRILLOIDA

Fam. Monstrillidae Sars I91I x
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Abstract. A study of the burrowing sea urchin Echinometra 

mathaei, on a coral reef lagoon adjacent to a heavily 

populated tourist beach, showed a five fold increase in the 

urchins' biomass over 15 years. A comparison with a lesser 

exploited reef lagoon, showed that the more exploited reef had 

10 times fewer fish, less coral cover and a lower biomass of 

two species of sea urchin from the genus Diadema. A niche 

study of these three species of sea urchin indicates that they 

may be ecologically separated by their predator avoidance 

strategies. As an explanation of the changes occuring on the 

exploited fringing reef lagoon, we suggest the hypothesis that 

in the absence of predators, Echinometra mathaei populations 

increase and outcompete other sea urchin grazers because of 

their abiltiy to feed closer to the reef substrate (due to 

their burrowing ability). Unrestricted by predators, their 

feeding behavior allows them to eat living coral and breakdown 

reef substratum. This eventually leads to a loss of live coral 

cover, topographic complexity, species diversity, biomass and 

ultimately the productivity of the reefs.
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There is a concern in tropical areas of the world that 

overfishing and shelling may be causing a subsequent increase 

in sea urchin populations (Hay, 1984). This in turn may cause 

an increase in biodégradation of coral reef substrate and a 

loss of habitat and coastal protection (Glynn et al., 1979). 

From these premises we studied the community structure of 

Kenyan fringing reefs in order to determine changes that occur 

due to exploitation.

Studies of the burrowing sea urchin Echinometra mathaei ^ e  

Blanville) were repeated after fifteen years on a fringing 

reef at Diani, Kenya. Diani is the most heavily populated 

tourist beach in East Africa. A large influx of tourists have 

used this beach for over twenty years and fishing and shelling 

rates have undoubtedly been high in order to supply the 

tourist industry. As a comparison, a similiar study was 

undertaken on a less exploited reef of similiar structure at 

Kanamai, Kenya. Measurements at both sites, on the outer reef 

edge and inner reef lagoon, included sea urchin sizes, 

densities (numbers per meter squared), biomass, percent live 

coral cover and fish population measurements. Studies of 

sediment in the gut and sediment defecation rates of E.. 

mathaei were also undertaken. Additionally, a study of the 

major sea urchin species inhabiting hard substrate at Kanamai

3



( D i_ade ma setosum < Le ske ) , D]_ade ma savignii, (Michelin), E. 

mathaei) was undertaken to determine if predation affected 

their niche separation.

A comparison of the Ê _ mathaei population at Diani showed 

large increases in the density, size and biomass on the inner 

reef lagoon but not on the outer reef edge where mean sizes 

and biomass were actually lower than fifteen years previously 

(Table 1, 2). Comparing these observations with the E_¡. mathaei 
population at Kanamai we found densities and sizes were also 

lower in the Kanamai inner reef lagoon additionally a large 

part of the urchin biomass was contributed by the two other 

Diadema species. On the outer reef edge, E_¡_ mathaei densities 

and biomass were lower than at Diani but there were also 

significant differences between transects on the outer reef at 

both sites unlike the inner reef lagoons. Therefore, the 

differences on the outer reef (between 1970 and 1985) may be 

due to sampling differences rather than actual changes. The 

fish catch per unit effort was similiar on the two outer reef 

sites (Kanamai and Diani) which suggests that overfishing has 

not occured on the outer reefs. In the inner reef lagoon the 

fish density is an order of magnitude higher at Kanamai than 

at Diani. The general conclusion of this study is that the 

outer reef has not been subjected to overfishing and shelling 

as much as the inner reef lagoon, and E_j_ mathae i population 

levels reflect this exploitation.
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The sea urchin niche study lends further insight into the 
mechanisms of these observed changes. The three main species 
of sea urchin, which inhabit the hard substrate, are all 
omnivores eating a variety of algae, coral, invertebrates and 
other organisms associated with hard substrate (Herring, 1972; 
Lawrence, 1975). Therefore, we suggest that these species are 
ecologically separated by their predator avoidance strategies 
(Table 3). setosum has long poisonous spines and lives in
groups. Both are strategies which allow it to live in the 
open and avoid predation. On the other extreme E_. mathaei is 
solitary, has short spines and lives in burrows, which in the 
inner lagoon may be created in order to escape predation. D. 
sav^gn^i Has an intermediate strategy. It lives in smaller 
groups, has intermediate length poisonous spines and lives in 
naturally occuring crevices. This niche separation normally 
occurs in coral reefs where predation is an active influence 
on the reef community.

Our s u g g e s t e d  h y p o t h e s i s ,  t o  e x p l a i n  th e  c h a n g e s  t h a t  have 
occured in Diani, is that once predators are removed from the 
inner reef lagoon, by overfishing and shelling, the sea
urchins can directly compete with each other for food. Most 
importantly Ê . mathaei, can live outside of burrows and
directly compete with the other two species of Di.ade.ma. We

expect that the winner of this competition is the species
which can feed closest to the substrate. E.. mathaei, has a
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strategy of feeding close to the substrate and ingesting large 
quantities of sediment. This allows it to create and live in 
burrows. We observe in the Diani inner reef lagoon that E^ 
mathae_i no longer inhabits burrows and feeds freely in the 
open. As well, the densities of Diadema were below the
sampling intensity suggesting that they may have been
outcompeted.

The major e n v i r o n m e n t a l  problem a r i s i n g  from t h i s  change in

community structure is that once JB§thaej[ is no longer
restricted by predators it feeds freely on living coral and
breaks down the reef substratum. Reducing the amount of living
coral reduces calcium carbonate deposition, and reducing reef
substratum reduces topographic complexity, which in turn
reduces the total number of available niches, and therefore
species diversity, biomass and reef productivity (Levin &
Choat, 1980; Talbot, 1965). From gut analysis and defecation
rate studies we find that the rate of sediment defecation and
s e d im e n t  in the  g u t  c o n t e n t  i s  p r o p o r t i o n a l  to  th e  w e ig h t  o f

the urchin (gut sediment in grams = 0.16 + 0.015wet weight of
urchin in grams, r=0.73, n= 28; sediment defecation in grams =
0.27 + 0.12wet weight of urchin, r=0.50, n=32>. Therefore, we
suggest that the rate of substrate degradation is proportional
to the biomass of mathaei,. Measurements indicate that on
D i a n i ’s inner reef the substrate degradation rate may be as

2
high as 3.6 kg/m /yr. Since coral cover is low, it is
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impossible for this substrate and structure loss to be
replaced. Even if management strategies were implemented, it
would take many years before the ecosystem could return to one
of high topographic complexity, species diversity and 
productivity. Presently, the Diani reef lagoon has been 
reduced to a simple ecosystem in which the major form of 
primary productivity is algae, growing on the hard substrate, 
and secondary productivity is in the form of E. m a t h a e i ,  

presently a species of no commercial value to man. The p r e s e n t  

standing crop of 5340 kg/ha (wet weight, shell included) is an 
order of magnitude higher than the most productive rangelands 
in East Africa (Pratt & Gwynne, 1977). Through proper 
management a larger percentage of this biomass could be in a
form utilizable by man.

Good news from the human environmental perspective is that 
IL mathaei populations have not increased on the outer 
fringing reef edge. The reason may be that the outer reef edge 
has not been overfished and shelled to the same extent as the 
inner reef lagoon, or that the rough physical conditions in 
this area limit mathae_i as well as man's ability to fish
and shell. Ecological release of E^ mathaei this area could 
be highly detrimental since the outer reef is the physical 
barrier which protects the shore from erosion caused by waves, 
tides and currents. It is critical for future coastal 
management to determine the factors controlling E.. mathaei, in
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this area. As well, it will be necessary to determine whether 
gastropod or fish predators are more important in controlling 
üi mathae i_ populations. As E.. mathaei is a common sea urchin 
species throughout the Indo-Pac ific, we suggest that the 
scenario presented in this paper may be common in many Indo- 
Pacific areas where overfishing and shelling occur.
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Table 1. Data on Echinometra mathaei population structure and 
community structure on the inner fringing reef lagoons at 
Diani, Kenya 1971 and 1985, and Kanamai 1985.

1

Echinometra mathaei 
2

Density, #/m 

Diameter, mm
2

Biomass, g/m 

Burrowed, \
2

Diadema sp., g/m 
Coral cover, %

Kanamai 1985

1.2 + 2.0 

37.1 + 8.0 
33
74.7 + 32.8 
54.4
5.5 + 13.6

Diani 1970

5.3 
32 .7 
1 1 0

Fish density, #/100m 69.8 + 27.0

Diani 1985

14.2 + 15.8**
2

40.8 + 7.4 
534
7.3 +, 7.2*** 
undetected

<1 3

7.5 + 4.7***

1 Data from Khamala <1971)
2 Diani 1970 is significantly smaller (p<0.01) than in 1985 
and smaller than Kanamai, but Diani 1985 is not significantly 
different from Kanamai 1985.
3 Live coral cover was so low at Diani in 1985 that it was 
difficult to measure accurately but was usually one percent or 
less in the quadrats.
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Table 2. Community structure data and Echinometra mathaei 
population data from the outer fringing reef at Diani 1970,
1985, and Kanamai 1985.

Kanamai 1985 D ian i
1

1970 Diani 1985
Echin ome tra mathaei 

2
Density, #/m 0.5 + 1.3 2 . 6 1.7 + 1.0*

2
Diameter, mm 

2
42.5 + 7.1 43.7 31.2 + 6.72

Biomass, g/m 20. 1 1 16 31. 1
Burrowed, % 100 - 1 0 0

3
Coral cover 3.S + 8.4 < 1
Fish
Catch/effort, kg/hr 1.46 + 0.55 1.73 + 0.7 NS

1 Data from Khamala (1971)
2 Diani 1985 is significantly smaller (p<0.01) than both 

Kanamai 1985 and Diani 1970.
3 Coral cover was so low at Diani that it was difficult to 

accurately measure but was usually one percent or lower.



Table 3. Niche separation s t u d y  d a t a  for the  t h r e e  Major 
species of sea urchin i n h a b i t i n g  hard s u b s t r a t e  a t  Kanamai.

Spine length, cm
Crevice or 
burrow width, cm
In Crevices or 
burrows, \
Group size
In g r o u p s ,  %

1 Those individuals in areas with no crevices or  c r e v i c e s  

greater than 30 cm wide were considered in the open b u t  30 cm 

was used in calculating the averages.

Qi setosum
15.6 + 2.9

28.4 ̂  4.6

12.7
3.0 + 2.1 
78

Qi savignyi 
1 1 . 3 +  2 . 2

19.8 + 11.4

51
1.4 + 0.8 
22

E_j_ m a th a e i  

2.0 + 0.2**

8 . 8  +  9 . 6 * *

80
1.0 + 0 .0** 
0
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ANNEX 14

POPULATION CHANCEO OF A 3EA URCHIN <Echinometra mathaei) ON AM 

EXPLOITED FRINGING REEF.

N . A . M u t Is i ga an à T . I’. Mc C1 an a 'nan

Kenya Marine and Fisheries Research Institute, P.O. Box 

S i GOI, Mombasa, Kenya

Friends World College, East African Centre, P.O. Box 526, 

Machakos, Ken y a

Summary
A  comparison of Echinometra mathaei densities and sizes was
undertaken on an inner reef lagoon and an outer reef edge on a
densely populated tourist beach at D ian i, Kenya. FL mathaei 
densities and average lengths were s ignif icantly higher (t- 

test, p < 0.001) in the inner reef lagoon (density = 14.2 +»a
1.7 /?/,rn , n ~ 90; lengths -- 40.8 + 0.6 mm, n ~ 144) than on
the outer reef edge (density = 1.7 + 0.13 #/m , n = 60;
lengths - 31.2 + 0.8 mm, n - 68) . A comparison w 1 th density

and length data coi looted 15 years p re viously  (Kh a mala, 1971)

showed increases in the numbers and average lengths (t-test; p
< 0.05) in the inner reef and a decrease in the average

lengths (t-test; p <0.05) on the outer reef edge. Using a

correlation of the length and average weight of individual
2.64

urchins ( weight = 0.002 i length , r = 0.96, n = 144) andO
¿A

the average length and density me sure ments í#/m ), an increase
n o4J d

of 42 4 g/m on the inner reef and a decrease of 81 g/m on the



outer reef edge was found over the past 10 years. Quantities 
of sediment found in the gut contents of the sea urchins 

< 69.51s by weight) wore positively correlated with the weight 

of the sea urchins <F = 67.5, p < 0.001, r = 0.73) which

suggests that reef substrate degradation rates are 

proportional to the urchin biomass. Therefore, we suggest that 
there tias beer, an increase in reef substrate degradation rates 

on the inner reef lagoon but not on the outer reef edge.

The distribution of Eh na thae _i on the inner reef was 
positively correlated (F ~ 82.2, p < 0.001, r = 0.69) with the 

percent hard substrate (dead coral and coral rubble) but not 

on the outer reef, where the availability of shelter appears 
to be of greater importance. We suggest that the population 

increase in the inner reef is due to ecological release of EL 
mat ha e j. from competitors and predators due to increased 

fishing and shelling activities. On the outer reef the 
stressful physical environment may limit both the sea urchin 

populations and man's ability to fish and shell.

Sea urchins have a variable role in the coral reef community. 
As grazers of benth i c algae the y reduce algal cover and break 
down reef substratum which creates topographic complexity and 
can enhance coral recruitment (Birkeland A Randall, 1981; 
Sammarae, Lev inion f< Ogden, 1974; Dart, 1972). However, some



species of sea urchin feed on living coral and therefore 

reduce coral survival and calcium carbonate deposition (Glynn, 

Wellington & Birkeland, 1979; Bak & van Eys, 1975; Lawrence,
1975). Hay (1904) 'nas shown that in Carr ibbean coral reefs the
prevalence of sea urchins is proportional to the degree of 
fishing. From this premise we studied the population changes 

o f Echinometra ma thoe i, (De Blainville) ove r the last f i i t e e n 

years in Diani Beach, Kenya which is the most heavily 

populated tourist beach in East Africa. EL ms thachi 'was

previously studied at Diani by Khamala (¡971) and in Zanzibar

by Herring (1972). From these studies it has been determined 
that EL mathae_i is an omnivorous burrowing sea urchin which 
feeds mostly on fleshy benthic algae but also on other 

invertebrates, including corals, inhabiting the coral reef 
benthos.

Methods

The size distribution, population density and factors 

affecting the distribution of E. mat ha c.! were studied along 
three transects (300 meters each) within the inner reef lagoon 

and four transects (150 meters each) on the outer reef edge 

at the same study site as Khamala (1971). One meter quadrats 

were established at 10 meter intervals within the inner reef 

lagoon and at 5 meter intervals on the outer reef edge. The 
number of E^ ma t_hap.jL were counted and the percent cover of



coral, hard substrate (dead coral and coral rubble), and
se agi'ass was estimated. Random collections of Ê _ roa fetia.« j were 
made within the two locations, the shortest and longest test 

axes and wet weights of those urchins were measured. A length 

weight relationship was established for individual urchins.
O
t j

This combined with the urchin density (#/m ) and the average 
length of the urchins, at each time and site, was used to

estimate and compare biomass changes. All measurements of 
v a r i a n c e a r e s t a n d a r d errors of t h e m »? a n .

The quantity of sediment in the gut of EL mathaei was
determined by dissecting the gut contents, drying, weighing,
treating with a 10% hypochlorite solution (to dissolve off the 

organic matter) and then drying and weighing again.

Results
2

The average density (tf/m ) of EL HsiJihciai. within the three
2

inner r e e f  t r a n s e c t s  was 1 4 . i + 1.7 i n d i v i d u a l s / m  (a = SO)
and did not differ significantly between transects (12.1 ±

1 . 3 ,  18.1 + 2.1, 12.3 1.5; A N O V A ,  F = 1.4). Densities of
2,87 2

EL mathaej, on the outer reef (1.7 + 0.13 ind i v idual s/m , a =
60) were significantly lower (t-test; p < 0.001) than on the

inner reef. However, there was also a significant difference
in the densities between transects within the outer reef (2.S

+ 0.35, 1.3 + 0.23, 1.5 + 0.22, 0.8 ± 0.23; ANOVA, F
3, 56

2.99, p < 0.05). The densities within the inner reef lagoon



were nearly three times higher than those found in the 1970
¿A

study <5.3 individuals/m ) but were comparable on the outer
2

reef edge (2.6 i nu i v i dua1 s /m ).

A comparison of the distribution of L  math a o i, along the
inner reef transects shows that the difference in densities is
due to a large increase of L  nat_haej_ in the inner reef lagoon

(middle and seaward positions, Fig. 1). This difference is

a t t r i b u t e d  to the d i s t r i b u t i o n  of hard substrate (Fig. 2)

which correlated significantly (r = 0.69, F = 82.2, p < 0.001,

n = 90) witti the densities of Eh mathaej. on the inner reef but
not on the outer reef (Fig. 3).

The density of live coral cover was low on both the inner
and outer reefs << 1?¿).

The average size of the sea urchin tests (short + long

axis/2) were significantly smaller (t-test, p < C.001) on the

outer reef (3Í.2 + 0.81 mm, n = 63) than on the inner reef

(40.9 + 0.62 mm, n = 144). T his is the r e v e r s e  of the 1971
study in which the outer reef urchins were significantly

larger (43.7mm) than the inner reef urchins (32.7mm). A

comparison between the 197 1 study and the present study shows
that the the inner reef urchins are larger and the outer reef

urchins smaller than in 197 1 (t-test, p < 0.05, Fig. 4).

Changes in biomass determined from a regression of the

average length versus weight of the individual urchins (weight
2.64

= 0.0021 length , r = 0.96, n=144, Fig. 5) and the average 
urchin density, determined that there has been an increase in



biomass in the inner reef of 424 g/m from 110 g/m in 1970 fo 
¿ .

534 g/m <5340 icy/ha) in 1935. On the outer reef there has
9 O '5¿3 ó

been a loss of 31 g/m from 116 g/m to 31.1 g/m during the 

i5 year period.

Analysis of the gui, content of the sea urchins showed no
significant differences between the percent fractions of

sediment and organic matter between the inner and outer reefs
(t-test). It was determined that the greater fraction of the
urchin’s gut content is sediment (inner reef = 72.9 + ; n -•
Jouter reef = G6.0 + ; n = ). The total gut content and

the sediment fraction were positively correlated (gut content, 

F - 89.5, r = 0.78, p < 0.001; sediment, F = 67.5, r = 0.73, p

< 0.001) with the wet weight of the urchins (Fig. 6).

Discuss ion

The results indicate that the major change in the mathae t

population has occured within the inner reef, and more 

specifically within the inner reef lagoon. All parameters of 

size, density and biomass show large increases in the last 

fifteen years. Since this section of the reef has comparably 

low physical and environmental stresses; such as tidal 

exposure, waves and currents, we would suspect that biotic 

factors such as competition and predation to be major 
determinants of the community structure. Because of the low 
physical stress and the areas proximity to the shore, fishing



and shelling may be the major causes of the observed changes. 

We suggest that the removal of the sea urchin predators and 

competitors, combined with the low physical stress factor has 

led to the observed population increase.

This conclusion is largely conjectural as direct
measurements of predator and competitor population changes 

have not been made. Yet, b e c a u s e  of the c l o s e  p r o x i m i t y  of 
tourists, which create a demand for f infish and shellfish, 

this hypothesis remains a l i k e l y  explanation. An alternative 
explanation is that the differences are due to the time and 
success of the sea urchin's last larval recruitment. This io 
suspected to be a major force in the outbreaks of Acanthaster
pj.ançi in the eastern Indo-pacific (Birkeland, Í982). The
differences in E^ mathaei, sizes on the outer reef between 1970 

and 1985 may be a result of this factor.

The distribution and density of Eh mathae_i on the inner reef 

appears to be greatly dependent ou the availability of hard 
substrate, unlike the outer reef population. A large part of 

Eh mathaeJL^s diet consists of fleshy algae (Khamala, 1971) 
which grows on hard substrate. E._ matthaei, on the inner reef 
is therefore competing for fleshy algae which grows on the 

hard substrate, however, the sea urchins ou the outer reef are 

restricted to sheltered areas (crevices and burrows). The 

rough physical conditions on the outer reef and the distance 
from the shore may make it less inhabitable by E¿_ mnL.hae.j_ and
less susceptible to overfishing and shelling .
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From the gut content studies, we find that sediment is a 
large fraction of E_. mathaeJ[J[.s diet. Since the urchins are
distributed on hard substrate we would suspect that a large 

proportion of this sediment is scraped from dead coral and 

coral rubble, and the urchins are greatly contributing to the 
breakdown of the reef substratum. The quantity of sediment in 

the gut c o n t e n t  is a l s o  p r o p o r t i o n a l  to the u r c h i n ' s  w e i g h t  
w h i c h  w o u l d  s u g g e s t  that f e e d i n g  a n d  s u b s t r a t e  d e g r a d a t i o n
rates are proportional to the u r c h i n ' s  biomass. T h e r e f o r e ,
there has probably been an increase in reef substrate
degradation on the inner reef but not on the outer reef in the 

last fifteen years. Since the outer reef is the critical 
structure for the protection of the shoreline, from waves and 

other physical factors, it is good news from the human
environmental perspective that degradation rates have probably 
not increased in this area. As coral cover on the inner reef 

is low, calcium carbonate deposition is probably also low, and 
the sea urchin's conversion of hard substrate into soft 

substrate may eventually limit their population by reducing 

the quantity of hard substrate.

It is unknown whether or not these urchins are the cause of

the low coral cover, but nathae]_ is an omnivore eating
numerous organisms including coral which inhabit hard
substrate (Herring, 1972). Its density within the inner reef 
is also a function of the percent hard substrate or in other

8



words dead coral. From personal observations ou s i mi liar 

reefs, we suggest that this is a low value for coral cover and 

that some effect of exploitation and the ecological release of 
this sea urchin may be responsible.
The major environmental concern arising from ti» i s study is 

not the problem of reef substrate degradation but rather the 
change in the inner reef's community structure. The inner reef 

lagoon, which io usually a diverse commun i ty, b. a 3 (from our 

observât ions on other invertebrate and fish species in this 

reef ana other reefs within this area) been transformed into a 

simple ecosystem where primary productivity is being utilized 

almost exclusively by one sea urchin herbivore which is 
presently not utilized by man in East Africa. The L  mathaei, 
standing crop of 5340 kg/ha is an order of magnitude greater 

than the values found on the most productive rangelands in 

East Africa (Pratt and Gwynne, 1977). Although, direct 

c o m p a r i s o n s  may not be p o s s i b l e ,  it is u n f o r t u n a t e  that in 
Africa, where tine availability of protein in most peoples diet 
is limited, such a large quantity of secondary productivity is 
in an unutilized form. Proper management of this ecosystem 
could render a larger fraction of this productivity for human 

consumpti o n .
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Figure 1. The density of Echinometra mathaei along transects 

calculated for landward, middle and seaward positions along 
the inner and outer reefs in 1970 ( ) and in 1985 ( ).

The bars represent the 95% confidence intervals for the 1985 

data. Each point was calculated by averaging quadrats within 

each location from the different transects.

Figure 2. The distribution of hard, substrate and seagrass 
along the inner reef transects.

Figure 3. The density of L  !üâthaei_ as a function of the 

estimated hard substrate on the inner ( ;solid line) and 

outer reef ( ;broken line). Open symbols represent a single 

data point, solid symbols represent multiple data points.

Figure 4. Frequency histograms of the mean test diameters for 
Ëi. nathae i_ on the inner and outer reef in 1970 (open blocks) 
and 1985 (striped blocks).

Figure 5. Correlation between the average length and wet 

weight of Eh JMih§§l individuals.

Figure G. Dry weight of the total gut content ( îsolid 
line) and the sediment content ( ;broken line) of Eh mathaei 
as a function of its wet weight.

1 2
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Annex 15 t

KON-LNCAUSTINC I-lACPiOALGaL ZÛNATlûIi ON ROCKY CLIFFS AROUND 
K E N Y A *

11.a . CYJEKE AW) R-K.. ßUWA
¿vLNYA ¡'¿AiiINu AND F12ll£hlL S RLSEAhCh INSÏT j o ï î .

P .O .  BOX 816^1

hUîLAÜA
\

KENYA

* C K , e n y a / u e l { i i u w  P r o j e c t  i n  ¡ ¿ u r i n e  e c o l o ^  e n d  M e x i a ^ c u c n t  o f  t h e  

c o u c t u l  z o n e .  P u b l i c a t i o n  N o .  A ) .



A L L ï h A C ï
S  /

T h e  z o n a t i o n  o f  s p e c i e s  o f  r o c k y  c l i f f  n o n - e n c r u s t i n g  i . j u c r  o o l L o u  

i s  - d e s c r i b e d ,  C u t  o f  t h i s  t o t a l  number o f  s p e c i e s  1 0  o r e  n o w  record s  

f o r  K e n y a ;  t h e s e  a r e  Cr.u3acanthus u s t u la t u s ,  Ceramium cam ouii, 

C e l id ie l lB  m y r io c la d ia , h la ty n iphon ia  tu in lr.tn . P te r o c la d ia  nyiiiO 

( l i h O d O p h y t a )  I C l a d o p h o r e  l .a n r lt lr n a . _C.  goyi n i m a . Ul va y,or Ui? ¡i. 

V a l o n i a  f c s t i r i a t a  ( C h l o r o p h y t a )  a n d  D ic ty o ta  adnata (Phaeophyta) • 

U s i n ¿  t h e  s h o r e  t e r m i n o l o g y  o f  L e w i s  ( 1 ^ 6 4 )  a n d  l i a r t n o l l  ( l h ? 6 )  t h e  

p a t t e r n s  o f  d i s t r i b u t i o n  o f  t h e  s p e c i e s  w h i c h  a r e  s e e .  freq u en tly  or  

a b u n d a n t l y  a r e  e s  f o l l o w s ;  ( e )  L i t t o r a l  f r i n g e s  h o s t r lc h.tr. b in d e r i .

Ü »  t e n e l l a  ( R h o d o p h y t a )  a n d  C h a e t o m o r p h a  s p p  ( C h l o r o p h y t a ) ;  ( b )  U p p e r  

e u l i t t o r e l  z o n e ;  C a t e n e l l a  o p u n t i a .  C a u l a c a n t h u s  u s t u l a t u s .  C o r u . r . l u m  

c a m o u i i ,  j x > p h o s l p h o n l a  r e p t a b u n d a .  M u r e  v e l l a  p e r i c l a d o s  ( R h o d o p h y t a ) ,
i

C a u l e r p a  f  a s t i r  l a t e .  C l a d o p h o r a  p a t c n t l o r a m e a r e .  C ,  p u n d n n a n .  j  n .  (r-'- 
L n t e r o m o r a h a  k y l i n i i ,  t ,  r a m u l o s a  ( C h l o r p p h y t e ) ;  ( c )  L o w e r  e u l i t t o r a l  

z o n e ;  / . c r o c v s t i s  n a n a  ( R h o d o p h y t a )  e n d  U l v a  pertusa ( C h l o r o p h y t a ) .

»

T h e  c l i f l ’s  w h i c h  a r e  p r e d o m i n a n t l y  l i m e s t o n e  a r e  h e a v i l y  p i t t e d  a n d  

e r o d e d  f r e q u e n t l y  £ i v i n £  r i s e  t o  o v e r h u n & s ,  T h e  p i t s  a r e  r e s p o n s i b l e  

f o r  e n a b l i n g  t h e  o c c u r r e n c e s  o f  s m a l l  p e r c e n t a g e s  o f  a l £ o l  c o v e r  o n  

s u r f a c e s  w h i c h  a r e  f u l l y  e x p o s e d  t o  s u n l i g h t  w h e r e a s  t h e  o v e r h a n g s  

a r e  r e s p o n s i b l e  f o r  t h e  h i £ h  p e r c e n t a g e s  o f  a l e c i  c o v e r  i n  t h e  

u n d e r c u t  s u r f a c e s  o f  t h e  c l i f i s .  T h e  e c o l o g i c a l  s i g n i f i e c n c e  o f  

t h e s e  t o p o g r a p h i c a l  v a r i a t i o n s  c o m b i n e d  w i t h  t h e  d i f f e r e n c e s  i n  

e x p o s u r e  t o  s u n l i g h t  011 t h e  d i s t r i b u t i o n s  o f  t h e  v a r i o u s  e l ß o l  s p e c i e s  

e n c o u n t e r e d  i n  t h i s  s t u d y  i s  d i s c u s s e d .  /

r
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1 n  H O I) U C T 1 Ü K

V

b tu d ie s  on th e  m arine x-ocky c l i f f  macroalgno o f  th e  Kenya co.-.at 

d e a l m ostly w ith  t h e i r  taxonomy and s p e c ie s  l i s t s  ra th er  th in  

t h e ir  eco logy  (Lawson 1969, M oor¿cni 1 9 ¿ ü ). Due to  t i . e i r  im portant 

r o le  in  th e  food  ch a in s  o f  rocky c l i f f  in v e x te b r a te s , c r e a t io n s  o f  

a ic r o h a b ito t s  arid c o m p etit io n  fo r  space w ith  rocky c l i f f  in v e r te -  

b r e te s ,  th e  fo llo w in g  study on t h e ir  p a tte rn s  o i‘ Xunntion vas  

ca rr ied  o u t . The marine environm ent o f  t h ia  arca Lee boon reviewed  

by huva (19'tA ).

H /i '1 E K U  L ü A D D  M i ; T II 0 D jj

The s tu d ie s  were c a rr ie d  out a t  l o c a l i t i e s  around Mombasa (F igu re  1 

a end b) froia A p r il to  August 1969. The l i n e  t i ’o n sec t -  quadrat
s

method was used xo study th e  zon ation  p a tte r n s  , ,  ■ ' ,on c l i f f s  which

are cavernous and hence w e ll sh e lte r e d  from d ir e c t  in s o la t io n  and 

th o se  which have no overhangs end are th e r e fo r e  exposed to  d ir e c t  

in s o la t io n .

. • t
•» (•

The ty p o 'o f  s h e lt e r in g  v a r ie d . The Baobab c l i f f  i s  com pletely  

s h e lte r e d  by a th ic k  t e r r e s t r i a l  canopy whereas come o f  th e  

Kenya Marine and F is h e r ie s  Research I n s t i t u t e  (KMFR1) p r o f i le s  

are com pletely  sh e lte r e d  under th e  Kt-.FRl b u ild in g  end th e  r o s t  

ere  sh e lte r e d  by'overh an gs. The maximum h e ig h ts  o f  th e  undercuts 

o f  th e  c l i f f s  were measured. ,



The sampling for the vertical profiles begea from bases of theƒ
cliffs going perpendicularly upwards to as far as the non- 
encrusting macroalgae wei e encountered etch time laying the
quadrats consecutively* The sampling for the horizontal profiles

«

also began at the bases of the cliffB but proceeded t o w a r d s  the­
sea, till the point where the rock entered into a lagoon or pool.

The heights, above datum, of the bases of- the cliffs were deter-j
'mined from several observations made during calm waters around 
neap tide days, using the Kenya Ports Authority (1505) tide tables. 
Tiiis enabled the heights of the algal zones to be converted and 
expressed as heights above datum. The univeraal shore- terminology 
(Fig. 2) according to Lewis (1S6A) and Hartnoll (1S76) was used

i
to indicate the positions of the various species.

Alone each 25cm wide transect the percenters of the algt 1 cover 
at each im level were estimated using 25 x 25 quadrat which had 
100 equal squares. The number of squares that had Khodophytes 
and Chlorophytes were counted and recorded separately. After 
making the estimates, a sample of the algae was removed using 
a chisel and a hammer. The$e were placed in labelled specimen 
tubes and sent to the laboratory for identification usln¿ dissect­
ing end compound light microscopes. The identification guides,

• • . *

used were those of Coppejans (19Û5). Jausund (1576) and Taylor



A  t o t a l  n u m b e r  o f  2 6  t r a n s e c t s  w e r e  s t u d i e d  o u t  o f  V h i c l l  l b  w e r e

s h e l t e r e d  a n d  t h e  r e s t  e x p o s e d  l o  i n s o l i . t i u n .  F o r  t h ü  U i J i O i ' c d

v e r t i c a l  p r o f i l e s ,  t h e i r  s p e c i e s  c o m p o s i t i o n  a n d  t h e  p e r c e n t a g e

c o v e r  o f  t h e  R h o d o p h y t e s  e n d  C h l o r o p h y t e s  e r e  ta s h o u i i  i n  x u b l e s

1  a n d  2  r e s p e c t i v e l y  a n d  f i g u r e  3 ( o - l ) .  T h e  s p e c i e s  c o m p o s i t i o n  
»

f o r  t h e  s h e l t e r e d  v e r t i c a l  p r o f i l e s  a r e  a s  s h o v / n  i n  t a b l e s  3  e n d  i\ 
u l i i l e  t h e  p e r c e n t a g e  c o v e r s  f o r  t h e  R h o d o p h y t e s  e n d  C h l c r o j . h y t e c  

o r e  s h o w n  i n  f i ^ i i r e  A ( a - q ) .
/

T h e  h o r i z o n t a l  p l a t f o r m s  w e r e  o i l  e x p o s e d  e x c e p t  t h o s e  o i  hoobab 
c l i f f  ( V I )  e n d  t h e - K a n u m a i  c l i f f  p r o f i l e  ( X h ) ,  T h e  apeclcc 
c o m p o s i t i o n  o f  t h e s e  p r o f i l e s  a r e  s h o w n  i n  t a b l e s  3  e n d  6  w h e r e a s  

t h e  p e r c e n t a g e s  o f  t h e  a l g u l  c o v e r  a r e  u s  s h o w n  i n  F i g u r e  5 ( u - d )  

f o r  e x p o s e d  e n d  F i g u r e  6 ( a - f )  f o r  s h e l t e r e d  c l i f f s *

T h e  p a t t e r n  d i s t r i b u t i o n  o f  t h e  a l g a e  o n  t h e  v e r t i c a l  f a c t s  o f  

b o t h  s h e l t e r e d  a n d  e x p o s e d  c l i f f s  w a s  s u c h  t h a t  f d . o d o p h y t e s  

u x i i i b i t e d  h i g h e r  p e r i  e n t a g e s  a l g d  c o v e r  t h a n  C h l o i ' o p h y t e s .

H o w e v e r ,  o n  t h e  o t h e r  h a n d ,  t h e  s l o p i n g  h o r i z o n t a l  p l a t f o r m s
\  .

h a d  h i g h e r  p e r c e n t a g e s  o f  C h l o r o p h y t e s  e x c e p t  t h o s e  p l a t f o r m s  

w h i c h  w ere f u l l y  s h e l t e r e d  e . g .  b a o b a b  profile (VI) and Kanumai 
( X a )  o r  t h o s e  w i i i c h  v e r e  p a r t i a l l y  s h e l t e r e d  e . g .  l i u i  ( l )  F l o r i d a  

( I I I )  a n d  K a n u m a i  ( X b ) .  ,



I t h o d o p h y t e s  e x h i b i t e d  l a r g e s t  ' a l * . . t i l  c o v e r  u n d e r  v e i l  ¿ h e l  i t  r e d  

c o n d i t i o n s  b u t  o n  e v p o s e d  c l i f f s  t h e y  w e r e  a l m o s t  e x c l u s i v e l y  

c o n f i n e d  i n  p i t  c r e v i c e s  u i d  d e p r e s s i o n s .  S o m e  s p e c i e ss
b o  s i  r i c h i  c  h i n e i  e r i .  C a t e n e l  l a  o p u n t l * - . .  l o p h o s i p h o n i a .  r .  ^ p t s f a e i o a  

u n d  murayella periclados w e i ' e  m o s t  f r e q u e n t l y  e n c o u n t e r e d  i n  

c a v e r n o u s  c o n d i t i o n s ,  w h e r e a s  L o r ,trichia tenella. CV.uIscantilla, 
u s  t u  3 o t u s  a n d  C e r a m i u m  c a m o u i i  w e r e  e q u a l l y  c o m m o n  i n  b o t h  

c r o v i c e s  e n d  c & v e r n o u s  n i c h e s .

à

tor t h e  s p e c i e s  o f  C h l o r o p h y t a  s o m e  vore encountered most f r e q u e n t l y  

u n d e r  c & v e r a o u s  c o n d i t i o n s  w h e r e a s  others were almost equally com, .on 
i n  both c a v e r n o u s  a r i d ,  in c r e v i c e s  in exposed conditions, 'ihe 

s p e c i e s  w h i c h  m o s t  f r e q u e n t l y  o c c u r r e d  in c a v e i nous conditions are; 
Caulerpa fa rtf . i f  ta, maur it i ¿ . nii.  [ ) .  p ¡  i t  ent ivt Çiio; .u end

C. savin! ana, v/hepess C1 : ■ d o ï >ho r-o e ¿ i s sujuicinensis, uiiotvim-, •] ¡p 

k y l i n i i .  E. r a m u l o s a ,  C h a e t o m o r p h a  s p p  e i i d  Ulva port ima were almost 

e q u a l l y  c o m m o n  o n  b o t h  c a v e r n o u s  e n d  i j }  c r e v i c e s  of e x p o s e d - c l i f f s .  

H o w e v e r ,  C h a e t o m o r p h a  s p p  p r o w s  v e r y  l u x u r i a n t l y  u n d e r  f u l l  

s h e l t e r e d  c o n d i t i o n s ,  h h i z o c I o n i u m  p r a n d e  w a s  m a i n l y  f o u n d  o n  t h e  

p l a t f o r m s .
\ * *

h o m e  s p e c i e s  e n c o u n t e r e d  i n  t h e  t r a n s e c t s  w e r e  very r a r o  a n d  s c a n t y  

a n d  t h e s e  a r e ;  A n a d y o m e n e  w r i g h t i i ,  b o e t y  e s e n i a  f o r b e s i i  B V a l  o n  i n  

o e r n a ^  r o p i l a .  P t e r o c l a d i a  n o n a  a n d  G r a c i l a r i a  s a l l e p r n i a .  B o o r *  e s o n i a  

f o r b e s i i  a n d  V a l o n i a  eei p i  r o p i l a  w e r e  f o u n d  i n  d a m p :  o r  w u i  h a b i t a t s

w h o r e a s  V a l o n i a  f a s t i g i a t a ,  P t e r o c l a d i a  n a n s  e n d  G r a c i l a r i a/’ .

s h l l c o m i a  w e r e  e n c o u n t e r e d  i n  s m a l l  d e p r e s s i o n s  w h i c h  c o l l e c t e d  

s e a - w a t e r  a n d  f i n e  s a n d .  B r y o p s i s  p s e n n i t q  w a s  f o u n d  o n  w e t  . 

o v e r h a n g s «



T h e r e  w e r e  n o  a t t e m p t s  t o  d e s c r i b o  t h e  z u n u t i o i i  o f  t h o  C y a a ^ ¿  h y  l e a .  

H o w e v e r ,  i t  w a s  n o t e d  t h a t  t h e r e  w a s  l u x u r i a n t  g r o w t h  o f  I . y i v  b  b y  a  

s p p  b o t h  o n  t h e  v e r t i c a l  c l i f f s  a r i d  e x p o s e d  h o r i z o n t a l  p l t t f o i u i s  

o f  t h e  c l i f f s  i n  t h e  u p p e r  e u l i t t o r e l  z o n e ,  S c y e t o n é m a  s o n  w a s  

c o m m o n  e i n o n t  t h e  B o  s t r i c h l e .  A s  f o r  t h e  P h a e o p h y t e s ,  t h e y  ’t / e r e  

v e r y  s c a n t y .  P a d i n a  s p p  w e s  f o u n d  t r u v i n u  o n  o n  e x p o s e d  h o r i z o n t a l  

p l a t f o r m  w i t h  f i n e  d a m p  s e n d  i n  t h e  u p p e r  e u l i t t o r s l  z o n e  a t  

K M F k l .  D i c t y o t a  a d n a t a  v a s  f o u n d  o n  a s h e l t e r e d  h o r i z o n t a l  p l a t ­

f o r m  i n .  t h e  l o w e r  o u l i t t o r a l  z o n e  a t  B a o b a b  c l i f f ,

/
D l S C U B b l O N

C o m p a r i n g  t h e  p r e s e n t  l i s t  o f  s p e c i e s  w i t h  t h e  r e c o r d s  o f  I o n a e  

( 1 9 Ó 7 *  1 S > 6 6  1 9 7 1 ) *  I s a a c  a n d  I s a a c  ( i 9 6 0 ) ,  K n u t z e n  e n d  J t ; 6 S i m d
Í  . .

(1979) 6hd Moor j a n i  (19&0) t h e .  f o l l o w i n g .  I O  sp ec ies  a r e  n e w  r e c o r d s  

f o r  l i e n y e i  C a u l a c a n t h u s  u s t u l a t u s .  C e r a m l u m  c a m o u i i .  G e l i d i e l l a  

m y r i o c l a d i a .  P l a t y s i p h o n i a  m i n i a t a .  P t e r o c l a d i a  n a n a  ( i i h o d o :  h v t a ) .  

C l a d o p h o r a  m a u r i t i a n a .  C .  s a v i n i a n a .  U l v a  p e r t u s a .  V a l o n i a  

f a s t i g i a t a  ( C h l o r o p h y t a ) t n d  D i c t y o t a  a d n o t a  ( P h a e o p h y t a ) .

T h e  R h o d o p h y t a  d o m i n a t e s  t h e  u p p e r  e u l i t t o r a i  z o n e  a n d  L i t t o r a l  

f r i n g e  h a b i t a t s  w h i c h  e r e  s h a d e d . '  T h é  s h a d i n i '  e f f e c t  i s  p r o v i d e d  

b y  t h e  n u m e r o u s  p i t s ,  c r e v i c e s ,  v e r t i c a l  n a t u r e  o f  t h e  c l i f f s  e n d  

t h e i r  o  v e r t í a n o s .  T h e  e x p o s e d  s t e e p  s u i f a a e c  o f  t h e  C l i l x ' S  d o  n o t  

r e c e i v e  &3 m u c h  i n s o l a t i o n  a r o u n d  m i d d a y  t h e  e q u a l l y  e x p o s e d  

h o r i z o n t a l  p l a t f o r m s  r e c e i v e .  T h e  l a t t e r  t e n d  t o "  & e t ' w £ r a e £  ' 

t l u m  t l i e  s t e e p  s u r f a c e s .  U n d e r  f u l l y  s h e l t e r e d  c o n d i t i o n s  t h e y  

t r o w  l u x u r i a n t l y  ( T a y l o r  1 9 L 0 ) .  L x p o s c d  c l i f f s  e r e  a l m o s t  b a r e



e x e u n t  i n  p i t s  a n d  c i e v i c e s ,  T h e  C h l o r o p h y t a  d o m i m i e  t h e  U p p e r  

e u l i t i o r a l  z o n e  a n d  L o w e r  e u l i t t o r a l  z o n e  u n d e r  e x p o s e d  c o n d i t i o n s  

e s p e c i a l l y  v / h e r e  x h e  c l i f f  f l a t t e n s  t o  f o n a  e  h o r i z o n t e  1  p l t - t i o r m .  

T h e  o n l y  g r o e n  s l ß a l  s p e c i e s  e n c o u n t e r e d  w h i c h  d o e s  n o t  f l o u r i s h  

i l l  e x p o s e d  c o n d i t i o n s  b u t  d o e s  i i i  sheltered c o n d i t i o n s  i s  a  

C h a e t o m o r p h a  s p p *  I t  m a y  e x t e n d  i n t o  t h e  L i t t o r a l  f r i n g e  u n d e r  

s u c h  s u i t a b l e  c o n d i t i o n e *

j

I n s o l a t i o n  c r e a t e s  h i g h  t e m p e r a t u r e s  a n d  c o n s e q u e n t l y  e n h a n c e s  

d e s s i c a t i o n  d u r i n g  l o t ?  t i d e *  h i g l f c r  t e m p e r a t u r e s  a n d  i o u  i o ; . i  i o n  

i s  g r e a t e r *  i j u  e x p o s e d  t h a n  i n  s h a d e d  s i t e s .  S i n c e  h i g h  t e m p e r a t u r e  

a n d  d e s s i c e t i o n  i n h i b i t  g r o w t h  o f  a l g a e  ( L e w i s  1 9 6 4 )  i t  i s  t h e r e f o r ,  

n o t  u n e x p e c t e d  t h a t  l r r p e r  a l g a ]  c o v e r  o c c u r  i n  c a v e r n o u s  h a b i t a t s  

a n d  t h a t  i n  e x p o s e d  s u r f a c e s  g r o w t h  i s  c o n f i n e d  t o  c r e v i c e s  e n d  

d e p r e s s i o n s  V h i c h  o f f e r  s h a d e  a g a i n s t  d i r e c t  i n s o l a t i o n . .  ¡,

S o a t a  o f  t h e  f a c t o r s  t h a t  a f f e c t  a l g a l  a b u n d a n c e  e n d  d i s t r i b u t i o n

h a v e  b e e n  d i s c u s s e d . '  B u t  i t  s h o u l d  b e  f u r t h e r  p o i n t e d  o u t  t h a t
% * ‘

o t h e r  f a c t o r s  l i k e  g r a z i n g ,  e f f e c t s  o f  w a v e - b o r n e  e u u d  e t c .  n a y  

d i a n a e  t h e  p a t t e r n s  o f  a b u n d a n c e  e n d *  d i s t r i b u t i o n  ( T u y l o r  v . l y G O ,  

L e w i s  1 9 6 4 ) *  T h e s e  f a c t o r s  a r e  r e l e v a n t  f o r  t h e  d i s t r i b u t i o n  a n d  

a b u n d a n c e  o f  a l g a e  i n  K e n y a  b  e c a u d e  t h e r e  a r e  s e v e r a l ' t y p p s  o f

grazers p h  the rocky‘ e x i l i s  ( e . g .  HttorinidB^neritids, chitons,
V ^ K v w ^  W * l | )  S '  i r;

p a t e l l i d s ) ^ a n d  s a n d  d e p o s i t s  e r e  v e r y  c o m m o n  e l o n g  t h e '  K e n y a  

s h o r e l i n e .  T o  u n d e r s t a n d  h o w  t h e  z o n a t i o n  o f  t h e '  s p e c i e s ,  f o u n d  o n  

t h e  K e n y a  r o c k y  c l i f f s  m a y  c h a n g e  d u e  t o  t h e i r  r e s p o n s e  t o  v a r i o u s  

b i o t i c  a n d  a b i o t i c  f a c t o r s ,  i n  d i f f e r e n t  t i m e  s c a l e s ,  f u r t h e r  

e t c l o q v c c x V .  4Ce-S n e e d  ’io  he. -, '¿r.:



h e  - t h a n k  Î  D r .  h .  C o x > p e j a n s  f o r  a s s i s t i n g  U S  i n  t h e  i d e n t i f i c a t i o n  

o f  t a t e a  d u r i n g  h i s  s t a y  i n  K e n y a ;  P r o f ,  P .  h o i k ,  D i r e c t o r  o f  

t h e  K e n y a / L e i t i u r a  P r o j e c t  a n d  P r o f #  K #  M s h i t e n i ,  U n i v e r s i t y  o f  

D a r - é s - S û l a a m ,  f o r  t h e i r  c o m m e n t s  a n d  s e t t . e s t i o n s  o n  t h e  m a n u s -
V

c r i p t  a n d  f i n a l l y ,  t h e  D i r e c t o r  o f  K e n y a  M a r i n o  a n d  P i c h e r i e a  

h e s e a r c h  I n s t i t u t e ,  M r #  S . Ü .  A l í e l a  f o r  h i s  c o - o x ) e r a t i o n #
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Figure 1 (a ) A map o f  Kenya c o a s t lin e  showing'region o f  study
1 1 *

1 (b ) A nap o f  Mombasa eree showing l o c a l i t i e s  studiod.

Figure 2 D iv is io n  o f  ehore »coordine to  Lewis (156A) and U ertn o ll 
( 1 9 7 6 )

Figure 5(o  -  1) Percentage d is tr ib u tio n  o f , Rhodophyta e n d

Chlorophyto on exposed v e r t ic a l  c l i f f s * ’ The%
acronyms L F ,  U L Z  end L L 2  stand f o r  L i t t o r a l

f r in g e , Upper eulittoral zone and Loi.er eu3.lt toral
/ .

zone resp ectiv e ly *  ïho position of too b a t e  of1 • 
the cliff is indicated by tlio acronym tit the
p o in t of origin*

Figure 4(a -  q) Parcentogo'd is tr ib u tio n  o f Rhodophyta end
i

Chlorophyta on sheltered  v e r t ic u l c l i f f s .

Arrows in d ica tes  h eigh ts o f  the undercuts 

above datum*
» . . ‘

Figure 5(a •» d) Percentage d is tr ib u tio n  of-Rhodophyta and

Chlorophyta on the p letfonue continuing from 

exposed c l i f f s *

F i g u r e  6 ( e  - f ) P e r c e n t a g e  distribution of Rhodophyta end
Chlorophyta on the p letfonas continuing from 

sh eltered  c l i f f s *



\
Taels I. The eactrihuiipn cv Trodpphyta an exposed vortical cliffs: (l) Tiv.l (n) Shelly ( d )  Florida (r;) i/oróaca hospital
( rOTw ¿ M u a  (/l) Dfcetaj ( CD) Kor>e Darina end Fisheries Dassarch Iratiruto (SCFII) (/Ilí) Ilamia Point (ix) flyali and
( a ;  K’c t x i . a - ,  u r a  a l p / a i a o t i c c l  l c c : a .* 3  s i a r a  f a r  ;..-ro " i l e a ,  w h e r o  r x : - 3  t h e n  t r e  p r o f i l e s  u c r s  t r d c a n  a t  a n a  l e  c a l  i  t y .

I '
C,accisa G t u tí y s i t s s

- I n i n r/a iVä L/c m VIa y H a y U b VIII IX T' rTrc: •"■414 -•» iLmi .«4 —

Acrcytio nana Zanardini _ LEZ _ _ m ■ LEZ LEZ mm mm LIZ
Zea trichia binderi Har/sy - LF LF - - _ LF LEZ. mm LF
Dea trichia tanella (lehi) j. Ac LF' LF Lr LF LF L'EZ L'EZ LEZ LF LF L'EZ IF L"
Caloglossa Icprc-urii (.Vont,) J, Agardh - •• ■ • - - • _ UZZ _ • mm - LEZ
Catanella opuntia (Goodsreugh 0  T o c ó » ) , 3rev, - mm - mm ’ - - - to. LF - - - LF

.us ustulatus ('. art, ) Xuisirg - LEZ uzz - - LEZ LEZ ÜEZ LEZ LEZ LIZ LEZ LEZ
Centroceras clavula tun (c, Ag) Vontagra - • LDZ - — — - - mm LEZ - LEZ LEZ
C^raxiuc oaacuii Dawson - LEZ - LEZ LEZ • L’EZ - - - UEZ' LEZ LEZ
Ccliiialla cyrioddadia (Sorgo) Feld.ann 
at Hanoi mm LEZ m mm LEZ
GelitÜua pusilun (Scackh,) La Jel - - - . m LEZ • m - LEZ
Cre diaria salicornia (j, Ag) Dawson - - • - - - m- - LIEZ LEZ - - - LEZ
Lophosiphonia roptatunuö (Cuhr) ¿ a a s u n d mm - - mm - m LEZ - mm - LEZ LEZ LEZ
LurayoUa pericia des (C. Ag) Derrite - - - - - LEZ mm LEZ mm UEZ - LEZ .
Platysiphonia miniata (Ag) Corgesen - - m • - - mm - - - - -
Polysiphonia variegata (Ag) Zanardini - * mm - - - - LEZ !mm - - LEZ
Pterocladia rena Cka.nura - • - - • mm - ■ - LEZ mm “■ ** LEZ

Position of tase of cliff izz LEZ LEZ LEZ LEZ LEZ LEZ LEZ LEZ LEZ LEZ LEZ



Ta_Is 2 The J ia  w leu tier. of Chlorophyta on exposed vortical cliffs, The d e s c r ip t io n  o f  th o  l o c a l i t i e s  (stu d y  s i t a e ]  a re
as a ta  ted in Tabla 1 - "

Species - i) c c a X s i t e s
; ...

A

I 12 n i r;a ryb H/c va VI VUa vub 7 I U IX ITFEïECE

Aradyc— ..ona urigh ali Gray _ mm mm «• mm _ .. • - -

Eaergsseria forbesii (Harvey) Fslcjrem. _ mt mm mm mm M — mm • -r' -

3r>t:psie pennata Lrrcuroux _ mm • «• m mm « • - -

Caulerpa fas tir; is na Venteare UEZ
Chaatooorpha spp LF LF LF LF LF L’EZ LF LF LF LF UEZ LF LF
Cladophora mauritiana Kutzing - - • _ •  ' - - - ■» - - -
Cladophora patorrtiraneaa (r.ont,) Kutz •• UEZ - LEZ LEZ mm LIEZ - - UEZ • - UEZ
Cladophora saviniana Borgeson - - - « - - - - - - mm
Cladophoropsis sundanensis loirJOold LEZ L'EZ LEZ LEZ - «fr mm UEZ UEZ •I— UEZ UEZ UEZ
Enteroaorphs ky.linü  Blinding oonsu Dasson mm LEZ LEZ - mm - - UEZ UEZ UEZ UEZ - UEZ
Enteromorpha ramulosa (j.I. Snith) Hocksr - - - - L'EZ - UEZ UEZ UEZ UEZ. UEZ - UEZ
.Ihizocio miura grande
Ulva pertusa Kjollran LEZ - L'EZ LEZ - LIEZ UEZ UEZ UEZ UEZ UEZ UEZ UEZ

Ulva rigida C, Ag. LEZ
valonia augrarcpila C, Ag. - - - ~ - - - - mm - * —
valonia fastigiata Harvsy - - - - - ' • • mm ■ “ “ mm

"

Position of tase of cliff . , LEZ LEZ LEZ LEZ LEZ LEZ UEZ LEZ UEZ LEZ UEZ . Œ Z



7--- - - 7:. c distribution or ‘'.¡c iephy ta en sreitsrod vertical cliffs. Th g deccriptien of the localities (study sitas) ar9
sa stated in Toóla 1 '. '

r* i — . • - I Ü d y a i t : a st

7 i; 1ZI J* \j »•!! I Ve ;tJ Vc 71 Vilei ylld 7 H a  V H f  VII.I IX Xa Xb i:f e .=.e m

Acrocystis ' nara Zanarcini LII LZZ LII - — - - — LEZ - ~ LEZ - mm - . LEZ
Seatrichia binderi Harvoy LIZ LF L“ - - L” - - LF LEZ LEZ LF LF I F LF . LEZ LF
Eoatrichia terella (’Ahi) J, Ag LIZ L- LF • • y \__- L IZ LF LF LF L- LF LEZ L- LEZ LF LF L'EZ LF
Salariasse laprourü (bont.) J, Agardh tm - - - mm mm - LEZ L’EZ - - - - - - m L’EZ
Catenella opuntia (Ccodcncugh C- "codv.',)Grev LEZ - LII LZZ mm mm LF LEZ LEZ L’EZ UEZ - - - L'EZ LEZ LEZ
CS ula ca.~t.hua ustulatus (iert.) Kutzing LEZ LEZ L'EZ - LZZ LZZ LEZ LEZ LEZ UEZ - LEZ' - LEZ - L’EZ LEZ
Centroceras clavula tus (C.Ag) Lar. ta ne LEZ
Ceramium camouii Gauson LCZ L'EZ LZZ - LEZ LEZ - LEZ - - - - - LEZ - LEZ LEZ
Gelidella myriocladia (Gorgs) Fel±enn et Herrei mm - LZZ - LEZ - - - - - LEZ - - - - LEZ LEZ
Gelidium pusilum (itackh.) La Joi LZZ - LZZ - LEZ - LEZ - - - - - - - — LEZ
Gracilaria salicornia (j.Ag) Cev.san - - - - - - - - - mm - mm - - - - •
Lophosiphonia reptabunda (luhr) Jaasund LIZ - LEZ - - LEZ LEZ - LEZ - LEZ mm L'EZ LEZ mm LEZ LEZ

lurayella paridados (C. Ag.) Scheits: L'EZ - L’EZ - - LEZ L'EZ LEZ LEZ LEZ LEZ - LEZ “ ~ LEZ LEZ

Platysiphonia miniata Gorgaser. - - - - - - -  'LEZ - - - - - “ mm LEZ

Pclysiphcnia variera ta (Ag.) ZarartÜri

Pterocladia rara Ckar-ura LEZ

Pesi tien of tase of cliff LIZ LEZ LEZ LZZ LEZ LEZ LEZ LEZ LEZ LEZ LEZ LIZ LEZ LEZ' LEZ LEZ



i arla T'.n districution of Cttorc.-anyta an stol us rad vertical cliffs. Tra der cri,-tien of ths localities (study altes) .- , are'
- -• - «»—* » i £i±j¿L*S X

Epocicc « 3 t u d y s i t s t*!

XX Ixx IV d ive Vb Vc 71 'JUe VZZd vree v u r  a i I IX Xa Xl3 IrFEFEi'C

Aradyct.ar.i2 .fist,til Crey m „ LCZ _ — - • LEZ
So ers asarla' forbesii (Harvay) F aliso m LEZ • , - — • . - «ft mm mm - - - - LEZ
Sryoptia porra ta Lamouroux - - • - LEZ - m - - - i« - - - - - LEZ
Caulerpa fastigiata ¡.'ertagno LEZ Lc LEZ - •  LEZ _ LEZ L'EZ - mm - - - - - LEZ
Cia 3terrería ae,3 - NiIJ_) LF LF - LF LEZ LF L- L F L- L- L'EZ LF L- LF LF

Clacfapl-ora rauritiara Kutzong - LEZ - LEZ - - LEZ - - - - - UEZ- L'EZ LEZ
C. patcrtirar.saa (lent.) Kutz LEZ LCZ LEZ - LEZ - LEZ UEZ - LEZ IJEZ - LEZ LEZ - LCZ LEZ
C. saviniana Cargasen - - - • • mm - LEZ LEZ LEZ LEZ LEZ - LEZ - - LEZ
Ciado arare asia sur,torens ia R3irJtold LEZ LEZ L’EZ - - LEZ LEZ LEZ - - - LEZ - LEZ - - LEZ

>
>*?_ Kylinii Dl ir dir g sensu G&wson LEZ _ _ UEZ - LEZ _ _  . . L'EZ UEZ - LEZ UEZ
E, raruulosa (J.E.- Crdidi) Hcoker - UEZ - - LEZ - LEZ LEZ - - - LF LEZ LEZ l'ZZ L'EZ L'EZ
H hito cia rduia grande - - mm - 1

m> mm - - - - - - - - m -

L'lva por tu sa K.jollier. LEZ LCZ LEZ LEZ LEZ - L'EZ LEZ - - mm L'EZ LEZ. UEZ - UEZ LEZ
L'lva rigida C .  A g , LEZ - LEZ LEZ
Valonia aagogspila C .  Ag. LEZ
V .  fastigiata !-a.« := > • m - - y «  m - LEZ I T2 m «r • m *■ ■* «i LEZ

Pa s i tier, of baso af cliff • »
\

LEE IZZ LEZ LEZ LEZ LICZ LEZ LEZ LEZ LEZ LEZ LEZ LEZ UEZ LEZ L'EZ

W



Table b. The distribution of alijue on platforms continuing from tlio exposed 
vertical cliffs. Tho description Df tlio localities (study sitos) 
are as described in Tabla 1.

Spacies ' Gtudy aitOU

Rhodophyta VI Vila Vlln IX

Acrocystis nana - - - ■—

Bostrichia binderi - - -

JDo b trichia tenella - - mm

caloglossa lepreurii - - - -
Catenella opuntia - - - _

Caulaounti.ua ustulatus - UEZ - -
Centroceras clavulatum - UEZ UEZ -
Ceramium oatiouii - - UEZ -

'Gelidiella myriocladia - - - -
Gulidiurn pusillum - mm - -

Gracilaria salicornia - UEZ UEZ -

Lophosiphonia reptabunda mm i - -

Murayella periclados - - - -

Platysiplionia miniata - - - -

Pterocladia rena . - UEZ - -

Chlorophyta

Boergesenia forbesii

.

rnm ■

Caulerpa fastigiata - - -

Cladophora rrauritiara -  . - -

Cladophora patentirameae - - UEZ mm

Cladophora saviniana UEZ. mm mm

Cladophoropsis Buncfanesis " A UEZ UEZ -

Enteromorpha kylini LEZ UEZ »

Enteromorpha ramulosa. LEZ UEZ UEZ -

Rhizoclonium . grande -  . UEZ UEZ -
Ulva pertusa LEZ UEZ UEZ LE
Ulva rigl eta - mm - -
-Valonia aegraropila - - UEZ -
Valonia fastigiata ~  . am -

/
- • i

I
»



Table G, Tlio distribution of niuea on platfon.tu uontiruii\j tluutjui vurLicul 
rJiffB. Tt'iO riuacrlptiono of the lnct-litlaa (study site:i) Ui"u ita 
sLutud In Toblu I.

Species EtuJy s i t e s

f4o epiphyta I III VI ' IX Xi: ■U3

A cro cy stis  nona LEZ - LEZ - - -
Dos t r ic h ia  b in d eri - - m urz -

Oostrichia tenella - - LEZ - UEZ urz
Oa In [jia asa  loprouril - - L5j JL - -

C atenella  opuntia mm - LEZ - UEZ -
Caulacanthus u stu la tu s LEZ LEZ LEZ UEZ 0» lli.'Z
CenLrbcorus clavulatum - - - - -
V
Ceramium osmouii LEZ - LEZ L O - UiiZ
CalittLullû myriocladia - Li-Z - - -
C 3lid iua  pusilum LEZ - - - - -
Gracilaria aulicorfiiu \ - -  •

i
- -

Loptx>aiplionia reptabunda - - * - UEZ - UEZ

t.uruyolla pcjriclacba LEZ - LEZ - - -

P latysip h on ia  m iniata mm - LEZ -

Pterocladia nana

Chlorophyta

mm •• m

Qponussiiia fo r b e s i i LEZ - - - - -

Gaulorpa f a s t ig ia t a LEZ LEZ LEZ - - -

Chaetra.orplia spa - . - - - t  ) ¿ Z -

Cladophora nouritiana - - LEZ - - UEZ
Clacbplora patontiramedo - - UIZ : i o - UEZ
Clacbphicra savin iana - - LEZ’ MEZZ - -

Cladophoropsis sundanensis LEZ - LEZ UGZ
• ’

-

Entaronozpha k y l in i i - - LEZ UEZ ; mm . ’ UEZ
Enteromorpha ramulosa ^ - - LEZ UEZ -  . UEZ
ahizbclordun orando LEZ mm UEZ UEZ - -

Ulva pertusa LEZ LEZ LEZ UEZ - UEZ
Ulva rigicfa LEZ LEZ - - - m

Vnlonla aegagrop ila - mm - - - -
'Valonia f a s t ig ia t a

1

LEZ

«
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Annex 16

A BRIEF REVIEUW OF THE UNEP/UNESCO WORKSHOP ON CORAL TAXONOMY AND 

METHODS OF VISUAL CENSUS OF CORAL REEF FISHES.

12-25 th May 1986 
Bolinao, Pangasinan,
PHILLIPINES.

N. Muthiga.

Introduction.

The workshop was organised on a cooperative basis by the UNESCO regional 
office for Science & Technology for South East Asia, the University of 
Phillipines Marine Science Institute, the Natural Resources Management 
center and the UNEP Project on coral reefs. It was mainly geared for 
researchers in the South East Asian and Pacific areas. Although participants 
from the East African region were included. The various organizations 
contributed money, equipment and accomodation.
The workshop was conducted in two parts :
Part I: Coral Taxonomy workshop: 12th — 21st May 1986.

Aims: a) To train participants in methods of coral identification in the 
field and loboratory.

b) to make a reference collection of coral species in the Bolinao 
area.

c) To access the status of coral taxonomy in the participants home 
countries.

Part II: Visual fish censusing methods 22nd-25 May 1986.
Aims : a) To train participants in an underwater method of Coral reef

fish censusing.

b) To familiarize participants with coral reef fish identification
c) To introduce a computer method of data storage and processing.

Lecturers: Dr. Charlie Veron, Australian Institute of Marine Sciences:
Coral taxonomy Workshop.
Dr. Carden Wallace, Australian Biological Resources centre:
Coral Taxonomy Workshop.



Dr. Edgardo Gomez, University of Phillipines Marine Science 
institute: Coral Taxonomy Workshop.

Dr. Garry Rus, Australian Institute of Marine Sciences:
Fish censusing workshop.

Participants:
Country 4 of Participants.

American Samoa 1

Fiji 2

India 1

Indonesia 3
Kenya 1

Malaysia 3
Mozambique 1

New Caledonia 1

Peoples Republic of China 1

Phillipines 4
Sri - Lanka 1

Tahiti 1

Thailand 3
Vietnam 1

Part I: Coral Taxonomy Summary of Field and Laboratory Studies.

Lectures and laboratory studies were conducted at the Marine Science 
laboratory, University of Phillipines in Bolinao. The program of activities 
included lectures in the afternoon; dives in the morning; identification 
of corals in the laboratory in the early evening and group discussions and 
participant seminars at night.

Lectures :
Coral Struct ur and Morphology 
Coral Taxonomic terminology
The history of coral Taxonomy 
The ecomorph concept
Coral distributions patterns and what causes these patterns 
The coral species consept 
General coral reef ecology



Field studies:

Participants were divided into group and each group was responsible 
for collection and identification of coral families covered during 
the lectures. Seven dive sites were visited (see map) ranging in depth 
and to pography from shallow sitty sites (1 - 3m) to vertical drop 
(16 m) and deeper reefs (up to 30 m).

Dive site Family collected
1 Merulinidae, Oculinidae, Favidae
2 Trachyphilliidae, Dendrophyllidae
3 Fungidae
4 Acroporidae
5 Poritidae, Siderastreidae
6 Pocilloporidae, Astroecoeniidae, Agariciidae
7 Mussidae, Pectinidae, Caryophyllidae

A total of 83 species were identified comprising 39 genera in 14 families 
(refer to Appendix I checklist). A comparison of coral species collected 
in the Bolinao areas with corals from participants home reefs gave the general 
idea that Bolinao reefs were more diverse than Kenyan, French Polynesian 
and Sri-lankan reefs. The genera Euphyllia, Plerogyra, Cynarina, Cataphyllia
and Lobophyllia are also found deeper than they were on the Bolinao reefs.
Since most of the participants did not have extensive reference collections 
or checklists it was quite difficult to make more detailed comparisons.

Participants reactions and comments.

1. Most participants including myself felt that they were more competent 
in coral identification especially in the laboratory and especially where 
groups like Acvopora, Montipora and Goniopora are concerned.

2. It was also generally felt that most participants could now start a 
reference collection and compile a checklist for their areas. This was felt
to be important for a biogeographical picture of the Pacific areas especially to 
be seen.

3 . Exposure to researchers from other countries was thought to be beneficial 
especially as exchange of contacts, publications and ideas could be encouraged.

4. However, problems associated with the ecomorph concept and complication 
of keys for individual areas was thought to require more time.

5. Many of the participants felt that they benefited greatly from the 
workshop although it was felt that the time was too short for assimilation



Part II: Methods of Visual Census of Coral Reef Fishes.

Summary of Field and Laboratory Studies:

Lectures : the technique of visual fish censusing 
Lenght-estimation 
Transect method
Introduction to data storage and analysis 

Field and Laboratory studies:

Laboratory studies included familiarization with identification of coral 
reef fish, lenght estimation training using models of various sizes. In 
the field a fish familiarization dive, followed by a lenght estimastion 
exercise was conducted. Actual data was collected along transects or reef 
slopes and reef flats (refer to map). More time was put into learning the 
technique of fish censusing than actually learning the fish themselves. This 
method was therefore felt to be more useful for researchers who are already 
familiar with the fish and want to study their abundance, distribution and 
access their stock. It is a simple method of swimming along a transect and 
recording (see data sheet, appendix II) all fish, or those one is interested 
in along a certain distance (2 -5m) from the line on either side of the
line. This can be done snorkelling or with SCUBA.

Participants comments.

1. Most participants felt that they could use the method competently 
though more practise was needed for lenght estimations.

2. However,although the focus was on learning the technique of visual 
fish censusing rather than identification of the fish, it was felt that 
pore time was required for familiarization with the fish before the 
technique could be meaningful.
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APPENDIX I. CHECKLIST OF CORAL SPECIES COLLECTED FROM THE BOUNAO AREA.

Family Merulinidae 
Genus Hydnophora

H. exesa
H. rugosa 

Genus Merulina 
M. ampliata 

Family Oculiniidae 
Genus Galaxea 

G. fascicularis 
G. astreata 

Family Faviidae 
Genus Favia 

F. rotumana 
F. mathai 
F. helianthoides
F. pallida 

Genus Favites
F. halicora
F. chinensis
F. abdita 

Genus Goniastrea
G. pectinata 

Genus Platygyra
P. lamellina 
P. sinensis 

Genus Montastrea 
M. valenciensis 

Genus Diploastrea
D. heliopora 

Genus Leptastrea 
L . purpurea 
L. pruinosa 

G e n u s  C y p h a s t r e a  
C. microphthalama

Family Agariciidae 
Genus Pavona 

P. explanulata 
P. cactus 

Genus Leptoseris 
L. yabei
L. Mycetoseroides 

Genus Gardineroseris
G. planulata 

Genus Pachyseris 
P. speciosa 
P . rugosa 

Family Mussidae 
Genus Scolymia 

S. vitensis 
Family Pectinidae 
Genus Pectinia 

P. lactuca 
Genus Mucedium 

M . elephantotus 
Genus Echinophyllia

E. echinopovoides 
Family Pocilloporidae 
Genus Pocillopora 

P. verrucosa 
Genus Stylophora 

S. pistillata 
Genus Seriatopora 

S. hystrix 
Family Fungiidae contd 
Genus Sandalolitha 

S. robusta 
Genus Lithophyllon 

L. lobata
C. chalcidium



Genus Echinopora 
E. lamellosa
E . gemmacea 

Family Fungiidae 
Genus Cycloseris

C. sommervellaei 
Genus Fungia

F. paumatensis 
F. echinata
F. fungites 
F. corona 
F . danae 
F. granulosa 
F. repanda 
F. scabra 
F. concinna
F. horrida
F. simplex
F. actinoformis 

Genus Herpolitha
H. limax 

Genus Polyphyllia 
P. talpina 

Family Caryophyllidae 
Genus Euphyllia 

E. ancora 
Euphyllia sp.

Genus Plerogyra 
P. sinuosa 

Family Dendrophylliidae 
Genus Turbinaria 

T. frodens 
Turbinaria sp.

Family Poritidae 
Genus Porites 

P. rus 
Genus Goniopora

G. minor
G. stokesi
G. djiboutiensis

Genus Podabacia 
P. crustacea 

Family Trachyphyllidae 
Genus Trachyphyllia 

T. geoffreyi 
Genus Wellsophyllon 

W. radiata 
Family Acroporidae 
Genus Acropora

A. nasuta 
A. florida 
A. aspera 
A. digitifera 
A. divaricata 
A. aculeus 
A. excelsa 
A. nobilis 
A . nana
A. valencienensi 
A. selago 
A. variabilis 
A. Hyacinthus 
A. formosa 
Acropora sp.

Genus Montipora 
M. digitata 
M. stellata 
M. peltaformis 
M. arguituberculata



Family Caryophyllidae 
Genus Euphyllia 

E . ancora 
Euphyllia sp.

Genus Plerogyra 
P. sinuosa 

Family Dendrophylliidae 
Genus Turbinaria 

T. frodens 
Turbinaria sp.

Family Poritidae 
Genus Porites 

P . rus.
Genus Goniopora

G. minor
G. stokesi
G. djiboutiensis



APPENDIX II

Reef«
O th er Inform ation:

H ab ita t:
FISH CENSUS 

D epth:
\ ejrÂ

DATA SHEET 
D ale :

•Target 5pecies' E s tim ate  to ta l tng.(cm) 
. and /o r ac tu a l counts

I , SERRANIDAE (G roupers)
1. Cephalopholis urodelus
2. C . pachycentron
3. C . sexm aculatus
¿i. C . m iniatus

S. C . argus
6.
II. LUTJANIDAE (Snappers)

i. Lutjanus decussatus
2. Lutjanus spp.
3. M acolor niger

4.
5.

6. ■
UL LETHRINIDAE (Em peror Bream)
1. L e th rinus harak
2. Lethrinus spp.

3.
4.
5.
IV. HAEMULIDAE (Sweetlips)
1. P lec trophychus chaetodontoides

2. P . goldmani
3. P, o rien talis

5.
V. CARANGIDAE (Jacks) SC j Mb k ICAE (Tunas)

1. .........

1.
3.
VL ACANTHURIDAE (Surgeonfishes)
1. A canthurus b leekeri

2. A. mata
3. A. olivaceus
<i. A canthurus spp.
S. Naso litu ratus
6. Naso spp.

1.
VII. SIGANIDAE (Robbii fishes)
I. Siganus spinus
2. S. corallinus
3. S. vulpinus
4.
VIII M ÜÜ JDA E (Coat fishes)
I . Parupeneus trifasc ia tu s
2. P . barberinus

3.
ix  La b r id a e  (Wrasses)
1. Choerodon anchorago

2. Hemigymnus m elap terus
3. H. fasciatus
4. C heilinus celebicus
S. C . d iagram m a
6. C . rhodochrous
7. C . trilobatus
0.

!

OtKe 
ifc : %  Coi-aJ oXo.vj

%  kcu/d s

Tim e: 

In d ic a to r  Species*

Tide«

X. CHAETODONTIDAE © u tte rfty fish es) A ctual C ounts
1. C haetodon ad iergasto s
2. C . baronessa
J . C . b enne tti
4. C . c itrine llu s
5. * G. kleini
6. C . m ertensii
7. C . punc ta to fasc ia tu s
8. C . speculum

9. C . trifasc ia lis

IO. C . vagabundas
IL F orcip iger longirostris

11. H eniochus acum inatus
13. H . chrysostom us

14. H . varius

t f u m w t ' c e l H  c t o  n \ t f \ c  t i t  ' T . 3 g • ■* i ■*
'M ajor F am ilies A « O ©

i t

XL ACANTHURIDAE (Surgeonfishes)

1. C tenochaetu s  s tr ia tu s
2. C . b ino ta tu s
3. A. gloucoparienus
4. A. thompsoni
S. Z ebrasom a scopas
6.

7.
XII. CAESIONIDAE (Fusiliers) ,
1. P te ro caesio  pisang
2. C . cuning

3.
4.
XIII POMACENTRIDAE (DorpseIs) LAl3rtil)  Ae (Virasves)
1. Chrom is lepidolepis
2. C . m a rg aritife r *

3. C. ternatensis
4. N eopom acentrus spp.
S. P . thoracotocnniatus

6. P. lacrym atus
/. P . am boinensis
U. P . bankanensis
9. P . flavicauda
IO.
l l .
12.
13.
1. A nthias
2.

1. C irrh ilabrus spp.
2. Epibulus insidiator
3. Gomphosus varius
4. Thallasom a hardw ickei
5. T .jan sen i
6. T. lunare

7.
8.
9.
IO.

XIY 5C ARID AE (Parrot fishes)

1.
2. -

XV. POMACANTHIDAE (Arxjlelishes
1. C en tropyge vrolicki
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I  -  E g u i  B m e n t  n e e d e d  o n  t h e  f i e l d  f o r  a  t o t a l  s a m p l i n g . .

1/ - Cool-bo:: with ice
- Thermometer
- Secchi disc
- Refractometer
- Oxygen meter
- Tissue paper
- Paper, labels, pencil, water— proo-f marker pen.

2/ Primary firoduçtÿon
-  5 0  o r  1 0 0  m l  B O D  b c t t l e s : -

- 3 -f or t i me 0
- 3 black pointed bottles
- 3 bottles for each depth s all these for incubation in situ,

- Strings and floater for the incubation in situ
- Magnesium sulphate ( MnS04 ) and Iodium ( KINaOH ) solution
- 2 pipettes with pear ( 1 ml )

- Smallr<t)o;: to store the fixed samples.
3/ Chlorophyll

i. If the filtration has to be done afterwards in the lab :
- 1 1 plastic bottle

ii. If the filtration can be done immediately in the field :
- millipore syringe
- measuring cylinder of 500 ml
- glass-fibre filters ( 0 :  4.7 cm )
- pincet ( without sharp points )
- aluminium foil and labels
- plastic bag

-  d i s t i l l e d  w a t e r  t o  r i n s e  t h e  s y r i n g e  a f t e r  e a c h  s a m p l i n g
4/ P0Ç

i. If the filtration has to be done afterwards in the lab :
- 500 ml plastic bottle

ii. If the filtration can be done immediately in the field :

- idem as for 3/ <ii).
5 /  S e s t g n

- clean 1 1 glass bottles

- lugoi solution 
6/ Nutrients

- 250 ml plastic bottles ( 2 for each analysis; when samples can be taken
duplicate then 6 bottles )

- Mercuric chloride solution for nitrate-nitri te fixation
- Phenol solution for ammonia fixation
- Chloroform and pipette of 1 ml with pear for phosphate-silicate fixation. 

7/ Salinity
- 250 ml plastic bottles ( 2 )

9 /  P l a n k t o n
- Plankton nets
- Sieve 55 micron
- Formalin 57.

- Specimen bottles.
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II- PCLÜâCÏ Production

1/ Fieldgwgrk
i. Rinse the 50 ml or 100 ml BOD bottles twice with seawaterjust before 

sampling
ii. Fill the bottles with the seawater
iii. Close well without air bubbles
iv. For time 0 ( to ) fix immediately :

- +0.2 ml <0.4 ml for 100 ml sample) MnS04
-  + 0 . 2  ml ( 0 . 4  ml for 1 0 0  ml sample) KINaOH

P i p e t t e  j u s t  u n d e r  w a t e r  s u r f a c e  !
Shake well after closing the bottle

v. For incubation in situ at several depths, fix the string with the bottles 
( at the raft ) with floater.

vi. Fix the samples after 2 hours incubation for Bari creek and 4 hour./* for 
Tudor creek ( see 4 ).

vii. After fixation the bottles should be kept in the dark.

2/ Lab work

i. After settlement of the precipitation, add 0.2 ml ( 0.4 ml ) concentrated 
H2S04

ii. Close battle and shake well
iii. Titrate 50 mlwith Na2S203 ( 0.01 N ) to light yellow
iv. Add some starch : the solution becomes blue. Put a white blank paper

under the Erlenmeyer to see better the colour change by further titration
v. Titrate slowly further until colourless ( one drop Na2S203 can be too 

much and will change the measurement)
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III. Chlorophylles 

1/ Field-work
i. Rinse twice the 500 ml plastic bottle with sea-water 

ii. Fill the bottle with sea-water
iii. Store sample in cool-box with ice

2/ Lab-work
i. Filter sample on glass fibre filter with millipore vacuum pump

ii. Put filter into centrifuge tube < use a pincet ! ) + 10 ml 90'/. acetone
iii. Store in a fridge for 24 hours

i v .  C e n t r i f u g e  t h e  t u b e s  f o r  1 0  m i n u t e s  a t  3 0 0 0  r p m  ( s e e  r e p o r t  b y  M .  T a c k x
f o r  use o f  c e n t r i f u g e  o r  manual )

V. T a k e  s u p e r n a t a n t  w i t h  p i p e t t e  o u t  of c e n t r i f u g e  t u b e  a n d  f i l l  a
spectrophotometer cell

vi. Measure extinction of the sample at 630 , 645, 665 micron wavelengths

Reference and sample cuvet must always be placed in the spectrophotometer
with same side facing the light beam < see rport by N. Daro for use of
spectrophotometer )

If filtration can be done immediately in the field with' a mi 11ipore-syringe, 
then :-

i. Take 500 ml sea-water with measuring cylinder
ii. Put carefully with pincet one glass fibre filter in the filter holder (

take care for the 2 orange rubber rings ! )
iii. Open the syringe and fix it on the filter holder
iv. Fill the syringe with sample water

Filter this volume slowly, holding the system at the syringe and not at 
the filter holder ( top of syringe will break off by moving )

/-vi. Take the emptied syringe off and open it again
vii. Repeat 3-6 till the 500 ml are filtered over the same glass fibre filter

viii. Put the filter with the pincet in aluminium foil and label : date, time
of sampling, and volume filtered, 

ix. Store the filters enveloped in aluminium foil in a plastic bag in the
cool-box.
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IV. PQÇ
1/ Fxeld-work

i. Rinse the 250 - 1000 ml plastic bottles with sea-water
ii. Fi 11 the bottle

iii. Store sample in cool-box with ice.

2/ Lab^work

i. Filter sample on glass fibre filter ( 0=4.7 cm )
ii. Pack filter in aluminium foil. Label : date, time of sampling, tide, and 

volume filtered )
iii. Store in deep-freeze in petri-dish

Further analysis will be done by Mr.Kazungu, so inform him about the
sampling.

* If filtration can be done immediately in the field with a millipore syringe
then :-
i. Take 300 ml sea-water with measuring cylinder

ii. See < III ), filtration method for chlorophyll
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V'. S e s i ó n

1 / Field-work

i. Rinse the 1 1 glass bottle several times with sea-water
ii. Fill the bottle with sea-water taken at about 0.5 m beneath water-surface

iii. Add 2-3 ml lugoi solution for fixation and shake, to give a light brown 
colour

iv. Store samples in cool-box with ice

2 . ' Lab-work

i .  T h e  s a m p l e s  h a v e  t o  b e  s t o r e d  f o r  a minimum o f  3  d a y s  i n  a f r i d g e  f o r
sedimentation of detritus and particles

ii. Remove supernatant with pump, with tube-end just below the water surface 
in the bottle.
Reduce the volume to less than 100 ml 

•iii. Shake and pour into 100 ml measuring cylinder. Rinse bottle with tap­
water ( few mis ) and add this to the measuring cylinder

iv. Adjust the volume to 100 ml with tap-water
v. Cover cylinder with aluminium foil ( + label ! )

vi. Store in fridge for a minimum of 2 days
vii. Reduce volume to 10 ml ( see 2 )

viii. Store sample of 10 ml in closed glass container in the dark in the fridge
< = label ! )

ix. Add some extra lugoi every two weeks
X. If stored for a longer period, ( more than 2 months ) add 1 ml 40%

formaline

ê
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VI. Nutrients
The analysis of the samples should be carried out immediately after sampling. 

If this is not possible, they should be fixed and deep-frozen ( well labelled ).

1/ Eield-work

Rinse the 250 ml plastic bottles several times with the sea-water. 
i■ NLtrate^Nitrite

a )  F i l l  2 5 0  m l  b o t t l e  w i t h  s e a - w a t e r
b) Add about 5 drops of Mercuric chloride solution
c) Store sample in cool-box with ice 

i i. Ammonia
ai Fill 250 ml bottle with sea-water
b) Add 1 ml chloroform < with pipette )
c) Store sample in cool-box with ice

iii. PbSS&b§te and Si 1içate
a) Fill 250 ml bottle with sea-water
b) Add about 5 drops Phenol solution
c) Store sample in cool-box with ice

2/ Lab-work

The samples should be deep-frozen immediately once back from the field. The
analysis will done by Mr Kazungu, so inform him about the samples.

V I I .  S a l  i n i t y

1 /  F i e l d - w o r k

i. Rinse a 250 ml bottle several times with sea-water
ii. Fill the bottle with sea-water

iii. Store sample in cool-box with ice

2/ Lab-work

The analysis should be done in the lab immediately after sampling.
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lütCŜ yctign

During this training course you will become acquainted with di-f-ferent kinds o-f 
equipment , commonly used in Scientific Laboratories .
We will make distinction between Glassware , Small equipment and Heavy E q u i p m e n t

CHAPTER 1 : GLASSWARE

1.1 Glass

There are 2 types of glass used -for glassware : normal glass and
h&at-resistent glass ( also known under the brand-name PYREX ) . 
You can always easily -find out the type o-f glass a piece o-f 
glassware is made out : heat-resistent glassware is marked with a
white circle or rectangle . Sometimes you -find the -’PYREX’ mark 
printed on the glassware .
In not heat-resistent glass you should never pour hot liquids or 
dilute strong acids or bases . This because heat is produced 
with the dilution process ) .

1.2 Glassware

We will divide the glassware in 8 types :

1.2.a
1.2.b
1.2.c
1.2.d
1.2.e 
1.2 . i
1.2.g

Bottles
Beakers
Kolves
Volume -flasks 
Measuring cylinders 
Burettes 
Pi pets

We will also look at some special glassware :

1.2.h Filtration equipment

1. 2. i :To end some miscellaneous glassware
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1.2.a Betties

Battles are used to keep liquid chemicals or to preserve samples 
They are made o-f glass ( usually normal glass , transparent or brown ) 
or plastic ( e.g Polyethylene ) . The stopper can be a plastic stopper 
or a glass stepper. For chemicals , glass bottles and glass steppers
are preferred , especially with corroding liquids ( acids !! ). Organic 
solvents Í e.g acetone,hexane , toluene , ... > should not be kept or
poured into plastic recipients , as the plastic will ’melt’ .
When carrying a bottle , never carry it only by the neck ! Always 
support the bottom of the flask ! Otherwise , the neck might break of 
,the chemical + the bottle landing on your feet and legs !!

Sometimes , glass stopper^ get stuck in the neck of the battle
In this case , knock the neck of
the battle and the stopper GENTLY 
against the edge of the table , while 
rotating the battle .
If this doesn’t help , put the bottle 
upside down in a beaker and leave it 
that way far a night . Next day , turn 
the beaker with the battle and try to 
remove the stopper , if necessary with 
the ’ knock method ’ .
When heating a liquid , never shut a battle with a stopper completely. 
The internal presure might cause the explosion of the bottle .

1.2.b Beakers

Beakers are used to take a volume of liquid , when the precision of the 
volume is not important . We have sizes of glass beakers :
and sizes of plastic beakers .

1.2.c Kol yes

Kol ves are used as reaction vessels . They come in 3 forms :
1/ Round kolve with round bottom 
2/ Round kolve with flat bottom 
3/ Erlenmeyer kolve
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1.2.C.1 Round kolve with round bottom

These are used to heat or boil 
liquids with gas burners or electric 
mu-f-fles ( e.g distilling processes ). 
Remark : When boiling liquids tor
distillation , it is advisable to use 
'boiling stones' . These are small 
pieces ot e.g porcelain . This will 
prevent outbursts in the boiling
p r o c e s s ,  w h i c h  m i g h t  d a m a g e  t h e
glassware.

1.2.c.2 Round kolve with 11 at bottom

These can be used tor heating or 
bailing liquids with gas burners or 
electric hot plates.
For heating these kai ves with a gas 
burner , it is advisable to use 
asbestos trames , to protect the 
kolve against local overheating
This is not necessary when 
with electric hot plates .

heating

+-/

1.2.c.3 Erlenmeysr kolves

These are used for all purposes in 
the lab .They come in two types : the 
normal type and the vacuum erlenmeyer 
( tor reaction under negative 
atmospheric pressure or tor 
tiltration ( see 1.2.h ) .

All the above kolves e;;ist with two neck-types : normal and
The latter are used in combination with other glassware , which tits 

into the neck ot the kolve .
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1.2.d Volume flasks

Volume flasks are used to take a very 
precise quantity of a liquid .For 
example : We have a volume flask for
50-55 ml : the precisian is o ,o - ±  ml.
Furthermore , with this volume flask 
you can choose between two volumes : 
50 or 55 ml ( see the marks )
R e m a r k  : r e m e m b e r  t h e  m e n i s c u s  w h e n
reading the volume ! !
Remark : only use these flasks when
you need to take a very precise 
volume : do not use them as storage
flasks .
Preferably , do not use strong acids 
or bases.

1.2.e Measuring cylinders

Measuring cylinders are used to 
measure a volume of a liquid with a 
precision of + o . 1 5 '/ . . They are
available in plastic or glass .
Remark : When working in the field ,
it is advisable to use plastic 
measuring cylinders . (They don't 
break as easily as glass !! )

Making precise measurements :
Example : you have a volume of + 170
ml . In which type of cylinder should 
you measure it ? You can choose
between a cylinder of 500 , 1000 or
250 ml . Answer : ' use the 250 ml
cylinder . If you use the 500 ml
cylinder , the precision will be
smaller .
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1.2.f Burettes

Burettes are used -far titrations . We 
have two types : simple buret and
automatic buret .

X

S

1.2.f.l Simple buret •

Remark : the tap of the buret has to be greased with vaseline .
Warning : When using strong acids or bases , remember that the
vaseline will be destroyed :the buret will then start leaking . So , 
when you -finished your work , do not -forget to grease the tap . Be 
care-ful though not to put grease in the liquid path as the tap will 
then be blocked .

1.2.-Í.2 Automatic buret

In this type o-f buret , the liquid is torad in a reservoir . The buret 
can be filled with that liquid by pressing the pear.
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1.2.g Pipettes

Pipets come in two materials : plastic (can only be used once
disposable ) and glass ( which have to be cleaned ).

There are three di-f-ferent pipet types :

Measuring pipet
- Bulb pipet
- Automatic pipetR

-i

Ï

is

.¿i

A
nM
»VJ

M e a s u r i n g  p i p e t P u l b  p i p e t A u t o m a t i c  p i p e t
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The automatic pipet is the most accurate ( i-f used the proper way ! ),
the measuring pipet the least accurate . The accuracy o-f the pipet is 
always printed on the pipet .
Measuring pipets or bulb pipets are pre-ferably to be filled and emptied 
with a pipet pear . Especially if you are working with strong acids or 
bases , organic solvents ( acetone , hexane , ... ) or poisonous
liquids in general .

Automatic ËÎEëiê

The automatic pipet has a 3 digit digital read-out . Turning the wheel 
you can set the volume you want to use . To avoid changes in the
setting during use , you can lock the pi pet by moving the lever .
Warning : If you want to change the setting and the weei is hard to
turn , than probably the lever is still in lock position . First move 
the lever to unlock before turning the wheel ! ! !

Automatic pipets are used with pipet-points , which are disposable .
For every size of automatic pipet , there is an appropriate point :
For example : pipet 20-100 microliter : yellow point 

pipet 200-1000 microliter : blue point
Do not exchange the types of pipet paints .

Pipet stand (ref. SPIPAH0L >: always use automatic pipets with there
pipet stand when you are not using the pipet and there is still a point 
attached to the pipet .
W A R N I N G  : n e v e r  l a y  a  p i p e t  ,  f i l l e d  w i t h  s t r o n g  a c i d s  o r  b a s e s
horizontally on a table : the liquid will leak into the pipet mechanism
,damaging the mechanics beyond repair .
F:EMAF;K : it is advisable not to use automatic pipets with organic
solvents . The fumes might damage the mechanics .
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Cleaning pipets

Plastic pipets are not be cleaned .
Pipet cleaning has to be performed in 3 steps

1/ In bath labs , you will find a 
container for the pipets , which has
to be filled with water and a
detergent . In this container , a
p i  p e t  b a s k e t  w i l l  b e  p l a c e d  .
When you have finished using a pipet 
, put it into the basket in the first 
container . In this container , the 
pipet will be cleaned by the 
detergent . After a day , the basket 
is taken out of the first container , 
and put into the rinsing container .

This container is connected to 
the water supply .
The container , when completely filled with water is automatically 
emptied . Leave the system running for an hour or so . Then remove the 
basket from the rinsing container . Take out the pipets .
The pipets have new to be dried . This can be done in an oven at a 
temperature of about 80 degrees Celsius .

Æ 3  C3

. . 2 . h  EiLÎ-ratign equipment

•]r"7\ 7 1 _ - 0 0 0

OU
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As shown in the above figure , there are four filtration systems :
1/ Gel man filtration set 
2/ Millipcre filtration set 
3/ Millipore filtration manifold 
4/ Millipore syringe filtration system

1 /  S e i  m a n  f i l t r a t i o n  s e t

This is used with a Millipore vacuum pump . connected to two Erlenmeyer 
kolves of 2000 or 5000 ml . We stress on two Erlenmeyer : one to 
collect the filtrate , the second to avoid water coming into the pump 
if you forget to empty the collector Erlenmeyer on time .
WARNING : if water should come into the pump , notify immediately the
Chief Technologist ! ! He will dismount the pump and clean it thcrougly 
. Do not try to do this yourself .

The Gelman filtration set enables you to filter 3 samples at a time . 
Filters to use : Whatman GF/C ( glassfibre ) , 47 mm diameter.
Analysis : Chlorcphyl , PÜC ( if the P0C concentration is high compared 
to the background of the contamination of the filter )

2/ Mill.i pore filtrat fon set

This system is used with a Millipore vacuum pump . The Filtration set , 
c o m p o s e d  o f  3 p a r t s  i s  m o u n t e d  o n t o  a f i l t r a  t i e n  E r l e n m e y e r  ( 1 0 0 0  o r
2000 ml ) . It is advisable to use a safety Erlenmeyer < see 1/ ).

The Millipore filtration system is used for filtration where no 
contamination is to occur .
Filter to use : Any 47 mm filter ( Glass-fibre,Polyacetate,...)
Analysis : P0C,heavy metals , ...

WARNING : Do not use the filtration set without a filter : the fritted
glass support will get contaminated .

QLiáüLüS QÍ ÎLÎIË fCLsfed glass support i

Put the fritted glass support upside down into a strong acid ( e.g
Sulphuric acid , Hydrochlorid acid , ....) for a night . Then , rinse
the support in running water thoroughly . Then , put the support upside 
down into a large beaker with distilled water and leave for a night .
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3/ Mi 11 i pore Filtration Manifofd

The Millipore filtration Manifold is used with a Millipore vacuum pump 
. It enables you to filter 12 samples at a time . It can be used in e.g 
Primary Production experiments .

Filters to use : Whatman GF/C ( 25 mm ) or Polyacetate filters ( 25 mm
)

To filter , first block all the holes with rubber stoppers . Unblock 
the hole in which you are going to filter .Switch on the pump. Then 
pour in the sample . When the sample has passed the filter completely ( 
filter looks dry ) , pull out a second stopper and block the first one 
.Repeat this process for all holes .

REMARK : with this system , you can also keep the filtrate of all
samples separately : Put in the filtration house a glass vial ( see fig
. )

4/ MiIliE2Cë syringe filtration system

This system i s  perfect for in situ filtrations : you don’t need a  pump
: Open the filtration system and insert a filter ( glass-fibre or
P o l y a c e t a t e  )  .  C l o s e  t h e  s y s t e m  ( - f i r m l y  ) .  N o w  - f i l l  a  s y r i n g e  (
volume 20 or 50 ml ) and connect to the filtration set . Now press the
syringa : the liquid will be filtrated on the filter .

1.2. i Miscellaneous glassware (Cb

1.2.Í.1 Spectrcphctometric cuvettes

There are two sizes : 10 mm or 40 mm . The 40 mm cuvettes are used -when 
the concentration of the light absorbing liquid is very low .
They can b e  found in two materials : glass or quartz . The glass type
can only be used in the visible light range < 400-800 nm ) . The quartz 
s h o u l d  b e  u s e d  o n l y  w h e n  y o u  a r e  w o r k i n g  i n  t h e  U l t r a  V i o l e t  r a n g e  (  <
400 nm ) . Preferably do not use them when working in the visible range
( Quartz cuvettes are very expensive )
F;emark : When the sides of the cuvettes are frosted glass , then there
is no problem . If , however , they are not , then make sura you are 
inserting the cuvettes into the spectrophotometer correctly : On the
windows , in the light beam direction , the size of the cuvette is 
printed . Do not insert the cuvette sideways : this might scratch the
windows of the cuvette , making it useless M
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