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Members of the Ghana Wildlife Society at work in the Densu Delta. Samuel K. Nyame,
Alfred N. Ali and Samuel A. Adu (back tot front).
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Summary

Most tern species that breed in Europe, winter along the (West) African coasts. Ghana
and The Netherlands are well known for the large numbers of terns, especially Black
Terns Chlidonias niger , present after the breeding period in coastal wetlands. The Black
Tern is a shared resource for the Netherlands and Ghana: after the birds leave the
Netherlands, they move down along the western coast of Africa, with several thousands
occurring along the Ghanaian coast in September-October. The numbers of Black Terns
spending the non-breeding season in West Africa are internationally important and
collaborative efforts between West African and European countries would be crucial to
ensure the survival of this species. In the Netherlands Black Terns are endangered as a
breeding species due to habitat loss and deterioration of breeding sites. In West Africa
Black Terns face probably a future overexploitation of marine fish stocks and increasing
human impact on coastal wetlands. The dual international responsibility that Ghana and
The Netherlands have for Black Terns, are the main reason for a start of a co-operative
Black Tern study between Dutch and Ghanaian ornithologists.

It is therefore not surprising that the Centre for African Wetlands (CAW) selected the
Black Tern as the subject for their pilot wetland research initiative. The pilot project seeks
to demonstrate the opportunities and feasibility of collaborative field studies between
West African and European wetland scientists that promote capacity building and
knowledge/lessons sharing. One of the targets was to set up a short field study in
autumn 2000 on tern ecology. The overall goal of the preliminary field study was to
investigate the possibilities for ecological research on Black Terns and to review the long
term waterbird monitoring carried out by the Ghana Wildlife Society (GWS). Part of the
goal is to establish a Black Tern monitoring scheme within a regional and international
co-operative framework. The ultimate goal would be to obtain complementary
ecological information on Black Terns in relation to current threats on the wintering and
breeding populations that would inform definition of appropriate management
prescriptions. The Pilot Project was also aimed at demonstrating the ability of the Centre
for African Wetlands to facilitate research in the sub-region by use of its network of
partners. The Centre for African Wetlands invited Bureau Waardenburg to co-operate
with the Ghana Wildlife Society (GWS) for this exploratory field study on tern ecology in
October 2000.

The short term objectives of the October 2000 study were: organising an expert
workshop, evaluating existing monitoring programmes and joint field research work on
tern ecology.

Table 2.1 provides an overview of research targets and methods that can be used in
future co-operative studies. In table 5.1 these methods are presented for the pilot study
area at Densu Delta Ramsar site near Accra for October 2000.

The study in October succeeded in achieving most of the goals that were formulated at
the beginning of the project. The co-operation between all parties was very successful
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and the sharing of knowledge substantially contributed to the success of the short study.
The Ghana Wildlife Society has great knowledge of all wetlands and their bird
population in Ghana. The bird counts are executed in a structured way every month.
Apart from this, the Society is involved in intensive studies and conservation
programmes on tern trapping by local inhabitants in close collaboration with the Royal
Society for the Protection of Birds (UK).

The October 2000 project provided useful information about tern numbers, the relative
importance of feeding areas and the relation between local fishermen and terns. A first
attempt was made to estimate the food intake of terns following fishermen, which
showed a minor impact of terns feeding on the available stocks. This might give
credence to or refute the claim by fishermen that terns are a threat to fish stocks. The
study also showed that it is possible to catch terns in a short period in significant
numbers so monitoring of condition and moult studies are possible.

Black Terns in the Densu Delta area fed mainly near shore around beach seine activities.
However, very low percentages of fish were taken from fishermen. Black Terns in Ghana
were in normal winter condition and it seemed that food availability was high.

The study in October 2000 was very short and the sample size is clearly too small for
definitive results and conclusions. However, these results provide some answers and
contribute to the understanding of the basic question: what are terns doing in Ghana? In
fact the terns profit from the rich marine food resources and it seems that food
availability is high enough to support large numbers of terns. The close link with local
fishermen emphasises the importance of maintaining fish stocks and preventing
overexploitation.

The October study was supposed to be a feasibility study for future tern research. The
study showed that this is clearly within the possibilities. Part of the studies that started in
October 2000, were continued throughout the season (2000/2001) by the GWS team.

An important goal of the pilot study was to explore future co-operative research
possibilities. From the results of the Black Tern study in October 2000 the most
important recommendations may be summarised as follows (see chapter 5):
• The tern work should be broadened into neighbouring countries.
• The data on monthly collected bird counts should be analysed and written up as

soon as possible.
• In the near future other researchers especially students, should be encouraged to

contribute to tern research studies additional to the GWS staff. Foreign researchers
can strengthen the knowledge on field methods and data analyses.

• Offshore studies have to be included in the future study programme.
• Counts of night roosts, feeding ecology and tern capture have the highest priority.
• It is proposed to strengthen research capacity in Ghana by organising a West African

tern workshop, training of Ghanaian counterparts in The Netherlands, and
expansion of tern studies to other nature and social topics in wetland studies.
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Résumé

La plupart des espèces de sternes qui se reproduisent en Europe, passent l'hiver sur les
côtes d'Afrique (de l'Ouest). Le Ghana et les Pays-Bas abritent on le sait un grand
nombre de sternes, et notamment des Guifettes Noires Chlidonias niger qui sont
présentes après la période de reproduction dans les zones humides côtières. La Guifette
Noire est une espèce commune aux Pays-Bas et au Ghana: après avoir quitté les Pays-
Bas, ces oiseaux descendent le long de la côte ouest de l'Afrique, où plusieurs milliers
d'entre eux demeurent sur la côte ghanéenne durant les mois de septembre et
d'octobre. Les populations de Guifettes Noires qui demeurent en Afrique de l'Ouest en
dehors de la période de reproduction sont d'importance internationale. Il est donc
déterminant pour la survie de ces espèces que les pays d'Afrique de l'Ouest et d'Europe
joignent leurs efforts. Aux Pays-Bas, la Guifette Noire est menacée en sa qualité d'oiseau
nicheur, en raison de la perte d'habitats et de la détérioration des sites de reproduction.
En Afrique de l'Ouest, la Guifette Noire sera probablement confrontée à la surexploi-
tation future des stocks halieutiques et à un impact croissant des activités humaines sur
les zones humides côtières. La double responsabilité internationale du Ghana et des
Pays-Bas à l'égard de la Guifette Noire est la principale raison d'une étude conjointe de
cet oiseau par des ornithologues néerlandais et ghanéens.

On comprend donc pourquoi le Centre for African Wetlands ou CAW a choisi la Guifette
Noire pour sujet de son initiative pilote de recherche sur les zones humides. Ce projet
pilote cherche à décrire les possibilités et la faisabilité d'études réalisées sur le terrain
conjointement par des scientifiques d'Afrique de l'Ouest et d'Europe, qui encoura-
geraient aussi bien le renforcement des capacités et le partage des connaissances et de
l'expérience acquise, que la faisabilité de ces études. L'un des objectifs était d'organiser
une courte étude sur le terrain sur l'écologie des sternes à l'automne 2000. Le but
général de l'étude préliminaire était de dresser la carte des possibilités de recherche
écologique sur la Guifette Noire, ainsi que d'évaluer les activités de surveillance continue
à long terme des oiseaux d'eau réalisées par la Ghana Wildlife Society ou GWS. Un des
objectif est d'établir un schéma de surveillance continue de la Guifette Noire à l'intérieur
d'un cadre conjoint régional et international. L'objectif final sera d'obtenir des
informations écologiques complémentaires quant aux menaces pesant actuellement sur
les populations de Guifettes Noires qui hivernent et se reproduisent dans le pays,
informations qui permettront de définir les prescriptions appropriées en matière de
gestion. Le projet pilote avait aussi pour objectif de démontrer la capacité du CAW à
faciliter les recherches dans la sous-région en se servant de ses réseaux de partenaires. Le
Centre for African Wetlands a invité le Bureau Waardenburg à coopérer avec la GWS à
l'occasion de cette étude d'exploration sur le terrain sur l'écologie de la sterne, au mois
d'octobre 2000.

Les objectifs à court terme de l'étude d'octobre 2000 étaient les suivants: organiser un
atelier d'experts, évaluer les programmes de surveillance continue existants et regrouper
les activités de recherche sur le terrain concernant l'écologie de la sterne.
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Le Tableau 2.1 présente une liste des objectifs et des méthodes de recherche pouvant
être employées lors d'études conjointes futures. Au Tableau 5.1, ces méthodes sont
présentées pour l'étude pilote menée dans la région site Ramsar du Delta du Densu, près
d'Accra, en octobre 2000.

L'étude réalisée en octobre a réussi à atteindre la plupart des objectifs formulés au début
du projet. La coopération entre toutes les parties a été une véritable réussite et le
partage des connaissances a fortement contribué au succès de cette courte étude. La
GWS possède une connaissance approfondie de toutes les zones humides et de leurs
populations d'oiseaux au Ghana. Les comptages d'oiseaux ont été effectués tous les
mois de façon structurée. Par ailleurs, la GWS participe à des études intensives et à des
programmes de conservation sur la prise des sternes par les populations locales, en
étroite collaboration avec la Royal Society for the Protection of Birds, du Royaume-Uni.

Le projet d'octobre 2000 a permis d'obtenir des informations utiles sur le nombre de
sternes, l'importance relative des sites d'alimentation et la relation entre les pêcheurs
locaux et les sternes. Une première tentative d'estimation de la consommation de
poissons par les sternes qui suivent les pêcheurs a été réalisée, qui montre l'impact
mineur de ces oiseaux sur les stocks halieutiques disponibles. Ceci peut confirmer ou
justement réfuter les plaintes des pêcheurs selon lesquelles les sternes constitueraient
une menace pour les stocks halieutiques. Cette étude a également montré qu'il est
possible d'attraper un grand nombre de sternes en peu de temps, ce qui permet la
surveillance de leur état et une étude de la mue.

Dans la région du Delta du Densu, les sternes se nourrissent notamment à proximité des
seines aux abords des plages. Toutefois, les taux de poissons qu'elles dérobent aux
pêcheurs sont très faibles. Au Ghana, les Guifettes Noires se trouvaient dans des
conditions normales pour l'hiver et la nourriture semblait disponible en grande quantité.

L'étude menée en octobre 2000 a été de très courte durée et la taille des échantillons est
nettement trop petite pour donner des conclusions et des résultats définitifs. Les résultats
obtenus permettent cependant d'apporter quelques réponses et contribuent à une
meilleure compréhension de la question fondamentale: que font les sternes au Ghana?
En fait, elles profitent de la richesse des stocks halieutiques et la quantité de nourriture
disponible semble suffisamment importante pour un grand nombre de sternes. La
relation étroite avec les pêcheurs locaux souligne l'importance qu'il y a à maintenir les
stocks halieutiques et à prévenir la surexploitation.

L'étude menée en octobre devait mettre en lumière la faisabilité de recherches futures
sur la sterne et elle a clairement montré que ces dernières étaient réalisables. Certains
volets des études démarrées au mois d'octobre 2000 ont été poursuivis pendant toute la
saison (2000/2001) par l'équipe de GWS.
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Un objectif important de l'étude pilote était aussi d'explorer les possibilités futures de
recherche conjointe. Les principales recommandations découlant des résultats de l'étude
d'octobre 2000 sur la Guifette noire peuvent être résumées comme suit (voir chapitre 5):
• Le travail sur la sterne devrait être étendu aux pays voisins.
•  Les données des comptages d'oiseaux réalisés mensuellement devraient être

analysées et consignées aussi rapidement que possible.
• Dans un avenir proche, d'autres chercheurs et notamment des étudiants devraient

être encouragés à contribuer à des études de recherche sur la sterne en plus de
l'équipe de GWS. Les chercheurs étrangers peuvent renforcer les connaissances sur
les méthodes de travail sur le terrain et les analyses de données.

• Des études offshore doivent être incluses dans le futur programme d'étude.
•  Le dénombrement des abris nocturnes, l'écologie alimentaire et la capture des

sternes sont hautement prioritaires.
•  Il est proposé de renforcer la capacité de recherche au Ghana en organisant un

atelier sur la sterne d'Afrique de l'Ouest, de former des homologues ghanéens aux
Pays-Bas et d'étendre les études sur la sterne à d'autres sujets écologiques et sociaux
dans le cadre d'études sur les zones humides.
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1 Introduction

1.1 Background of tern studies in Ghana

Most tern species that breed in Europe, winter along the (West) African coasts (Cramp
1985, Urban et al. 1986). Ghana is well known for its large numbers of terns, especially
Black Terns Chlidonias niger, present in the period September-November (e.g. Ntiamoa-
Baidu 1988, Grimes 1977). Generally, the tern numbers decrease after this period, with
numbers increasing again in spring as terns migrate back to the Eurasian breeding areas.

In the Netherlands the breeding population of the Black Tern has declined dramatically
by more than 90%, since the fifties because the breeding habitat is under severe
pressure (Van der Winden et al. 1996). Important reasons for this decline include lack of
suitable nesting sites and insufficient food supplies for young terns (van der Winden et
al. in press, Beintema et al. in press). Soon after the breeding season, Black Terns
concentrate in a few important European wetlands for moulting and fattening up prior
to the migration towards Africa (e.g. Schouten 1985, Van der Winden & Nesterenko
2001). The Netherlands is of great importance for Black Terns in this period as tens of
thousands concentrate in Lake IJsselmeer in July-August. The Dutch breeding population
of Black Terns does not exceed 3000 birds, so these high numbers must originate from
other areas in Central and Eastern Europe. One of the main targets in the Dutch
marshland species protection plan, is to acquire in-depth knowledge on survival of adults
and juveniles as well as on ecological constraints for Black Terns outside the breeding
season (Den Boer 2000). It is important, therefore to obtain information from key areas
in the life cycle of Black Terns along the entire East Atlantic flyway. This would include
studies on constraints in feeding areas as well as on migration ecology.

After the birds leave the Netherlands, they move down along the western coast of
Africa, with several thousands occurring on the Ghana coast in September-October. In
February-March large numbers (tens of thousands) are present off the coast of Namibia.
Between these periods it is a mystery where all Black Terns stay. Smaller numbers are
recorded along the African coasts between Ghana and Namibia, but never in substantial
numbers. Alternatively it is suggested that all birds stay offshore, but evidence is lacking.

The numbers of Black Terns spending the non-breeding season in Ghana are
internationally important. Threats to the Black Tern population in Ghana are capture of
birds by local people, but probably also wetland deterioration and future
overexploitation of offshore fish stocks. For this reason collaborative efforts between
West African and European countries would be crucial to ensure the survival of this
species. The dual international responsibility that Ghana and The Netherlands have for
Black Terns make the present joint effort on Black Tern studies between Dutch and
Ghanaian ornithologists particularly important. It is also necessary that this collaboration
be extended to other West-African countries like Benin, where comparable Black Tern
studies were started in 1999 (Hagemeijer et al. 2000).
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It is therefore not surprising that the Centre for African Wetlands (CAW), a West African
subregional programme funded by the Netherlands government, selected the Black Tern
as the subject for their pilot wetland research initiative. The pilot project seeks to
demonstrate the opportunities and feasibility of collaborative field studies between West
African and European wetland scientists that promote capacity building and
knowledge/lessons sharing (e.g. Ntiamoa-Baidu et al. 1997, Ntiamoa-Baidu & Gordon
1999). One of the targets was to set up a short field study in autumn 2000 on tern
ecology. The overall goal of the preliminary field study was to investigate the possibilities
for ecological research on Black Terns and review the long term waterbird monitoring
carried out by the Ghana Wildlife Society (GWS). Part of the goal is the establishment a
Black Tern monitoring scheme within a regional and international co-operative
framework. The ultimate goal would be to obtain complementary ecological information
on Black Terns in relation to current threats on the wintering and breeding populations
that would enhance definition of appropriate management prescriptions. The Pilot
Project was also aimed at demonstrating the ability of the Centre for African Wetlands
to facilitate research in the sub-region by use of its network of partners.

The Centre for African Wetlands invited Bureau Waardenburg to co-operate with the
Ghana Wildlife Society for this exploratory field study on tern ecology in October 2000.

The first aim of the study was an exploration of research possibilities on terns in close co-
operation between European and African ornithologists. The report is therefore primarily
meant for research groups in Ghana and neighbouring African countries. E.g. it can be
used as a tool to get information on typical wetland birds and their ecology. Secondly
policy makers and nature managers can use the report to get a picture of the relations
between wetland birds and the marine environment and they can use it to emphasise
the relation between European and African wetlands.

1.2 Why the Black Tern?

Black Terns depend on the availability of open sea as well as nearby coastal lagoons as
both habitats are important in their daily and annual life cycle emphasising the relation
between these habitat types. Marine fish and pelagic crustaceans form the dominant
prey types. As such, Black Tern research provides information on wetlands that
complement wader studies, which focus mainly on lagoon systems and benthic fauna.
The Black Tern may therefore serve as a useful study object on the Ghanaian coastal
wetland sites for several reasons.

From the perspective of sustainable use of wetlands:
• Outside the breeding season the birds are restricted to high productive large brackish

or salt water wetlands (mostly Ramsar sites), thus the presence of the birds may serve
as indicators of food rich, healthy wetlands;

• There is mutual benefit between local fishermen in Ghana and terns. Ghanaian
fishermen have long recognised the value of feeding terns as an indicator for rich fish
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stocks at sea (Ntiamoa-Baidu 1991). On the other hand, Black Terns profit from
fishing activities, by feeding on the trapped fish that are unable to escape from the
nets and on fish discards after processing as well as on stunned fish which are able to
pass through the beach seines. There is a real possibility that the future survival of
both Black Terns and local fishermen might be threatened by the increasing large
scale industrial offshore fishing.

From a nature conservation perspective and people awareness:
• Black Terns are declining due to the high human pressure on wetlands throughout

Europe and Africa;
• The species clearly links wetlands in Northern Europe, the Mediterranean, West

Africa and Southern Africa;
• The strong initiatives for wetland conservation and public awareness in Ghana stems

from international concern for the rare Roseate Tern Sterna dougallii and the linkage
to tern trapping by local people (mainly boys) in Ghanaian communities;

• The conspicuous behaviour and elegance of terns contributes to the great interest in
nature and wildlife for all kinds of people.

1.3 Objectives of tern studies in Ghana

The long term objectives of the tern research projects to be executed in the framework
of the Centre for African Wetlands and the Ghana Wildlife Society are as follows:

• Continue and upgrade the existing monitoring scheme for tern numbers along the
Ghanaian coast;

•  Continue and expand feeding ecology studies of wintering terns in the coastal
lagoons;

• Set up offshore studies on tern feeding areas and feeding ecology;
• Integrate tern conservation in existing and future research activities;
•  Extend the tern studies into adjacent West-African countries, set up exchange

programs and facilitate other research groups from Europe and Africa to study
wintering terns;

• Facilitate the training of ornithologists in the field of (tern) ecology;
• Provide the opportunity for students to set up research programs on terns.

The short term objectives for the preliminary studies in October 2000 was to provide a
start for future research programs on tern ecology, establish the feasibility of the future
collaboration including identification of future perspectives and commitment of
participating parties. The following aims and activities were successfully implemented in
the October visit:

• A half-day workshop on tern ecology, research methods and past research in Europe
and Africa. The purpose of this workshop was to enable Bureau Waardenburg and
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GWS to define gaps in knowledge and learn from existing knowledge on tern
research;

• Evaluation of the tern monitoring work initiated under the Save the Seashore Birds
Project in 1985 and continued by the Ghana Wildlife Society (GWS);

• Joint field trips to night roosting sites for census work;
•  At all relevant sites, the proportion of birds feeding offshore and inshore was

registered by counts during daytime and evening;
•  A start was made with studies of feeding ecology by studying intake rates and

pellets for food composition;
•  On several occasions birds were captured at night roosts and their moult and

condition were studied;
•  Additionally information was gathered during observations and counts on age

composition and moult progress;
• During the project a tentative report was produced. Analysis and compilation of this

report was organised as much as possible in close co-operation with all scientists
present. In this way, the participants were exposed not only to field methods, but
also methods of data analyses;

• In all field studies, one of the main targets was the co-operation between Ghanaian
and Dutch ornithologists and conservationists and the possible future co-operation
between these and other countries involved in tern research.
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2 A framework for Black Tern studies

Apart from presenting results of the exploratory study, this report has the intention to
set up a framework for future Black Tern research in Ghana. This research should
provide information about Black Tern ecology in relation to coastal wetland ecology and
nature conservation needs. The basic question is: what are Black Terns doing in Ghana?
With the answers to this question, critical phases in the annual life cycle of Black Terns
can be identified. This might help to prioritise nature conservation needs for terns in
general. To find an answer for this question a detailed spatial and temporal framework
has been set up. This framework, would need to be filled in for understanding the total
ecology of Black Terns in the region. Table 2.1 gives an overview of the theoretical
framework. For every cell in the framework methods of investigation are presented that
can be used in future studies. The study in October is used in this section and the
following chapters as an example for the overall framework. During the October study,
most of the methods described were tested, mainly at one site: the Densu Delta Ramsar
site near Accra. This site typifies the brackish water-salt pan wetland complex that is
common on the Ghana coast. As time was limited it was decided to concentrate all
research effort in this study area. Also the site had the advantage of having large
numbers of terns present at that time of the year, with terns foraging at sea as well as
inshore, thus providing opportunities for testing out all the research topics. The Densu
Delta study and the framework proposed might function as a working model for future
studies in this Ramsar site as well as in other sites.

The report also provides an extensive overview of general methodology available for
ecological studies on terns. This is in response to the expressed need for such a
document that would be of value not only to Ghana Wildlife Society staff but also to
students and researchers in Ghana.



Table 2.1. Schematic overview of research topics and methods for Black Tern research in Ghana

Goal methods where? frequency
Total numbers
present

Identification of night roosts in Ghana

Counts of night roosts

coastal wetlands

coastal wetlands

at least yearly

at least monthly
Age composition adult juvenile ratio's in the field

(tern trapping)
coastal wetlands, near shore, offshore Weekly

at least monthly
Situation of daytime integral counts of birds coastal wetlands at least monthly
feeding areas daytime transect counts along the

beach
beach surveys at least monthly

daytime transect counts offshore offshore (boat) at least monthly
studies of tern movements coastal wetlands, near shore, offshore
telemetric studies coastal wetlands

Feeding ecology close observations of feeding birds coastal wetlands, near shore, offshore at least yearly
food types pellet and faeces investigations coastal wetlands (but only if feeding area is known) at least yearly

regurgitations and feaces of captured
birds

coastal wetlands (but only when feeding area is
known)

at least yearly

energy budgets intake rates of feeding flocks coastal wetlands, near shore, offshore at least monthly
time budgets of tern flocks coastal wetlands (but only if feeding area is known) at least monthly
mass investigations of prey types coastal wetlands, near shore, offshore once
prey size estimates in the field coastal wetlands, near shore, offshore at least monthly
prey size estimates from remains coastal wetlands (but only if feeding area is known) at least yearly
telemetric studies coastal wetlands

relation to humans competition studies coastal wetlands, near shore, offshore at least monthly
interviews local fishermen coastal wetlands, near shore, offshore at least yearly

Condition of Terns capture of Black Terns coastal wetlands (night roosts) at least monthly
measurements, body mass

moult (wing, body)
moult scores in the field coastal wetlands, near shore, offshore weekly

Migration studies capture of Black Terns coastal wetlands (night roosts) at least monthly
ringing of Black Terns

checking rings in the field coastal wetlands (night roosts) at least monthly



19

3 Methods

As explained in chapter 2, this section first describes the general methods used for tern
studies; then the specific methods used during the October 2000 study are presented.
The methods are linked to the framework presented in table 2.1.

It must be stressed, however that although an overall framework for tern research
methodology is provided, good research cannot be executed by means of a cookery
book. In all cases scientists should be inventive, innovative and creative in finding new
ways of research possibilities for a variety of questions that pop up. The best ideas and
methods are generally developed in the field within a strong co-operative research team.
Therefore the methods presented here can be regarded as an overview of techniques
used in previous tern studies as well as some newly developed or revised older methods
that were used in the Ghana 2000 study. It should also be borne in mind that this is a
dynamic field and therefore new or better methods are likely to be developed in the near
future.

3.1 Identification of night roosts

Rationale
Because all terns gather at night roosts, counts of these roosts form the best possibility
to get an impression of the total number of terns present in a certain area. Especially in
areas where terns feed far out at sea (as in Ghana) counts of night roosts are essential to
get a more accurate impression of the total numbers present.

Apart from proper counts, night roosts provide an excellent location and a starting point
for following birds to their main feeding areas.

General
Night roosts of terns are best identified by following (flocks) of terns in the evening. This
might be difficult because terns fly fast, the dark circumstances make it difficult to follow
the birds and the means of transport (car, foot, boat) sometimes has to change during
the pursuit. In general, a tern roost is located at large open mudflats or on saltpans
mostly surrounded by open water. A good start can be to search for a large day time
roost late in the afternoon and to monitor the birds until complete darkness. It must be
stressed here that terns might leave an apparent night roost just before dark to another
site. Another good possibility is to set up on the beach one hour before dark and register
the flight directions of terns and follow the birds in the direction where most of them are
flying, until the night roost is found. Sometimes it might take two or three successive
nights to finally locate the roost. In the morning additional observations can be made as
terns fly in the other direction. It must be pointed out however, that terns may leave the
roosting site to the feeding areas while it is still dark so the morning observations would
be less productive and more difficult in finding a night roost.
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October 2000
Since the study period was short we tried to locate night roosts only at three locations.
On 17 and 23 October Muni Lagoon was visited. Only a small tern roost was present in
the lagoon in the afternoon. An observer was positioned on the beach between the
lagoon and the sea. It was possible to observe the daytime roost as well as tern
movements above sea. In the morning tern movements above sea were registered for
the location of the night roost.
On 20 October, Densu Delta was visited in the late afternoon. On this site the largest
daytime roost was observed until dark. In the period 24 – 26 October, terns were
followed in the evening leaving this roost to at least two final night roosts. On 27/10
birds were followed moving from the roost early in the morning towards their feeding
areas.
Songor Lagoon was checked for night roosts in the evening of 17 and 21 October.

3.2 Counts of night roosts

General
In general, the location of night roosts does not change substantially within one season.
If local changes occur in water levels or in case of massive disturbance, birds might leave
the area but even then they would normally settle for a nearby alternative. Many night
roosts might well be used year after year. Counts of birds at night roosts give the best
indication of total numbers present, especially when many birds feed offshore (as in the
case of Ghana). Terns can be counted in two ways: near the roost or near the migration
routes towards the roost. The best method depends on the situation. Sometimes the
roost location cannot be approached appropriately. In such cases, birds flying towards
the roost give the best indication. In this case it is wise to place at least two observers at
either side of the roost to ensure that most birds are covered. Be aware that terns can fly
very high (more than 200 m) and that they only descend when they are very close to
the roost. It is therefore advisable to position oneself as close to the roost as possible.
The arriving birds should be counted in periods of 15 minutes, starting at least one hour
before sunset until complete darkness (normally half an hour to one hour after sunset).
In this way at least 6 periods of 15 minutes are counted. Another method is a regular
count of all birds present at the roost (also every 15 minutes) until darkness.

If more than one tern species is involved, more observers are necessary, each one
concentrating on a specific species. If the tern numbers are high, sample counts may be
used to estimate the proportions of the different tern species on the roost (see 3.21).

October 2000
At Muni Lagoon no night roost was present, so no counts were done. However, at
Densu Delta three night roosts were found. The largest night roost was counted
systematically in the evening every 15 minutes on 24 and 25 October. Two smaller
roosts were checked only once late in the evening. Terns moved between these three
night roosts in the evening and at night. At the largest roost it was possible to position
the observer close to the night roost. Terns were counted in two ways: by counting
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arriving birds and by counting terns present every 15 minutes. The observer was
stationed near the roost at the seaside so that birds arriving from the sea were counted
in flight. Birds arriving from the wetland side were counted also at the same time, but to
be sure, the birds present at the roost were also counted every 15 minutes. Counts were
executed starting half an hour before sunset on 24 October and one hour before sunset
on 25 October.

On 27/10 the roost was visited in the morning 45 minutes before sunrise and birds
leaving the roost were counted. This check was necessary because many terns (mainly
Common and Roseate Terns) arrived in the evening at the roost in complete darkness.

3.3 Adult-juvenile ratios

Rationale
For population studies it is essential to get an impression of the proportion of young
birds in the population. This proportion might vary in different areas and throughout the
year. Therefore it is necessary to get an impression of adult-juvenile ratios in many
(African) sites throughout the season.

General
In the period September-November juvenile Black Terns can be distinguished easily from
adults in the field. In general juveniles have a darker appearance than adults, with a
brownish wash on the upperparts and they do not moult primaries in this period or only
start at the first primary by the end of October (e.g. Malling Olsen 1995). This last
feature is best visible in flight when primaries of juveniles show the same colour pattern
(fig 3.1). Adults clearly show two generations of flight feathers (fig 3.1) (Baker 1993). If
a group of terns is well visible (good light conditions) the number of adult and juveniles
can be counted. Be sure all birds in the group are checked individually to avoid
overestimating one age class. The study should also be repeated regularly in different
habitat types and for different situations: resting birds, feeding birds, birds flying to the
night roost and regularly throughout the season and for all wetland sites. Be sure that at
least 100 birds are checked within a monthly period, but preferably more.

Information based on trapped terns during mistnetting sessions could contribute to
knowledge on adult-juvenile ratios, but it is not unusual that there is a bias towards
juveniles with this catching method (Van der Winden & Nesterenko 2001). So this
method alone is not reliable for accurate adult juvenile ratios. However if done over a
long enough period starting from the beginning of the non-breeding season, it can
provide information on differences in period of arrival of juvenile and adult birds to the
non-breeding quarters.

October 2000
In total 500 terns were checked for their age, 490 in the Densu Delta and 10 in Sakumo
Ramsar sites. Terns were checked in wetland areas, at near shore feeding sites as well as
at the Densu Delta night roost.
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3.4 Daytime integral counts of terns in coastal wetlands

Rationale
Daytime counts in coastal wetlands are in general combined with counts of other
waterbirds in most areas in Europe and Africa (e.g. Ntiamoa-Baidu et al. 2000,
Chernichko et al. 2001). Mostly these daytime counts are used to get an impression of
the total numbers present. However, for terns this is not a reliable method if most birds
feed on large open water bodies or at sea as in the case of Ghana (e.g. Piersma &
Ntiamoa-Baidu 1995, Ntiamoa-Baidu et al. 2000). The method however, can be very
useful to give an impression of the number of birds feeding and resting at well accessible
areas. In this way these day counts may contribute to the knowledge of the number of
resting and feeding birds within the wetlands. For monitoring purposes this method can
be useful. It provides information about possible changes in feeding areas between
years. The value of the counts is greatly increased if the proportion of resting and
feeding birds is recorded separately. This provides useful information on monthly or
yearly differences in the number of birds feeding within the wetlands. Resting birds
might feed at sea. Also the relative numbers (likelihood of terns being present) on the
lagoons give a general indication of the seasonal patterns of tern occurrence in the
coastal waters.

General
Wetlands are counted integrally by car, foot and boat and all habitats are checked
carefully with binoculars and telescope. Preferably numbers are separated for different
sections within one wetland. The Ghana Wildlife Society (GWS) has carried out such
counts on a monthly basis since 1986 in all important Ghanaian wetlands. The ecological
information from this could be improved by separating resting and feeding birds on the
counting forms as described above.

October 2000
Early October 2000, the GWS had counted all coastal wetlands. As part of the study
Muni Lagoon, Densu Delta, Sakumo Lagoon and parts of Keta Lagoon and Songor
Lagoon were been visited for daytime counts. In the Densu Delta tern numbers were
separated for resting and feeding terns.
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3.5 Daytime transect counts along the beach

Rationale
The best way to get an impression of the numbers of terns feeding near shore is to walk
along the beach and count all feeding and resting terns. The total coast length in Ghana
is too long to cover it completely so transect counts can be a good alternative as they
can be regarded as a proper sample.

General
Several 2 km transects should be counted regularly (monthly) for terns. Transects can be
done by foot and terns can be counted every 100 m (using GPS) by checking an area of
about 60° at sea. This can be regarded as a point sample. All terns are counted in this
60° section regardless of whether or not they had been counted before. For dense
feeding flocks near fishermen an exception is made, as they should be counted only in
one section. During the counts a difference should be made between birds moving in
four directions (to west or east or inland or out at sea), birds feeding at sea in two
categories (free, or near fishermen) or resting birds at sea or inland day roosts.

October 2000
At Muni Lagoon a four kilometre transect was counted on 24 October. During this
count no 100 m point counts were taken, but as much as possible all birds seen along
the entire transect were counted. At the Densu Delta, however a 1600 m transect was
checked on 25 and 28 October. Sample counts were made every 100 m within a 60°
section. This method turned out to work better because it was too difficult to count
terns while walking.

3.6 Daytime transect counts offshore

Rationale
In most years the majority of all terns feed offshore. In order to get an impression of the
total numbers and the feeding areas boat trips are necessary. These counts would
provide information about the total numbers feeding at sea.

General method
The methods are well described by Tasker et al. (1984) with modifications proposed by
Camphuysen & Webb (1999). In general birds are counted in standard strip-transects
with binoculars, using GPS for positioning.

October 2000
No boat trips were included in the October 2000 study schedule.
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3.7 Studies of tern movements to and from feeding areas

Rationale
The ultimate way to explain all information in a spatial and temporal context, as
discussed in chapter 3.3, 3.4 and 3.5 is to study tern movements from day roosts to
feeding areas. This method can give information about the situation of feeding areas
and about the proportion of birds using different feeding areas. Regular counts of birds
leaving from or arriving at a daytime roost might contribute to the knowledge of general
activity patterns.

General
Observations of birds arriving and leaving daytime or night roosts provide the best
information about daily activity and feeding areas. Regular counts near day roosts can
contribute to the knowledge of the proportion of terns using specific habitats (e.g.
Piersma & Ntiamoa-Baidu 1995). Following terns leaving a roost can also lead to
identification of feeding areas. In general the observers should be flexible and able to
judge the best approach for particular areas and situations. No clear set up can be
advised as ‘best’. These roost observations can be complemented by ‘sea watching’ (e.g.
Camphuysen & van Dijk 1983). During a specific period (e.g. one hour) terns moving
along the coast are counted within periods of 15 minutes. Movements to the west or
east are separated.

October 2000
At Muni Lagoon sea watching was done early in the morning on 24 October. At Accra
beach tern movements at sea were studied on 22 October. Movements of terns leaving
or arriving at night roosts were studied at Densu Delta. Movements of terns leaving or
arriving at a daytime roost were studied at Muni lagoon, Densu Delta, Sakumo Lagoon
and Keta Lagoon. At Densu Delta this was done regularly, thus providing information on
the proportion of birds feeding at sea or within the Delta. These observations were
complemented also with flock activity studies at Densu Delta (see chapter 3.14).

3.8 Food types: close observations of feeding birds

Rationale
This method provides direct information about prey types taken by terns in the study
areas. This method can be difficult in inaccessible areas. It takes some effort and
experience for an observer to identify prey types, however, even limited information
obtained on this topic could add substantially to the knowledge of prey types.

General
Feeding terns are closely watched with binoculars and the prey is identified up to species
level if possible, but usually identification of prey items up to group level e.g. fish,
shrimp, insect or discards is sufficient. The method can be combined with establishing
intake rates and estimation of prey size (chapter 3.11 and 3.12) (e.g. Brenninkmeijer et
al. 1998, Van der Winden & Nesterenko 2001).
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October 2000
At Densu Delta, the prey types taken by Black Terns that were feeding near fishermen
were studied by using binoculars during beach seines and at a small fish-processing
place. Data on prey size and intake rates were also recorded during these sessions.

3.9 Food types: pellets and faeces

Rationale
This method provides good information about prey choice. The advantage is that prey
size can be estimated in many cases, at least for fish. The disadvantage is that without
additional information it remains unknown where terns have been feeding. Therefore,
this method is only useful when combined with the methods described in sections 3.3 to
3.5. Another problem with this method is that it is sometimes difficult to be sure of the
particular tern species when the birds roost in mixed flocks.

General
Pellets or feaces can be collected at roosts. Only fresh items should be taken and
preferably from single tern species roosts, so one can be sure of the tern species feeding
on a particular prey species. For general investigations about prey composition all
samples can be added and investigated as a whole, but it is better to collect each pellet
or faeces in separate plastic bags and study them separately. The samples are studied
under microscopes and all fragments that can be identified are separated and counted.
Fish otoliths are identified to the species level and measured to the nearest 0.1 mm.

More extensive descriptions of this and related methods are given by Frank, 1992,
Zijlstra & van Eerden 1995, Brenninkmeijer et al. 1998.

October 2000
In October 2000 no pellets or faeces were collected. In some situations it was not
necessary as prey types could easily be identified during field observations, e.g. for the
discard feeding terns in Densu Delta. In other cases this was not possible because the
birds roosted in mixed species groups present.

3.10 Food types: regurgitations and faeces of captured birds

Rationale
Captured birds do sometimes regurgitate recently eaten food items. These can be
collected as well as faeces left behind by the captured birds. The same advantages and
disadvantages discussed in 3.9 apply to this method.

In certain situations regurgitations may be stimulated by stomach flushing, but for terns
this is not always effective (e.g. Brenninkmeijer et al. 1998).
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General
Regurgitated food items can be collected mainly underneath mist nets after terns are
captured. In this case it is of utmost importance to take only food items situated directly
under a bird of known species and to remove all other food items before the next
catching period. Different species of terns are put in separate boxes with plastic sheets to
collect the faeces.

October 2000
Regurgitations of Black Terns were either not found or it was impossible to separate
items for specific tern species because some shelves of the mist nets were loaded with
terns. Also faeces were not collected in boxes due to the limited time available for the
study.

3.11 Energy budgets: intake rates of feeding flocks

Rationale
Intake rate studies provide information for the overall energy intake of a particular tern
species. The intake rate is the number of prey items taken in a fixed time period. In
combination with species composition and time budgets it is possible to calculate the net
energy intake of terns in a certain area. If done systematically it can be compared to
similar studies to test the relative importance of wetlands within a specific period (e.g.
Flint & Nagy 1984, Gabrielsen et al. 1992, Kersten & Piersma 1998, Brenninkmeijer et
al. 1998, Van der Winden & Nesterenko 2001).

General
A single individual is selected in a flock of terns, and followed for as long as possible.
During this period the following observations are recorded: number of catching
attempts, number of successful attempts, type of catching (full plunge dive, partial dive,
surface pecking), prey item and prey size for every successful attempt. If possible and
relevant, handling time is registered in seconds. The age of every bird is registered. The
reason for ending each observation session should be noted, e.g., bird lost or too far
away; bird went to other feeding area; bird went to resting area.

Preferably all observations are written down sequentially and the time is recorded for
every single observation. At least two persons are required to execute these
observations, one does the observations, while the other keeps the time and writes
down all the remarks from the first observer.

October 2000
Intake rates were recorded at the Densu Delta site on 25, 26 and 28 October. On 25
October this was done for birds feeding at discards near a small fish-processing place in
the delta. On 25, 26 and 28 October terns feeding at the surf during beach seines were
studied.



27

3.12 Energy budgets: prey size estimates in the field

Rationale
If prey size can be estimated directly in the field (in order of magnitude), rough estimates
of energy intake can be obtained. This method can be combined with studies of intake
rates and food types.

General
The size of the prey can be estimated in the field in relation to the tern’s bill length. If
measured in at least 0.5 units of the terns’ bill, it is possible to estimate prey size
afterwards on the basis of the average bill length of the tern species. These data are
available in literature or can be obtained through direct measurements of captured birds
(e.g. Brenninkmeijer et al. 1998).

October 2000
Prey size was estimated as 0.5 times the terns’ bill length for Black Terns feeding at sea
near and around fishing activities.

3.13 Energy budgets: prey size estimates from pellet, faeces and
regurgitations

Rationale
Prey size can be estimated from animal body parts e.g. otoliths, that remain in pellets,
faeces or regurgitations and which correlate with total body length of the prey type. For
fish the best structure for this study is the otoliths. Otoliths are small ear bones that in
general survive the digestive tract of a bird. Otolith size correlates with fish body size
and reference collections can be used to calculate fish length from otoliths found in
pellets or faeces (Frank 1992, Zijlstra & van Eerden 1995, Brenninkmeijer et al. 1998). If
reference collections are not available they would have to be set up.

General
Otoliths (or other relevant remains) should be collected with microscopes from pellets or
faeces. These otoliths should be measured and fish length can be calculated using
reference collections that are prepared specifically for the study or data obtained from
the literature.

October 2000
No food remains were examined.
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3.14 Energy budgets: time budgets of tern flocks

Rationale
Time budgets of terns provide information about feeding time, resting time and possibly
other daily activities. This information can ultimately be used in the calculations for the
energy intake rates of terns. The information should be used in combination with
information gathered by the methods described in sections 3.2, 3.7 and 3.11 on prey
numbers, feeding areas, intake rates. The same can be achieved through a more
complicated process using telemetry. The advantage is the accurate information
provided for an individual bird. The disadvantage is the small sample size and in the case
of Ghana the high possibility of losing the bird during daytime because most birds feed
offshore.

General
Theoretically it is possible to follow one individual bird for as long as possible during its
activities. Detailed information is collected, noting down the exact times when behaviour
changes. This is only possible if birds can be followed during all activities such as feeding,
resting and flying. Another possibility is to execute regular counts of flocks of terns and
to record for each individual if it is resting, feeding or flying. Additional behavioural
categories are: sleeping (head in feathers) or preening. In combination with daytime
counts and movements of terns this information can be used for reconstructing the daily
energy budgets, involving energy intake as well as expenditure.

In telemetric studies birds have to be marked and followed in the field.

October 2000
On several occasions the percentage of birds resting and feeding was estimated at the
Densu Delta site. This was done during the daytime, but also the total number of terns
(night roost counts) was compared to the total number of resting and feeding birds
during daytime. On 28 October at a daytime roost of terns, the number of birds arriving
and leaving were recorded in addition to regular checks of the number of birds resting,
sleeping or preening.

3.15 Energy budgets: mass investigations of prey types

Rationale
In order to estimate energy intake it is necessary to know prey types, average prey mass,
energy contents of prey items, digestibility of prey types and intake rates. Most
information about energy contents, digestibility as well as calculation methods can be
found in literature (e.g. Cummins & Wuycheck 1971, Castro et al. 1989, Kersten &
Piersma 1998) including studies involving specific tern species (Flint & Nagy 1984,
Stienen & Brenninkmeijer 1998, Van der Winden & Nesterenko 2001). Average prey
mass has to be determined in the study area although some rough indications can be
found in literature if prey size is known (chapter 3.13).
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General
If possible, prey items should be collected and weighed in the laboratory. Preferably
figures about fresh mass as well as dry mass (in mg) are collected. This type of work is
rather sophisticated, for good overviews of these methods see e.g. Dekinga & Piersma
(1993), Zwarts (1991) and Zwarts et al. (1996).

October 2000
No prey mass studies were carried out as time was limited. For shrimps useful references
are available from other studies (e.g. Van der Winden et. al. in prep.).

3.16 Relation to humans: food competition studies

Rationale
In discussions about wetland conservation it is important to show the ecological role of
terns in wetlands. This role can be quantified by estimating the amount of prey (e.g.
fish) taken from the wetlands. The prey consumption can be compared to fish stocks
present or with the amount of fish mass captured by fishermen. This could give
information about the possible competition between fishermen and terns. This
quantitative information can be used in discussions about sustainable wetland use. In
this light it is important to estimate the amount of prey taken by terns, the amount of
prey taken from fishermen nets and the amount of prey taken from discards.

General
An overall method cannot be presented. For each situation new methods should be
developed (e.g. Camphuysen 1993, Furness et al. 1992, Hagemeijer et al. 2000).
Important however for Ghana are the chapters about feeding areas and beach transect
counts (3.5 and 3.7).

A combination of the following methods could provide a good overview: beach transect
counts (especially the total number of birds feeding near nets), food intake rates near
fishermen nets, prey size and prey types taken near nets and the amount of time feeding
in the nets.

October 2000
In the Densu Delta competition between terns and humans was studied near beach
seine activities. During transect counts (chapter 3.5) the number of birds feeding near
fishermen was counted. Additionally, food intake rates and prey type and prey size were
studied near nets. And finally, from the first arrival of terns at a net, the percentage of
birds feeding inside and outside the net was studied until the net was at the beach. The
percentage of birds feeding in the net was recorded every 5 minutes, but sometimes
even at a higher frequency. For each period the distance of the net from or to the shore
was estimated.
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3.17 Relation to humans: Information about prey abundance

Rationale
In order to compare human fish consumption with fish consumption by terns, estimates
of total fish mass in a single catch by fishermen, average yearly fish captures within and
preferred fish species are useful. This information can be compared with the terns’ diet.
This might could provide estimates of the amount of fresh fish mass that terns take from
fishermen.

General method
In order to get proper figures it might be best to obtain this quantitative information
from research institutes. Interviews at the beach, at villages or at fishery markets may
provide some additional information, which may not be accurate. However interviews
with fishermen can give useful information about tern behaviour, tern presence offshore
and their attitude towards terns and tern conservation. Follow up projects in order to
involve local people in tern conservation might be set up as a result of this.

October 2000
Interviews at the beach near Densu Delta provided rough figures of the average fish
mass for one catch. These figures were compared to the tern intake rates.

3.18 Condition of terns: catching terns

Rationale
Captured terns provide direct information about the condition of the birds (e.g. Wendeln
& Becker 1996). The birds can be weighed and body mass corrected for structural size
gives a good indication of condition. Additional indications of condition can be derived
from moult intensity or progress. Apart from this, captured birds can provide information
about sex ratio’s and age (but see 3.3).

General
Capture: Terns can be captured with mist nests set along the flight routes taken by birds
to the night roosts in dark situations (new moon periods). Tape luring can be very
effective, at least for Black Terns. Tape luring tests with other tern species are not
promising so far, but probably the wrong sounds are used as was the case with Black
Terns in some studies as well (J. van der Winden unpubl.).

Terns in general are very sensitive to stress and handling. Therefore the birds have to be
processed as soon as possible after catching. Birds processed in artificial light must get
accustomed to the dark again at a safe place (e.g. on a roof or open area). It is
unacceptable to throw terns in the air for their ‘release’. Terns must be able to take off
on their own from a safe dark release site. Be careful that the release sites are free of
predators (e.g. foxes, jackals, mongoose etc.).
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Measurements: The most important measurements for Black Terns are wing, total head,
bill length, bill height and body mass. In most cases these structural measurements
provide enough information to correct body mass figures for size differences. The tarsus
or tarsus-toe is measured in some studies, but because in Black Terns the foot is very
short and the variation between observers and periods could be relatively large. This size
measurement can hardly be used as a correction factor. So it is not necessary to take this
measurement. Methods of measurements are described in Baker (1993).

1. Wing (mm): measured in the classical way from wrist to wingtip. This measurement
can only be used if primary 10 is not worn, nor shed nor growing. So in the period
September-March this is not a very useful measurement.

2. Total head (0.1 mm): in general a good structural size. It has to be measured with
care, as terns have a small bulge at the rear part of the head that should be included
in the measurement.

3. Bill length (0.1 mm): at culmen, from feathers to bill tip in a straight line.
4. Bill height (0.1 mm): just behind the nostril

Body mass (g) is measured as shortly as possible after catching. But because birds loose
mass rather quickly, body mass at arrival at the night roost has to be calculated
afterwards. This calculated figure standardises differences in body mass during one night
and make it possible to compare body mass with other wetlands in Africa or Europe. For
this mass correction it is necessary to write down time of sunset, time of darkness (arrival
of terns), time of capture (more or less) and time of weighing for each individual bird.
Arrival of terns might differ between days caused by feeding conditions and light
circumstances. Body mass at arrival can be calculated by using regression analysis of
body mass against time based on weighing some individuals throughout the night. If no
data is available, the best way is to use linear regression equations based on literature
information. Mass loss can be estimated within 60 minutes after catching according to
Schouten (1982) as 0.07t + 0.14. Mass loss after the first hour can be estimated as
0.007t-0.0282 (Van der Winden & Nesterenko 2001) In this formula t = time lapsed in
minutes.

Moult: Primary moult is recorded for each feather separately. Moult scores can be
recorded as well for a smaller sample of birds for the secondaries and tail feathers. Body
feathers (head, upperparts, underparts) are recorded in intensity classes. Primary moult is
scored according to Ginn & Melville (1983) with adaptations for later moult series
(Underhill & Prys-Jones 1986, Van der Winden & Nesterenko 2001). Terns moult their
primaries from the inner one towards the outer one (Baker 1993). Before the first series
is finished most birds start a second series of moult, starting from P1. In this way at least
two moult series can be recognised in the non-breeding period. The new (fully grown)
primaries of the first series are coded ‘5’ according to Ginn & Melville (1983). However,
the new (fully grown) primaries of the second series are coded ‘6’. Some birds might
perform a third series in February-April starting at P1 again, for which the new feathers
are coded ‘7’. Juveniles start later with primary moult and for these birds all new feathers
are coded ‘5’.
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Moult of secondaries or tail feathers can be recorded in the same way as for primaries,
but they can also be registered in intensity classes as well. For these feathers as well as
body feathers the following moult intensity classes are proposed (e.g. Van der Winden &
Nesterenko 2001):

0 – old
1 – no moult ( in general the same as 0 or 4)
2 – not recorded
3 – arrested/suspended
4 – completely new, no moult
5 – slightly (less than 10%)
6 – reasonable (between 10 and 30%)
7 – heavy (more than 30%)

Body plumage: A method for registering progress of the change of breeding plumage
into winter plumage has been developed (Schouten 1982, Van der Winden &
Nesterenko 2001). This method can be used for research on population structure and
condition of birds. Figure 3.1 shows the five categories that can be scored. The
advantage of this method, compared to body moult as described before, is that it can be
used in the field as well as for trapped birds. This increases the sample size considerably
and provides the opportunity to check groups regularly throughout the period.

Figure 3.1 Body plumage patterns in Black Terns. The codes I to V refer to categories for
which Black Tern plumage can be scored in the field and for captured birds
(after Schouten 1982).

October 2000
Terns were captured on 23/10 at Muni Lagoon. For three nights from 24/10 to 27/10
terns were captured at the Densu Delta at two night roosts. Because a large night roost
was present terns were easily captured in large numbers. In all a total of 257 terns were
caught (Table 3.1.). In addition to these, 32 waders were also caught. On 25/10 the
evening catch was too large for all birds to be processed properly so 80 Common Terns
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were released without processing. On 26/10 another 2 Common terns were released
without being processed.

All measurements described under the ‘general methods’ were used. Wing length was
not very useful as most birds had worn wing tips, so only 70% of all Black Terns wing
length was measured and even some of these measurements were later regarded as not
very useful. The tarsus was measured also for about 70% of all Black Terns. Body mass
at arrival at the night roost was estimated using the linear regressions equations from
former studies.

Table 3.1 Total numbers of waterbirds caught during October 2000 at Muni Lagoon and
Densu Delta.

Species total number total number foreign
captured ringed recaptures

Grey Plover 1 1 0
Ringed Plover 1 1 0
Little Stint 1 0 0
Marsh Sandpiper 1 1 0
Curlew Sandpiper 28 28 0

Black Tern 92 91 0
Common Tern 146 64 11
Roseate Tern 17 17 6
Little Tern 1 1 0
Royal Tern 1 1 0

3.19 Migration routes of terns: catching terns

Rationale
A well-known rationale for catching terns is the possibility of marking birds with a metal
ring that bears a unique code. Ringed birds might give information about migration
routes, age, mortality rates and site tenacity. For terns preferably stainless steel rings
should be used because terns have high longevity (more than 15 years) and they stay in
saltwater areas at least during a part of their annual cycle.

A serious problem hindering migration studies of ringed birds in Africa is the ring
removal by local people. In some areas rings are removed from terns, and the birds are
released afterwards (Wendeln & Becker 1999). It appears that people collect the metal
rings for one reason or other.

October 2000
In total 91 Black Terns were ringed in the Densu Delta in October 2000 (table 3.1).
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3.20 Migration routes of terns: checking rings in the field

Rationale
Checking ringed terns in the field could give information about the origin of terns in
three ways: colour rings, metal rings, ring density.

Colour rings are provided in several countries and when it is possible to read the code it
could provide information about the ringing site, the age and sometimes about the
individual bird.

Sometimes it is possible, especially for the larger species, to read the inscription on a
metal ring with a good telescope. Although time consuming, this is the most direct way
for getting detailed information.

A third method is estimating the ring density in a certain area for comparison with other
countries/regions. This sometimes can give a clue to the origin of a specific population.
E.g. when in the hypothetical case no Black Terns are ringed in eastern Europe and 25%
of all birds in western Europe is ringed, an indication of 25% ringed birds in Ghana
might point to a West European origin. If the ring density in Ghana is lower one can
assume equal proportions of both regions wintering in Ghana.

General
Colour rings can be checked with telescope. It is important to write down exactly what is
observed including the position of the metal ring. Be careful that the position of the
bird’s feet must be regarded from the birds’ point of view. This means that if a bird is
watched from the rear, the left foot is indeed the ‘real’ left foot. If a bird is watched
from the front, the left foot is actually the birds’ right foot. Sometimes colour rings are
faded as a result of sunshine or they are covered with mud.

Metal rings can sometimes be read with telescope, although this is extremely difficult
and it demands a lot of patience. The best result can be obtained from a hide or a car.
Be sure to read the whole ring, including the ring station!

Ring density can be determined as follows: count a group of terns exactly and count the
number of birds within this group wearing metal or colour rings. This should be done
regularly throughout an area and throughout a specific period to be sure that the sample
is large and equally distributed. Afterwards the proportion of terns with rings can be
calculated.

October 2000
In the Densu Delta regular checks of ringed and colour ringed terns were done in resting
flocks of terns. Very few ring density scans were undertaken for this to be of any use.
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3.21 Mixed species flocks: how many roseate terns are present?

Rationale
If terns rest in large mixed flocks it might be difficult to count all ‘rare’ species accurately.
Birds may be hidden behind other terns or difficult to recognise from a great distance. In
these situations it is usual to take samples that are extrapolated afterwards. The method
can also be used for adult-juvenile estimates.

General
A few samples are taken from a large flock of terns and in each sample all species are
counted as accurate as possible. The number of terns in these samples is averaged and
this figure is used to estimate the proportion of a particular species in the total flock. It is
important to mention the proportion of the total flock that was checked.

It is however extremely important to be sure the samples are representative of the
population. This means that the observer must be sure that all the Roseate Terns are not
resting together at a specific place in the group. The birds must be distributed evenly
over the total flock and not clustered. If large monotypic species cluster within a total
flock, this method is of no use and species have to be counted independently.

Samples taken must be evenly distributed over the flock and at different locations. But,
beware not to count birds twice! If birds take off during counting start all over again
with a new set of samples just to be sure the samples do not influence each other. Count
at least 5 to 10% of all terns present in all samples. One sample can be enough if this is
a large sample that reflects the species proportion as good as possible, but several
smaller samples are in general better.

A calculation example: A mixed flock of 5,000 Common Terns (CT) and Roseate Terns
(RT) is present at a day roost. Five samples out of this flock are counted as accurate as
possible:
Sample 1: 2 RT and 48 CT
Sample 2: 17 RT and 51 CT
Sample 3: 8 RT and 66 CT
Sample 4: 12 RT and 102 CT
Sample 5: 22 RT and 125 CT

In total 61 RT and 392 CT were counted in this way. This is about 9% of all terns
present so this sample can be used for the estimation of the total number of Roseate
Terns present. This means 13.5% Roseate Terns are present in this flock of 5000 birds.
The total number of estimated Roseate Terns to be present is: 0.135*5000 = 675.

October 2000
On several occasions at Densu Delta, the total number of Roseate Terns was estimated
using the sample method in large flocks of Common Terns.
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3.22 Summary of methods used in October 2000

The October 2000 study was used to test several methods that can be used for future
tern research in Ghana. The methods are summarised below as a checklist for the
preceding and subsequent sections

Night roosts – counts at Muni, Densu Delta and Songor Lagoon. For an impression of
total numbers present.

Daytime roosts – counts at Muni. Sakumo, Keta, Songor and Densu Delta. Providing
information about daytime distribution and resting areas.

Movements – Studied at Muni, Accra and Densu Delta. Providing information about the
relative importance of different feeding areas.

Feeding areas. Studied at Densu Delta, using daytime counts and beach transect counts.
Providing information about the relative importance of feeding areas.

Feeding – Studied at Densu Delta. Providing information about prey types, (food)
energy intake and competition with fishermen.

Plumage – Studied in the field at Sakumo and Densu Delta. Providing information about
age composition and moult progress.

Biometrics and migration ecology – Studied at Muni and Densu Delta by catching terns.
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4 Results of the October 2000 study

4.1 Census work: night roosts and related tern movements

For a proper estimate of tern numbers present in a particular area it is absolutely
necessary to carry out night roosts counts. Up till now only daytime counts are used for
this purpose (e.g. African Wetland Census reports series). However, in Ghana a high
proportion of all birds feed out of sight at sea during daytime counts, so a lot of birds are
missed. During the October 2000 study three wetlands were visited for night roost
counts (Muni Lagoon, Densu Delta and Songor Lagoon).

Muni Lagoon
A small daytime roost was present on 23/10 at 16.00 hrs., but all these birds left the
area in the late afternoon in eastward direction. No birds remained to roost at night at
this site. In order to confirm this finding, moving terns were counted at the beach
between 17.00 and 18.00 hr (sunset). In total 122 terns (Table 4.1) were flying in
eastward direction, indicating a night roost eastwards from Muni Lagoon (probably
Densu Delta) was present. In the early morning of 24/10 between 05.45 and 08.05
another 147 terns were counted moving in a westward direction at sea and only 12 birds
in an eastward direction (table 4.1). This again supported the idea of a night roost east
of Muni Lagoon.

In the dark, well after 18.35 hrs, nocturnal migration of terns started. Sandwich Terns
and Royal Terns migrated eastwards high above the lagoon. Grimes (1977) also
described this nocturnal migration above land. After this time a few terns were captured
in the nets. This confirmed the presence of a night roost, but it is also possible that the
captured terns were migrants attracted by the tape recorder broadcasting loud Black
Tern calls over the area.

Conclusion: At Muni Lagoon no tern night roost was present. The lagoon and the
nearby coastal waters were used as a feeding area by terns roosting at night more to the
east.
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Table 4.1 Numbers of passing terns along the coast near Muni Lagoon.

Royal T. Sandw. T. Comm. T. Black T.

23/10/2000 17.00-18.00 hr
To west 0 0 0 0
To east 47 12 50 13

24/10/2000 05.45-06.05
To west 69 16 0 0
To east 0 0 0 0

24/10/2000 07.35-07.50
To west 12 12 10 6
To east 4 0 0 0

24/10/2000 07.50-08.05
To west 7 8 2 5
To east 2 6 0 0

Songor Lagoon
Songor Lagoon was visited in the evening of 17 October and afternoon of 21 October
and no day or night roost was present at this stronghold for Black Terns, where in most
years several thousands of birds are present. The reason for the lack of Black Terns was
that the whole area was dry so no suitable roost or feeding areas were available.

Densu Delta
On 20/10, the Densu Delta was visited briefly in the evening. Large tern roosts were
observed and around sunset birds were moving towards the area, indicating the
presence of a night roost. In the period 24/10 (evening) to 27/10 (morning) three
counts of night roosts were carried out (Table 4.2 and 4.3). At another location a Little
Tern roost was counted in the morning of 27/10 with a total of 250 birds present. The
most surprising result was the late arrival of terns. Many terns arrived during dark
circumstances so at sunset only small numbers were present. Huge numbers arrived later
in the dark when it was impossible to count them. Some of these birds were captured
with mist nets. In the early morning most terns were still present at 05.00 hr (45 minutes
before sunrise). In the period thereafter most birds left for sea. At 05.30 hrs about 300
Black Terns, 300 Common Terns, 200 Sandwich Terns and 200 Royal Terns were still
present. At 06.00 hrs all birds had left the night roost. The roosts were situated on
mudflats and saltpans.

Common Terns mixed with Roseate Terns. Based on sample counts (chapter 3.21) an
estimated 10% of all Common Terns were Roseate Terns, so at the night roost it is likely
that about 600-700 Roseate Terns were present. Apart from these a few Whiskered
Terns and Gull-billed Terns were present.
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From the early morning counts it was clear that most terns left to feed at sea. This
applied to Royal Tern, Sandwich Tern, Common Tern and Roseate Tern. About 500 to
1000 Black Terns were arriving from the Densu Delta area in the evening to the night
roost, which accounted for 10 to 20% of the total number of roosting terns. These birds
were feeding within the wetlands in the delta area. Most Little Terns were feeding in the
Densu delta area, although some of these birds went to sea as well. No attempt was
made to establish the proportion of Little Terns feeding out at sea.

Table 4.2 Total number of terns at the Densu Delta night roost (GPS Roost1) on three
occasions.

Date Royal Tern Sandwich tern ‘Comm/Ros’ Tern Black Tern

24/10 evening 570 210 65 1130
25/10 evening 1010 270 160 2300
27/10 morning 1000 500 6000-7000 4500-6000

Table 4.3 Night roost counts at Densu Delta. Sunset at 17.44. On 24/10 birds arriving at
the roost were counted in periods of 15 minutes. On 25/10 the roost was
counted every 15 minutes.

Royal T. Sandw. T. Comm. Tern Black Tern

24/10/2000 arrival counts
present 17.15 440 100 0 70
17.15-17.30 80 40 40 480
17.30-17.45 30 40 20 430
17.45-18.00 20 30 5 150

25/10/2000 roost counts
16.40 470 150 120 80
17.00 730 130 70 150
17.15 760 150 100 710
17.30 775 160 100 950
17.45 total 1010 270 160 2300

Conclusion: At the Densu Delta a total of 12,000-15,000 terns were roosting at night
including 4,500-6,000 Black Terns. Most of these birds went to sea for feeding with
about 10 to 20% of the Black Terns feeding in the Delta. The majority of all terns arrived
at the night roost in complete darkness.
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4.2 Total tern numbers present in Ghana, October 2000

Only the Densu Delta night roost was counted so there is no figure available for the
total number of Black Terns in Ghana in October 2000. The Densu Delta was certainly
not the only night roost in Ghana. At Keta Lagoon a day roost of at least 1000 Black
Terns was observed on 21 October around noon. The site looked suitable for a night
roost but there was no time to check this.

To get an impression of the total numbers present only daytime counts are available.
During daytime, roosts of terns were counted at Keta lagoon, Songor Lagoon, Sakumo
Lagoon, Densu Delta and Muni Lagoon (Table 4.4). Apart from the roosting birds, large
feeding flocks were present at sea near Sakumo (8-10,000 terns) and at Densu Delta
(>6,000 terns).

The GWS counted waterbirds at the important Ghanaian wetlands during daytime early
in October. The numbers of terns in five coastal wetlands are presented in table 4.5.

Table 4.4 Tern numbers during diurnal counts in several wetlands in Ghana, end October
2000. BT = Black Tern, CT = Common Tern, RT = Royal Tern, ST = Sandwich
Tern and RoT = Roseate Tern.

area date BT CT RT ST RoT

Keta 21/10 >1000 >500 300 >200 ?
Songor 21/10 0 0 0 0 0
Sakumo 21/10 30 700 0 0 > 10
Densu 24-26/10 300 4000 100 1200  300
Muni 20-23/10 500 90 100 50  10-20

Table 4.5 Tern numbers during diurnal counts in five coastal Ramsar wetlands in Ghana,
early October 2000. Data GWS monthly monitoring scheme. BT = Black
Tern, CT = Common Tern, RT = Royal Tern, ST = Sandwich Tern and RoT =
Roseate Tern.

area date BT CT RT ST RoT
Keta 8/10 824 1304 206 478 0
Songor 7/10 1638 6997 356 136 0
Sakumo 6/10 392 272 20 24 24
Densu 6/10 802 2907 2388 1076 221
Muni 5/10 3196 7170 2078 2155 266

Conclusion: The total Black Tern numbers present in Ghana in October 2000 remain
unknown but based on the impression of areas visited with diurnal counts, at least tens
of thousands can be said to be present in this period.
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4.3 Black Tern numbers in Ghana in previous years

The Ghana Wildlife Society has been doing diurnal counts of most coastal wetlands on a
monthly basis since February 1986. These counts can be regarded as an indication of
changes in numbers in Ghana. This must be done with caution because the Black Tern
numbers might change significantly due to changes in suitability in feeding conditions of
the coastal wetlands. In some years the lagoons provide huge amounts of small tilapids
resulting in high feeding numbers of Black Terns within the lagoons (Y. Ntiamoa-Baidu,
M. Poot, & J. Veen pers. comm.). This might give the impression that ‘more’ Black terns
are present than in other years because more birds are visible from accessible areas. But
it might be the case that in other years most birds were feeding at sea and thus were
missed during the daytime counts. Considering these, figure 4.1 provides the general
pattern of Black Tern numbers in Ghana. Most birds are present in the period
September-November with decreasing numbers throughout the winter. In October 2000
it seems that the numbers present were much lower than in previous years although
especially in this year few birds were present at Songor Lagoon, a stronghold for Black
Terns in most years. Because figures of birds feeding at sea are lacking, it is impossible to
conclude that Black Terns were indeed less common in October 2000 than in previous
years. This again emphasises the importance of night roost counts for terns.
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Figure 4.1 Black Tern numbers in Ghana in the period 1998-2000 in coastal wetlands
(source Ghana Wildlife Society unpub.).

4.4 Proportion of juveniles

A total of 500 terns were checked for their age, 490 in the Densu Delta and 10 in
Sakumo Lagoon. In total, 3.6% of all birds checked were in first winter plumage
(juvenile). However there were clear differences in adult-juvenile ratio’s between
different feeding areas. Although the sample sizes were not large, very few juveniles
(1.1%, n=269) were present near the fish processing place within the Densu Delta.
Observations at the Densu Delta night roost showed a juvenile proportion of 5.0%
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(n=202). This figure might be expected to be a reflection of the total population present,
for both marine and wetland feeding areas. Indeed one small sample (n=15) at sea
showed a high juvenile proportion (21.1%). This suggests that birds feeding inside the
Delta were mainly adults and that juveniles were more common at sea. Of captured
birds, 10.9% were juveniles but this figure is probably skewed given the fact that
juveniles are easier to catch than adults in mistnets (Van der Winden & Nesterenko
2001). More samples are needed from more areas and from a longer period to
understand the population structure better.

4.5 Feeding areas and numbers

The Densu Delta was taken as a pilot area for feeding ecology studies of Black Terns.
During these studies some extra information about other tern species was collected as
well. The location of feeding areas was studied by following birds from night roosts and
by checking day roost movements or counts of birds on the wetlands and near shore.

Terns feeding and resting in the wetlands
Table 4.6 shows the total number of terns present in the area at the night roost, the
number of birds counted during the regular GWS monthly monitoring scheme and the
birds counted during daytime in the tern study period at the end of October 2000. In
this last period feeding and resting birds were separated during the counts.

The studies of feeding terns showed that hundreds of Black Terns were feeding in the
Densu Delta wetland. The evening studies near the night roost produced the same
pattern. If all the information is integrated, an estimated 10 to 20% of the nocturnally
roosting Black Terns were feeding in the Delta itself, the rest were feeding at sea. In the
morning of 27 October flocks of terns leaving the night roost were followed as far as
possible and it turned out that most Black Terns followed the coast mainly in westward
direction. This indicated that Black Terns from the Densu Delta were mainly feeding near
shore in contrast to the other marine tern species (see below). During daytime, only
small roosts formed by birds feeding near shore were present (maximum a few hundred)
at Densu Delta. Most birds probably used other daytime roosts e.g. at Muni Lagoon
where on 20 October about 800 Black Terns were present of which 500 were resting at
the lagoon. It is likely that these birds returned to the Densu Delta in the evening to
roost.

Black Terns were feeding in the fresh and brackish water lagoons, inlets and streams
within the Delta. Between feeding bouts, these birds were roosting at saltpans in the
centre of the area, clearly separated from the birds that feed far out at sea. The roosts of
these birds were located on mudflats close to the beach.

In the saltpans a large daytime roost of offshore feeding terns was present. From about
10.00 hrs in the morning birds arrived at this roost and the numbers were high
throughout the day. In the late afternoon all birds left the roost for offshore feeding
again (figure 4.2). They returned in the dark.
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The other marine tern species were flying in the early morning far out to offshore
feeding areas. During daytime they could be seen feeding in huge flocks far out at sea
near fishing vessels.

Table 4.6 Tern numbers at the Densu Delta night roost, October 24-27 2000; the total
number of terns counted during the monthly GWS monitoring scheme; and
the maximum number counted end October 2000 during daytime counts. In
the last count feeding birds were separated from resting birds (total/feeding).
(n.r. not registered.). * estimated by sample counts (chapter 3.21).

Species night roost GWS counts end October

Black Tern 4,500-6,000 802 300/200
Common Tern 6,000-7,000 2907 4000/0
Roseate Tern 600* 221 300/0
Sandwich Tern 1200 1076 1200/0
Royal Tern 1010 2388 100/0
Little Tern 350 ? 90/30
Whiskered Tern 1 ? 3/3
Gull-billed Tern 2 ? 1/1
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Figure 4.2 Tern numbers roosting in the Densu Delta, Ghana October 2000. Presented
are numbers counted during daytime and early morning (except Black Terns).
Note that no terns were present at 06:00 hrs and 17:00 hrs.

Terns feeding at sea
During three beach surveys tern numbers were counted (chapter 3.5). The numbers of
terns feeding at sea not in the vicinity of fishermen, were low in all cases (Table 4.7).
Near beach seine activities, the numbers of feeding terns were clearly higher. The
impression was that all flying birds were actually moving from one fish net to another.
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The fishing nets are drawn to the beach and as soon as the net is on the beach, tern
numbers decrease (chapter 4.7), with the birds moving elsewhere.

On the basis of these counts it is likely that Black Terns present in the Densu Delta area
depend on fishermen activities to a great extent. If only the Black Terns feeding not near
fishermen are taken into account, on average 0.3 birds per km were present. If the 5000
Black Terns from Densu Delta are equally spread over the coastline, 17,000 km coast line
is necessary to distribute these birds, indeed an unrealistic figure. However, if feeding
flocks near fishermen are included about 45 Black Terns are present per km. In that case
about 55-110 km coastline will be adequate for the number of terns present at the
Densu Delta night roost, assuming about 1-2 fishing nets each km of coastline. A flight
distance of more than 50 km from the night roost is normal in most European wetlands
(Van der Winden & Schobben 2001). This would explain the feeding flocks observed at
Muni Lagoon about 55 km from the Densu Delta.

No information could be collected of terns feeding offshore. Although the impression
from birds flying out at sea was that Common Tern, Roseate Tern, Sandwich Tern were
feeding mainly far out at sea, but within a distance of 10 km as large flocks were just
visible from the coast with telescopes.

Conclusion: Black Terns from Densu Delta were feeding mainly in the coastal waters
near hand drawn fishing nets (beach seines). The total number of birds estimated near
these nets fit well in the total number present at the roost.

Table 4.7 Tern numbers feeding at sea counted during 3 beach transect studies. 24
October Muni Lagoon (4 km), 25 October Densu Delta (1.6 km), 28 October
Densu Delta (2 km). Presented are the average tern numbers per km (not
feeding nearby fishermen), the percentage of birds observed feeding (%feed),
the number of fishing nets within the transect (nets), the number of terns near
the fishing net (flocks) and bird resting near the beach on lagoons.

Date BT RT ST CT LT TOT %feed nets flocks rest

24/10 1.8 4.5 0.3 11.5 0 21.8 11.5 0 0 35
25/10 1.3 9.4 6.3 5.6 0 22.5 5.5 1 273 261
28/10 1.5 10.0 2.0 26.0 12.0 51.5 42.0 1 49 34

4.6 Feeding ecology

Food types
At two locations in the Densu Delta, food types of Black Terns were studied by direct
observations. Birds feeding in the wetland itself as well as birds feeding near shore were
studied.
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Birds feeding at the Densu river were taking almost completely discards of fish. The local
people were cleaning fish near a small stream where discards were thrown into the
water. Black Terns picked these items out of the water. In general women processed the
fish and at intervals a basket full of discards was thrown into the water. Nearby resting
terns immediately responded to this and flocked above the fish remains. The maximum
number of terns present was 123 on 25/10 in the morning. Terns followed were eating
intestines, heads as well as complete fish that escaped. Captured fish were mainly
Tilapias of sizes between 5 and 10 cm.

Black Terns feeding near beach seines were eating fish as well as shrimps. Mainly half
dead small fish or shrimps that were floating in the surf or washed ashore were taken. In
37 minutes observation time over a three-day period, 21 prey items were identified of
which 7 were fish and 14 were shrimps. Fish were in the size classes of 5-7 cm and were
mainly clupeids, while shrimps measured about 3 to 7 cm. Prey were taken out of the
water by surface dipping and partial dives.

It is likely that offshore feeding terns fed mainly on clupeids. Underneath the mist nets,
several fish remains were found mainly coming from Common Terns. No samples,
measurements or other studies were carried out on these remains.

Conclusion: The small numbers of Black Terns feeding in the Densu Delta wetland, were
feeding in the lagoon system on fish discards. Birds feeding near shore were taking
shrimps as well as small fish, mostly near beach seine activities.

Intake rates of feeding terns

Densu Delta inshore
For Black Terns feeding on fish discards, intake rates of 13 birds were recorded in a total
of 58 minutes study time (average 4.5 min per tern). These birds took in total 40 food
items (average 0.69 item per tern per minute). This is a high intake rate compared to
other situations. Most of the food items, however were small intestines. Only 5 items
were complete fishes. But one of them was dropped again and not consumed (2.5% of
all prey items). This is a normal behaviour for terns if fish is regarded as too long dead
(Van der Winden own observations Namibia, The Netherlands).

Densu Delta near shore
During 37.5 minutes of observations around beach seines, 21 prey items were taken
(average 0.56 item per tern per minute). In total 10 terns were followed on successive
days. The success rate of catching was 65% but 12.5% of the captured prey was
dropped again.

Time budgets of feeding flocks

Densu Delta inshore
Near the fish processing place, Black Terns were resting between feeding bouts at a
small day roost. On 25 October between 08.30 and 09.40 both roosting and feeding
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birds were counted every minute. On average 16.3% of all birds were feeding in the
study period. The percentage of birds feeding differed considerably throughout the
study period, between 4.6 and 51.5%. This was mainly the result of the variation in
activities of women who were throwing fish into the water after processing a basketful.
If a basket full of discards was thrown in the water, a large portion of the resting flock
immediately came into action and moved to the feeding site (Figure 4.3). Fish discard
was thrown into the water on five occasions during the study period. Directly after the
discards were thrown into the water, 28.2 % of all terns started feeding. The percentage
of feeding birds decreased rapidly after the discard had been completely consumed
(figure 4.3). This indicated a short feeding period for each individual tern. The average
feeding time in a 12 hr daylight period is estimated to be about 2 hrs. This is very short
compared to periods of 3 to 5 hrs known from other areas (e.g. Hagemeijer et al. 2000,
Van der Winden & Nesterenko 2001).
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Figure 4.3 Black Tern numbers and the proportion feeding and resting near a fish
processing site in the Densu Delta, October 2000. The arrows indicate
moments when baskets full with discards were emptied in the lagoon. Time
period is expressed as three minute periods.

The average feeding time per individual feeding bout seemed to be short. Another way
to estimate the individual feeding period was to follow individual birds during the intake
rate studies until they went to the day roost. When a bird is selected at random from a
feeding flock, the observed foraging time is on average 50% of the actual feeding
period. Of seven birds followed, the average feeding time until they went to the roost
was 3.7 minutes, assuming an individual feeding period of about 7.4 minutes per
feeding bout. During this period a bird might take on average 0.69*7.4 = 5.1 prey items
(see intake rates 0.69 items per tern per minute).

Densu Delta near shore
Time budget estimation of terns feeding near shore was not as simple as in the delta.
Feeding flocks near fishermen were present only for short periods. Terns disappeared
immediately after feeding. Because only a few birds went to a day roost nearby, it is
likely that birds moved to other feeding areas. So it was hardly possible to estimate
actual feeding and resting time. However, studies were done to estimate the feeding
time of terns near fishing nets.
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On 25 October tern numbers were studied from 50 minutes before the net arrived at
the beach until 25 minutes thereafter, while on 28 October these limits were 40 and 15
minutes respectively. Numbers peaked just before the last part of the net was drawn up
the beach (Figure 4.4). On both days the situation was clearly different. On 25 October,
Black Tern numbers were much higher, birds were feeding much longer and birds started
to roost nearby (figure 4.4). The total feeding investment expressed as the number of
Black Tern minutes over the entire beach seine study period was 2575 tern-minutes on
25 October and only 305 tern-minutes on 28 October. From the observations it was
clear that terns were very well able in one way or another to find a fishing net that was
about to land. Also many birds left the area immediately after the net was drawn ashore.
On the basis of the counts near the net it is impossible to estimate the population
feeding effort of near shore feeding Black Terns. On the other hand it is clear that birds
cannot feed the whole day in this way as fishing activities start early in the morning and
cease by noon.
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Figure 4.4 Black Tern numbers present near beach seine activities at two different
situations Densu Delta, Ghana. Presented are the total number and the
proportion of birds feeding inside the net as well as the proportion of birds
resting nearby on a day roost. The vertically barred bars indicate the moment
the net is on shore. The upper x-axis label present the time period the terns
were counted and the lower label presents the estimated net distance from
the beach.
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Prey size and mass
No extensive effort had been put into estimating prey size and prey mass in October
2000. At the discard feeding site Black Terns were feeding on all kinds of fish remains,
ranging in sizes from small (parts of intestines, gills) up to complete fishes ranging from
5 to 10 cm. No systematic prey size estimates were undertaken at this location. At sea
prey items were estimated in rough size classes, with fish ranging from 3 to 8 cm and
shrimps from 3 to 7 cm. The sample sizes were small in this exploratory study, so no
effort was made to estimate prey mass.

Energy budget studies
If some assumptions are made, it is possible to get a first impression of the energy
budgets of Black Terns feeding in Ghana. An estimate of the energy intake can be made
for the terns feeding on shrimps around beach seines. On average 33.6 shrimps were
captured per hour (chapter 4.6). The average size of shrimps was estimated to be
between 3 and 7 cm. Shrimps in these size classes have an average dry mass of 136 mg
(van der Winden et al. in prep.). Therefore the food intake rate can be calculated as
33.6*0.136= 4.57 g/hr. Shrimp energy content and digestibility are estimated to be 20
Kj and 65% respectively (Cummins & Wuycheck 1971, Zwarts & Blomert 1990). Using
these figures, the net energy intake rate is 59.4 Kj/hr. Under standard conditions the
daily energy intake for a Black Tern can be estimated as follows: the Basal Metabolic
Rate is based on the average body mass of a Black Tern being 15.93*mass^0,729 (Aschoff
& Pohl 1970); in Ghana the average Black Tern body mass was 65.7 g (chapter 4.8) so
in this situation BMR is 2.18 Kj/hr.

Based on Sooty tern Sterna fuscata metabolism (see Flint & Nagy 1984), the energy
expenditure needed for flying and non flying activities, expressed as the rate of energy
metabolism, is estimated to be 4.77*BMR and 1.62*BMR respectively.

The Daily energy expenditure (DEE) is estimated as:
DEE (kJ)= (4.77*BMR*tf) + (1.62*BMR*tr); with tr = estimated resting time (hr/day).

The estimated daily energy intake equals the daily energy expenditure if Black Terns feed
and fly for two hours a day (resting 20 hrs). This indeed indicates a good situation
comparable to other food rich coastal wetlands in Guinea, Ukraine and Namibia (e.g.
Brenninkmeijer et al. 1998, Van der Winden & Nesterenko 2001, Van der Winden in
prep.).

Although the calculations are rough and are based on only a small sample size, the
indications are that feeding conditions along the Ghanaian coasts are good. It is likely
that the birds need more feeding time because it is possible that they have to fly longer
than two hours, and also because they undergo energy consuming processes such as
moult, which is not included in the energetic calculations. Indeed birds feeding along the
coast have to be in a hurry because fishermen are only active in the morning hours.
Terns would have to be very effective in their time budgets in this period, which might
explain the near lack of resting birds in the morning hours. On the other hand one
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would expect more resting birds in the afternoon, which was not obvious, although
some Black Terns seemed to arrive earlier on the night roost than Common Terns.

4.7 Relation between terns and humans

Competition with fishermen
From studies on feeding areas and energy budgets it is clear that Black Terns in Ghana
profit considerably from human activities. Birds feeding on discards more or less fill in an
ecological niche that is occupied in many regions throughout the world by gulls (e.g.
Camphuysen 1993). Birds feeding on discards do not compete in anyway with humans
for prey stocks, whereas birds feeding on small fish and shrimps during beach seines
could be competing with humans. Whether or not (Black) terns actually took a
significant quantity of fish from the nets of fishermen could not be determined, although
this was assumed to be a small proportion comparable to other countries (e.g.
Hagemeijer et al. 2000). To better understand this, terns feeding during beach seines
were studied.

In the early morning nets are put out at sea by small vessels. These nets are pulled or
dragged by people standing on the beach until the last part of the net is brought ashore.
Fish are gradually trapped in an enclosure that decreased in size as the nets were pulled
ashore. During the studies the numbers of terns feeding in the direct vicinity of the net
were monitored and the number of Black Terns feeding inside and outside the net
enclosure were estimated (Figure 4.4). The first terns arrived when the net was between
600 to 500 m from the beach, the numbers increased rapidly, reaching a peak when the
net was almost on the beach. In one situation the numbers decreased considerably after
this period, in the other situation reasonable numbers of birds were still present half an
hour after the net had landed. The speed at which the last part of the net was pulled
ashore was about 100 m in 6 to 10 minutes.

On the average 40 to 50% of the Black Terns were feeding inside the net in the period
that the net was still in the sea. If the total Black Tern feeding time within the study
period is expressed as the number of Black tern minutes, in total 2575 tern-minutes were
calculated for 25 October, and only 305 tern-minutes for 28 October. In the 25 and 28
October feeding observation periods, 6.4% and 16.4% respectively were actually above
the net, which is only a small proportion of the total feeding time during a beach seine.
In this feeding period the estimated total amount of captured prey was 67 and 19
respectively (chapter 4.6 intake rates). If an average fresh mass per prey item of 1 g is
assumed (Chapter 4.6), all terns present captured 67g and 19 g of fish during these
beach seines studied. During interviews with local fishermen they claimed that about
200 kg fish in one catch is a normal phenomenon. In that case Black Terns only take
0.03% of the total fish mass, indeed a figure of minor importance.
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Conclusion: Black Terns profit to a great extent from fishing activities by local people.
However, in some cases terns only take discards and during beach seine only a small
fraction (0.03%) of the total mass of captured fish is actually taken by Black Terns.

Tern trapping by local inhabitants
Tern trapping activities were observed only at Muni-Pomadze Ramsar site in October
during the reconnaissance survey. Three adult Black Terns were found trapped in small
beach traps placed by village boys. There were three traps present. About 50 birds were
feeding in the vicinity at the time the traps were present. The birds were still alive and
were released. No measurements of the birds were taken. At other sites no tern trapping
activities were observed.

4.8 Black Tern biometrics

Black Tern captures
In total 92 Black Terns were captured of which 82 were adults and 10 juveniles. One
bird died as a result of capture handling. In the morning no Black Tern casualties were
found injured or dead. However, four Common Terns were found exhausted or dead in
the early morning near the roost, one carrying a ring of the previous night.

Measurements
Most of the captured birds were measured (Table 4.8). All measurements, except body
mass, were well within ranges presented in literature. Body mass was somewhat lower
than found in the post breeding period or in the period just before spring migration, but
was within the range of normal winter mass figures (e.g. Cramp 1985, Van der Winden
& Nesterenko 2001). This indicates that Black Terns were in normal condition. Juveniles
were significantly lighter than adults (t=1.97 P=0.038).

Table 4.8 Structural measurements of Black Terns in Ghana, October 2000. Presented
are body mass, wing length, tarsus, tarsus plus toe (tars/toe), Tarsus plus toe
including claw (T/T/claw), bill length, total head length (THL) and bill height
(BH) of birds captured at the Densu Delta 25 to 27 October. Lengths in mm
and mass in g; n = total number, SE = standard error. Body mass is corrected
for mass loss during the night, presented is calculated body mass at arrival at
the night roost.

Age mass wing tars tars/toeT/T/Claw bill THL BH

adult Mean 66,2 213,5 16,9 35,1 41,2 27,4 60,4 6,2
SE 0,5 0,8 0,1 0,2 0,2 0,1 0,2 0,0
n 81 54 56 33 77 82 82 49

juvenile Mean 61,9 209,7 16,5 35,0 41,4 27,0 60,0 5,9
SE 2,1 1,0 0,3 0,3 0,5 0,4 0,6 0,2
n 10 9 6 5 10 10 10 5
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Primary moult
Most adult Black Terns (98%) were actively moulting primaries. Of these birds only
3.8% had started with the second series. The average moult score of the first series was
26.7 points (median 27.5; range 4 to 43). The average moult score of the second series
was 2.0 for birds that started the second series. The most advanced stage of moult was
up to primary p9, most birds were actively moulting P5 to P7 (figure 4.5 and figure 4.7).

In the classical way primary moult scores are provided regardless of subsequent series.
The classic moult score for both moult series included (for adults) summed was 26.6
points. In this calculation new feathers of the second series are indicated as “5”
according to Ginn & Mellville (1983) instead of “6” according to Underhill & Prys-Jones
(1986).

Birds in first winter plumage (juveniles) had not started primary moult.
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Figure 4.5 Primary moult progress of Black Terns in Ghana, October 2000. For each
individual primary (p1 to p10), the moult progress proportion is presented
(n= 91 terns. The moult progress is expressed in categories from 0 to 5. 0=
old primary to 5= new primary (see methods).

Body moult
In general most birds were in complete non-breeding plumage. There was a slight
difference between captured birds and field observations. In captured birds a slightly
higher proportion of birds was present with black remains on the underparts (Figure
4.6). This might be the effect of checking more carefully.

In general Black terns were moulting secondaries, tail, and body feathers actively (Table
4.9). with most of the birds moulting secondaries and head feathers. The intensity of
moult was scored for head, upperparts and underparts for a sample of birds. Moult of
head feathers was rather intensive with 16% of the birds showing intensive head moult.
Black Terns with remaining black feathers on the underparts, were changing them into
white. No information is available on body moult intensity for this period of the year in
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other countries. This makes it impossible to make comparative judgements on condition,
in terms of moult intensity, of the Ghana Black Tern population.

Immature birds were not moulting tail feathers or secondaries, but their body feathers
moult was comparable to what was observed in adults. However, the difference
between these two groups is the fact that immatures had just started body moult while
adults were finishing post nuptial body moult.

Table 4.9 Body moult characteristics of adult and immature Black Terns in Ghana
October 2000, Densu Delta. Presented in the row “Active%” is the
percentage of birds with active moult of secondaries (sec), tail, head,
upperparts (upp) or underparts (und). In the row ”Index” the average moult
index is presented (maximum is 3).

Moult Sec. Tail Head Upp. Und. N

Adult
 Active% 90.2 63.4 84.2 67.1 68.3 82
 Index 2.0 1.8 1.4 25
Immature
 Active% 0 0 100 60 50 10
 Index 1.8 1.8 1.5 5

field captured
0

10

20

30

40

50

60

70

80

90

100

%

III

IV

V

Fig 4.6 Body plumage scores of captured (n=82) Black Terns and field observations
(n=274), Densu Delta, Ghana October 2000.
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4.9 Migration studies of terns

In total 91 Black Terns were ringed with Ghanaian rings (BO stainless steel series). No
birds were recaptured within the study period and no birds with rings from other ringing
programmes were captured. During field observations before the mist-netting activities,
only one Black Tern with a metal ring was observed. Although no systematic samples
were taken, the impression was that the ring density was surely lower than 1/500.

For other tern species, details concerning recaptures are presented in table 4.10. At the
moment of printing the report unfortunately no information was received about the
exact origin and ringing date of the recaptured terns. In the period January-March 2001
another 90 terns were captured by GWS (86 Black Terns, 2 Common Terns and 1
Roseate Tern).

Table 4.10 Recaptured terns and sightings of colour ringed terns in Ghana October
2000. CT = Common Tern, RoT = Roseate Tern. Cap = captured, ob =
observed with telescope, dead = found dead. / = over

Date species ring number colour ring origin

24/10  Common Tern SV 41336 Britain
Roseate Tern G001410 Portugal

25/10 Common Tern CE 64551 Britain
Common Tern K992697 The Netherlands
Common Tern 99Z0234 Belgium
Common Tern SV 27121 Britain
Roseate Tern XS 545114 Britain
Common Tern SX 1699 Britain
Common Tern 99Z1760 Belgium
Common Tern SV 32302 Britain
Common Tern SV 54739 F7/39(right leg) Britain

26/10 Roseate Tern SX 89594 1H/94 (right leg) Britain
Roseate Tern SX 47880 2A/80 (left leg) Britain
Common Tern SV 30759 Britain
Roseate Tern SX 75659 Y1/59 (right leg) Britain
Roseate Tern G011431 B4/58 (left leg) Portugal

27/10 Common Tern(dead) SV 12039 Britain
25/10 Common Tern right yellow(ochre)

left alu to be checked
26/10 Common Tern right green / yellow

left alu to be checked
26/10 Common Tern right -green / alu

left -orange/ green to be checked
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Figure 4.7 Typical adult wing pattern in October. Primary 1 to 5 are new, primary 6 is
growing and primary 7 to 10 are old. Secondary 1 to 3 are new and
secondary 4 is growing. The new wing feathers form a distinct mirror in the
dark old flight feathers.
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5 Discussion, conclusions and recommendations

The study in October succeeded in achieving most of the goals that were formulated at
the beginning of the project. The co-operation between all parties was very successful
and the sharing of knowledge substantially contributed to the success of the short study.
The Ghana Wildlife Society has great knowledge of all wetlands and their bird
population in Ghana. The bird counts are executed in a structured way every month.
Apart from this the Society is involved in intensive studies and conservation programmes
on tern trapping by local inhabitants in close collaboration with the Royal Society for the
Protection of Birds (UK).

The October 2000 project provided useful information about tern numbers, the relative
importance of feeding areas and the relation between local fishermen and terns. The first
attempt was made to estimate the food intake of terns following fishermen. This might
give credence to or refute the claim by fishermen that terns are a threat to fish stocks.
The study also showed that it is possible to catch terns in a short period in significant
numbers so monitoring of condition and moult studies are possible.

Conclusions
Table 5.1 presents a schematic overview of results of the October 2000 study. This
scheme can be compared with table 2.1 to judge the framework of tern research.

Black Terns in the Densu Delta area feed mainly near shore around beach seine activities.
Very low percentages of fish are taken from fishermen. Black Terns in Ghana were in
normal winter condition and it seemed that food availability was high. This points to
areas with good feeding conditions and in this way the presence of Black Terns indeed
provides information about rich food (fish) stocks. The study on Black Terns showed
clearly a link between the rich coastal wetland ecosystems and the nearby sea. So in
future wetland conservation plans, management of coastal fisheries and other impacts
on sea environment should be taken into account.

The study in October 2000 was very short and the sample size is clearly too small for
definitive results and conclusions. However, these results provide some answers and
contribute to the understanding of the basic question: what are terns doing in Ghana? In
fact the terns profit from the rich marine food resources and it seems that food
availability is high enough to support large numbers of terns. The close link with local
fishermen emphasises the importance of maintaining fish stocks and preventing
overexploitation.

The October study was supposed to be a feasibility study for future tern research. The
study showed that this is clearly within the possibilities. Part of the studies, which started
in October 2000 were continued throughout the season (2000/2001) by the GWS team.

The studies on Black Terns and related (European and African) tern species showed that
all species depend on the combination of coastal wetlands and rich marine ecosytems.
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The results collected for Black Terns can be used to understand ecology of other tern
species as well, although it is likely that the larger species depend more on fish. The
methods described in the extensive method section can be used for all tern species, not
just for Black Terns and in future Black Tern studies can be extended by collecting
information in the same period on other terns.

Recommendations
As a result of the Black Tern study in October 2000 – March 2001, a list of important
recommendations can be given for future activities:
• The tern work should be broadened into neighbouring countries. The CAW must

play an active role in incorporating conservationists and researchers from adjacent
countries including the French speaking countries. A start with Benin is a good
possibility because Black Tern studies have already been started in this country.
Exchange programs will strengthen the small research groups (and thus knowledge)
present in countries within the West-African subregion. E.g. counts along the
African coasts might give information about the presence of Black Terns in the
period November-February.

• The data on bird counts collected monthly for Ghanaian wetlands over a long period
of time (beginning from 1986) should be analysed and written up as soon as
possible (GWS/ University of Ghana). The tern monitoring studies will greatly profit
from this because the overall pattern of numbers and trends are inevitable for a
proper understanding of tern ecology (e.g. Ntiamoa-Baidu et al. 2000).

• Because of the limited staff numbers and skills, GWS is not able to undertake all the
work necessary for a complete study on tern ecology. In the near future other
researchers especially students, should be encouraged to contribute to this by taking
up parts of the tern research. Foreign researchers can strengthen the knowledge
about field methods and data analyses and can provide information about tern
research in countries other than Ghana.

• Offshore studies have to be included in the study programme. Because many birds
feed far out at sea and the sea upwelling might be of utmost importance for terns.

• If choices have to be made because of the lack of time the following activities have
the highest priority: 1. counts of night roosts at the most important Ghanaian
wetlands in different periods of the year (Densu Delta, Songor Lagoon and Keta
Lagoon). 2. studies on the relative importance of different feeding areas. 3. repeated
tern catching at a suitable monitoring site.

• Local people might be informed about the project outcome and the fact that hardly
any competition between fishermen and terns was found.

Recommendations for upgrading methods and knowledge of tern researchers in Ghana
• To increase knowledge of Ghanaian researchers it would be useful to invite a small

research team to The Netherlands to join tern studies. It would be beneficial to
include methodological training and research techniques such as handling and
measuring captured birds in the exchange programme.

• Tern research has to be included in questions concerning nature conservation. In this
light it is most important to tune in tern research work in more fundamental
questions concerning coastal wetland management. To achieve this, close co-



57

operation is urgently needed with related field research such as ecological studies on
fish, crustaceans as well as social-economic studies involving local fisher groups.

•  A huge amount of data collected on terns and other waterbirds in Ghana over
several years remain unpublished. It is important that GWS/University of
Ghana/CAW are supported to analyse, elaborate and publish the results, particularly
the counts and tern trapping data. A workshop with participants from Ghana, the
Netherlands and possibly neighbouring countries might be a good start. The
expected outputs from such a workshop should be clearly defined. The programme
for such a meeting could include presentation of results of tern studies undertaken in
Ghana and other West African countries, definition of knowledge gaps and
elaboration of future agenda/focus of tern research in the subregion.
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Table 5.1. Schematic overview of research topics and results of Black Terns studies in the Densu Delta, Ghana October 2000

Goal methods Results
Total numbers Identification of night roosts in Ghana

  Counts of night roosts
At least one present: Densu Delta Ramsar Site

  About 5000 Black Terns, but counts were not executed in all wetlands
Age composition adult juvenile ratio's in the field

(tern trapping)
5% juveniles, few juveniles feeding in lagoons
12% juveniles

Situation of daytime integral counts of birds 10-20% of total numbers feeding inside wetlands
feeding areas daytime transect counts along the

beach
Most Black Terns feed near shore near fishermen, estimated 49 per km

daytime transect counts offshore No offshore studies undertaken
studies of tern movements Most Densu Delta Black Terns feed near shore, smaller numbers (<20%) inshore

Feeding ecology close observations of feeding birds In Densu Delta feeding on discards, near shore feeding on fish and shrimps
Food types pellet and faeces investigations No studies

energy budgets intake rates of feeding flocks High intake rates at fish processing sites (0.69 items/tern/min) and near beach
seines (0.56 items/tern/min).

time budgets of tern flocks In Delta remarkably short feeding time (about 2 hrs), while at sea no
information could be assessed

prey size estimates in the field Only rough estimates for prey captured in the surf
Energy budget studies Birds feeding on shrimps seem to be very effective with an estimated feeding

time of 2 hrs to acquire enough energy per day
relation to humans competition studies Black Terns profit significantly from human fishing activities. On the other hand,

in the studied cases only a small fraction (0.03%) of fish mass was taken from
fishermen during beach seines.

interviews local fishermen Some interviews provided information about average fish harvest
Condition Terns capture of Black Terns 92 Black Terns were captured.

measurements, body mass Measurements were well within usual ranges, with normal winter mass.
Juveniles were lighter than adults

moult (wing, body) Most birds moulted primaries actively with an average score of 26.7
moult scores in the field Most birds were in complete non-breeding plumage

Migration studies capture of Black Terns 91 Black Terns were ringed, no recaptures.
ringing of Black Terns

checking rings in the field An extremely low ring density among Black Terns
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