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Role: course regional coordinator, trainer  
Damboia Cossa (Assistant Lecturer) 
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Faculty of Sciences of the University of Lisbon – Oceanography Centre 
(FCUL), PORTUGAL 

José Paula (Associate Professor) 
Role: course scientific coordinator, trainer 
 
 

University of Aveiro (UA), PORTUGAL 
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Role: trainer 
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2. SCOPE 
 

The present course intended to provide young WIO researchers field-based practical knowledge in 

coastal environments biodiversity methodologies, in particular basic sampling design for 

representative biological communities and environmental variables, associated statistical tools, use of 

common statistical packages, and scientific output and format. The course aimed at using a practical 

approach, making participants develop strategies for formulation and testing of research hypotheses, 

using the main tropical coastal environments as models. This directed the specific work models to be 

adapted to the participant’s interests and needs, and in parallel provided basic knowledge of species, 

assemblages and ecological processes in a more general perspective to all participants.  

Intertidal ecosystems, such as mangrove forests, seagrass beds, and rocky and sandy shores, constitute 

an adequate mosaic of environments that have central importance in coastal ecological processes and 

human populations livelihoods. These environments have further interest as model systems for 

teaching scientific methodologies in marine ecology, as they are conveniently accessed and ecological 

gradients occur at manageable scales. The course used sets of practical exercises that strategically 

highlighted key ecological processes such as response to gradients and disturbance, and community 

structuring. 

The course was comprised of lectures, the development of protocols and their realization in the field, 

data processing and statistical testing, and presentation of results and their interpretation. Although 

theory was essentially a one-way process from trainers to participants, the development of protocols 

and their implementation were an interactive exercise. Theory and practical approaches were 

imbedded and data collection was a consequence of the gradually acquired knowledge.  
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3. OBJECTIVES 
 

The central course objective is to provide trainees a better knowledge for scientific research planning 

and delivery of standard quality scientific results in coastal biodiversity assessments. 

 

Course specific objectives 

 

The specific objectives of the course are:  

1) to strengthen concepts of scientific method in Marine and Coastal Ecology, such as questioning 

and formulation of hypotheses, and their adequate testing in appropriately designed sampling or 

experimental protocols; 

2) to introduce basic knowledge on univariate and multivariate statistical procedures for the design 

and interpretation of assessments of coastal biodiversity; 

3) to expand the capacity for standard scientific outputting, such as quality graphs and tables; 

4) to apply these concepts in field exercises, increasing also the basic knowledge of the participants 

on coastal biodiversity in the WIO coastal intertidal habitats and their ecological processes; 

5) to support specific research or formative problems of young researchers, such as research plans 

and protocols, thesis structure and writing, and treatment of existing datasets. 
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4. PREPARATION AND PRELIMINARY ACTIVITIES 
 

UEM handled most of the logistics preparations of the course. It prepared all materials to send to 

Inhaca Island Marine Biological Station (EBMI), including materials for catering, as well as materials 

relating to fieldwork. It organised the stay at Inhaca Island and all guaranties for support for the 

various activities to be performed. 

Several improvements were made at EBMI in order to guarantee better accommodation and work 

activities for the course. These main improvements were: 

- installation of wireless internet for allowing trainers and trainees to access internet freely and 

simultaneously; 

- the computer room was updated: computers were prepared for the course, software was installed 

and updated; 

- the accommodation facilities were prepared. 

At the University of Lisbon, most of the course contents planning was developed: structure, contents 

of modules, practical protocols and exercises, materials for fieldwork and support materials for 

participants. Participants were informed in early mails of the requirements for their travel and 

accommodation. 

 

5. TRAVELLING ORGANISATION 
 

The travelling to Mozambique by participants from other countries within the WIO region was 

organised by the secretariat of WIOMSA. The local arrangements for travelling and accommodation 

within Mozambique were organised by UEM. Foreign participants were installed in Maputo for 1 

night and travel to Inhaca Island was arranged by renting of a local ferryboat. 

 

Travelling of trainers from Portugal was organised in Lisbon. 
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6. ACCOMMODATION AND TRAINING FACILITIES 
 

6.1. Choice of Inhaca Island Marine Biology Station (EBMI) 

 

Choice of the Inhaca Island Marine Biology Station (EBMI) for performing the course had a number 

of logical reasons: 

 

1) EBMI is an excellent facility for developing research and training in the coastal and marine 

environment, being permanently used by researchers and students from UEM and elsewhere. 

The infrastructure includes adequate laboratory, conveniently adapted to theory and computer 

practical classrooms. The Station has computer facilities and adequate food and 

accommodation. The Station has operational means such as boats and cars for the local 

transportation of researchers to fieldwork, and general laboratory and field materials for 

research. EMBI has also a good group of staff that supports activities, such as boat and car 

drivers, facility technicians, library and accommodation and kitchen support. 

 

2) Inhaca Island offers a convenient mosaic of the main tropical coastal intertidal habitats in 

close proximity, including mangroves, tidal flats, seagrass beds and rocky shores, allowing 

convenient fieldwork activities with minimum transportation effort within a convenient 

timeframe. 

 

3) The remote and isolated nature of the Station increases interactions among participants and 

with trainers. 

 

6.2. Accommodation and subsistence 

 

Participants in the course were installed in the 2 dorms of EBMI, one for male and one for female 

participants. A team of cooks was contracted for the course and provided all meals and refreshments 
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throughout the course. Special attention was paid to the choice of food, as to address cultural 

differences between participants. 

 

6.3. Training facilities 

 

A laboratory space was adapted to general theory and computer classroom, where 10 desktop 

computers were installed and prepared for the course, one per each pair of students. Adequate 

projecting equipment was installed.  
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7. COURSE STRUCTURE AND CONTENTS 
 

7.1. Course structure 

 

The structure of the course reflected the stated objectives. It aimed at teaching the bases of scientific 

method, addressing, in detail, the formulation of hypotheses and their adequate testing, the basic 

concepts of statistical procedures and their practical execution, and the production of standard 

scientific output.  

The inclusion of field exercises permitted the immediate application of the acquired learning, such as 

protocol design and the treatment of data. Sessions dedicated to the ecology of the various intertidal 

habitats of the region made participants familiar with the target habitats. Finally, special dedicated 

sessions addressing the participant’s own projects gave a significant help to a number of participants.  

The course ran intensively, with no major breaks, with full commitment of the large majority of 

participants. The last part of the course was fully dedicated to general discussions on the participant’s 

own research problems; each participant would present the problem, and interaction with trainers 

and other participants targeted possible solutions or pathways to solve and improve the student’s 

research plans. 
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Figure 1 - Chronogram of activities. 

 
  



MASMA Course – Scientific Tools for Coastal Biodiversity Assessment 

 11 

7.2. Course contents 

 

The course was comprised of theory lectures, the development of protocols and their realization in 

the field, data processing and statistical testing, and presentation of results and their interpretation. 

Although theory is essentially a one-way process from trainers to participants, the development of 

protocols and their implementation was an interactive exercise. Theory and practical approaches are 

imbedded and data collection is a consequence of the gradually acquired knowledge.   

 

 
Figure 2 – Conceptual structure of the course. 

 

7.2.1. Theoretical presentations and discussions 

 

Theory sessions included: 

 

i) Introductory matters on the natural environments and organisms used as models for the course 

(mangrove systems, tidal flats, seagrass meadows and rocky shores), with special emphasis on Inhaca 

Island. The support handouts of these sessions are presented in Annex 1(Introducing Inhaca Island 

coastal environments). 
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ii) A series of statistical dedicated sessions (regarding practical operations with datasheets, 

hypotheses tests and statistical inference, regression and correlation, analysis of variance, 

multifactorial and nested designs, biodiversity analysis including richness, diversity – conventional 

and taxonomic based, and multi-dimensional scaling). The support handouts of these sessions are 

presented in Annex 2 (Statistical theory). 

 

 
Figure 3 – Aspect of the adapted computer room at EBMI during a practical exercise. 

 

iii) Scientific method (such as general method in scientific research and sampling designs), and 

scientific output (formats of data presentation, scientific articles and reports including table and 

figures). The support handouts of these sessions are presented in Annex 3 (Scientific output). 

 

iv) Discussions on participants own interests, including sampling and statistical queries, analysis of 

particular datasets, structure of MSc and PhD plans, review of scientific papers, and other matters of 

interest. 
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Figure 4 – The group engaged in discussing sampling issues. 

 

7.2.2. Practical training 

 

The practical training included fieldwork based exercises, and computer exercises both derived form 

fieldwork and existing datasets where relevant. The fieldwork exercises included:  

 

- Field exercise using sand tidal flats and the bubble crab Dotilla fenestrata. The exercise 

addressed distribution patterns in a spatial design to meet the requirements of factorial 

ANOVA. The model crab occurs mainly in long sand bars with main axis transversal to the 

shoreline. Several sand bars were replicates, in each a design addressed height on the bar 

vertical profile, and distance on the longitudinal axis. Biological response was density of crabs 

and size of burrows. In parallel, a sampling was performed to assess the relation of crab size 

with burrow opening, also a methods to indirectly assess population structure, in order to 

apply regression statistics.  
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Figure 5 – Fieldwork on the tidal flat, studying distribution and size structure of the bubble 

crab Dotilla fenestrata. 

 

- Field exercise using the mangrove environment and the gastropod genus Littoraria (species L. 

scabra, L. pallescens, L. intermedia and L. subvittata). The exercise addressed distribution 

patterns, in order to meet the requirements of stratified sampling for factorial ANOVA, 

defining mangrove strata and substrate (trunk and leaves) in replicate random areas. Biological 

responses were species composition, density and size of gastropods. 

Figure 6 – Fieldwork on the mangrove forest, studying distribution and size structure of the 

gastropod genus Littoraria. 
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- Field exercise using the Thalassia hemprichii seagrass meadows. The exercise addressed species 

richness and diversity, in order to calculate sample-based richness estimators and indices of 

diversity both conventional and taxonomic. Species were identified and counted using quadrats 

allocated randomly in the seagrass meadow. 

 

Figure 7 - Fieldwork on the Thalassia hemprichii seagrass meadow, studying associated biodiversity. 

 

- Field exercise using the lower rocky shore environment. The exercise addressed species 

richness and diversity, in order to calculate sample-based richness estimators and indices of 

diversity both conventional and taxonomic. Species were identified and counted using quadrats 

allocated randomly in the considered stratum. Data were further used to compare with the 

results obtained for similar exercise in the seagrass meadow. 
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Figure 8 – Fieldwork on the rocky shore, studying associated biodiversity. 

 

Extensive sessions in the computer room introduced and expanded knowledge on datasheet and 

statistical packages routine operations, and participants have performed illustrative exercises from 

existing datasets for supporting theoretical knowledge and treating and analysing data from field 

exercises.   

In the last module, the course aimed to provide specific help to attendants, by creating general and 

specific discussions around issues of the interest of the participants, such as specific sampling or 

experimental problems, development of research protocols and treatment of datasets.  
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Figure 9 – Images of the Masma course group during fieldwork at (A) the tidal flat, (B) mangrove, 
and (C) rocky shore exercises.  
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8. PERFORMANCE 
 

8.1. Trainers’ assessment 

 

In the view of the trainers involved the course performance overall was very good. The participants 

responded well to the flow of activities, and engaged in the learning process with much enthusiasm. 

The response was mostly positive with participants enjoying not only the learning process, but also 

enjoying the friendly and relaxed environment created by the course.  

Several issues however do pose some difficulties to the balance of activities and equal response of 

participants. Firstly, the participants came from different environments and have a range of 

backgrounds; this produces different individual expectations due the often very different learning 

needs. Part of the teaching could be considered as basic to some while seemed too advanced for 

others. This was particularly evident in what regards to statistical knowledge and computer skills. As 

much as possible the teaching was permanently adapted to the class feedback. Secondly, age is 

sometimes an issue. The range of the participants’ ages (from 21 to 38) was very high and reflected 

on varying experience, knowledge and often enthusiasm for learning and self-initiative. 

 

8.2. Participants’ evaluation 

 

At the end of the course a questionnaire was distributed among the participants to fill anonymously. 

The form of the 2-page anonymous questionnaire is presented below. A summary of the results of 

ranking questions is presented in Figs. 10 and 11.  
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COURSE EVALUATION FORM 
 
To assess opinion of participants on several aspects of the course, participants are asked to answer the 
questions below. Indicate responses by circling the appropriate number (1 – lowest mark, 5 – highest 
mark). Where indicated, please provide additional comments on the back of the page. 
 
1: Logistics 
1.1. The advanced mailing gave adequate information to the participants 1 2 3 4 5 
1.2. The advanced mailing gave adequate time to plan for attendance
  

1 2 3 4 5 

1.3. The training course was organized at appropriate time of the year 1 2 3 4 5 
1.4. The venue was appropriate 1 2 3 4 5 
1.5. The accommodation was adequate 1 2 3 4 5 
1.6. The food was satisfactory 1 2 3 4 5 
1.7. The audio–visual material were appropriate 1 2 3 4 5 
 
2: General Overview  
2.1. The course was valuable to my work 1 2 3 4 5 
2.2. The overall format of the course was good
  

1 2 3 4 5 

2.3. The course material was appropriate 1 2 3 4 5 
2.4. The presentations were good  1 2 3 4 5 
2.5. Interaction with trainers was good 1 2 3 4 5 
2.6. Interaction with other participants was good 1 2 3 4 5 
2.7. The schedule of activities was clear 1 2 3 4 5 
2.8. The course was worthwhile use of my time 1 2 3 4 5 
2.9. The time allocated for field trips was good 1 2 3 4 5 
 
3: Course Content 
3.1. The stated objectives were appropriate. If not, please explain  1 2 3 4 5 
3.2. The stated objectives were met
  

1 2 3 4 5 

3.3. My personal objectives were met. If not, please explain  1 2 3 4 5 
3.4. New information on various aspects has been acquired 1 2 3 4 5 
3.5. The balance of time between topics was adequate. If not, please explain  1 2 3 4 5 
3.6. I can make improvements when I return to my country/institution 1 2 3 4 5 
 
 

Please tick the box that closely reflects your opinion 
  

 Too short About right Too long 
O1. The time allocated to lecture/presentations was    
O2. The time allocated to group discussions/exercises    
O3. The time allocated to discussion with trainers was    
O4. The time of discussions among participants was    
O5. The time allocated for the course was    
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Observations 
 
Participants are also asked to provide comments which would make future course more valuable: 
 
1. What were the strong points  (most useful) of the course? 
 
 
 
 
 
2. What were the weak points  (least useful) of the course and how would you have changed them? 
 
 
 
 
 
3. Based on the purpose of this course, would you add which new topics in future courses? 
 
 
 
 
4.What advice would you give to improve future modules of the course? 
 
 
 
 
 
 
5. Please add any other comments. 
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Figure 10 – Results of the questionnaire filled by participants for Logistics (upper panel) and 
General overview (lower panel). Mean ±SD. 
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Figure 11 – Results of the questionnaire filled by participants for Course contents (upper panel) and 
Allocated time (lower panel). Mean ±SD. 

 

 

  



MASMA Course – Scientific Tools for Coastal Biodiversity Assessment 

 23 

In general the responses of the participants to the questionnaire may considered as very positive. 

Most of the responses to individual questions fell on the upper 2 categories, and in fact the standard 

deviation calculated showed that in all questions the upper limit reaches the maximum score. 

Regarding logistics the responses somewhat fluctuated and in our opinion reflect the simple living 

conditions at Inhaca Island Marine Biology Station. The lower scored question was question 1.5 

(accommodation); the accommodation is adequate but is shared dorms with shared toilets, and 

especially some of the older students may have felt a slight discomfort. In a minor way this impacted 

also on the question 1.4 (venue). Some criticism of the early mailing information is apparent 

(question 1.1 – mailing) although this was sent at least 1 month earlier with the schedule, course 

contents and practical issues. A few students referred also inappropriate time of the year (question 1.3 

– time), however it is difficult to match best timing for the different participants due their diverse 

origin. 

In what concerns general overview and course content the responses had slightly higher score and 

were more consistent. The majority of participants seemed to have high consideration for the 

structure, contents, and other formal aspects of the course. The time allocated for the course was 

also quite consensual. Most of the answers referred that the time was about right, and none referred 

that it was too long. So it can be concluded and none has felt that was loosing his time in doing the 

course. A few however referred that the course was short, thus demonstrating their will in continuing 

the learning process regarding the course topics. 

Most of the opinions and comments shared in the free part of the questionnaire shed light into some 

of the previous answers. Recurrent were the topics on the need of extra time to exercise statistics in 

the computer or for more field exercises. A majority referred the need for an extra week. A few would 

have preferred to skip aspects of basic statistics and move into more advanced software training, 

others produce comments more related to own specific interests. There is undoubtedly room for 

improvement, and participants also produced relevant comments such as the need for better 

taxonomic training prior to field exercises etc.  

But again the answers demonstrate the different background, needs and expectations of the 

participants, and responses were often contradictory. This is the kind of course where balance 

between topics, activities and their timing is a delicate compromise.  
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9. REGISTRATION AND EVALUATION PROCEDURES 
 

 

Following proposal acceptance and negotiation of terms with WIOMSA, the call for applications was 

distributed among the main Marine Science institutions in the WIO region. The eligible criteria 

were: 

 

1) an education level of at least a BSc or equivalent;  
2) background in marine sciences; 
3) under 40 years old;  
4) active in research. 

 

The evaluation criteria were based on individual CVs, statements of interest and reference letters.  

 

Table I – Applications for the Masma Course 2013. 

 

 

 

 

 

 

 

 

 

 

The number of applications was 67 from 8 countries within the WIO region plus India and Nigeria. 

Twenty participants were selected from 7 WIO countries. A balance between countries and gender 

(in order to guarantee a balanced representation of the region, as possible) was added as additional 

criteria, however the use of objective tangible criteria was kept. In the end 13 male versus 7 female 

participants were selected. Quality of selection was never compromised by secondary criteria, and 

Country Applications Selected 
South Africa 3 1 
Mozambique 5 5 
Tanzania 11 3 
Kenya 24 5 
Madagascar 7 3 
Comoros 2 1 
Seychelles 1 0 
Mauritius 11 2 
India 2 0 
Nigeria 1 0 
TOTAL 67 20 
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successful applications were chosen according to the perspective of optimising impact in the young 

scientific community.  

The selection was performed by the involved responsible trainers (José Paula and Salomão Bandeira) 

and delivered to participants within the predicted time frame. One selected participant dropped his 

attendance close to the initiation of the course, but it was possible to substitute. The course therefore 

ran for 20 participants.  

 

10. CONCLUSIONS 
 

The course was successful, in view of the responses of participant to the anonymous questionnaire, 

but also from the interaction between trainers and participants. Main points to highlight: 

 

1) There was a very positive environment during the course, and interaction between trainers and 

participants was very rewarding; 

2) Engagement of participants during the course activities was very good; 

3) Interaction amongst participants was intense, and we can foresee permanent links that were 

created during the course timeframe; 

4) Participants have significantly expanded their knowledge on sampling and statistical scientific 

tools for the assessment of coastal biodiversity.  

 

 



 

 
 
ANNEX 1 
THEORY - Introducing Inhaca Island coastal environments 
 
 
 
 

• Inhaca Island setup and environments 

• Mangrove forests and associated biodiversity 

• Tidal flats, seagrasses and associated biodiversity 

• Rocky shores and associated biodiversity 
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Distribuition of mangroves in southern Africa 
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Ponta Rasa 

Saco 

Portuguese Is. 

Saco 
mangrove 
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Avicennia marina 
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Avicennia marina 

Avicennia marina 

Avicennia marina 
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Avicennia marina in extreme environments 

Sonneratia alba 

Sonneratia alba Rhizophora mucronata 
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Rhizophora mucronata 

Rhizophora  
mucronata 

Rhizophora mucronata 

Ceriops tagal 
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Ceriops tagal 

Xylocarpus granatum 

Bruguiera gymnorhyza 
Bruguiera 
gymnorhyza 
in Mecúfi estuary 
(North Mozambique) 
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Lumnitzera racemosa 

Basic zonation of mangrove forests 
in southern Mozambique 
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Ponta Rasa 

Saco 

Salt-marsh 

Sarcocornia perenne 
Chenolea diffusa 
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Sesuvium portulacastrum 

Genus Uca 

U. annulipes U. inversa 

U. urvillei U. chlorophthalmus 

U. vocans 

Uca annulipes 
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Uca inversa 

male 
 

female 
 

Uca  urvillei 

Uca  
chlorophthalmus 
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Uca vocans 
Macrophthalmus depressus 

Neosarmatium meinerti 

Perisesarma guttatum 
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Sesarma leptosoma 

Chiromantes ortmani 

Metopograpsus 
thukuhar 

Eurycarcinus  
natalensis 
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Cardisoma carnifex 
Scylla serrata 

Terebralia palustris 
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Cerithidea decollata 
Littoraria scabra  

Littoraria pallescens Littoraria subvittata 
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Littoraria intermedia 

Saccostrea forskali Saccostrea  
forskali 
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Periophthalmus sobrinus 
Mudskipper 

Loranthus quinquenervis 

Spiders and ants 

Oecophylla longinoda 
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Scaevola plumieri 
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Ipomoea pes-caprae 
Ocypode ryderi 

Dermochelys coriacea Janthina janthina 

Bullia natalensis 
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Dotilla fenestrata 
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Dotilla fenestrata 

Ocypode cerathophthalmus 

Pilumnus 
vespertilio 

Lybia 
plumosa 

Epixanthus 
frontalis 

Macrophthalmus 
boscii 

Pilumnus 
sp. 

Leptodius 
exaratus 

Calappa sp. 

Portunus 
pelagicus 

Portunus 
sanguinolentus 

Matuta 
lunaris 

Thalamita 
crenata 

Charybdis 
sp. 
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Dardanus megistus 

Coenobita cavipes 

Coenobita rugosus 

Polinices mammila 

MHWS 

MHWN 

MLWS 
MLWN 

MHWS 

MHWN 

MLWS 

MLWN 

supralittoral 

eulittoral 

Infralittoral fringe 

supralittoral 

eulittoral 

Ocypode 

Donax 
Dotilla 

seagrass Macrophthalmus 

Turtle nests 

Ocypode 
Bullia 

EXPOSED - steep, coarse grain 

SHELTERED - flat, fine grain 

SHORE PROFILE - sediment coast 
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Seagrasses meadows between Barreira  
Vermelha  and Portinho - Inhaca 

Halophila ovalis  

Thalassia hemprichii 
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Northern Bay /  
Sangala Bank 

Thalassodendron 
leptocaule  
Maria C Duarte, 
Bandeira, Romeiras 
 
NEW SPECIES 
FROM INHACA 
 

Halodule uninervis 
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Protoreaster lincki 

Pentaceraster mammillatus 
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Holothurians 

Echinodiscus auritus 

Prionocidaris 
pistillaris 

Echinocardium cordatum 

Tripneustes 
gratilla 

Ophiuroidea n.d. 

Cypraea spp. 

Conus textile 

Conus 
betulinus 

Murex 
brevispina 
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Stichodactyla  
mertensii 

Pinna muricata 

Pinctada 
capensis 

Seagrass litter 
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MHWS 

MHWN 

MLWS 

MLWN 

supralittoral 

eulittoral 

Barnacle 
and oyster belts 

SHORE PROFILE - rocky coast 

Infralittoral fringe 

Zoanthids 
Algal belt 
and reef-building polychaets 
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Oyster zone 
Moderately exposed  
to sheltered 

Barnacle zone 
Moderately to  
highly exposed  

barnacles 

oysters 

exposed sheltered 

Oyster zone 
Saccostrea cuccullata 

Barnacle  zone 
Chthamallus dentatus 

Barnacle  zone 
Tetraclita squamosa 

Tetraclita squamosa 

Barnacle  zone 
Tetraclita spp. 

Upper 
low density zone 
< 50% cover 

Mid 
high density zone 
> 75% cover 

Lower 
low density zone 
< 50% cover 
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Saccostrea cucullata 

Lydia annulipes 

Chthamallus dentatus 

Nerita plicata 

Nerita textilis 

Purpura panama 
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Littoraria 
glabrata 

Littoraria 
undulata 

Littoraria glabrata 

Nodilittorina 
africana 

Nodilittorina 
natalensis 

Cellana  
capensis 

Siphonaria capensis 

Non-determinate 
patellids 

Grapsus tenuicrustatus 
High to moderately exposed  
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Grapsus fourmanoiri 
Moderately exposed to sheltered 

ZOANTHIDEA 
ZOANTHIDEA 
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Palythoa natalensis Zoanthus eyrei 

Palythoa nelliae Zoanthus natalensis 

ZOANTHIDEA Tedania anhalens 

Haliclona 
oculata 

Hymeniacidon 
perlevis 

Clanculus puniceus  Morula granulata 

Planaxis sulcatus 
Sheltered shores 

Purpura panama 

Dendropoma tholia 

Perna 
perna 
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Clibanarius 
virescens 

Calcinus 
laevimanus 

Gonodactylus 
glabrous 

Gonodactylus 
falcatus 

Eriphia  
scabricula 

Eriphia 
laevimanus 

Eriphia 
smithi 

Echinometra mathei 

Stomopneustes variolaris 
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Actinopyga 
mauritiana 

Holothuria leucospilota 

Linckia 
laevigata 

Patiriella 
exigua 

Diplosoma 
spp. 

Colonial ascideans Antennablennius bifilium 
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Idanthyrsus pennatus 

LOW SHORE ALGAL BELT 
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Thalassodendron leptocaule 



 

 
 
ANNEX 2 
THEORY – Statistical theory 
 
 
 
 

• Basic descriptive statistics 

• Regression and correlation 

• 1-way ANOVA 

• Multi-way and nested ANOVA 

• Richness measures 

• Diversity measures 

• Taxonomic diversity measures 
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Statistics 1. Basic descriptive statistics 2 

Outline 

•! Types of biological data 

•! Accuracy and precision 

•! Populations and samples 

•! Sampling 

•! Measures of central tendency 

•! Measures of dispersion and variability 

•! Statistics and Parameters 

•! Probability distributions 
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Types of biological and abiotic data 
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Types of biological data  

Scales of measurement 
 
•!Nominal scale  

–! e.g. species, sex, colour 

•!Ranking or ordinal scale 

–! ranking of measurements: 1, 2, 3, 4  or  A, B, C, D 

•!Interval and Ratio scales 

–! constant interval size, unit of measurement 
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Types of biological data 

Interval vs Ratio scales 
 
•!Interval: 

–! measurement scales that possess a constant interval size but 
not a true zero 

–! e.g. temperature, circular scales such as time of the day or 
period of the year 

•!Ratio: 

–! measurement scales that possess a constant interval and a 
true zero 

–! e.g. length, weight, volume, capacity, concentration, length 
of time 
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Types of biological data 

Continuous and discrete data 
 
•!Continuous: 

–! when there is a infinite number of possible values between 
any two measurements 

–! e.g. length of fishes 
  
•!Discrete: 

–! when there are some values that are impossible to obtain 
between measurements 

–! e.g. counts of organisms in quadrats 

•!Ratio, interval and ordinal scale data may be either continuous 
or discrete 

•!Nominal scale data are discrete 
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Accuracy and Precision 

•!Accuracy: 

–! is the closeness of a measured value to its true value 

–! is dependent of having a good measuring device or system 

•!Precision: 

–! is the closeness of repeated measures of the same item 

–! is mainly dependent of the observer 

•!Bias is the difference between an estimate and the true value 
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Accuracy and Precision 

Accurate and 
high precision 

Not accurate (biased) 
and high precision 

Accurate and 
low precision 

Not accurate (biased) 
and low precision 
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Accuracy and Precision 

Significant figures 
 
•!Discrete data: 

–! there is no question of significant figures 
–! e.g. Quadrat counts: 3 individuals, 27 individuals 
–! the use of 3.0 and 27.0 would be inappropriate 

•!Continuos data: 
–! are recorded to some fixed level of precision 
–! every measurement has its implied limits 

Measurement Implied limits 

67 66.5 to 67.5 

67.2 67.15 to 67.25 

67.23 67.225 to 67.235 

Measurement Implied limits 

31000 Not clear 

3.1 x 104 3.05 x 104 to 3.15 x 104 

3.10 x 104 3.095 x 104 to 3.105 x 104 
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Sampling 

•!One of the main goals of statistical analysis is to infer 
characteristics of a population by analyzing the caracteristics 
of a (small) sample. 

•!A quantity such as a measure of central tendency or of dispersion 
that characterize a population is called a parameter. 

•!Estimates of a population parameter are generally called 
statistics. 

Population 
µ , ! 

Sample 
y , s 

Sampling Inference 
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Sampling 

Basic concepts 
 
•!Population (statistical population) 

•!Sampling unit 

•!Sampling method 

•!Observations 

•!Sample (sample size) 

Observations are made on sampling units which are selected from a 
given population using a sampling method specified a priori. The 
set of observations (also called items) constitutes a sample. 
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Sampling 

Exploratory data analysis 

•!Prior to any statistical procedure it should be performed a 
exploratoty data analaysis 

–! better knowledge of the datasets 
•! levels of the variables, variability, types of 
distributions 

–! identify relationships with other variables 
–! decide which statistical methods should be used 

•!Usually based on descriptive statistics and graphical 
presentations of data 

•!The descriptive statistics used are usually measures of central 
tendency and measures of dispersion 
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Measurements of central tendency 

Statistics of location 

•! Mean 

•! Median 

•! Mode 

•! Quantiles 

•! Range midpoint or midrange 
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Measurements of central tendency 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

Three frequency distributions with equal sample sizes but different means 

Fr
eq

ue
nc

y 
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Measurements of central tendency 
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Measurements of central tendency 
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Measurements of central tendency 
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Measures of dispersion and variability 

Statistics of dispersion 
 
•!Range 

•!Interquantile range 

•!Variance 

•!Standard deviation 

•!Coefficient of variation 
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Measures of dispersion and variability 

Histogram: PESO
 Expected Normal
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Measures of dispersion and variability 

Box & Whisker Plot

 Mean 
 ±SD 
 ±1,96*SD 

PESO CPD
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Statistics and Parameters 

Sample statistics (also called Statistics) 
 
•!Mean 

•!Variance 

•!Standard deviation 

n
Y

n
YYYYY in !=+"""+++

= 321

s2 =
Y1 !Y( )

2
+ Y2 !Y( )

2
+ Y3 !Y( )

2
+ " " "+ Yn !Y( )

n

2

=
Yi !Y( )

2#
n

2ss =
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Statistics and Parameters 

•!Population parameters usually remain unkown 
–!this means we have to estimate them 

•!Parameter estimators must be unbiased 

•!The sample mean is an unbiased estimator of the population mean 

•!The sample variance is a biased estimator of the population 
variance 

Mean Variance 
Standard 
deviation 

Sample 

Population 

Y s
µ 2! !

2s
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Statistics and Parameters 

Why is the sample variance a biased estimate of the 
population variance? 

Y µ

Yi !µ( )2" > Yi !Y( )
2" #

Yi !µ( )2"
n

>
Yi !Y( )

2"
n

, therefore! 2 $
Yi !Y( )

2"
n!1

= s2

freedom of degrees of number=!1n
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Probability distributions 

What is meant by the probability of an event? 
 
•!Both ‘event’ and ‘probability’ are intuitively understood by most 
people, but we need to establish certain rules 

–! Probabilities lie between 0 and 1 

–! Zero probability implies that something is impossible 

–! A probability of 1 means something is certain 

–! What does an intermediate probability imply? 
•!for example if we say that the probability of rain 
tomorrow is 0.25? 
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Probability distributions 

Notation and terminology 
 
•!Let A denote an event 

•!The probability of that event is usually written P(A) or Pr(A) 

•!The complement of an event Ac is everything not in that event 

•!The complement of ‘rain tomorrow’ is ‘no rain tomorrow’; the 
complement of  ‘3 or fewer fishes per trawl’ is ‘4 or more fishes 
per trawl’ 

•!P(Ac) = 1 - P(A) 
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Probability distributions 

What is meant by the probability of an event?  
 
•!Suppose the probability of ‘rain tomorrow’ is 0.25 

•!A probability of 0.25 (also expressed as 1/4, or as 25%) implies 
that we think that it is 3 times as likely not to rain as it is 
to rain 

•!This is because 

–! P(no rain) = 1 - P(rain) = 1 – 0.25 = 0.75 
–! 0.75/0.25 = 3 

•!A probability can often be thought of as a long-term proportion 
of times an event will occur. 
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Probability distributions 

Unions and intersections  

•!The union of two events A and B consists of everything included 
in A or B or both. Let  

–! A = {rain tomorrow} 
–! B = {rain the day after tomorrow} 
–! C = {3 or fewer fishes per trawl} 
–! D = {4 or 5 fishes per trawl} 

•!Then  
–! A!!B = {rain in the next 2 days} 
–! C!!D = {5 or fewer fishes per trawl} 

•!P{C!D} = P{C} + P{D}, because C and D  are mutually exclusive 
(they don’t overlap) 
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Probability distributions 

•! P{A!B} "" P{A} + P{B} because A and B do overlap.  

•! So,  P{A!B} = P{A} + P{B} - P{A#B} 

•! A#B is the intersection of A and B 

–! it includes everything that is in both A and B, and is 
counted twice if we add P{A} and P{B}. 

•! In our example  

–! A##B = {rains tomorrow and the day after tomorrow}.  

–! C##D is empty - it is impossible for C and D to occur 
simultaneously, so P{C##D} = 0. 
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Probability distributions 

Conditional probability and independence 
 
•! If we know that one event has occurred it may change our view 

of the probability of another event 
–! Let A = {rain today}, B = {rain tomorrow}, C = {rain in 90 

days time} 

•! It is likely that knowledge that A has occurred will change 
your view of the probability that B will occur, but not of the 
probability that C will occur 

•! We write P(B|A) "" P(B), P(C|A) = P(C) 
–! P(B|A) denotes the conditional probability of B, given A 
–! P(C|A) denotes the conditional probability of C, given A 

•! We say that A and C are independent, but A and B are not 

•! Note that for independent events P(A##C) = P(A)P(C) 
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Probability distributions 

Random variables 
 
•!Often we take measurements which have different values on 
different occasions 

•!Furthermore, the values are subject to random or stochastic 
variation - they are not completely predictable, and so are not 
deterministic 

•!They are random variables 

•!Examples: 

–!water temperature, salinity, turbidity, river flow, 
currents, etc 
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Probability distributions 

Probability distributions 
 
•!If we measure a random variable many times, we can build up a 
distribution of the values it can take. 

•!Imagine an underlying distribution of values which we would get 
if it was possible to take more and more measurements under the 
same conditions. 

•!This gives the probability distribution for the variable. 
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Probability distributions 

Discrete probability distributions 
 
•!A discrete probability distribution associates a probability with 
each value of a discrete random variable 

–!Example 1. Random variable has two values Rain/No Rain. P
(Rain) = 0.2, P(No Rain) = 0.8 gives a probability 
distribution 

–!Example 2. Let X = Number of wet days in a 10 day period. P
(X=0) = 0.1074, P(X=1) = 0.2684, P(X=2) = 0.3020, … P(X=6) = 
0.0055, ... 

–!Note that P(rain) + P(No Rain) = 1;  P(X=0) + P(X=1) + P
(X=2) + … +P(X=6) + … P(X=10) = 1. 
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Probability distributions 

Continuous probability distributions 
 
•!Because continuous random variables can take all values in a 
range, it is not possible to assign probabilities to individual 
values.  

•!Instead we have a continuous curve, called a probability density 
function, which allows us to calculate the probability a value 
within any interval.  

•!This probability is calculated as the area under the curve 
between the values of interest. The total area under the curve 
must equal 1. 
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Probability distributions 

20 30 40  Temperature (OC) 

P 

Example: Theoretical probability density for maximum 
temperature 
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Probability distributions 

Example: Theoretical probability distribution for 
maximum temperature  

 
•!The total area under the curve is 1 

•!The area under the curve to the left of 20 is the probability of 
a max. temperature less than 20°C 

•!The area between 25 and 30 is the probability of a max. temp. 
between 25°C and 30°C 

•!The area to right of 32 is the prob. of the max. temp. exceeding 
32°C 
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Probability distributions 

Families of probability distributions  
 
•!The number of different probability distributions is unlimited 

•!However, certain families of distributions give good 
approximations to the distributions of many random variables. 

•!Important families of discrete distributions: 

–!binomial, multinomial, Poisson, hypergeometric, negative 
binomial … 

•!Important families of continuous distributions: 

–!normal (Gaussian), exponential, gamma, lognormal, Weibull, 
extreme value … 
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Probability distributions 

Binomial distributions 
 
•!The data arise from a sequence of n independent trials 

•!At each trial there are only two possible outcomes: 

–!success and failure 

•!The probability of success, p, is the same in each trial 

•!The random variable of interest is the number of successes, X, in 
the n trials 

•!The assumptions of independence of trials and constant p 

–!if they are invalid, so is the binomial distribution 
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Probability distributions 

Examples of Binomial distributions  
 
•!Number of frost-free Januarys 

•!Number of recruitment failures in a 10-year period 

•!If we can assume no inter-annual dependence and no trend in p, 
the frost-free probability, or crop failure probability. 

•!Number of wet days in a period of 10 consecutive days? 

–!very unlikely that the binomial distribution would be 
appropriate, because of non-independence of rain on 
consecutive days 
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Probability distributions 

Poisson distributions  
 
•!Poisson distributions are often used to describe the number of 
occurrences of a ‘rare’ event. For example: 

–!the number of tropical cyclones in a season 
–!the number of occasions in a season when river levels exceed 
a certain value 

•!The main assumptions are that events occur  

–!at random (the occurrence of an event doesn’t change the 
probability of  it happening again)  

–!at a constant rate 

•!Poisson distributions also arise as approximations to binomials 
when n is large and p is small. 
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Probability distributions 
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Probability distributions 

Example of a Poisson distributions 
 
•!Suppose that we can assume that the number of storms, X, in a 
particular area in a season has a Poisson distribution with a 
mean (average) of 3 

•!Then P(X=0) = 0.05, P(X=1) = 0.15, P(X=2) = 0.22, P(X=3) = 0.22, 
P(X=4) = 0.17, P(X=5) = 0.10, …    

•!Note: 

–!there is no upper limit to X, unlike the binomial where the 
upper limit is n 

–!assuming a constant rate of occurrence, the number of storms 
in 2 seasons would also have a Poisson distribution, but 
with mean 6 
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Probability distributions 

Normal (Gaussian) distributions 
 
•!Normal (also known as Gaussian) distributions are by far the most 
commonly used family of continuous distributions 

•!They are ‘bell-shaped’ and are described by two parameters: 

–!The mean 
•! the distribution is symmetric about this value 

–!The standard deviation 
•! determines the spread of the distribution 
•! roughly 2/3 of the distribution lies within 1 standard 
deviation of the mean, and 95% within 2 standard 
deviations 
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Probability distributions 
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Normal (Gaussian) distributions 
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Probability distributions 

The Central Limit Theorem (CLT) 
 
•!If random samples of size n are drawn from a normal population, 
the means of these samples will conform to normal distribution 

•!The distribution of means from a non-normal population will tend 
to normality as n increases in size 

•!The variance of the population of means will decrease as n 
increases: 

nX

2
2 !

! =
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Probability distributions 

Deviations from normality: skewness 
 
•!Some variables deviate from normality because their distributions 
are symmetric but ‘too flat’ or too ‘long-tailed’.  

•!A more common type of deviation is skewness, where one tail of 
the distribution is much longer than the other.  

•!Positive skewness, is most common – long-tail to the right.  

•!Negatively-skewed distributions with longer tails to the left 
sometimes occur. 
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Probability distributions 

0 5 10

0.0

0.1

0.2

0.3

x

f(x
)

Deviations from normality: skewness 
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Probability distributions 

Families of skewed distributions 
 
•!There are several families of skewed distributions, including 
Weibull, gamma and lognormal 

•!Each family has 2 or more parameters which can be varied to fit a 
variety of shapes 

•!One particular family consists of so-called extreme value 
distributions 

–! as the name suggests, these can be used to model extremes 
over a period, for example, maximum windspeed, minimum 
temperature, greatest 24-hr rainfall, highest flood … 
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Probability distributions 

Probability and Statistics 
 
•!Probability starts with a population, often described by a 
probability distribution, and predicts what will happen in a 
sample from that population. 

•!Statistics starts with a sample of data, and describes the data 
informatively, or makes inferences about the population from 
which the sample was drawn. 
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Probability distributions 

Probability and Statistics 
 
•!Probability: 

–! the maximum temperature at a particular station has a 
Gaussian distribution with mean 27o C and standard deviation   
3o C. 

•!Statistics: 
–! Point estimation: given a sample of relevant data find an 

estimate of the (population) mean maximum temperature in 
June at a station? 

–! Interval estimation: given a sample of relevant data, find a 
range of values within which we have a high degree of 
confidence that the mean maximum temperature lies. 

–! Hypothesis testing: given a sample of relevant data, test 
one or more specific hypotheses about the population from 
which the sample is drawn. For example, is the mean maximum 
temperature in June higher at Station A than at Station B?  
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Probability distributions 

Estimates and errors   
 
•!The need for probability and statistics arises because nearly all 
measurements are subject to random variation 

•!One part of that random variation may be measurement error 

•!By taking repeated measurements of the same quantity we can 
quantify the measurement error: 

–!build a probability distribution for it, then 

–!use the distribution to find a ‘confidence interval’ for the 
‘true’ value of the measurement 
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Probability distributions 

Confidence intervals 
 
•!A point estimate on its own is of little use 

•!For example, if I tell you the probability of precipitation 
tomorrow is 0.2, you will not know how to react. Your reaction 
will be different if I then say 

–!the probability is 0.2 +/- 0.01 

–!the probability is 0.2 +/- 0.3 

•!We need some indication of the precision of an estimate, which 
leads naturally into confidence intervals 
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Probability distributions 

Confidence intervals 
 
•!The two statements on the previous slide were of the form 
‘estimate +/- error’ 

•!They could also be written as intervals 

–!0.2 +/- 0.01   !!  ( 0.19, 0.21) 

–!0.2 +/- 0.3    !!  ( -0.10, 0.50) 

•!For these intervals to be ‘confidence’ intervals we need to 
associate a level of confidence with them 

–!for example we might say that we are 95% confident that the 
interval includes the true probability 
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Probability distributions 

Confidence intervals 
 
•!Confidence intervals can be found for any parameter (a quantity 
describing some aspect of a population or probability 
distribution) 

•!Examples include: 

–!probability of success in a binomial experiment 

–!mean of a normal distribution 

–!mean of a Poisson distribution 

–!differences between normal means 
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Probability distributions 

Calculation of confidence intervals  
 
•!No algebraic details are given, just the general principles 
behind most formulae for confidence intervals 

•!Find an estimate of the parameter of interest 

•!The estimate is a function of the data, so is a random variable, 
and hence has a probability distribution 

•!Use this distribution to construct probability statements about 
the estimate 

•!Manipulate the probability statements to turn them into 
statements about confidence intervals and their coverage 
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Probability distributions 

Calculation of confidence intervals: an outline 
example  

 
•!Suppose we have n independent observations on a Gaussian random 
variable (for example maximum daily temperature in June) 

•!We write Ui ~ N(!,$$2), i = 1,2, …, n, where ! is the mean of the 
distribution and $$2 is its variance 

•!The sample mean, or average, of the n observations is an obvious 
estimator for ! 

•!We denote this average by ", and it can be shown that 

–! " ~ N(!,$$2 /n) 
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Probability distributions 

Calculation of confidence intervals: an outline 
example  

 
•!Let Z = # n(" - µ)/$ 

•!Then Z ~ N(0,1) 

•!We have tables of probabilities for N(0,1) and can use these to 
make statements such as 

–! P( -1.96 < Z < 1.96 ) = 0.95 

–! P( -2.58 < Z < 2.58 ) = 0.99 

–! P( -1.65 < Z < 1.65 ) = 0.90 
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Probability distributions 

Probabilities for N(0,1) – 90% interval 
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Numbers indicate areas under curve, left of -1.65, right of 1.65, and between.
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Probability distributions 
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Probability distributions 

Calculation of confidence intervals: an outline 
example  

 
•!Substituting the expression above for Z, in terms of ", µ, $ and 
n, into the probability statements, and manipulating those 
statements gives 

–!P(" - 1.96$/#n < µ < " + 1.96$/#n ) = 0.95 

–!P(" - 2.58$/#n < µ < " + 2.58$/#n ) = 0.99 

–!P(" - 1.65$/#n < µ < " + 1.65$/#n ) = 0.90 

•!The intervals defined by these 3 expressions are 95%, 99%, 90% 
confidence intervals respectively for µ 
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Probability distributions 

Confidence interval for µ: example  
 
•!Measurements are taken of maximum temperature at a station for a 
sample of 20 June days 

•!Find a confidence interval for µ, the (population) mean of 
maximum daily temperatures in June at that station 

•!The data give "=25.625, and we assume that $=1.5. 

•!Substituting these values in the expressions on the previous 
slide gives 

–!90% interval (25.07, 26.18) 

–!95% interval (24.97, 26.28) 

–!99% interval (24.76, 26.49) 
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Probability distributions 

Interpretation of confidence intervals  
 
•!Interpretation is subtle/tricky and often found difficult or 
misunderstood 

•!A confidence interval is not a probability statement about the 
chance of a (random) parameter falling in a (fixed) interval 

•!It is a statement about the chance that a random interval covers 
a fixed, but unknown, parameter 



1 

WIOMSA Course: Scientific Tools for Coastal Biodiversity Assessments 

!"#$"%%&'()*(+),'$$"-*.'()

/+0*(1"+)1'2$%")'()

!"#$%&#'#"(&))*!(')+("),!&,*(
-#).#/$+!#&0(,!!$!!1$%&!(

)
*)3$*1.1*-)4"-+56*%"+)*33$'*17)8'$)%92+:&(#)17*(#")

&()6&'-'#&1*-)3'32-*.'(%)*(+)1';;2(&."%)2%&(#)9$'3&1*-)
&(9"$.+*-)7*6&9*9%)

1 

WIOMSA Course: Scientific Tools for Coastal Biodiversity Assessments 

2 

Outline 

•! Linear regression 
 
•! Correlation 

•! Other regression methods 

•! Multiple linear regression 

•! Multiple correlation 

Statistics 2. Regression and correlation 
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Regression and correlation 

•!Scope 

–!Express and evaluate relationships between two (or more) 
variables 

•!Aims 

–!Modelling of an (ecological) event 

–!Hypothesis testing 

–!Predictions (predictive model) 

Statistics 2. Regression and correlation 
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Linear regression 

Statistics 2. Regression and correlation 
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Linear regression 

•!Linear model: 

–!  

•!Each observation given by: 

–!  

 
•!Regression coefficients 

–!  

–!   

XY 10 !! +=

iii XY !"" ++= 10

!
!

"

""
= 21 )(

))((
XX

YYXX

i

ii#

XY 10 !! "=
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Linear regression 

Example 

Statistics 2. Regression and correlation 
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Linear regression 

Example 

Statistics 2. Regression and correlation 
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Linear regression 

Example 

Statistics 2. Regression and correlation 
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Linear regression 

Example 

Statistics 2. Regression and correlation 
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Linear regression 

Sources of variation: Sum of squares 
 
•!  

•!SSTOTAL = SSREGRESSION + SSRESIDUAL (ERROR) 

•!dfTOTAL = dfREGRESSION + dfERROR 

•!N-1  = p-1       + n-2 

–!where p= number of coefficients 
–!n= number of observations 

!!! "+"=" 222 )ˆ()ˆ()( iiii YYYYYY

Independent variable 

D
e
p
e
n
d
e
n
t
 
v
a
r
i
a
b
l
e
 

Statistics 2. Regression and correlation 

WIOMSA Course: Scientific Tools for Coastal Biodiversity Assessments 

11 

Linear regression 

Hypothesis testing 
 
•!Hypotheses 

–!H0: !0=!1=0 
–!H1: At least some !i is different from zero 

•!Test statistic 

–!  

•!Critical value 

–!  

•!Decision criteria 
–!Reject H0 if 

ERROR

REGRESSION

ERROR

ERROR

REGRESSION

REGRESSION

MS
MS

SS

SS

F ==

!

!

errorreg
F !!" ,,

errorreg
FF !!" ,,>
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Linear regression 

Linear regression example 

Statistics 2. Regression and correlation 
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Linear regression 

Variation explained by the regression model 
 
•!Coefficient of determination R2 

–! proportion of the total variation explained by the 
regression model 

–! is a measure of the strength of the linear relationship 

•!  

•!  

TOTAL

REGRESSION

SS
SSR =2

10 2 !! R
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Linear regression 

Hypothesis testing partial t-tests 
 
•!Hypotheses 

–!H0: !i=0 
–!H1: !i"0 

•!Test statistic 

–!      where 

•!Critical value 

–!  

•!Decision criteria 
–!Reject H0 if 
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Linear regression 

Comparing two slopes 
 

Statistics 2. Regression and correlation 
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Linear regression 

Comparing two slopes: t-test 
 
•!Hypotheses 

–!H0: !1=!2     
–!H1: !1"!2 

•!Test statistic 

–!    where  

•!Critical value 

–!  

•!Decision criteria 
–!Reject H0 if 
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Linear regression 

Comparing two slopes: t-test example 
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Linear regression 

Assumptions in regression analysis 
 
•!Measurements of X are obtained without error (compared to 
measurements of Y) 

•!Error distributions are Normal and have a 0 mean value 

•!Error distributions have a homogeneity of variances 

•!Errors are independent, i.e. uncorrelated 

Statistics 2. Regression and correlation 
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Linear regression 

Residual analysis 
 
•!Normality  

•!Homogeneity of variances 

•!Errors independence (residual autocorrelation) 

Statistics 2. Regression and correlation 
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Linear regression 

P-Plot:  F N Lt cm 
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Linear regression 

Residual analysis 

Predicted vs. Residual Scores
Dependent variable: F N Lt cm
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Linear regression 

Residual analysis 
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Linear regression 

Residual analysis 
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Correlation 

Examples 

Statistics 2. Regression and correlation 
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Correlation 

•!Expresses the joint variation of two variables, but none is 
dependent from the other 

•!r – the Pearson product-moment correlation coefficient 

–!   

!!
!=

22 yx

xy
r
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Correlation 

Examples 

Statistics 2. Regression and correlation 
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Correlation 

Hypothesis testing: t-test 
 
•!Hypotheses 

–!H0: !!=0 
–!H1: !!"0 

•!Test statistic 

–!    where 

•!Critical value 

–!  

•!Decision criteria 
–!Reject H0 if 
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Correlation 

Hypothesis testing: F-test 
 
•! Hypotheses 

–! H0: !!=0 
–! H1: !!"0 

•! Test statistic 

–!   

•! Critical value 

–!   

•! Decision criteria 
–! Reject H0 if 

2,2, !! nnF"

r
r

F
!

+
=
1
1
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Correlation 

Hypothesis testing: t-test and F-test examples 
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Correlation 

Pearson correlation 
 
•! Sample data came from a normal population with equal variances 

(bivariate normal distribution) 

•! Although both t- and F-tests may be robust to moderate 
deviations from these underlying assumptions, r may not reflect 
the strength of the relationship between the two variables 

r=1 

X 

Y 

r<<1 
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Multiple linear regression 

When there are several independent variables 
 
•!Linear model 

–!  

•!Each observation is given by 

–!  

•!Identical F- and t-tests to the ones described for simple 
regression 

•!The coefficient of determination R2 depends on p and n, so a 
better estimate of rho is the adjusted R2, given by 

–!  
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Further topics in linear regression 

•!Dummy variables  

•!Interaction of independent variables (multicollinearity) 

•!Other methods alternative to LMS 

•!Non-linear models 

Statistics 2. Regression and correlation 
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Correlation 

Rank correlation 

•! Expresses the joint variation of two variables, but uses the 
ranks of the observations for estimate r 

•! rS – the Spearman rank correlation coefficient 

–!   

–! where di= rank of Xi – rank of Yi 
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Correlation 

Hypothesis testing in rank correlation 
 
•! Hypotheses 

–! H0: !!S=0 
–! H1: !!S"0 

•! Test statistic 

–!   

•! Critical value 

–!   

•! Decision criteria 
–! Reject H0 if 
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Correlation 

Hypothesis testing in rank correlation: example 

Statistics 2. Regression and correlation 

WIOMSA Course: Scientific Tools for Coastal Biodiversity Assessments 

36 

Multiple correlation 

•!The positive square root of R2 of a multiple regression analysis 
expresses the multiple correlation between the whole set of 
variables. 

–!  

–!  

•!The F-test that evaluates the equality to zero of all the 
regression coefficients, test also the multiple correlation 
between those variables 

–!  
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Multiple correlation 

Multiple rank correlation 
 
•!The Kendall s coefficient of concordance 

–!  

–!with  

–!where M is the number of variables 
–!N is the number of observations per variable 
–!R is relative to the ranks of observations 
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Multiple correlation 

Hypothesis testing in multiple rank correlation: 
Friedman test 

•!Hypotheses 
–! H0: there is no association between variables 
–! H1: there is an association between variables 

•!Test statistic 

–!   

•!Crtical vaue 

–!   

•!Decision criteria 
–!  Reject H0 if 

1,
2

!n"#

WnMr )1(2 !="

1,
22
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Multiple correlation 

Hypothesis testing in multiple rank correlation: 
example 

Statistics 2. Regression and correlation 
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Multiple correlation 

Hypothesis testing in multiple rank correlation: 
example 
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Statistics 3. Hypothesis testing: One-way ANOVA 2 

Outline 

•! Multisample hypothesis testing 

•! One-way ANOVA 

•! Evaluation of assumptions 

•! A posteriori tests 
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Multisample hypothesis testing 

Compare three or more samples 

Sample A Sample B Sample C Sample D 
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Multisample hypothesis testing 

Compare three or more samples  

•!Why not caculate 3 different two-sample tests? 

–! A vs B 

–! B vs C 

–! A vs C 

Sample A Sample B Sample C 



2 

WIOMSA Course: Scientific Methodologies in Marine Ecology 2007 

Statistics 3. Hypothesis testing: One-way ANOVA 5 

Multisample hypothesis testing 

Compare three or more samples  
 
•!For the set of three hypothesis, 

–! A vs B 
–! B vs C 
–! A vs C 

•!The probability of correctly accepting H0 for all of them is 
0.953= 0.86 

•!So, ! = 0.14 !!!! 
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Multisample hypothesis testing 

The analysis of variance: ANOVA 
 
•!Hypotheses 

–! H0: #A=#B=#C 

–! H1: The means are not all equal 

•!Sources of variation: 

–! Within groups (error) 

–! Among groups 

WIOMSA Course: Scientific Methodologies in Marine Ecology 2007 

Statistics 3. Hypothesis testing: One-way ANOVA 7 

One-way ANOVA 

Sources of variation: Sum of squares 

•!Total: 

–!   

•!Among groups: 

–!   

•!Within groups (error): 

–!   ! !
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One-way ANOVA 

Sources of variation: Sum of squares 
 
•!Each individual observation can be decomposed as 

–! Xij = µ + !i + "ij 

•!Therefore, the variability can be decomposed as 

–! SSTOTAL  =  SSGROUPS   +  SSerror   with 

–! dfTOTAL  =  dfGROUPS   +  dferror 

–! N - 1  =  k – 1   +  n – k 

•! k being the number of groups 
•! N the total number of observations 
•! n the number of observations per group 



3 

WIOMSA Course: Scientific Methodologies in Marine Ecology 2007 

Statistics 3. Hypothesis testing: One-way ANOVA 9 

One-way ANOVA 

Hypothesis testing 

•!Hypotheses 
–! H0: #A=#B=#C 
–! H1: The means are not all equal 

•!Test statistic 

–!   

•!Critical value 

–!   

•!Decision criteria 

–! Reject H0 if  

error

Groups

errorerror

GroupsGroups

MS
MS

SS
SS

F ==
!

!

errorg
F !!" ,,

errorg
FF !!" ,,>
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One-way ANOVA 

The F distribution 
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One-way ANOVA 

One-way ANOVA example 

WIOMSA Course: Scientific Methodologies in Marine Ecology 2007 

Statistics 3. Hypothesis testing: One-way ANOVA 12 

One-way ANOVA 

One-way ANOVA example 
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One-way ANOVA 

Y1j Y2j Y3j s1 s2 s3 Y1 Y2 Y3 sY 
Observations Variances 

within 
Means Variance 

among 
Grand 
mean 

Y 

V
a
r
i
a
b
l
e
 

Why would anyone look at variances to analyse 
differences among means? 
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One-way ANOVA 

Why would anyone look at variances to analyse 
differences among means? 

•!3 treatments, a=3, i=1!!3 
•!7 replicates, n=7, j=1!!7 

–!   

–!   

•!In the preceeding case Varianceamong not > Error 

–!              is small and the Yi are not different 

( )
( )1

2

1 1

!

!
==
" "= =

na

YY
ErrorVariance

a

i

n

j iij

within

( )
1

2
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!

!
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" =

a

YY
Variance

a

i i
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s Variance

Variance
F =
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One-way ANOVA 

Y1j Y2j Y3j s1 s2 s3 Y1 Y2 Y3 sY 
Observations Variances 

within 
Means Variance 

among 
Grand 
mean 

Y 

V
a
r
i
a
b
l
e
 

Why would anyone look at variances to analyse 
differences among means? 
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One-way ANOVA 

Why would anyone look at variances to analyse 
differences among means? 

•!3 treatments, a=3, i=1!!3 
•!7 replicates, n=7, j=1!!7 

–!   

–!   

•!In the preceeding case Varianceamong > Error 

–!              is large and the Yi are different 

( )
( )1

2

1 1

!

!
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" "= =
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YY
ErrorVariance
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j iij

within

( )
1

2

1

!

!
=
" =

a

YY
Variance

a

i i
among

within

among
s Variance

Variance
F =



5 

WIOMSA Course: Scientific Methodologies in Marine Ecology 2007 

Statistics 3. Hypothesis testing: One-way ANOVA 17 

A posteriori tests 

•!When H0 is rejected in an hypothesis testing involving three or 
more samples, it is not always obvious which samples differ from 
the others. 

•!So, there is the need to perform a posteriori multiple 
comparisons tests 

•!ANOVA 

–! Tukey test (Tukey type tests) 

–! Newman-Keuls test 

–! Scheffé test 

•!Kruskal-Wallis test (non-parametric) 
–! Dunn test 
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A posteriori tests 

Tukey test 
 
•!Test statistic 

–!   

•!Critical value 

–!         where df=N-k (N=total number of observations, 
   k=number of groups) 

•!Decision criteria 
–! Reject H0 if 

kq ,,!"

kqq ,,!">

n
s
XXq AB
2

!
=
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A posteriori tests 

Tukey test example 
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A posteriori tests 

Tukey test example 
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Evaluation of assumptions 

•!Sample data came from normal populations 

•!Variances are homogeneous (homocedastic) 

•!However, like the t-test, ANOVA is quite robust 
–! i.e. its validity is not seriously affected by moderate 

deviations from these underlying assumptions 

•!How to verify these assumptions? 

•!What to do if not met? 

Evaluate if assumptions are met 

Transform 
the data 

Parametric 
tests 

Non-parametric 
tests 

Yes No 
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Evaluation of assumptions 

Assessing normality 
 
•!Normality tests 

–! D’Agostino-Pearson test 
•!K2 statistic 

–! Kolmogorov-Smirnov (Lilliefors correction) 
•!D statistic 

–! Shapiro-Wilk 
•!W statistic 

•!Graphical assessment 

•!Residual analysis 
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Evaluation of assumptions 

D’Agostino-Pearson test 
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Evaluation of assumptions 

D’Agostino-Pearson test 
 
•!Where Zg1 and Zg2 are obtained as follows 

Simmetry Kurtosis 
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Evaluation of assumptions 

Graphical assessment 
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Kolmogorov-Smirnov D = 0.238, p < 0.0100
Lilliefors-p < 0.00999999978
Shapiro-Wilk W = 0.735, p = 0.0000
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Evaluation of assumptions 

Residual analysis 

Normal Probability Plot of concentration of megalopae in the plankton
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Evaluation of assumptions 

Assessing homogeneity of variances 
 
•!Homocedasticity tests 

–! Cochran test 

–! Hartley test 

–! Bartlett test 

•!Graphical assessment 

•!Residual analysis 
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Evaluation of assumptions 

Assessing homogeneity of variances 
 
•!Cochran test:   reject if 

•!Hartley test:   reject if 

•!Bartlett test: 

         reject if 
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Evaluation of assumptions 

Non-parametric test: The Kruskal-Wallis test 
 
•!Hypotheses  

–! H0: samples came from the same population 
–! H1: samples di not came from the same population 

•!Test stastistic 

–!   

•!When there are tied ranks a correction factor should be used 

–!                where 

)1(3
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Evaluation of assumptions 

Non-parametric test: The Kruskal-Wallis test 
 
•!The test statistic should be corrected as follows  

–!   

•!Critical value 

–!   

•!Decision criteria 

–! Reject H0 if 

C
HHC =

!"# ,
2

2
,

2
!"## >
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Evaluation of assumptions 

Non-parametric test: The Kruskal-Wallis test example 
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Evaluation of assumptions 

Non-parametric test: The Kruskal-Wallis test example 
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A posteriori tests 

Dunn test 
 
•!Test statistic 

–!                 where 

•!Critical value 

–!         where k=number of groups 

•!Decision criteria 
–! Reject H0 if 
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A posteriori tests 

Dunn test example 
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Outline 

•! Two-way and Multi-way ANOVA 

•! Nested ANOVA 

•! Randomised Blocks design ANOVA 
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Two- or multi-way ANOVA 

Factor A 

Level 1 Level 2 Level 3 

Level 1 

Level 2 

F
a
c
t
o
r
 
B
 

The design of a two-way ANOVA 
 

WIOMSA Course: Scientific Methodologies in Marine Ecology 2007 

Statistics 4. Hypothesis testing: Multi-way ANOVA, Block and Nested designs 4 

Two- or multi-way ANOVA 

Sources of variation in a two-way ANOVA: Sum of 
squares 

 
•!Each individual observation can be decomposed as 

–! Xij = µ + !i + "j + (!")ij + #ijk 

•!Therefore, the variability can be decomposed as 

–! SSTOTAL  =  SSA  +  SSB  +  SSAB    +  SSerror   with 

–! dfTOTAL  =  dfA  +  dfB  +  dfAB    +  dferror 

–! N-1   =  a–1  +  b-1  +  (a-1)(b-1) +  ab(n-1) 

•! a being the number of levels of Factor A 
•! b the number of levels of Factor B 
•! N the total number of observations 
•! n the number of observations per group 
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Two- or multi-way ANOVA 

The meaning of interaction 
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density depends 
on Habitat type 
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Separated by: 
 
 

regions 
1000s m 

 
 

sites 
100s m 

 
plots 
10s m 

 

Problem 

•!Suppose you want to test that 
barnacle density in a rocky shore 
depends on: 

–! Rock rugosity 
–! Shore orientation 
–! Oceanic transport of larvae 

 
•!Three spatial scales: 

–! 1000s m: oceanic transport 
–! 100s m: shore orientation 
–! 10s m: rock rugosity 

Nested ANOVA 

5 replicates 
in each plot 
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Region Site Plot Replicates 
The design of a nested 
experiment 
 
•!In cases such as this: 

–!the plots are different 
for the different sites 

–!the sites are different 
for the different regions 

–!i.e., there is no 
correspondence of the 
levels of one factor 
across the levels of the 
other factor 

Factors 
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Nested ANOVA 

Problem 

•!Crabs eat limpets, limpets eat algae 

•!What is the cascading effect on algal biomass of predation by 
crabs on limpets? 

•!Three treatments: 
–! Crabs removed 
–! Limpets removed 
–! Control 

•!However, the environment is patchy: 
–! Different heights above water 
–! Different exposures 
–! Different densities of limpets and crabs 

•!What to do? 
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Nested ANOVA 

The design of a nested experiment 

C 

C 

C 

C 
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Nested ANOVA 

The design of a nested experiment 
 
•!In cases such as the example before, the sites are different for 
the different levels of treatment 

–!i.e., there is no correspondence of sites across the levels 
of treatment 

–!the 6 sites are nested within the 3 treatments 

 Treatment (i) Control Crabs removed Limpets removed  

 Sites(j) C1 C2 … C6 CR1 CR2 … CR6 LR1 LR2 … LR6 
 Replicates (k)  1 

  2 

  3 

  4 

  5 

  6 
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Nested ANOVA 

The design of a nested experiment 

•!Nested designs are used to unconfound effects 
–!in the previous example, if we used only 1 site for each 
treatment we could not ascribe differences in sites to the 
different treatments, because the sites were in themselves 
different 

–!the treatments were confounded with location 

•!The nested design allows us to test two things: 
–!(1) differences between Treatments (including Control) 
–!(2) the variability of the Sites within each level of 
Treatment 

•!If we fail to find a significant variability among the Sites, 
then a significant difference between Treatments would suggest 
that there is a cascading effect of predation on algal biomass 

•!In other words, the variability in algal biomass is due to 
differences in grazing, and not to variability among locations 
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Statistics 4. Hypothesis testing: Multi-way ANOVA, Block and Nested designs 12 

Nested ANOVA 

The design of a nested experiment 
 
•!In this kind of situation, however, it is highly likely that we 
will find variability among the sites. 

•!Even if it should be significant, we can still test to see 
whether the difference among the Treatments is significantly 
larger than the variability among the Sites 

•!Nested designs are also called hierarchical 

•!Nested designs are very common in studies where replicates have 
to be allocated to different places or times 

–!environmental effects monitoring 
•! there are several “Study” and several “Control” areas 

–!investigation of spatial patterns 
•! hierarchy of spatial scales 
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Nested ANOVA 

Sources of variation in a nested ANOVA: Sum of squares 
 
•!Each individual observation can be decomposed as 

–! Xij = µ + !i + "j(i) + #ijk 

•!Therefore, the variability can be decomposed as 

–! SSTOTAL  =  SSA  +  SSB(A)  +  SSerror   with 

–! dfTOTAL  =  dfA  +  dfB(A)  +  dferror 

–! N-1   =  a–1  +  a(b-1)  +  ab(n-1) 

•! a being the number of levels of Factor A 
•! b the number of levels of Factor B 
•! N the total number of observations 
•! n the number of observations per group 
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Nested ANOVA 

Nested ANOVA example 
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Nested ANOVA 

Nested ANOVA example 
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Nested ANOVA 

Nested ANOVA example 
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Randomised blocks design 

The design of a randomised blocks experiment 
 
•!Suppose that you want to test the effect of sea urchin density on 
seagrass growth 

•!But your seagrass bed is uneven 

–!different depths leading to different growth rates? 

•!How to distribute treatments so that treatment is not correlated 
with depth? 
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Randomised blocks design 

The design of a randomised blocks experiment 
 
•!Define blocks 

•!Allocate treatments randomly within blocks 

•!Because levels of Treatment do not correspond across Blocks, 
there is no interaction of Treatment with Block 

F D C E A B 

A D E C F B 

B C E A F D 

E A C D F B 

Block 1 

Block 2 

Block 3 

Block 4 
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Randomised blocks design 

Sources of variation in a randomised complete blocks 
design: Sum of squares 

 
•!Each individual observation can be decomposed as 

–! Xij = µ + !i + Bj + #ij   

•!Therefore, the variability can be decomposed as 

–! SSTOTAL  =  SSA  +  SSBlocks  +  SSerror   with 

–! dfTOTAL  =  dfA  +  dfBlocks  +  dferror 

–! N-1    =  a–1  +  b-1   +  (a-1)(b-1) 

•! a being the number of levels of Factor A 
•! b the number of Blocks 
•! N the total number of observations 
•! n the number of observations per group 
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Randomised blocks design 

Randomised complete blocks example 
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Randomised blocks design 

Randomised complete blocks example 
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Randomised blocks design 

Randomised complete blocks example 
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Randomised blocks design 

Randomised complete blocks example 
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Randomised blocks design 

Randomised complete blocks example 
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BIODIVERSITY 
 

Biological diversity 
Biotic diversity 

 
 

The term assumes an intuitive definition 

Biodiversity Concepts 

3 points of view 
 

Concept 
 

Measurable entity 
 

Social or political (media) 
 

Biodiversity Concepts 

Most cited definition 
 
‘BIOLOGICAL DIVERSITY 
Refers to the variety and variability 
between living organisms and the 
ecological complexes in which they 
occur.’ 

Biodiversity Concepts 
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Diversity may be defined has the number of 
different items (species) and their relative 
frequency. 

 
In Biological diversity (Biodiversity) the 

items are organized in multiple levels, from 
complete ecosystems to the chemical 
structures that are the base of heretedity. 
The term includes Ecosystems, Species, 
Populations, Genes, and their relative 
abundance. 

Biodiversity Concepts 

Wilson (1992) 
 
‘The variety of organisms, at considered at all 
levels, from genetic variants within species to 
groups of species, genera, families and other 
taxonomic levels;  
 
it includes the variety of ecosystems, which 
comprehends the biological communities in 
particular habitats and the physico-chemical 
conditions in which they live’ 

Biodiversity Concepts 

3 conventional divisions of what constitutes the variety of 
life: 

 
•! Genetic diversity 

 (genes) 

•! Organismic diversity  
   (species or taxonomic) 

•! Ecological diversity  
 (ecosystems) 

Biodiversity Concepts 

3 attributes (Noss, 1990): 
 
•! Compositional level 

 (identity and variety of the elements) 

•! Structural level 
 (physical organization or patterns of the 
elements) 

•! Functional level 
 (evolutionary and ecological processes) 

Biodiversity Concepts 
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5 divisions (Soulé, 1991): 
 
•! Genes 

•! Populations 

•! Species 

•! Associations and Communities 

•! Systems (habitats, landscapes/
seascapes or ecosystems) 

Biodiversity Concepts 

Average divergence of 16S gene 
sequences for gruped taxonomic 

levels 

Probability of divergence of 
allozimes 

P
ro

ba
bi

lit
y 

Genetic identity (Nei 1972) 
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Important biodiversity questions: 
 
•! In what measure interact taxonomic 

diversity and ecosystem processes? 

•! Which biological entities are functionally 
more important? 

•! Are there single measures of total 
biodiversity? 
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 ! diversity 
 

"! Diversidade 

 # diversidade 

Spatial scale 

Richness 

The collector’s curve When one increases the sampling 
effort, and thus the number of 
animals caught, new species will 
appear in the collection.  
 
A collector's curve expresses the 
number of species (S) as a 
function of the number of 
specimens caught (N).  
 
Collector's curves tend to flatten 
out as more specimens are 
caught. However, due to the 
vague boundaries of ecological 
communities they often do not 
reach an asymptotic value: as 
sampling effort (and area) is 
increased, so is the number of 
slightly differing patches. 

Richness Richness 
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Individual-based rarefaction curves 
 Continental shelf in Norway (Gray, 1994)     
 Deep sea in east EUA (Grassle & Maciolek, 1993) 

Richness 
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 Rarefaction 
The method of Sanders (1968) and Hulbert (1971) 
can be used to project back from the counts of total 
species (S) and individuals (N), how many species 
(ESn) would have been ‘expected’ had we observed a 
smaller number (n) of individuals. 
 

nES = 1!
N ! Ni( )! N ! n( )!
(N ! Ni ! n)!N!

"

#
$

%

&
'

i=1

S

(

The idea is to generate an absolute measure of 
species richness which can be compared across 
samples of very different sizes. Rarefaction usually 
overestimates richness due the lack of independence 
of sampling of individuals in the sample. 

Richness 
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 UGE 
The UGE method by Ugland, Gray & Ellingsen (2003) 
is the counterpart of the analytical form of the 
Sanders rarefaction curve, which gives expected 
numbers of species for subsets of individuals from a 
single sample, BUT using subsets of samples from a 
data matrix.  
 
For large numbers of permutations the UGE curve 
will lie on the top of (Primer-e) 
(sample order*permute) & (indices S). 
It is included as separate to allow for original sample 
order vs UGE. This will be the case where samples 
arrive in non-arbitrary space/time order: 
The spatio-temporal heterogeneity will display as a 
jagged or stepped S curve. 

Richness 
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Richness 



8 

#%.#/#.`,*Z-,!$.(+,+$',"&#)%(

&85(:;5375:(233G?GB2C<9(3G6H5(7:(29(794G7CH5(N2T(4<(3<?;265(
485(673895::(<>(4N<(:2?;B5:D(
(
&N<(:2?;B5:a(
%(79@7H7@G2B:F(29@(!(:;5375:(\(9(79@7H7@G2B:F(29@(:(:;5375:(
(
&85T(@7A56(79(485(9G?I56(<>(79@7H7@G2B:(P%b9QF(29@(G:G2BBT(N7BB(
@7A56(79(9G?I56(<>(:;5375:(P!b:QD((
+265>23C<9(N7BB(@62N(9c(79@7H7@G2B:(N748<G4(65;B235?594(>6<?(
485(B26=56(<>(485(4N<(<67=792B(:2?;B5:F(N8565(9cW9D((
(
+5;5245@(:GI:2?;B5:(<>(9c(N7BB(=7H5(2(?529(5:C?2C<9(<>(:c(
$(P:c\9cQD(
&85(H2672935(<>(P:cQ(329(I5(5:C?245@(2B<9=(N748(;262?54673(
def(3<9O@5935(79456H2B:D(

Richness 

+265>23C<9(329(32B3GB245(2(;<794(5:C?245(<>(:cF(29@(2B:<(
3<9:46G34(29(59C65(6265>23C<9(3G6H5F(629=79=(>6<?(K(4<(%D(
(
+265>23C<9(329(I5(H75N5@(2:(2(?548<@(<>(79456;<B2C9=($P:c\
9cQF(485(5];5345@(9G?I56(<>(:;5375:F(=7H59(9c(79@7H7@G2B:((
(
PK(g(%<(g(=Q(
(
-54N559(485(;<794(PKFKQ(29@(P>F=QD(
(
&85(:2?5(;6<35@G65(><6(:2?;B5ZI2:5@(6265>23C<9(P?P'<\)<QQ(
N8738(;65:56H5:(485(:;2C2B(:46G34G65(<>(485(@242F(:G38(2:(
2==65=2C<9(<6(:5=65=2C<9D(
(
(

Richness 

,!!`1R&#)%!()'(+,+$',"&#)%(
(
KD((!Gh37594(:2?;B79=(
1797?G?(LM(79@D(\(:2?;B5:F(IG4(;65>562IBT(?G38(?<65(
(
LD(("<?;262IB5(:2?;B79=(?548<@:(
.7A56594(?548<@:(82H5(@7A56594(I72:(
(
iD! &2]<9<?73(:7?7B2674T(
.7A56594(3<?;<:7C<9:(265(@7h3GB4(4<(3<?;265(
(
XD("B<:5@(3<??G97C5:(<>(@7:36545(79@7H7@G2B:(
(
eD! +29@<?(;B235?594(
+265BT(?54(
(
jD(#9@5;59@594F(629@<?(:2?;B79=(

Richness 

&85(3G6H5(793652:5:(?<9<4<9732BBTF(N748(2(@535B562C9=(:B<;5D((
(
'<6(2(=7H59(:2?;B5F(@7A56594(:4<382:C3(652B7V2C<9:(<>(485(
<6@56(79(N8738(485(79@7H7@G2B:\:2?;B5:(265(2@@5@(4<(485(=62;8(
N7BB(;6<@G35(:B7=84BT(@7A56594(:;5375:(233G?GB2C<9(3G6H5:D(
(
&85(H2672935(2?<9=(485(@7A56594(<6@5679=:(><6(29T(=7H59(
9G?I56(<>(:2?;B5:\79@7H7@G2B:(7:(:;537O3(P")%.#&#)%,*QF(2:(
65Z<6@5679=:(<>(485(:2?5(:2?;B5D(
(
#>(N5(;B<4(485(:?<<485@(2H562=5(<>(:5H562B(233G?GB2C<9(
3G6H5:F(I2:5@(<9(@7A56594(:2?;B5:(<>(485(:2?5(;<;GB2C<9F(
4859(N5(<I4279(`%")%.#&#)%,*(H2672935F(I532G:5(74(5:C?245:(
485(46G5(H2672935(79(673895::(<>(485(2::5?IB2=5D(
&85(G93<9@7C<92B(H2672935(7:(9535::267BT(B26=56(4829(485(
H2672935(3<9@7C<92B(<9(29T(:79=B5(:2?;B5D(

Richness 



9 

__(#:(74(B<=732B(4<(<I4279(29(2:T?;4<45(__(

Richness 

,33G?GB2C<9(3G6H5:(3299<4(I5(G:5@(4<(@76534BT(2::5::(:;5375:(
673895::D(
(
KQ! &85(:2?;B79=(5A<64(4<(65238(29(2:T?;4<45(7:(G:G2BBT(
;6<87I7CH5BT(B26=5(

LQ! #9(?<:4(:4G@75:(79@7H7@G2B:(265(9<4(3<BB5345@(24(629@<?(
P79@5;59@594QD($H59(7>(:2?;B5:(265(3<BB5345@(
79@5;59@594BTF(485(79@7H7@G2B:(N74879(:2?;B5:(265(9<4(
79@5;59@594D(

(
!2?;B5:(I53<?5(485(65;B73245:(><6(:42C:C32B(292BT:7:(29@(
3<9:C4G45(485(]Z2]7:D(#9(487:(32:5(79@7H7@G2B:(265(9<4(653<6@5@F(
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Richness 

Estimation of asymptotic species richness by fitting a log-normal 
distribution to a species abundance distribution. The graph shows 
the number of species of ants in each of seven logarithmically-
scaled abundance categories (a total of 435 species collected) in a 
long-term rainforest inventory in Costa Rica (Longino et al. 
2002). The number of undetected species (21 additional species) 
is estimated by the area marked with horizontal hatching, yielding 
a predicted complete richness of 456 species. 
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SChao1 = Sobs + (f12/ 2f2) 
 

Margalef’s index 
 
 
 
is a measure of the number of species present for a 
given number of individuals. 
 
where 
 
S = total number of species 
N = total number of individuals 
d = diversity 
 

 

d =
S "1
LogeN



1 

!"#$%&"'()*$+&,%$&)

-.#+/0$.)01,%&$)1/)

!"#$%&#'#"(&))*!(')+("),!&,*(
-#).#/$+!#&0(,!!$!!1$%&!(

)
+)2%+030+4)5$4.67+&$.)+22%1+08)91%)&',.("/:)08+/:$)

"/)7"141:"0+4)212,4+31/&)+/.)01**,/"3$&),&"/:)'%12"0+4)
"/'$%3.+4)8+7"'+'&)

CONCEPTS  
 
(a)!Species Richness 
The more diverse community - A > B 
 
(b) Heterogeneity 
Community A has = no. species, but is 

+ uniform, thus A > B 
Community C has the same pattern but 

+ species, thus C > B 
 
(c) Evenness 
When all species heve similar 

abundance, evenness is maximal 

Diversity measures 

Nearly all diversity and evenness indices are 
based on the relative abundance of species, i.e. 
on estimates of pi in which 
 
pi  = Ni /N 
 
With Ni the abundance of the i-th species in the 
sample, S the total number of species in the 
sample, and 
 
 

N = Ni
i=1

S

!

Species-abundance distributions 

A community can be defined as the total set of 
organisms in an ecological unit (biotope), but the 
definition used must always be specified. There 
exist no entities in the biosphere with absolute 
closed boundaries, i.e. Without external 
interactions. 
 
Any study should specify: 
 
•! Spatial boundaries of the area or volume 
•! Sampling methods (including effort) 
•! The time limits of the observations 
•! The set of species treated as constituting (or 

representing) the community 

Species-abundance distributions 
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Species-abundance distributions 

The results of a diversity survey are species lists 
with indication of a measure of abundance for 
each one (e.g. numbers per unit surface, volume, 
catch effort, biomass etc.). 
 
Different basic plots can be drawn to observe the 
community structure. Many different methods can 
be used, allowing for different types of 
interpretation and comparisons. 

Two approaches to incorporate species 
frequencies into diversity measures. 
 
1.! Parameters of species-abundance 

distributions 

2.! Non-parametric indices, with no 
assumptions about the mathematical 
form of the underlying species-
abundance distributions. 

Parameters of species-
abundance distributions 

Mostly 
  
Log-series distribution 
(parameter Fisher’s alpha) 
 
Log-normal distribution 

Problems with using species-abundance 
distributions: 
 
1)! If the actual species-abundance 

distribution does not fit the theoretical 
distribution it becomes uninterpretable. 

2)! Not possible to have meaningful 
comparisons of assemblages with different 
distribution functions (e.g. log-normal 
versus geometrical series) 
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Species-abundance distributions 

Ranked species  
abundance (RSA) 
curves 

The S species are ranked 
from 1 (most abundant) 
to S (least abundant). 
 
Density (often 
transformed to 
percentage of the total 
number of individuals N) 
is plotted against species 
rank.  
 
Both axes may be on 
logarithmic scales. 

Species-abundance distributions 

K – dominance 
curves 

The cumulative percentage 
(i.e.  the percentage of total 
abundance made up by the 
k-th most dominant plus all 
more dominant species) is 
plotted against rank k or log 
rank k. 

To facilitate comparison between 
communities with different numbers 
of species S, a "Lorenzen curve" may 
be plotted. Here the species rank k  
is transformed to (k/S) x 100. Thus 
the X-axis always ranges between 0 
and 100. 
 

Species-abundance distributions 

Only possible if collection is 
large, and contains many 
species (a practical limit is 
approx. S > 30).  
 
A species-abundance 
distribution (figure A) plots 
the number of species that 
are represented by r = 0, 
1,2, … individuals against 
the abundance r.  Thus, in 
figure A there were 25 
species with 1 individual, 26 
species with 2 individuals, 
etc.  

Species abundance 
distributions 

Species-abundance distributions 

More often than not, the 
species are grouped in 
logarithmic density classes. 
Thus one records the 
number of species with 
density e.g. between 1 and 
e(O.5),between e(O.5) and e(1), 
etc. (figure B). 
 
A practice, dating back to 
Preston (1948),  is to use 
logarithms to the base 2. 
One then has the 
abundance boundaries 
1,2,4, 8, 16, etc. 

Species abundance 
distributions 
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Species-abundance distributions 

 The ordinate of species-
abundance distributions 
may be linear or 
logarithmic (figures C and 
D). 
 
Often one plots the 
cumulative number of 
species in a density group 
and all less abundant 
density groups on a probit 
scale (figure D). 

Species abundance 
distributions 

Species abundance 
models 
 Two kinds of models have been devised to describe 
the relative abundances of species.  
 
"Resource apportioning models" make assumptions 
about the division of some limiting resource among 
species. From these assumptions a ranked 
abundance list or a species-abundance distribution is 
derived.  
 
"Statistical models" make assumptions about the 
probability distributions of the numbers in the 
several species within the community, and derive 
species-abundance distributions from these. 

Species-abundance distributions 

Species-abundance distributions 

Species abundance 
models 

Species-abundance distributions 

The niche preemption 
model  
(Geometric series ranked 
abundance list) 
 It assumes that a species preempts a fraction k  of a 
limiting resource, a second species the same fraction 
k  of the remainder, and so on. If the abundances of 
the species are proportional to their share of the 
resource, the ranked-abundance list is given by a 
geometric series: 
 
k, k(1 - k), ... , k(1 - k)(S-2), k(1 - k)(S-1)  
 
where S is the number of species in the community. 
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Species-abundance distributions 

The geometric series 
yields a straight line on a 
plot of log abundance 
against rank. The 
communities described by 
it are very uneven, with 
high dominance of the 
most abundant species.  
 
It is not very often found 
in nature. Whittaker 
(1972) found it in plant 
communities in harsh 
environments or early 
successional stages. 

Species-abundance distributions The negative exponential 
distribution (broken-stick 
model) 
In this model a limiting 
resource is compared with a 
stick, broken in S parts at S - 1 
randomly located points. The 
length of the parts is taken as 
representative for the density 
of the S species subdividing 
the limiting resource.  
 
If the S species are ranked 
according to abundance, the 
expected abundance of species 
i, Ni is given by 

E Ni( ) = 1
S

1
xx=1

S

!

Species-abundance distributions The negative exponential 
distribution is not often found in 
nature. It describes a too even 
distribution of individuals over 
species to be a good 
representation of natural 
communities.  
 
It is mainly appropriate to 
describe the right-hand side of 
the rank frequency curve, i.e. the 
distribution of the rare species. As 
these are the most poorly 
sampled, their frequencies 
depend more on the random 
elements of the sampling than on 
an intrinsic distribution of the 
frequencies. 

 The log-series distribution 
Species-abundance distributions 

 The log-series was originally proposed by Fisher et al  
(1943) to describe species abundance distributions in large 
moth collections. The expected number of species with r 
individuals, Er, is given as: 

(r = 1,2,3, ... ). ! (> 0) is a parameter independent 
of the sample size (provided a representative sample 
is taken), for which X (0 < X < 1) is the 
representative parameter. 

Er =!
Xr

r
!x, !x2/2, !x3/3, !x4/4, !xn/n  
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 The log-series distribution 
Species-abundance distributions 

The parameters ! and X can be estimated  by 
maximum likelihood, but are conveniently 
estimated as the solutions of: 

S = !! ln 1! x( )

The parameter !  being independent of sample 
size, has the attractive property that it may be used 
as a diversity statistic. 

and N =
!X
1! X

 The log-normal distribution 
Species-abundance distributions 

It was shown by that a log-normal distribution may 
be expected, when a large number of independent 
environmental factors act multiplicatively on the 
abundances of the species. 
 

! "( ) = 1
! 2"Vz

exp
! ln! !µz( )2

2Vz
where µz and Vz  are the mean and variance of  
z =  ln(!). 

Diversity indices 
 
The most used are the  
 
Shannon (or Shannon-Wiener) entropy 
 
Measures the uncertainty in the identity of a randomly 
chosen individual on the assemblage 
 
Simpson (or Gini-Simpson) index 
 
Gives the probability that two randomly chosen 
individuals belong to different species 
 

Species diversity 
 

Species diversity differs from species richness in 
that both number of species and number of 
individuals per species are simultaneously 
considered.  

 
Comparisons between diversity indices are only valid if 

the number of organisms present in samples is 
approximately equal. 
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There is strong criticism against conventional diversity 
indices. 
 
H’ (ISW) has little ecological meaning; local extinctions of 
species due to pollution for example, can have little 
influence on the index.  
 
H’ remains constant even if the present species change, 
as it does not includes information on specific composition.  
 

Medidas de diversidade 

The main objective is to try to measure the amount 
of order (or disorder) contained in a system. 
Four types of information might be collected 
regarding order in the community: 

 
1)! The number of species 
2)! The number of individuals in each species 
3)! The places occupied by individuals of each 

species 
4)! The places occupied by individuals as separate 

individuals. 

In most community work only data of types 1 and 2 
are obtained. 

Shannon-Wiener index 

Information theory provides one way to escape 
some difficulties of lognormal curves and 
logarithmic series. 

 
Question: how difficult would it be to predict 

correctly the species of the next individual 
collected? This is the same problem faced by 
communication engineers interested in 
predicting the name of the next letter in a text 
message. 

 

Shannon-Wiener index 

Shannon-Wiener (or Shannon entropy) 
Based on information theory 
 
 
 
 
 
 
! = sum 
S = number of species 
pi = proportion of individuals of species i and estimated as 

ni / N 
ni = number of individuals of species i  
N = total number of individuals of all species 

H ' = ! pi( )
i=1

s

" log pi( )
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Information content is a measure of the amount of 
incertainty, so the larger th value of H’, the 
greater the uncertainty. 

 
Any base of logarithms can be used, since they all 

are convertible to one another by a constant 
multiplier: 

 
H’ (base 2 logs) = 3.321928 H’ (base 10 logs) 
H’ (base e logs) = 2.302585 H’ (base 10 logs) 
 
Base 2 logs   = bits per individual 
Base e logs   = nits per individual 
Base 10 logs = decits per individual 
 

Shannon-Wiener index 

 

H '= " pi( )
i=1

s

# log pi( )

Shannon-Wiener index 

Simpson Index 
 
S = 1 – D 
(1-!’) 
 
 
where 
 
S = Simpson index 
D = Dominance 
n = number of individuals of each species 
N = total number of individuals of all species 
 
It varies between 0 (no diversity) and 1 (maximum diversity) 
 
The index gives more weight to dominant species, and is 

relatively stable with sample dimension 

 

S = 1"
ni ni "1( )
N N "1( )

#  

S =1"
ni ni "1( )
N N "1( )#

Simpson Index 
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Simpson Index 
! =

i

2p!

1!! =1!
i

2p"( )
! ' = iN iN !1( )i"#$ %

& N N !1( )#$ %&

1!! ' =1! iN iN !1( )i"#$ %
& N N !1( )#$ %&

" has a natural interpretation as the probability that two any 
individuals from the sample, chosen at random, are from the 
same species (always # 1).  It is a dominance index. 
1-" is thus an equitability (or evenness) index taking its larger 
value when all species have the same abundance. The other 
forms are convenient when samples are relatively small.  

Evenness  
 
The relation between observed H’ and maximum H’ (often 

called Pielou evenness) 
 
 
 
e 
 
Hmax = logS 
 
Onde:  
J’ = evenness 
H’ = diversity index 
S = total number of species 
Varies between 0 and 1 (maximum evenness) 

 

j'= H '
Hmax

Simpson Evenness  
 
 

ESimpson = DSimpson/S 
 
 
Where  
 
 
DSimpson = 1-" 
S = total number of species 
 
 
 
 

Problems with using traditional diversity indices 
(Shannon / Simpson): 
 
•! Not as intuitive as species richness 

•! Conservative values not changing much even 
after dramatic ecological events 

•! Leading to contradictions in conservation 
biology because they do not measure a 
conserved quantity (e.g. the proportion of 
‘diversity’ loss and the proportion of the 
preserved value can be BOTH 90% or more…) 

•! Measures with different units, and then not 
comparable 
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Solution: 
 
Robert MacArthur converted the complexity measures 
to ‘effective number of species’ using the same units 
as species richness. 
 
(i.e. The number of equally abundant species that are 
needed to give the same value of the diversity 
measure) 
 
Shannon entropy (HSh) ! exponencial (HSh) ! e(HSh) 

 
Simpson (HGS)   !   1/(1-HGS)   

Advantage: intuitive property that is implicit in 
much of the biological reasoning about diversity. 
 
It is called the replication principle or the doubling 
property, and states that 
 
If N equally diverse groups with no species in 
common are pooled in equal proportions, then the 
diversity of the pooled groups must be N times 
the diversity of a single group. 
 
For perception, intuitively large changes will 
cause a large change in the measure. 

Mark Hill showed that the converted Shannon and 
Simpson indices along with species richness, are 
numbers of a continuum of diversity measures, 
called Hill numbers, on effective number of 
species, defined for  
 
q " 1  as 
 
 
 
 

qD = piq
i=1

S

!
"

#
$

%

&
'

1/(1(q)

The measure in undefined for q = 1, but its limit 
as q tends to 1 exists and is: 
 
 

1D = lim
q!1

qD = exp " pi log pi
i=1

S

#
$

%
&

'

(
)= exp shH( )
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The parameter q determines how much the 
measure discounts rare species. 
 
 
 
When q = 0, abundances do not count at all and 
RICHNESS is obtained 
 
When q = 1, it is the exponential of SHANNON 
ENTROPY (calculated with base e logs) 
 
When q = 2, it is the inverse of SIMPSON and 
rare species are severely discounted. Thus 2D is 
the number of ‘relative abundant species’ in the 
assemblage 
 

Dominance   D = 1 - J’ 
 
Varies between 0 and 1 (maximum dominance) 

 
A 
Richness 
A = B > C 
Diversity 
A > B > C 
Dominance 
C > B > A 
Evenness 
A > B > C 
 

B 
Richness 
D > E 
Diversity 
D > E 
Dominance 
D = E 
Evenness 
D = E 

K-dominance cumulative curve 
 
 
 
 
 

     
 
 
where 
 
p1 = parcial dominance of species 1 
a1 = absolute abundance (or percentage) of species 1 
aj = abundance of species j 
s = total number of species 

     etc. 

 

p1 =
100a1

ajj=1

s"

 

p2 =
100a2

ajj=2

s"

 

p3 =
100a3

a jj= 3

s
"
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Polychaeta K-Dominance 

Addition of biomass will 
produce ABC curve 
(Abundance/Biomass 
Comparison) 

 
250m 

1km 

250m 

1km 
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ABC curves 

ABC curves 

biomass 

abundance 

ABC curves 

ABC curves 

trend 
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ABC curves 
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Biodiversity measures based on 
relatedness of species 

Richness (S) is widely used as a preferred measure of 
biological diversity but has major drawbacks, many of 
which also apply equally to other diversity indices such 

as H’, H, J’ etc. 

1. Observed richness is strongly 
dependent on sample size/effort 

The true species richness is rarely fully represented in 
biological community samples. The asymptote of 
accumulation curves is rarely reached, and in most cases 
it is not possible to compare studies with uncontrolled, 
unknown or simply differing in sampling effort. 
 
The only diversity index that demonstrates a lack of bias 
in mean value is Simpson diversity (1-!’) 

Sampling of pre-impact of Amoco-Cadiz oil spill  
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2. Species richness does not directly 
reflect phylogenetic diversity 

Diversity measures should include a form of 
identification of species. A sample with 10 species of the 
same genus should be considered as much less biodiverse 
than one sample with 10 species of different families. 

3. No statistical framework exists for 
departure of S from ‘’expectation’’ 

There is no sense in which the values of S can be 
campared with some absolute standard, i.e., we cannot 
generally answer the question ‘’what do we expect the 
richness to be at this site?’’, for example in the absence of 
anthropogenic impact. 

4. The response of S to environmental 
degradation is not monotonic 

In many cases, the response of species richness to 
moderate levels of disturbance can be an increase, before 
decreasing at higher levels of impact. A monotonic 
response is preferable. 

5. Richness can vary markedly with 
differing habitat type 

The ideal would be a measure that responds to 
anthropogenic disturbances, but is less sensitive to natural 
environment heterogeneity. 
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Example of taxonomic hierarquies (qualitative) for 7 species (SIMILAR 
SPECIFIC DIVERSITY) with 4 levels (3 steps each scored 33.3) 

 

" = i< j# ij xix j$$[ ] N N %1( ) 2[ ]

 
AVERAGE TAXONOMIC DIVERSITY = ! 

Simple interpretation: 
 
It is the average taxonomic distance of every pair of 
individuals in the sample 
 
or 
 
The expected path length between any two individuals 
chosen at random 

Diversity and taxonomic distinction 

Note that when the taxonomic tree collapses to a single-
level hierarchy (e.g. all species in the same genus) it 
becomes: 
 

!

! = 2 pi pji! j""#$
%
& 1' N '1( )

where pi = xi / N 
 

!

! = 1" pi
2

i#( ) 1" N "1( )

Which is a form of the Simpson index. 
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"* = i< j# ij xix j$$[ ] i< j xix j$$[ ]

AVERAGE TAXONOMIC DISTINCTNESS = !* 

Corresponds to the expected distance apart any two 
individuals from the sample, provided they are not 
from the same species. 
 

The remove the dominating effect of species abundance 
(xi), it was proposed to divide ! by the Simpson index !º, 
obtaining the   
 

 

"+ = i< j# ij$$[ ] S S %1( ) 2[ ]

AVERAGE TAXONOMIC DISTINCTNESS  
OF A SPECIES LIST = !+ (AvTD) 

Corresponds to the average taxonomic distance 
between all pairs of species. 
 
It is an intuitive definition of taxonomic breadth of a 
sample. 
 

A further development for when quantitative data is 
not available and samples are species lists 
(presence/absence data), is to reduce both ! and !* 
to the same coefficient: 
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No trend with distance Trend with distance 

Diversiy analysis of disturbance in the marine environment. 
Comparison between H’ and !* 

PHYLOGENETIC DIVERSITY (PD)  
 
is simply the cumulative branch length of the full tree. 
However appealing it may seem, this index demonstrates 
some desadvantages of using it as an index of 
distinctness. 

PHYLOGENETIC DIVERSITY (PD)  
 
It is also a total rather than an average property, making it 
highly dependent on species richness. 

 

"+ = PD S

Dividing it by S is a better equivalent 
 
 

However it still has no independence from samplig effort. 
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TTD = S"+ = # ijj$ i%( ) S &1( )' 
( ) 

* 
+ , i%

TOTAL TAXONOMIC DISTINCTNESS = S!+  

Average taxonomic distance between specie si and the 
remainig, sum to all others.  
 
It is independent from S. 
 
 

 

"+ = # ij $%
+( )
2

i< j&&[ ] S S $1( ) 2

VARIATION IN TD = "+ (VarTD) 
 
 
 
 
Resolves the problems of the same average taxonomic distinctness but with 
different tree constructions (more consistent, or more disparate), by using the 
variance of the taxonomic distances. 



 

 
 
ANNEX 3 
THEORY – Scientific output 
 
 
 
 

• Method in Science 

• The scientific paper 

• Writing science 

• Producing figures and tables 
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scientific output 
 

Producing scientific articles 
 

WHY TO PUBLISH 
General aims: 
 
To communicate findings of a piece of research 
there is no point in making discoveries if you do not share them  
 
To provide the necessary information for someone else to repeat work 
cross check within a range of circumstances is a common practice  
 
To allow others to check your results 
other researchers have to evaluate by themselves your conclusions 
 
To justify grants and research funding 
or you wont get it again! 
 
to demonstrate your capacities and work 
even if for your self delight 
 
to advance your CV and professional status 
a must to get jobs and advance in a scientific career 

WHAT TO PUBLISH 

A scientific research should allows be designed to 
make a scientific output of good quality. If not it will 
be a waste of time, effort and budget. In this view, 

every research study should be publishable.  
 

Always address important issues, new insights to 
biological and ecological processes, appropriate 

comparisons or needed applied research. Design it 
as to meet standards for a good publication. 

 
Publication IS PART OF THE RESEARCH, and not a 

facultative follow up. 
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HOW TO PUBLISH 

Most research studies will be published in indexed peer-
reviewed scientific journals. These fora constitute the most 

accepted worldwide criteria for evaluation of scientific quality 
of a researcher or a research team. 

 
Journals are given an impact factor (every year) according to 
citation rates within the total indexed journals (those that are 

on the list) 
 

Reports (do not exclude appropriate posterior publication) 
Revision articles (can include data from other original articles) 
Articles (original research) - regular or short communications 

 
 

Usually up to 10-15 printed pages Usually up to 5-6 printed pages 

(normally 1 printed page is equivalent to 3 manuscript pages) 

REFEREEING 
Anonymous refereeing is the basis of the quality assumption of 

the publication. Referees are chosen amongst known 
scientists in the specific field of research.  

 
They will be critical, and asked to provide detailed comments 

on the various components of the paper, and produce a 
general statement that may be used to reject the manuscript. 

 
Avoid long manuscripts with loads of information, even if you 

feel you spent a lot of effort in getting the information you 
consider as very interesting. BE SHORT AND CLEAN.  

 
A longer text will tire the referee, and critical evaluation may be 

biased... Be consistent, scientifically sound but concise. 
 

Do not feel discouraged by tough criticism and rejection. 
That s the way to learn. 

Also, not all revisions are well done, and is quite common to 
have divergent opinions between referees. 

 
 

Each journal has its own specific editorial guidelines and 
layout, although most is standard rules.   

 
Before starting to write, choose carefully the journal 
and then follow strictly the rules. To write a paper 

means to write a MANUSCRIPT. At this level, aesthetics 
and final composition are not the issue, that is the 

editors job. 
 

Choose a journal according to a set of criteria: 
 

the theme of the paper 
the scope of journals varies 

the quality of the paper 
some journals have clearly higher standards than others. Try 

to judge the chances of rejection 
the type of paper 

some journals will reject descriptive of low impact manuscripts 
 

Choose the best (higher impact factor) from the alternatives 
ALWAYS TRY TO MAKE THE BEST OUT OF YOUR RESULTS 

Scientific community is based on tough competition 

Basic common rules 

Double spacing 
 

Normal size font (eg Times New Roman 12 or Arial 11) 
 

Sometimes line numbers (function in Page setup of MSWord) 
 

Separate cover page with title, author and keywords 
 

Tables with top legends 
 

Figure legends on separate sheet 
 

Each figure on a separate page 
 

All citations referred and all references cited 
 

Follow Codes of International Units and Standards 
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PAPER STRUCTURE 

Papers have a more or less standard 
format dividing the textual information 

into  
well-recognised sections.  

 
Learning how to use this format 

properly is on of the main goals of any 
scientific training 

THE SECTIONS OF A PAPER 

Title 
Author(s) 
Keywords 
Abstract 
INTRODUCTION 
MATERIALS AND METHODS 
RESULTS 
DISCUSSION 
ACNOWLEDGEMENTS 
REFERENCES 
Tables 
Figure legends 
Figures 

Pages 
- 
- 
- 
- 
2 
1-2 
2-3 
4-5 
- 
- 
- 
- 
- 

Relative size of sections depends however on the characteristics of the study 

TITLE 

The title has to be  
 
•! concise 
 
•! as shorter as possible 
 
•! but describing exactly what the paper is about 

Example 
you have performed an experiment to assess the effects of salinity and 
temperature on the survival of the gastropod Conus textile. You found it 
survives within a wide range of these variables. 
 
Possible bad titles 
 
Survival of Conus textile 
 
Temperature and salinity effects in coastal invertebrates 
 
Possible good titles 
 
Effects of temperature and salinity on the survival rate of Conus 
textile 
 
Wide tolerance of Conus textile to varying temperature and salinity 
combinations 
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Example 
Imagine you went to Mecufi mangrove and assessed the density and 
size of the snail Terebralia palustris in replicated quadrats in different 
tidal levels of the pneumatophore zone. You found that density is 
significantly higher and size is significantly smaller at the lower shore 
level.  
 
Possible bad titles 
 
Distribution of Terebralia palustris at Saco mangrove 
 
Density and size structure of Terebralia palustris  
 
Density and size stratification of the marine snail Terebralia palustris 
in the pneumatophore zone of southern Saco da Inhaca, Mozambique, 
by random quadrat sampling in replicate areas 
 
Possible good title 
 
Density and size stratification of Terebralia palustris in the 
pneumatophore zone of Saco da Inhaca, Mozambique 
 

Author(s) Name(s) 
Affiliation 
 
 
Rose Sallema1*, Adriano Macia2 & José Paula3 
 
1) Faculty of Aquatic Sciences and Technology, University of 

Dar es Salaam, P.O. Box 35064, Dar es Salaam, 
Tanzania 

2) Departamento de Ciências Biológicas, Universidade 
Eduardo Mondlane, CP 257 Maputo, Moçambique 

3) Laboratório Marítimo da Guia, Faculdade de Ciências da 
Universidade de Lisboa, Avenida N.S. Cabo 939, 
2750-642 Cascais, Portugal 

 
* corresponding author, e-mail: nrsallema@yahoo.com 

Keywords 

Important for literature searches 
Usually from 6-8 single or compound words 
Should describe the main context of the study 
Can be arranged: theme(s), model organism(s), habitat, 

geographical location 
 
 
Ex. 1 
tolerance, salinity, temperature, Conus textile, Inhaca, 

Mozambique 
 
Ex. 2 
density, size, stratification, Terebralia palustris, mangrove, 

Inhaca, Mozambique 

Abstract 

Very important for literature searches - researchers 
search for articles and assess their importance 
by reading the abstract. Then select those that 
find important. On the other hand, when reading 
a lot of papers, it is fundamental to see  
generalities in the abstract and check details 
selectively in the paper s main text. 
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Should include the main components of the study in 

a brief but concise and coherent way, following 
the logical sequence of the paper. Usually up to 
300-500 words according to the journal (use 
word count function in MSWord). Written in a 
single paragraph. 

 
Background 

Hypothesis(es) 
Objectives 

Strategy/Approach/Methods 
Results 

Interpretation/Conclusions 

Example 1 
 
Background - The gastropod Terebralia palustris is a widespread species in the 

lower reaches of east African mangroves, where it feeds on sediment organic 
matter and senescent leaves amongst the pneumatophores of Avicennia 
marina. It occupies a range of conditions, from soft wet fine sediments low on 
the shore to dryer sandier areas amongst the mangrove trees. 

Hypothesis(es) - younger individuals have a lower capacity of processing leaves 
and depend mostly on organic matter provided in wetter sediment. On the 
other hand they require wetter conditions due to a lower tolerance to 
desiccation, and recruit lower on the shore. 

Objectives - the objectives of this study were to compare abundance and size 
structure of T. palustris populations in different strata in the pneumatophore 
zone of Saco mangrove, Inhaca island, Mozambique. 

Strategy/Approach/Methods - Random quadrat sample was performed at a lower 
and upper strata within the pneumatophore zone in three replicate areas. 
Animals were counted and measured. 

Results - results shown that the population is significantly more abundant at the 
lower shore level, where juvenile individuals dominate. In the upper zone the 
population is composed by fewer but significantly larger individuals. 

Interpretation/Conclusions - these results suggest that recruitment is more 
intense at the lower shore level, and that a upwards migration is 
accomplished throughout juvenile life. 

The gastropod Terebralia palustris is a widespread species in the lower 
reaches of east African mangroves, where it feeds on sediment organic 
matter and senescent leaves amongst the pneumatophores of Avicennia 
marina. It occupies a range of conditions, from soft wet fine sediments low 
on the shore to dryer sandier areas amongst the mangrove trees. Younger 
individuals have a lower capacity of processing leaves and depend mostly 
on organic matter provided in wetter sediment. On the other hand they 
require wetter conditions due to a lower tolerance to desiccation, and are 
supposed to recruit lower on the shore. The objectives of this study were to 
compare abundance and size structure of T. palustris populations in 
different strata in the pneumatophore zone of Saco mangrove, Inhaca 
island, Mozambique. Random quadrat sample was performed at the lower 
and upper strata within the pneumatophore zone in three replicate areas. 
Animals were counted and measured. Results have shown that the 
population is significantly more abundant at the lower shore level, where 
juvenile individuals dominate. In the upper zone the population is composed 
by fewer but significantly larger individuals. These results suggest that 
recruitment is more intense at the lower shore level, and that a upwards 
migration is accomplished throughout juvenile life. 
 
Number of words: 207 

Introduction Background 
Hypothesis(es) 

Objectives 
 

In the INTRODUCTION we provide the context of our study, by 
reviewing the major findings, especially the most recent and 

relevant ones, through literature search. Never trust you know 
enough to write a paper at start. Always search for new literature 

material. Thus support the context by inserting the relevant 
references. Do not be too exhaustive. Be selective and addressing 

specifically the issue your work is about. 
 

Then make your models and associated predictions (hypothesis) 
that you are addressing. Justify your strategic choices and the 

importance of addressing the issue. 
 

Then state formally and clearly your general and specific 
objectives. 
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Example: imagine you are writing a paper on the growth of 
Terebralia palustris at Saco Bay.  

Possible logical flow for the introduction: 
 
1) Distribution of T. palustris in the mangrove ecosystem, and 

ecological importance 
2) Known growth features of T. palustris elsewhere, and of other 

related species if relevant 
3) hypothesis regarding growth of the species (at Saco mangrove) 

and related issues (stratified distribution of size classes, 
relation to reproductive parameters etc. as relevant) 

4) General and detailed objectives 
 
DO NOT DESCRIBE THE MANGROVE ECOSYSTEM 
DO NOT DISCUSS GROWTH IN NON-RELATED GROUPS 
DO NOT EXPAND INFORMATION ON THE SPECIES WHEN 

NOT RELEVANT TO GROWTH 

Example: imagine you are writing a paper on the mangrove tree 
biomass calculation by a novel photographic method, lets say in 
Gazi Bay.  

Possible logical flow for the introduction: 
 
1) Biomass of mangrove trees, and its importance for ecological 

and economic reasons 
2) Methods for assessing biomass and comparative results 
3) introduction of the new approach and its possible advantages 
4) General and detailed objectives 
 
DO NOT DESCRIBE THE MANGROVE ECOSYSTEM 
DO NOT DISCUSS METHODS FOR OTHER BIOLOGICAL 

MODELS IF NOT APPLICABLE 
DO NOT EXPAND INFORMATION ON THE SPECIES IF NOT 

RELEVANT FOR BIOMASS CALCULATION 

Example: imagine you are writing a paper on the benthic diversity 
in a coral reef.  

Possible logical flow for the introduction: 
 
1) Brief reference to coral reef benthic diversity 
2) Comparison of diversity in different places and environments 
3) hypothesis regarding diversity at your study site, and statement 

on why is important to assess it  
4) General and detailed objectives 
 
DO NOT DESCRIBE THE GENERALITIES OF CORAL REEF 

ECOSYSTEM 
DO NOT DISCUSS DIVERSITY IN OTHER REEF 

COMPONENTS 
DO NOT DISCUSS METHODS FOR DIVERSITY CALCULATION, 

EXCEPT IF YOU ARE ADDRESSING A METHODOLOGICAL 
COMPARISON 

Example: imagine you are writing a paper on the effect of 
seagrass patch size on associated macrofaunal diversity, lets say 
in Mauritius.  
Possible logical flow for the introduction: 
 
1) Brief reference to seagrass associated macrofaunal diversity 
2) brief review on trends in habitat size effects on diversity in 

benthic macrofauna in general and seagrasses in particular 
3) hypothesis regarding diversity of macrofauna at your study site, 

and why is important and convenient to assess it there 
4) General and detailed objectives 
 
DO NOT DESCRIBE THE GENERALITIES OF SEAGRASS 
DO NOT DISCUSS DIVERSITY IN OTHER SEAGRASS 

ECOSYSTEM COMPONENTS 
DO NOT DISCUSS METHODS FOR DIVERSITY CALCULATION, 

EXCEPT IF YOU ARE ADDRESSING A METHODS 



7 

Material and Methods 
Description of study site 

Field methods 
Laboratory Methods 

Analytic Methods / Data analysis 
 

In the MATERIALS AND METHODS we provide the complete 
methodologies of our study, being sufficiently clear and 
exhaustive so that no questions remain regarding the 

conditions we used to reach our conclusions. Any reader 
should be capable of drawing his own results and repeat the 
experimental or sampling procedures. This is one of the most 

important parts of the paper. 
 

Materials and Methods contents is obviously dependent on the 
type of research, but here we will address the general contents 

of a study based on field work, either by estimation or 
experimental approaches. 

Material and Methods 

Description of study site 
 

Many papers describing patterns in the field require a convenient 
description of the study site. This will help to understand the 

environmental setup of the experiment. 
 

The description of the study site must include only the relevant 
information for the particular study, and NOT addressing 

information which is not directly related to the issue being dealt.  
 

A map is usually convenient and should be clear, outlining the 
main features and the position of the experimental setup. 

 

Example of textual information 
for description of study site 

 
Location  

(geographical) 
Main relevant features as appropriate 

(climatic regime, hydrography/hydrology, position of eventual 
impact sources, habitat types etc) 

Location of sampling or experimental sites 
 
 

Do not be exhaustive, usually this part is quite condensed  
(10-15 lines?). 

Avoid describing useless information. 
 

Ex. If you are addressing the zooplanktonic communities of Tudor 
creek, there is no point in describing the mangrove associations or 

the sediment types. 

Field methods 
 

sampling strategy 
(approach, timing, sites, replication) 

 
sampling methods and materials 

(sampling procedures, equipment, 
preservation of biological material) 

 
Laboratory Methods 

 
 

Laboratory analyses 
(methods followed - references if 
appropriate, equipment, routine 

procedures) 
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Analytic Methods / Data analysis 
 
 

Data transformation 
 

Statistical tests performed (references) 
 

Provide full description of formulas if 
standard methods are not applied (those 
referred in common statistical text books, 
otherwise simply refer test and reference) 

 
Statistical packages if appropriate 

Results 
This section can be divided into subsections if appropriate.  
Do not provide any interpretation or comparison of results. 

 
Begin with an exploratory analysis of your data set: 

 
Experimental conditions if you addressed a lab experiment 

 
Environmental conditions if you are addressing a field 

estimation or experimental sampling 
 

Summary statistics of your data set before you move into 
confirmatory tests 

(Tables and Figures with mean values and error) 
 

Do not repeat the same information in the text and tables or 
figures. If you put results of statistical tests in a table, in 
the text you only refer the trend. If you put them along 

the text, you omit the table. 

Discussion 

•!Detailed interpretation of results 
•!Comparison with similar or complementary works 
(references) 
•!Partial conclusions based on direct interpretation 
and literature theories 
•!General conclusions and remaining or new 
questions 

 

Discussion 

 
In the DISCUSSION we provide the interpretation of 

our results, by direct analysis of results and 
comparative analysis of literature material. Support 

the text by inserting the relevant references. Be 
exhaustive. Here you develop your theories and 

demonstrate your analytic skills. 
 

Then address the conclusions drawn from your 
results in relation to the hypothesis raised in the 

introduction. Assess the limitations of your work in 
addressing the issue. 

 
Raise appropriate questions and issues remaining 

to be solved. 
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References 

 
Avoid gray literature  as much as possible 

(internal reports, unpublished manuscripts, etc) 
 

Some journals even discourage reference to thesis. 
 

Follow strictly the editorial rules. 
 

Refer always all cited literature. 
All references must have a logic citation. 

(no text books not cited, even if they provided help to your 
writing) 

 
Balance your citations. Be sure of referring all relevant 

literature, but avoid extensive lists for the the same issue (in 
this case refer the most recent or relevant). 
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Scientific writing 

Types of scientific reports 
 
Theses 
CVs 
Grant proposals 
Progress reports 
Scientific articles: IMRAD papers, review papers, 
opinion papers 

2 

Scientific writing 

What to do before starting to write a manuscript 

Before starting 

1 Look at how other authors in your scientific field 
write and organize their work  

2
 

Look at which journals other authors in your 
scientific field publish their papers 

3
 

Decide on the most appropriate journal to submit 
your work, considering: 

 Scientific area 
 National / Regional / International 
 Reputation 
 Impact factor 
 Printed paper or open access 

4  Check the Instructions for Authors 

5  Follow the Instructions for Authors strictly 

3 

Scientific writing 

The Introduction, Methods, Results And 
Discussion (IMRAD) paper format 
What is required in each section 
The use of person, tenses, active voice, passive 
voice and modal verbs 
How to construct and label figures and tables 

4 
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Scientific writing 

The IMRAD paper format … 

5 

Introduction 

Methods 
what you did / used 

Results 
what you found / saw 

Discussion 

Abstract 

Scientific writing 

… and other possible formats 

6 

Introduction 

Methods 

Results 

Discussion 

Conclusions 

Abstract Abstract 

Introduction 

Methods 

Results 
and 

Discussion 

Conclusions 

Introduction 

Methods 

Abstract 

Discussion 
and 

Conclusions 

Results 

Scientific writing 

The Introduction section 

7 

Abstract 

Introduction 

Methods 
what you did / used 

Results 
what you found / saw 

Discussion 

Scientific writing 

Introduction 

What is required of an Introduction 

Should be organized from general to particular 
 

Should describe the problem under analysis and indicate 
its relevance, providing background information 

Should identify which knowledge gaps exist about the 
problem under analysis 

Should state the objectives of the study 
 

Should indicate how these objectives contribute to fill 
the knowledge gaps about the problem under analysis 

The main purpose of the Introduction is to provide a 
research map of the field and convince the reader of 
the significance of your research in that field 

8 



5/7/14 

3 

Scientific writing 

Introduction 

A model for the Introduction: choose the most 
appropriate combination from the 4 points below 

1 Establish the significance of the topic 
Provide background facts and information 
Define the terminology in the title/key words 
Present the problem area/current research focus 

2
 

Describe previous and/or current research and 
contributions 

3
 

Locate a gap in the research 
Describe the problem you will address 
Present a prediction to be tested 

4
 

Describe the present paper 
Describe the objectives of the study 
Describe the strategy and/or layout of the study 

9 

Scientific writing 

Introduction: the use of tenses 

Tense Example Function 

Present 
Simple 

Hydrostatic pressure 
increases with depth 
 

Used to describe 
accepted truth or 
fact 

Past 
Simple 

Watson and Crick 
demonstrated that DNA 
has an helicoidal 
structure 

Used to describe 
past achievements 
or findings 

Present 
Perfect 

Although the structure 
of DNA was described 
over two years ago, 
little attention has 
been paid to the 
mechanisms of 
replication 

Used to put 
emphasis on the 
present situation 
or problem 
(mechanisms of 
replication) 

10 

However: 
what is considered a fact, a truth or a research result is often decided by the 
author 

Scientific writing 

Introduction: the use of person and voice 

Author role Person Example 

If you are 
presenting the 
contribution 
of a research 
group 

Use we and 
active voice 

In a previous paper we 
demonstrated that 

Use a dummy 
subject and 
active voice 

The present paper 
describes a new 
technique that 

Use agentless 
passive voice 

A new technique is 
described that 

If you are 
describing the 
result of 
individual 
research 

It appropriate, 
use I and active 
voice 

In a previous paper I 
demonstrated that 

Use a dummy 
subject and 
active voice 

The present paper 
describes a new 
technique that 

Use agentless 
passive voice 

A new technique is 
described that 

11 

NOT APPROPRIATE 

_WHEN WRITING A 

_THESIS ! 

Scientific writing 

The Methods section 

12 

Abstract 

Introduction 

Methods 
what you did / used 

Results 
what you found / saw 

Discussion 
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Methods 

What is required of the Methods section 

Concise description of the methodologies, materials and 
equipment used 

This description should contain enough detail for an 
independent researcher to replicate the work done and 
obtain similar results... 

... but avoid irrelevant information 

Should include statistical and other numerical methods 
used 

13 

Scientific writing 

Methods 

A model for the Methods section: choose the most 
appropriate combination from the 4 points below 

1 Provide a general introduction and overview of the 
 materials/methods/strategy 

Restate the purpose of the work 
Supply essential background information 

2
 

Provide specific and precise details about 
materials and methods 
Sequence, experimental conditions, quantities,   

    locations, sampling sizes, etc 
Justify choices made 
Indicate what appropriate care was taken 

3 Relate materials and methods to other studies 

4
 

Indicate whether problems occurred 
Explain what options you took to deal with these 

 problems 
14 

Scientific writing 

Methods: the use of person and voice 

Author role Person Example 

If you are 
presenting the 
contribution 
of a research 
group 

Use we and 
active voice 

We separated the snails 
into size classes 
according to 

Use agentless 
passive voice 

The snails were 
separated into size 
classes according to 

If you are 
describing the 
result of 
individual 
research 

If 
appropriate, 
use I and 
active voice 
 

I collected the samples 
using  

Use agentless 
passive voice 

The copepods were reared 
in the laboratory using 
5 l glass beakers 

15 

NOT APPROPRIATE 

_WHEN WRITING A 

_THESIS ! 

Scientific writing 

Methods: the use of tenses 

Tense Example Function 

Past 
Simple 

In order to measure 
photosynthetic rate, 
phytoplankton samples 
were incubated with radio 
active (14C) sodium 
bicarbonate 

Used to describe 
what you did 
yourself 

Present 
Simple 

In order to measure 
photosynthetic rate, 
phytoplankton samples are 
incubated with radio 
active (14C) sodium 
bicarbonate 

Used to describe 
standard 
procedures 
 

16 
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Scientific writing 

The Results section 

17 

Abstract 

Introduction 

Methods 
what you did / used 

Results 
what you found / saw 

Discussion 

Scientific writing 

Results 

What is intended of the Results section 

A concise, textual description of the results 
obtained...  

...using graphs, diagrams, photographs or tables to 
depict the results 

Each graph, diagram, photograph or table must be 
accompanied by a description of your own understanding 
and interpretation of the results: the reader has to 
understand what you think about the data and results 

Each result or set of related results may be 
accompanied by a synthetic conclusion, explaining its 
significance, comparing with other studies or providing 
background information aiding in the interpretation 

The reader should be able to understand how do the 
results relate to the objectives of the study 

18 

Scientific writing 

Results 

A model for the Results section: choose the most 
appropriate combination from the 4 points below 

1 Revisiting the research aim/existing research 
Revisiting/expanding the methodology 
General overview of the results 

2  Invitation to view the results 
Specific/key results in detail, with or without 

 explanations 
Comparison with results in other research 
Comparisons with model or with predictions 

3 Problems with results 

4 Possible implications of results 

19 

Scientific writing 

Results: the use of tenses 

Tense Example Function 

Past 
Simple 

Fishing effort was higher 
in the coastal fishing 
zones than in the more 
distant ones 

Describes the 
results that were 
obtained 

Present 
Simples 

Figure 1 shows that catch 
was higher with baited 
traps than with shelter 
traps 

Refers to a 
specific figure or 
table 

Past 
Simple 

Figure 1 shows that catch 
was higher with baited 
traps than with shelter 
traps 

Back to Past 
Simple to describe 
the results 
depicted in a 
figure or table 

Present 
Simple 

The model predicts that 
phytoplankton biomass is 
higher during upwelling. 
H   lt  

Refers to a 
theoretical 
prediction 20 
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The Discussion section 

21 

Abstract 

Introduction 

Methods 
what you did / used 

Results 
what you found / saw 

Discussion 

Scientific writing 

Discussion 

What is intended of a Discussion section 

Should be organized from particular to general 

Should identify the key conclusions of the different 
results or set of results 

Should related the key conclusions extracted from the 
different results or sets of results with each other, 
so that general conclusions can be extracted from the 
study 

Should indicate how the potential methodological 
problems affect these general conclusions 

Should state in which way the main results and 
conclusions support or contradict previous results, and 
how they contribute to advance knowledge in the field 

The main purpose of the Discussion is to locate your 
research in the research map described in the 
Introduction, and convince the reader you made a 
significant contribution to the field 

22 

Scientific writing 

Discussion 

A model for the Discussion section: choose the most 
appropriate combination from the 4 points below 

1 Revisiting previous sections 
Summarizing/revisiting general or key results 

2 Mapping the relationship with existing research 

3 Achievement/Contribution 
Refining the implications 

4 Limitations 
Current and future work 
Applications 

23 

Scientific writing 

Discussion: the use of modal verbs 

Modal verbs currently used in science and their use 

may, might, could, can, should, ought to, need to, have 
to and must 

Modal verbs are often used to modify the “truth value” 
of a sentence 

Used to write about the causes, interpretations and 
implications 

Used to communicate that something is possible, 
probable or obvious 

24 

It is ten o’clock:   I am looking at my watch and I know it is ten o’clock 
 
It must be ten o’clock:  I do not have a watch, but judging from the height of 

   the sun it is probably ten o’clock 
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Modal verbs for Ability/Capability 

Tense Example Function 
Present 
Simple 

The increase in assimilation rate 
can be due to an increase in 
temperature 

Is able to / 
capable of 

Present 
Simple 
negative 

Zooplankton organisms cannot swim 
against marine currents 

Are not able to / 
not capable of 

Past 
Simple 

It was found that the fish could 
eat the zooplankton prey 
If the seagrass areas were larger 
they could have fixed more CO2 

Were able to / 
capable of 
Were able to / 
capable of 

Past 
Simple 
negative 

Smaller crabs could not move 
among habitat patches 
The increase in temperature could 
not have triggered the behavioral 
response 

Were not able to / 
not capable of 
Was not able to / 
not capable of 

25 

Scientific writing 

Modal verbs for Possibility/Options 

26 

Tense Example Function 
Present 
Simple 

The cyclic change in stock 
abundance may/might/could/
can be due to astronomical 
forcing 

Higher --> lower 
probability of a current 
process 

Present 
Simple 
negative 

The use of the 14C method may 
not/might not improve the 
accuracy of the estimate 

A different 
methodological option is 
being (negatively) 
considered 

Past 
Simple 

The community change may 
have been/might have been/
could have been caused by 
the predatorial behavior of 
this invasive species  

Higher --> lower 
probability of a past 
process 

Past 
Simple 
negative 

The fall in pressure may not 
have been/might not have 
been caused by leakage 

Higher --> lower 
probability of a past 
process not occurring 

Scientific writing 

Modal verbs for Probability/Belief/Expectation 

27 

Tense Example Function 
Present 
Simple 

Population size should 
remain stable for a 
growth rate below 2.5 

Expectation/Belief 

Present 
Simple 
negative 

Bacterial respiration 
should not depend on pH 

Belief 

Past 
Simple 

Downwelling should have 
caused the higher 
surface temperature 

Probability/Belief 

Past 
Simple 
negative 

This results was 
unexpected; death rate 
should not have 
increased at the lower 
temperature 

Expectation 

Scientific writing 

Modal verbs for Virtual certainty 

28 

Tense Example Function 
Present 
Simple 

Our results indicate 
that contamination must 
be due to the presence 
of sewage water 

Virtual certainty 

Present 
Simple 
negative 

Denser water cannot 
rise to the surface 

Virtual/absolute 
certainty 

Past 
Simple 

This result must have 
been due to the low 
turbulence levels 
during neap tides 

Virtual certainty 

Past 
Simple 
negative 

It is clear that 
contamination cannot 
have been/could not be/
could not have been due 
to the presence of 
sewage water 

Virtual certainty 
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Notes on the use of can not and cannot 

Can not and cannot do not mean the same thing: 
 

•! Can not means ‘possibly not’, similarly to may not or might not 
–! This result can not only be the consequence of higher 

pressure, but may also result from a lack of food 

•! Cannot means ‘impossible’, similarly to could not, could not 
have and cannot have 
–! This result cannot be due to higher pressure 
–! This result could not be due to higher pressure 
–! This result cannot have been due to higher pressure 
–! This result could not have been due to higher pressure 

29 

Scientific writing 

Notes on Possibility/Probability/Belief/Virtual certainty 

Imagine it normally takes Professor Sailboat about 20 min to walk 
home from his laboratory. Has he arrived home yet? You could call 
is house and speak to him, but: 

 

•! if he left the lab 18 min ago, he may/might/could be home by 
now (possibly) 

•! if he left the lab 30 min ago, he should be home by now 
(probability) 

•! if he left the lab 50 min ago, he must be home by now (almost 
certainly) 

•! if he left the lab 5 min ago, he cannot be home yet (almost 
certainly not) 

Virtual certainty indicates no other explanation is possible 

30 

Scientific writing 

Modal verbs for Advice/Opinion 

31 

Tense Example Function 
Present 
Simple 

The slides should be 
decontaminated before 
mounting the material 

Advice 

Present 
Simple 
negative 

In our opinion, future 
studies should not 
neglect this option 

Opinion 

Past 
Simple 

The sampling stations 
should have extended 
farther offshore 

Opinion 

Past 
Simple 
negative 

The rearing containers 
should have not been 
exposed to sunlight 

Advice 

Scientific writing 

Modal verbs for Necessity/Obligation 

32 

Tense Example Function 
Present 
Simple 

The bivalves must/need 
to/have to feed on the 
phytoplankton 

Obligation 

Present 
Simple 
negative 

The samples need not be 
taken during the night 

Necessity 

Past 
Simple 

We needed to/had to 
take the samples during 
the night 

Necessity 

Past 
Simple 
negative 

We did not need to/did 
not have to take the 
samples during the 
night 
We need not have taken 
the samples during the 
night 

Not necessary (no 
indication of 
whether you did it 
or not) 
We did it, but it 
was not necessary 
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Abstract 

33 

Abstract 

Introduction 

Methods 
what you did / used 

Results 
what you found / saw 

Discussion 

Scientific writing 

Abstract 

34 

What is intended of an Abstract 

Should be a representation of the article 

Should be and independent, standalone, self-contained 
description of the article 

Readers should be able to understand the main 
objectives and key results of the research without 
needing to read the whole article 

This is especially important nowadays because of the 
widespread access to electronic databases and ease of 
consulting abstracts of many articles 

Therefore, the abstract should catch the reader and 
convince him that it is important to read the whole 
paper 

Scientific writing 

Abstract 

35 

Two main types of Abstracts: chose one option depending 
on the guidelines of the journal 

Type 1 Background 
Methods 
Results 
Conclusions 

Type 2 Methods 
Results 

Scientific writing 

Abstract 

36 

A model for Type 1 Abstract: choose the most 
appropriate combination from the 4 points below 

1 Background 
Aim 
Problem 
What the paper does 

2 Methodology/Materials 

3 Results 
Achievement/Contribution 
Implications 

4 Limitations 
Future work 
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Abstract 

37 

A model for Type 2 Abstract: choose the most 
appropriate combination from the 2 points below 

1 Methodology/Materials 

2 Results 
Achievement/Contribution 
Implications 

Scientific writing 

Abstract: the use of tenses 

38 

Use Tense Example 
About the gap 
or problem 

Present 
Simple 

The main problem, however, is... 

About what 
the paper 
does itself 

Present 
Simple 

This paper presents a new 
methodology... 

About 
methodology 

Past 
Simple 

Samples were prepared for 
electron microscopy by... 

About results Past 
Simple 

PCB levels showed a marked 
increase in... 

About 
achievements 

Present 
Perfect 
Present 
Simple 

We have demonstrated the effect 
of homing behavior on... 
The biofilms are formed by a 
mixture of microorganisms 
that... 

About 
applications 

Present 
Simple 

This new bio-active compound is 
suitable for... 

Scientific writing 

Acknowledgements 

39 

Scientific writing 

Ackowledgements 

40 

What is intended of the Acknowledgements section 

The important element is courtesy 

Should indicate (acknowledge) any significant technical 
help 

Should indicate (acknowledge) any significant source of 
materials (equipment, cultures, samples, etc.) other 
than the authors themselves have provided 

Should indicate (acknowledge) any outside financial 
assistance (grants, contracts, fellowships, etc.) 

Should be specific about the type of contributions from 
colleagues, grant agencies, sponsors, institutions, 
etc. 

Before mentioning someone in the acknowledgements, be 
sure that person agrees with the terms 
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Scientific writing 

References 

42 

What is intended of the References section 
Should be a rigorous acknowledgement of previous intellectual and 
practical contributions... 

...from other authors or from yourself 

Should list only significant references 

Should list only published references 

Theses, reports and other ‘grey literature’ should be avoided, 
because they have not lowlowed a process of peer-review 
publication 

Unpublished data may sometimes be cited, indicating the origin in 
the text: Unpublished data (S. Sailboat, Institute of 
Oceanographic Research) indicate that... 

All references cited in the text must be included in the list of 
literature cited... 

... and all references included in the list of literature cited 
must be cited somewhere in the text 

Scientific writing 

References 

43 

Most common systems for in-text citations and for the 
list of references 

Name and Year system 

Alphabet-Number System 

Citation Order system 

Check the Instructions for Authors 
 

Follow the Instructions for Authors strictly 
 

Scientific writing 

References: Name and Year system 

In-text citation 
Such variability in tide-related rhythms of activity is common in 
intertidal organisms, where inter-individual differences in period 
length (Williams 1991), spontaneous changes in period in the same 
individual (Palmer 1995) and average period lengths exceeding the 
average interval of the tides (Barnwell 1966) are commonly 
reported.  
 

Reference list 
Barnwell, F. H., 1966. Daily and tidal patterns of activity in 

individual fiddler crab (Genus Uca) from Woods Hole region. 
Biological Bulletin, 130: 1-9. 

Palmer, J. D., 1995. The biological rhythms and clocks of 
intertidal animals. Oxford University Press, Oxford. 

Williams, B. G., 1991. Comparative studies of tidal rhythms. 5. 
Individual variation in the rhythmic behavior of Carcinus 
maenas (L). Marine Behaviour and Physiology, 19: 97-112. 

 

44 



5/7/14 

12 

Scientific writing 

References: Alphabet-Number system 
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In-text citation 
Such variability in tide-related rhythms of activity is common in 
intertidal organisms, where inter-individual differences in period 
length (3), spontaneous changes in period in the same individual 
(2) and average period lengths exceeding the average interval of 
the tides (1) are commonly reported.  

 

Reference list 
1. Barnwell, F. H., 1966. Daily and tidal patterns of activity in 

individual fiddler crab (Genus Uca) from Woods Hole region. 
Biological Bulletin, 130: 1-9. 

2. Palmer, J. D., 1995. The biological rhythms and clocks of 
intertidal animals. Oxford University Press, Oxford. 

3. Williams, B. G., 1991. Comparative studies of tidal rhythms. 5. 
Individual variation in the rhythmic behavior of Carcinus 
maenas (L). Marine Behaviour and Physiology, 19: 97-112. 
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References: Citation Order system 
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In-text citation 
Such variability in tide-related rhythms of activity is common in 
intertidal organisms, where inter-individual differences in period 
length (1), spontaneous changes in period in the same individual 
(2) and average period lengths exceeding the average interval of 
the tides (3) are commonly reported.  

 

Reference list 
1. Williams, B. G., 1991. Comparative studies of tidal rhythms. 5. 

Individual variation in the rhythmic behavior of Carcinus 
maenas (L). Marine Behaviour and Physiology, 19: 97-112. 

2. Palmer, J. D., 1995. The biological rhythms and clocks of 
intertidal animals. Oxford University Press, Oxford. 

3. Barnwell, F. H., 1966. Daily and tidal patterns of activity in 
individual fiddler crab (Genus Uca) from Woods Hole region. 
Biological Bulletin, 130: 1-9. 

Scientific writing 

Figures and Tables 

47 

Scientific writing 

What to do before producing final figures and tables 

Before producing final figures and tables 

1 Check the Instructions for Authors 
 

2 Follow the Instructions for Authors strictly 
 

3 When producing figures, make sure you understand 
how to control the software: it is you who knows 
how the figure should look like, not the software 

4 Think carefully on how many and which figures and 
tables to select for publication: they take 
precious space on the printed page 

48 
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Figures 

Producing the “final art” 

A figure should be reach in content 

A figure should be easy to read 

Follow the instructions on figure size, symbol size, 
label text size, lines, tick marks, etc. 

Decide if the figure will be produced in color or in 
black and white 

For better results, produce an electronic figure so 
that the resolution at printed real size is at least 
300 dpi 

Save using an uncompressed file format 

Most common safe formats to use: tif (Tagged Image 
File Format), eps (Encapsulated PostScript) 

49 

Scientific writing 

Main references 

50 

Scientific writing 
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Abstract 

Introduction 

Methods 
what you did / used 

Results 
what you found / saw 

Discussion 

Abstract 

Introduction 

Methods 
what you did / used 

Results 
what you found / saw 

Discussion 
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Tables and Figures 
 

Some rules and advice 

Role of Tables and Figures  
in the components of the RESULTS section 

•! Text: describe relevant results 

•! Tables: present a summary of the most relevant 

results 

•! Figures: highlight most relevant results 

•! Statistics: support results and conclusions 

Function: 

Tables and Figures 

Inform the reader through an illustration of the 

relevant results... 

•! Figures and tables complement the text of the 

results section 

•! Should present only the results deriving directly from 

the central questions and specific objectives of the 

study 
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•! Tables and figures should be made PRIOR to 

writing the results section 

•! Numbered according to the order of appearance 

•! Values presented in tables should NOT be 

repeated in text 

•! Correctly cited along the text 

Citation of tables and figures: 
 
Avoid beginning phrases like: 

 Figure 3 shows...  
 In table I it is presented... 

Instead develop your IDEAS and RESULTS summary 
citing tables and figures in the end. 
 

!  Presence of parasites reduced growth rates in infected 
animals (Table 1). 

!  Species richness increased after flooding occurred (Fig. 
5).  

 
 
  

Red-efts demonstrated a significantly higher 
tolerance to water loss as well as a significantly 
higher rate of evaporative water loss (Table 1). In 
both forms, rate of evaporative water loss (EWL) 
was negatively correlated with initial mass, 
although ANCOVA revealed a signif icant 
difference (F=8.92; 1, 53 df; P<0.004) in the nature 
of this relationship (Fig. 1).  

Example Tables and Figures should NOT repeat information: 

If the objective is to focus 

the reader on specific 

values 

If the objective is to focus 

the reader in the 

relationships between 

values 

Table 

Figure 
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Presentation of relevant exact 

data that can be interpreted 

logically, in combination with the 

text of the results section.    

FUNCTION OF TABLES 
•! Should not make references to text, figures or other 

tables 
•! Should be self-explaining without necessity of text for its 

interpretation 
•! Logical structure – comparison of values should be 

vertical 

Habitat T(ºC) Prof. (m) Sal. (‰) 

Estuary 22 7 20 

Coastal zone 18 15 35 

Tables 

Clearness: 

•! Rounded values to facilitate reading and interpreting 

•! Common units to allow comparisons; 

•! Avoid blank cells – preferably use ND and explain its 

meaning as a footnote 

•! Statistical significance also as a footnote 

Tables 
Structure: 

•! Title: numbered at the top (usually as a roman 

numeral). Should briefly describe its contents 

•! Column headings: variable names and units 

•! Sub-headings: grouping similar variables 

•! Table body: numerical data 

•! Footnote: relevant explanatory notes (statistical 

significance, abbreviations, etc.) 

TABLES 
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Example. WRONG 

Variable 
Species A 

Treatment 1 Treatment 2 Treatment 3 
1 (units) 
2 (units) 

Species B 
Treatment 1 Treatment 2 Treatment 3 

1 (units) 
2 (units) 

X Avoid vertical ruling 

X This structure difficults comparisons 

Tables 
Example. ! 

! Easy and immediate comparison 

Species A Species B 

Variable 
Treat  

1 
Treat  

2 
Treat  

3 
Treat  

1 
Treat  

2 
Treat  

3 
1 (units) 
2 (units) 
3 (units) 
4 (units) 
5 (units) 

Tables 

Example. WRONG 

Condition Heart rate Systolic BP Diastolic BP Cardiac output 

Awake 71+10 130+12 84+9 4,264+0,692 

Anaesthesia 69+7 112+10 69+8 3,575+0,588 

Sternotomy 93+12 177+17 106+13 4,471+0,934 

Anaesthesia 
 

79+9 127+12 76+10 3,986+0,765 

Table 4.1 Heart rate, blood pressure and cardiac output responses 

X Title does not correctly describe contents 
 X No units 
 X What is +  
 
X Decimals not consistent 
 

TABLES 
Example. ! 
Table 4.1 Cardiovascular responses to induction of anaesthesia and sternotomy 

Induction of Anaesthesia Sternotomy 

Before After During  After 

Heart rate 
(beats/min) 
Systolic BP 
(mm/HG) 
Diastolic BP 
(mm/Hg) 
Cardiac output 
(l/min) 

71+10 
 

130+12 
 

84+9 
 

4,3+0,7 

69+7 
 

112+10* 
 

69+8* 
 

3,6+0,6* 

93+12* 
 

177+17* 
 

106+13* 
 

4,5+0,9 
 

79+9 
 

127+12 
 

76+10 
 

4,0+0,8 

Data are means+ SD. BP= blood pressure. *p<0.05 v before induction of anaesthesia by 
ANOVA 

TABLES 
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Check-list: 

! Numbered consecutively 
 
! Clear and concise title 

! Really necessary 
 

! Similar elements to read vertically to allow rapid 
comparison 

! Lines and columns logicaly structured 

! Adequate footnotes 

! Defined abbreviations 

TABLES 

Function: 
 

•! Highlight relationships between studied data 

•! Facilitate presentation of complex data 

•! Present data qualitatively 
•! Demonstration of trends 
•! Comparison of obtained data 

FIGURES 

•! Should allow independent interpretation, with no 

support of other figures, text or tables.  

•! Should have a clear legend. 

•! If more than one figure, the same style should be applied 

– consistency! 

•! Carefully choose patterns – prevent changes in printing, 

avoid colours. 

•! Carefully choose lettering and relative sizes – prevent 

reduction. 

FIGURES 
Check-list: 

! Really necessary 
 
! Axis legends 
 

! Clear legend (below figure or as otherwise stated by the 
journal instructions for authors...) 

! Mention in the text 

! Defined abbreviations 

! All elements (lines, symbols, bars etc. ) well differentiated 

FIGURES 
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FIGURES should be: 

 
•! Clear and relevant for the explanation of results 

•! Present only relevant elements to avoid any confusion 

or distraction 

•! In general no automatic formats, such as grid lines 

•! Large lettering as to permit reduction by 1/3 

•! Black & white 

 

 
TYPES OF FIGURES 

 
•! Line graphs for continuous variables (eg time) 

•! Bar graphs for group comparisons 

•! Scatter graphs for correlations between variables 

•! Many deviations, alternative and compound types – 

each study has a particular set of required information  

Field methods / Experimental setup 
 
   sampling strategy 
     (approach, timing, sites, replication) 
   sampling methods and materials 
     (sampling procedures, equipment, preservation of biological material) 

 
Laboratory / analytic methods 
 
   laboratory analyses 
     (methods followed - references if appropriate, equipment, routine           

procedures) 
 

Data analysis 
 
   data transformation 
   statistical tests performed 
 

MAP  
FIGURES 

 
STUDY LOCATION 

(MAPS) 
 
•! Geographical location 

•! Scale 

•! Sampling points 

•! Study-specific features 
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LOCATION OF 
STUDY SITES 

SCALE 

LAT. LONG.  
NORTH 

GEOGRAPHICAL 
POSITION 

EXPLANATION 
OF SYMBOLS 

RELEVANT 
FEATURES 

LOCATION OF 
STUDY SITES 

SCALE 

NORTH 

EXPLANATION 
OF SYMBOLS 

LAT. LONG.  

LOCATION OF 
STUDY SITES 

SCALE 
NORTH 

GEOGRAPHICAL 
POSITION 

EXPLANATION 
OF SYMBOLS 

LOCATION OF 
STUDY SITES 

SCALE 
NORTH 

GEOGRAPHICAL 
POSITION 

EXPLANATION 
OF SYMBOLS 
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LOCATION OF 
STUDY SITES 

SCALE 

NORTH 

GEOGRAPHICAL 
POSITION 

LAT. LONG.  
NORTH 

ADDITIONAL 
INFORMATION 

REFERENCE 

FEATURES 

LOCATION OF 
STUDY SITES 

SCALES 

RELEVANT 
FEATURES 

(CURRENTS) 

WINDOWS OF 
STUDY AREAS 

LATITUDE 

Field methods / Experimental setup 
 
   sampling strategy 
     (approach, timing, sites, replication) 
   sampling methods and materials 
     (sampling procedures, equipment, preservation of biological material) 

 
Laboratory / analytic methods 
 
   laboratory analyses 
     (methods followed - references if appropriate, equipment, routine           

procedures) 
 

Data analysis 
 
   data transformation 
   statistical tests performed 
 

SETUP  
TABLES 
AND DIAGRAMS 

SPECIFIC 
EXPERIMENTAL 

TEST 

VARIABLES 

EXPLANATION 
OF SYMBOLS SUMMARY STATISTICS 

OF EXPERIMENTAL CONDITIONS 

HORIZONTAL 
RULES ONLY 

LEGEND 
AT THE TOP 

PARAMETERS 
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VARIABLES 

VARIABLES TO INCLUDE 
 IN FUNCTIONAL MODEL 

HORIZONTAL 
RULES ONLY 

LEGEND 
AT THE TOP 

Associated conceptual diagram 

POOLS 

CONCEPTUAL FLOW DIAGRAM 

PROCESS 

FORCING  
FUNCTION 

Results 

Begin with an exploratory analysis of your data 
set: 
 

Summary statistics of your data set before you 
move into confirmatory tests 

(Tables and Figures with mean values and 
error) 
 

Do not repeat the same information in the text and 
tables or figures. If you put results of statistical 
tests in a table, in the text you only refer the 

trend. If you put them along the text, you omit 
the table. 

CLASS 

LOCATION 

SUMMARY STATISTICS 
OF MEASURES 

HORIZONTAL 
RULES ONLY 

LEGEND 
AT THE TOP 

PARAMETERS 
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PROBABILITY 
VALUE 

VARIABLES 

SOURCE OF  
VARIATION 

EXPLANATION 
OF SYMBOLS 

MULTIPLE 2-WAY 
FACTORIAL ANOVA 

LEGEND 
AT THE TOP 

ANOVA 
RESULTS 

HORIZONTAL 
RULES ONLY 

SOURCE OF  
VARIATION MIXED ANOVA 

LEGEND 
AT THE TOP 

ANOVA 
RESULTS 

HORIZONTAL 
RULES ONLY 

PROBABILITY 
VALUE 

VARIABLES 

SOURCE OF  
VARIATION 

EXPLANATION 
OF SYMBOLS 

MULTIPLE 2-WAY 
FACTORIAL ANOVA 

LEGEND 
AT THE TOP 

ANOVA 
RESULTS 

HORIZONTAL 
RULES ONLY 

EXPLANATION OF  
SYMBOLS 

VARIABLES 

SOURCE OF  
VARIATION 

MULTIPLE 2-WAY 
FACTORIAL ANOVA 

LEGEND 
AT THE TOP 

ANOVA 
RESULTS 

HORIZONTAL 
RULES ONLY 
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PROBABILITY 
VALUE 

VARIABLES 

NESTED  
SOURCE OF  
VARIATION 

MULTIPLE NESTED ANOVA 

ANOVA 
RESULTS 

VARIANCE 
EXPLAINED 

TRANSFORMATION  
AND ASSUMPTIONS 

SIGNIFICANCE 
LEVEL 

VARIABLES 

EXPLANATION 
OF SYMBOLS 

LOG-LINEAR MODELS 
WITH G-STATISTICS 
(GOODNESS OF FIT 

G value 

LEGEND 
AT THE TOP 

FACTORS 
INTERACTION 

FIT 

VARIABLES 

EXPLANATION 
OF SYMBOLS 

ALLOMETRIC 
RELATIONSHIPS CLASS 

LEGEND 
AT THE TOP 

DIFFERENCE TEST 

N 

ADDITIONAL 
INFORMATION 

OBTAINED 
EQUATIONS CHARACTERS 

EXPLANATION 
OF SYMBOLS 

MORPHOLOGICAL 
COMPARISONS SPECIES 

LEGEND 
AT THE TOP 

VERTICAL RULES 

IN THIS CASE 
SETAL COUNTS 

ADDITIONAL 
INFORMATION 
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LINE GRAPHS 

95% CI 

SPATIAL 2 

EXPLANATION 

2ND  
VARIABLE 1ST 

VARIABLE 

SPATIAL 1 

SYMBOL 

COMMON 
X-AXIS 

LINE GRAPHS 

95% CI 

EXPLANATION 

Y-AXIS 2 Y-AXIS 1 

LOCATION SYMBOL 

CONTINUOUS 
VARIABLE 

LINE GRAPHS 
SYMBOL 

EXPLANATION 

Y-AXIS 2 
Y-AXIS 1 

TIME 

CONTRASTING SYMBOLS 

LINE GRAPHS 

DIFFERENT LINES AND SYMBOLS 
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LINE GRAPHS 

Y-AXIS 
EXPERIMENTAL 

RESPONSE 

2ND LEVEL  
VARIABLE 

1ST LEVEL  
VARIABLE 

CLASSES 

LINE GRAPHS 

VARIABLE 

EXPLANATION 
OF SYMBOLS 

SE 

SUBTITLES 

LEGEND WITH EXPLANATION 
COMMON 

X-AXIS 

BAR GRAPHS SPECIES 

SE 

Y-AXIS 
EXPERIMENTAL 

RESPONSE 

EXPLANATION 

2ND LEVEL  
VARIABLE 

1ST LEVEL  
VARIABLE 

BAR GRAPHS 

SUBTITLES 

ADDITIONAL 
INFORMATION 

VARIABLE 

EXPLANATION 
OF SYMBOLS 

UNIT 

SPATIAL AND 
TEMPORAL 

SCALES 
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SIZE-FREQUENCY 
HISTOGRAMS SIZE CLASSES 

NO INTERVAL 
BETWEEN CLASSES! 

DATE 

SIZE-FREQUENCY 
HISTOGRAMS 

SIZE CLASSES 

NO INTERVAL 
BETWEEN CLASSES! 

DATE 

N 

GENDER 
JUVENILES 

BREAK IN SCALE 

OVIGEROUS 
FEMALES 

COMPOUND GRAPHS VARIABLES 

EXPLANATION 
OF SYMBOLS 

HIHGHLIGHT COMMON 
X-AXIS TITLE 

N 

LOCATION 

BREAK IN 
SCALE 

COMPOUND GRAPHS 

VARIABLES 

EXPLANATION 
OF SYMBOLS 

X-AXIS ADD 

MISSING DATA 

COMMON 
X-AXIS 



15 

EXPLANATION 
OF SYMBOLS 

BOX-WHISKER 
PLOTS 

Y-AXIS 
MEASURED VARIABLES 

HABITAT 

MEAN 

95% CI 

SE 

OUTLIERS 

EXPLANATION 
OF SYMBOLS 

BOX-WHISKER 
PLOTS 

Y-AXIS 
MEASURED VARIABLE 

UNIT 

MEAN 

SD 

SE 

AREA GRAPHS 

Y-AXIS 
EXPERIMENTAL 

RESPONSE 

EXPLANATION 
OF SYMBOLS 

2ND LEVEL  
VARIABLE 

1ST LEVEL  
VARIABLE 

CLASSES 

TIME 

CONTOUR GRAPHS 

SPECIES 

CONTOUR 
LEVEL 

EXPERIMENTAL 
RESPONSE 

EXPLANATION 

2ND LEVEL  
VARIABLE 

1ST LEVEL  
VARIABLE 

CONTOUR N 

% 
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COMPOUND GRAPHS VARIABLES 

EXPLANATION 
OF SYMBOLS 

CONFIDENCE 
INTERVAL 

HIGHLIGHTS 

LEGEND WITH EXPLANATION 

N 

FITNESS GRAPHS 

VARIABLE 

EXPLANATION 
OF SYMBOLS 

FITTED CURVE 

SUBTITLES 

LEGEND WITH EXPLANATION 
TIME WITH  
HIGHLIGHT 

MODE C3 

MODE C4 

DENDROGRAM 

VARIABLES 

DISTANCE 

2ND LEVEL GROUP 
HIGHLIGHT 

1ST LEVEL GROUP 
HIGHLIGHT 

PCA – GEOMETRIC  
MORPHOMETRY 

SECOND AXIS 

FIRST AXIS 

ENVELOPE 90% 
PROBABILITY 

ACESSORY 
INFORMATION 
DEFORMATION 

GRIDS 

SYMBOLS 
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DIFFERENT 
SCALES 

EXPLANATION 
OF SCALE 

LEGEND WITH  
EXPLANATION 

SPECIES 

LINE DRAWING LINE DRAWING 

SCALE 

 
DIFFERENT LINE WIDTHS 

DIFFERENT SCALES 
 



 

 
 
ANNEX 4 
FIELDWORK EXERCISES 
 
 
 
 

• Tidal flats: using the bubble crab Dotilla fenestrata to study regression, 

correlation and 1-way ANOVA 

• Mangrove forests: using the gastropod genus Littoraria to study multi-way 

ANOVA 

• Seagrass meadows: using associated biodiversity to study species richness 

and diversity 

• Rocky shores: using associated biodiversity to study species richness and 

diversity 

 
 
 
 
 
 
 
 



 
	  

Objectives	  of	  the	  exercise:	  

	   1.	  Sampling	  protocol	  to	  apply	  regression	  and	  correlation	  techniques.	  

	   2.	  Sampling	  protocol	  following	  a	  factorial	  design	  to	  apply	  Analysis	  of	  Variance.	  	  

Rationale:	  

	   1.	  Analyse	  the	  relationship	  between	  crab	  size	  (carapace	  width;	  independent	  variable)	  and	  i)	  

crab	   burrow	   diameter	   and	   ii)	   crab	   fresh	   weight	   (dependent	   variables),	   using	   linear	  

regression,	  performing	  separate	  regressions	  for	  each	  dependent	  variable.	  

	   2.	   Analyse	   the	   differences	   in	   i)	   the	   diameter	   and	   in	   ii)	   the	   density	   of	   crab	   burrows	  

(dependent	   variables)	   in	   different	   sand	   bars	   in	   relation	   to	   three	   independent	   variables:	  

longitudinal	  distance	  (1	  -‐	  Proximal	  and	  2-‐	  Distal),	  vertical	  position	  (1	  -‐	  High	  and	  2	  -‐	  Low),	  and	  

sand	  bar	  (random	  factor,	  four	  sand	  bars).	  

Global	  strategy:	  

	   1.	   Select	   at	   least	   50	   burrows	   haphazardly	   across	   the	   different	   zones	   (positions,	   heights,	  

sand	  bars)	  and	  measure	  burrow	  diameter,	  crab	  CW	  and	  crab	  weight.	  

	   2.	   Sample	   10	   quadrats	   at	   each	   zone	   (each	   level	   of	   the	   independent	   variables).	   In	   each	  

quadrat	   measure	   burrow	   density	   and	   burrow	   diameter	   (1	   quadrat=	   1	   replicate;	   each	  

quadrat	  is	  25x25	  cm).	  

	  

1.	  Collecting	  methods:	  

1. Select	  the	  burrow	  and	  measure	  its	  diameter	  carefully.	  Wait	  (5-‐10	  min)	  for	  the	  crab	  to	  

come	  out	  of	  the	  burrow,	  catch	  it,	  measure	  and	  weight	  it,	  and	  release	  it.	  Haphazardly	  

choose	  another	  burrow	  at	  least	  10	  m	  from	  the	  previous	  one	  and	  repeat.	  Collect	  from	  

different	  longitudinal	  positions,	  intertidal	  heights	  and	  sand	  bars.	  

2. Before	  sampling,	  decide	  on	  the	  positions	  and	  limits	  of	  the	  different	  zones.	  Place	  the	  10	  

quadrats	  haphazardly	  in	  each	  zone,	  separated	  by	  at	  least	  5	  m.	  

2.	  Field	  analysis	  methods:	  

2.1.	  Burrow	  and	  crab	  size	  measurements	  

• Use	  a	  calliper	  to	  measure	  burrow	  diameter	  and	  crab	  carapace	  width	  (CW).	  Use	  a	  

balance	  to	  weight	  the	  crabs.	  

	  	  	  	  Fieldwork	  1	  -‐	  tidal	  flat	  
	  

	  	  	  	  	  	  	  	  	  	  -‐	  Biodiversity	  Masma	  Course	  2013	  -‐	  
	  



• Count	  the	  number	  of	  burrows	  visually.	  To	  measure	  the	  burrow	  diameter	  in	  Objective	  

2,	  take	  a	  photograph	  from	  a	  vertical	  position	  about	  1	  m	  from	  the	  quadrat.	  These	  will	  

be	  analysed	  later	  with	  ImageJ.	  

• Record	  all	  data	  on	  the	  data	  sheets.	  

• All	  datasheets	  checked	  and	  assembled.	  6	  to	  8	  students	  working	  individually	  for	  

Objective	  1.	  Four	  groups	  of	  3	  students	  for	  Objective	  2.	  

	  

MATERIALS	  

Metal	  frame	  (25x25	  cm),	  4	  compact	  cameras,	  6-‐8	  callipers,	  6-‐8	  shovels,	  field	  sheets,	  pencils.	  	  
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Dotilla fenestrata 

Dotilla fenestrata 

UF!! Dam animal !!!
I will get you even if !
I have to stay all day.!

UuUu!
Come and get me…!

Now I m here, !
now I don t!!
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Distance	   Position	   Burrow	  
diameter	  (mm)	  

Crab	  CW	  
(mm)	  

	  
Crab	  Weight	  

(g)	  
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Sand	  bars:	  _________________________	  
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Distance:___________________________;	  Position:_______________________	  

Quadrat	   Burrow	  density	  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

	  

Distance:___________________________;	  Position:_______________________	  

Quadrat	   Burrow	  density	  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  
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Distance:___________________________;	  Position:_______________________	  

Quadrat	   Burrow	  density	  

1  

2  

3  

4  

5  

6  

7  

8  

9  
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Quadrat	   Burrow	  density	  

1  

2  

3  

4  

5  

6  

7  

8  

9  
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Objective	   of	   exercise:	   Sampling	   protocol	   following	   a	   factorial	   design	   to	   apply	   Analysis	   of	  

Variance.	  	  

Rationale:	   Analyse	   the	   differences	   in	   the	   density	   and	   size	   of	   the	   specimens	   (dependent	  

variables)	   from	   each	   of	   the	   four	   gastropod	   species	   of	   the	   genus	   Littoraria	   (L.	   scabra,	   L.	  

intermedia,	   L.	   subvittata,	   L.	   pallescens)	   in	   relation	   to	   two	   independent	   variables:	   forest	  

zone	   (1	   -‐	   Avicennia	   marina	   low;	   2	   -‐	   Mixed	   middle	   mangrove,	   and	   3	   -‐	   Avicennia	   marina	  

upper)	  and	  substrate	  type	  (leaves	  and	  trunk).	  	  

Global	   strategy:	   Sampling	   of	   3	   plots	   of	   10x10m	   per	   zone.	   In	   each	   plot,	   collection	   of	   the	  

existent	   gastropods	   from	   trunks	   and	   leaves,	   counting	   them	   and	   measuring	   their	   length.	  

Comparison	   of	   density	   and	   length	   differences	   within	   a	   species	   across	   the	   different	  

categories	  of	  the	  independent	  variables	  in	  study.	  	  

	  

1.	  Collecting	  methods:	  

1.1.	  Tree	  patch	  zones	  

• Definition	   of	   the	   different	   tree	   patches	   across	   the	   tidal	   zone	   to	   use	   (1	   -‐	   Avicennia	  

marina	  low;	  2	  -‐	  Mixed	  middle	  mangrove,	  and	  3	  -‐	  Avicennia	  marina	  upper).	  	  

• Establishment	   of	   3	   plots	   (replicates)	   of	   10x10m	   in	   each	  patch	   (distancing	  more	   than	  

15m	   between	   each	   plot	   –	   non	   contiguous	   plots),	   using	   rope	   (40	   m).	   Groups	   of	   4	  

students	  per	  plot.	  

	  1.2.	  Substrate	  type	  

• Within	   each	   plot,	   collect	   into	   plastic	   bags	   specimens	   from	   Littoraria	   spp.,	   from	   tree	  

trunks	  and	  leaves,	  separately.	  	  

• Keep	  collecting	  for	  a	  maximum	  of	  15-‐20	  minutes	  per	  plot.	  	  

2.	  Field	  analysis	  methods:	  

2.1.	  Species	  identification	  

• At	  the	  end	  of	  the	  full	  sampling	  program	  separate	  the	  gastropods	  by	  species	  into	  plastic	  

containers	  using	  provided	  key/images.	  	  

• Count	  the	  number	  of	  individuals	  per	  zone/	  plot/	  substrate	  type/	  species	  (use	  the	  field	  

sheet	  given).	  Group	  of	  10	  students.	  	  

2.2.	  Individual	  length	  measurement	  

	  	  	  	  Fieldwork	  2	  -‐	  mangroves	  
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• Use	  a	  caliper	  to	  measure	  the	  length	  of	  all	  the	  individuals	  collected	  and	  identified	  

previously.	  Use	  the	  field	  sheet	  given.	  	  

• When	  finished,	  the	  gastropods	  are	  returned	  to	  their	  natural	  habitat.	  	  

• All	  datasheets	  checked	  and	  assembled.	  Group	  of	  10	  students.	  

	  

MATERIALS	  

Calipers,	  80	  plastic	  bags,	  field	  sheets,	  rope	  (5x40	  m),	  10	  marker	  pens,	  field	  box	  for	  material	  

transportation,	  10	  plastic	  trays.	  	  
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OBJECTIVES 
 
 
MULTIPLE HYPOTHESIS TESTING, USING 2-WAY FACTORIAL 
ANALYSIS OF VARIANCE. 
 
 
 
 
MODEL ORGANISMS/HABITATS 
 
LITTORARIA SPP. ON MANGROVE TREES 

FACTORS (INDEPENDENT VARIABLES) 
 
 
MANGROVE ZONES (3 levels) 
(Avicennia marina - low, Mixed zone, Avicennia marina - high) 
 
 
 
SUBSTRATUM (2 levels) 
(Bark, leaves) 
 

MEASURED VARIABLES (DEPENDENT VARIABLES) 
 
 
LITTORARIA SPECIES  
(4 possible - Littoraria scabra, L. palescens, L. subvittata, L. intermedia) 
 
 
 
ABUNDANCE (NUMBER) 
 
 
 
DIMENSION (MAXIMUM LENGTH) 
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Zone 1: 
Avicennia marina 
in the lower mangrove forest 

Zone 2: 
Area with mixed Rizophora mucronata and Ceriops tagal 

Zone 3: 
Avicennia marina 
in the upper mangrove forest 
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Bark 

Leaves 

SUBSTRATUM 

Littoraria scabra  
Littoraria pallescens 
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Littoraria subvittata Littoraria intermedia 
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Plot	  number	   Substrate	  type	   Gastropod	  species	   Individual	  count	  

1	  

Leaves	  

Littoraria	  scabra	    

Littoraria	  intermedia	    

Littoraria	  subvittata	    

Littoraria	  pallescens	    

Trunk	  

Littoraria	  scabra	    

Littoraria	  intermedia	    

Littoraria	  subvittata	    

Littoraria	  pallescens	    

2 

Leaves	  

Littoraria	  scabra	    

Littoraria	  intermedia	    

Littoraria	  subvittata	    

Littoraria	  pallescens	    

Trunk	  

Littoraria	  scabra	    

Littoraria	  intermedia	    

Littoraria	  subvittata	    

Littoraria	  pallescens	    

3 

Leaves	  

Littoraria	  scabra	    

Littoraria	  intermedia	    

Littoraria	  subvittata	    

Littoraria	  pallescens	    

Trunk	  

Littoraria	  scabra	    

Littoraria	  intermedia	    

Littoraria	  subvittata	    

Littoraria	  pallescens	    
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Plot	  zone:	  _____________________________	  

Date:	  _______________________________	  	  	  

Location:	  ____________________________	  

Operator:	  ____________________________	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  



 
Total	  length	  

(mm)	  
Total	  length	  

(mm)	  
Total	  length	  

(mm)	  
Total	  length	  

(mm)	  
Total	  length	  

(mm)	  
Total	  length	  

(mm)	  
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Zone/Plot:	  ____________/____________	  

Substrate:_____________________	  	  

Species:	  ____________________________	  

Date	  &	  Operator:__________________________	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  



KEY	  TO	  SPECIES	  OF	  LITTORARIA	  FROM	  MANGROVES	  IN	  MOZAMBIQUE	  
By	  José	  Paula	  
	  
1.	  Columella	  internal	  border	  white	  	  ....................................................	  	  2	  
-‐	  Columella	  internal	  border	  usually	  narrow,	  purple	  or	  brown	  	  .........	  	  3	  

	  
2.	  Columella	  all	  white,	  shells	  with	  variable	  ground	  colour,	  yellowish,	  

orange,	  pink	  or	  other	  	  ...................................................	  	  L.	  pallescens	  
L.	  pallescens:	  sometimes	  striped	  or	  banded	  with	  sparse	  black	  or	  brown	  dashes;	  
fragile	  thin	  shells;	  columella	  may	  be	  purple	  in	  darker	  specimens,	  with	  moderate	  
width.	  

-‐	  Columella	  usually	  with	  purple	  band	  but	  with	  white	  internal	  margin,	  
shells	  large	  and	  with	  pale	  colour	  	  ........................................	  	  L.	  scabra	  

L.	  scabra:	  shell	  whitish,	  cream	  or	  pale	  brown;	  pattern	  of	  black	  or	  dark	  brown	  dashes	  
mostly	  on	  ribs;	  strong/solid	  shells	  with	  moderate	  thickness;	  columella	  wide	  shallowly	  
excavated.	  

	  
3.	  Shells	  with	  continuous	  large	  longitudinal	  dark	  bands;	  long	  and	  

narrow	  shell	  	  ..................................................................	  	  L.	  subvittata	  
L.	  subvittata:	  ground	  colour	  yellow,	  cream	  or	  pale	  brown,	  quite	  similar	  to	  L.	  
subvittata;	  thin	  but	  not	  as	  thin	  as	  L.	  pallescens;	  stripes	  better	  defined	  than	  in	  L.	  
intermedia;	  shape	  more	  continuous;	  columella	  never	  pinkish	  brown	  and	  never	  white,	  
with	  moderate	  width.	  

-‐	  Shells	  from	  dark	  brown	  to	  black,	  without	  continuous	  large	  
longitudinal	  dark	  bands	  but	  variable	  colour	  pattern	  with	  dense	  dark	  
colouration	  	  ..................................................................	  	  L.	  intermedia	  	  

L.	  intermedia:	  very	  strong/solid	  and	  thick	  shells;	  columella	  wide	  and	  purple.	  
	  
	  

	  
	  
	  

L.	  scabra	   L.	  pallescens	  

L.	  subvittata	   L.	  intermedia	  
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Advanced	  course	  on	  

SCIENTIFIC	  TOOLS	  FOR	  COASTAL	  BIODIVERSITY	  ASSESSMENTS	  

	  

Practical	  Fieldwork	  3	  

Habitat:	  Seagrass	  beds	  

Subject	  of	  research:	  Measurement	  &	  assessment	  of	  biodiversity	  part	  I:	  seagrass	  beds	  

Rationale:	  Estimation	  &	  comparison	  of	  biodiversity	  measures	  and	  indices	  in	  seagrass	  patches:	  

challenges	   and	   opportunities	   –	   an	   overview	   of	   sampling	   issues	   in	   species	   diversity	   and	  

abundance	  surveys.	  	  

	  

Global	   strategy:	   use	   different	   methods	   in	   the	   field	   to	   sample	   biodiversity	   and	   abundance.	  

Methods	  to	  be	  used:	  1.	  quadrat	  survey	  technique:	  (a)	  presence/absence	  of	  species	  within	  the	  

quadrat	  area;	  (b)	  count	  all	  the	  individuals	  in	  all	  species	  within	  the	  quadrat	  area	  and	  (c)	  identify	  

and	   count	   the	   species	   in	   the	   49	   interceptions	   of	   the	   quadrat	   &	   calculate	   %	   coverage;	   2.	  

Transept	  survey:	  count	  all	  the	  species	  in	  a	  transept	  line	  of	  40m.	  We	  will	  evaluate	  seagrasses	  in	  

terms	   of	   diversity	   (species	   composition	   and	   abundance)	   by	   performing	   rarefaction	   and	  

accumulation	   curves,	   and	   estimating	   biodiversity	   through	   different	   measures	   and	   indices	  

(Shannon-‐Wiener,	  Dominance,	  Evenness,	  etc…).	  The	  aim	  is	  to	  assess	  and	  evaluate	  the	  different	  

methodologies	   in	   terms	   of	   types	   of	   data	   obtained,	   how	   and	   where	   to	   sample	   according	   to	  

different	   research	   issues.	   We	   will	   learn	   how	   to	   be	   clear	   and	   straightforward	   when	   setting	  

objectives	  and	  thinking	  the	  experimental	  design	  of	  biodiversity	  studies.	  	  	  

	  

Methodologies:	  

1.	  FIELD	  PROTOCOL	  

Choose	  an	  area	  where	  the	  seagrass	  covers	  at	  least	  50%	  of	  the	  substrate	  in	  a	  quadrat	  (seagrass	  

with	  continuous	  distribution,	  not	  in	  small	  patches).	  

1.1.	  Quadrat	  survey	  technique	  

1.1.1.	  Presence/Absence	  of	  species	  –	  Incidence	  survey	  

Set	  the	  0.5x0.5m	  quadrats	  randomly	  in	  the	  seagrass	  area	  chosen.	  Make	  a	  list	  of	  all	  the	  present	  

species	  within	  the	  quadrat	  area.	  Group	  of	  3	  students	  per	  quadrat.	  

	  

Fieldwork	  tidal	  platform	  
	  

-‐	  Masma	  Course	  2013	  -‐	  
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1.1.2.	   Individual	   count	   of	   total	   number	   of	   specimens	   for	   all	   species	   –	   Abundance	   and	  

distribution	  survey	  

Count	   the	   total	   number	   of	   specimens	   for	   all	   species	   where	   you	   are	   able	   to	   identify	   each	  

specimen	   individually	   (exclude	   algae,	   sponges,	   etc…)	   within	   each	   quadrat.	   Collect	   and	  

photograph	  morphospecies	  that	  you	  were	  not	  able	  to	  identify	  in	  the	  field.	  Group	  of	  4	  students	  

per	  quadrat.	  

1.1.3.	  Percent	  coverage	  of	  species	  –	  spatial	  distribution	  of	  species	  

Use	   the	   quadrat	   divisions	   to	   identify	   and	   count	   the	   species	   that	   coincide	   with	   the	   49	  

interceptions.	  All	  species	  that	  are	  found	  within	  a	  quadrat	  but	  are	  not	  under	  an	  interception	  will	  

be	  considered	  as	  1%	  coverage.	  Estimate	  the	  %	  coverage	  for	  the	  rest	  of	  the	  species,	  considering	  

49	  interceptions	  as	  100%.	  Group	  of	  3	  students	  per	  quadrat.	  

1.2.	  Strip-‐Transect	  survey	  technique	  

Define	  random	  transects	  of	  40m	  and	  define	  a	  strip	  of	  1m	  width	  (0.5m	  to	  each	  side	  of	  the	  line),	  

and	  count	  all	   individuals	  in	  all	  species	  within	  the	  strip.	  The	  estimated	  densities	  will	  then	  used	  

to	  extrapolate	  to	  the	  uncovered	  areas,	  to	  gain	  a	  population	  estimate.	  The	  assumption	  is	  that	  

all	   individuals	  within	  the	  strip	  are	  detected,	   limiting	  the	  strip	  width.	  Although	  one	  can	  adjust	  

estimates	   if	  one	  knows	   the	  proportion	  of	  observations	  missed,	   it	   is	   important	   that	  detection	  

probability	   does	   not	   decrease	   with	   distance	   from	   the	   centre	   of	   the	   strip.	   All	   observations	  

outside	  the	  strip	  have	  to	  be	  skipped	  from	  the	  analyses.	  

	  

2.	  LABORATORY	  PROCEDURE	  

Identify	  the	  species	  of	  the	  collected	  organisms.	  

	  

3.	  DATA	  ANALYSIS	  

3.1.	  Accumulation	  and	  rarefaction	  curves	  

3.2.	  Richness	  metrics	  

3.3.	  Diversity	  metrics	  

3.4.	  Evenness	  metrics	  

3.5.	  Dominance	  or	  common	  species	  metrics	  

3.6.	  High	  rarity	  metrics	  

3.7.	  Taxonomic	  indices	  

	  

4.	  MATERIALS	  

0.5x0.5	  quadrats,	  field	  guide,	  field	  sheets,	  pencils	   



	  
	  

Taxa	  
Specimen	  number	  

Q1	   Q2	   Q3	   Q4	   Q5	  
Cerianthus sp. 	   	   	   	   	  
Diogenes senex 	   	   	   	   	  
Calcinus seurati 	   	   	   	   	  
Dardanus megistos 	   	   	   	   	  
Calappa hepatica 	   	   	   	   	  
Thalamita crenata 	   	   	   	   	  
Thalamita sp. 	   	   	   	   	  
Modiolus philippinarum (mussel) 	   	   	   	   	  
Pinna muricata  	   	   	   	   	  
Pinna bicolor  	   	   	   	   	  
Atrina pectinata  	   	   	   	   	  
Atrina vexillum  	   	   	   	   	  
Pinctada capensis (oyster) 	   	   	   	   	  
Monodonta sp.   	   	   	   	   	  
Cypraea annulus 	   	   	   	   	  
Cypraea moneta 	   	   	   	   	  
Cypraea tigris 	   	   	   	   	  
Cypraea erosa 	   	   	   	   	  
Cypraea c.f. (brown) 	   	   	   	   	  
Natica gualteriana 	   	   	   	   	  
Morula granulata 	   	   	   	   	  
Thais savignyi 	   	   	   	   	  
Conus ebraeus 	   	   	   	   	  
Conus textile 	   	   	   	   	  
Strombus sp. 	   	   	   	   	  
Dolabella auricularia 	   	   	   	   	  
Culcita schmideliana 	   	   	   	   	  

Epifauna	  diversity	  
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Habitat:	  ______________________________	  

Date:	  _______________________________	  	  	  

Location:	  ____________________________	  

Operator:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  



 

 

Ophiocoma scolopendrina 	   	   	   	   	  
Echinometra mathaei 	   	   	   	   	  
Diadema setosum 	   	   	   	   	  
Salmacis bicolor  	   	   	   	   	  
Tripneustes gratilla 	   	   	   	   	  
Synapta maculata 	   	   	   	   	  
Opheodesoma grisea 	   	   	   	   	  
Holothuria atra 	   	   	   	   	  
Holothuria leucospilota 	   	   	   	   	  
Holothuria scabra 	   	   	   	   	  
Holothuria c.f. insignis 	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	   	   	   	   	   	  
	  



	  

Advanced	  course	  on	  

SCIENTIFIC	  TOOLS	  FOR	  COASTAL	  BIODIVERSITY	  ASSESSMENTS	  

 

Practical	  Fieldwork	  4	  

Habitat:	  Rocky	  shores	  

Subject	  of	  research:	  Measurement	  &	  assessment	  of	  biodiversity	  part	  II:	  rocky	  shores	  exposed	  

to	  strong	  wave	  action	  

Rationale:	   Estimation	  &	   comparison	  of	   biodiversity	  measures	   and	   indices	   in	   rocky	   platforms	  

(outside	  tidal	  pools):	  challenges	  and	  opportunities	  –	  an	  overview	  of	  sampling	  issues	  in	  species	  

diversity	  and	  abundance	  surveys.	  

	  

Global	   strategy:	   use	   different	   methods	   in	   the	   field	   to	   sample	   biodiversity	   and	   abundance.	  

Methods	  to	  be	  used:	  1.	  quadrat	  survey	  technique:	  (a)	  presence/absence	  of	  species	  within	  the	  

quadrat	  area;	  (b)	  count	  all	  the	  individuals	  in	  all	  species	  within	  the	  quadrat	  area	  and	  (c)	  identify	  

and	   count	   the	   species	   in	   the	   49	   interceptions	   of	   the	   quadrat	   &	   calculate	   %	   coverage;	   2.	  

Transept	  survey:	  count	  all	  the	  species	  in	  a	  transept	  line	  of	  40m.	  We	  will	  evaluate	  rocky	  shores	  

in	   terms	   of	   diversity	   (species	   composition	   and	   abundance)	   by	   performing	   rarefaction	   and	  

accumulation	   curves,	   and	   estimating	   biodiversity	   through	   different	   measures	   and	   indices	  

(Shannon-‐Wiener,	  Dominance,	  Evenness,	  etc…).	  The	  aim	  is	  to	  assess	  and	  evaluate	  the	  different	  

methodologies	   in	   terms	   of	   types	   of	   data	   obtained,	   how	   and	   where	   to	   sample	   according	   to	  

different	   research	   issues.	   We	   will	   learn	   how	   to	   be	   clear	   and	   straightforward	   when	   setting	  

objectives	  and	  thinking	  the	  experimental	  design	  of	  biodiversity	  studies.	  	  	  

	  

Methodologies:	  

1.	  FIELD	  PROTOCOL	  

Choose	  an	  intertidal	  area	  completely	  emerged	  (no	  water	  pools	  in	  the	  study).	  

1.1.	  Quadrat	  survey	  technique	  

1.1.1.	  Presence/Absence	  of	  species	  –	  Incidence	  survey	  

Set	   the	   0.5x0.5m	   quadrats	   randomly	   in	   the	   rocky	   platform	   chosen.	   Make	   a	   list	   of	   all	   the	  

present	  species	  within	  the	  quadrat	  area.	  Group	  of	  3	  students	  per	  quadrat.	  

Fieldwork	  rocky	  shores	  
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1.1.2.	   Individual	   count	   of	   total	   number	   of	   specimens	   for	   all	   species	   –	   Abundance	   and	  

distribution	  survey	  

Count	   the	   total	   number	   of	   specimens	   for	   all	   species	   where	   you	   are	   able	   to	   identify	   each	  

specimen	   individually	   (exclude	   algae,	   sponges,	   etc…)	   within	   each	   quadrat.	   Collect	   and	  

photograph	  morphospecies	  that	  you	  were	  not	  able	  to	  identify	  in	  the	  field.	  Group	  of	  4	  students	  

per	  quadrat.	  

1.1.3.	  Percent	  coverage	  of	  species	  –	  spatial	  distribution	  of	  species	  

Use	   the	   quadrat	   divisions	   to	   identify	   and	   count	   the	   species	   that	   coincide	   with	   the	   49	  

interceptions.	  All	  species	  that	  are	  found	  within	  a	  quadrat	  but	  are	  not	  under	  an	  interception	  will	  

be	  considered	  as	  1%	  coverage.	  Estimate	  the	  %	  coverage	  for	  the	  rest	  of	  the	  species,	  considering	  

49	  interceptions	  as	  100%.	  Group	  of	  3	  students	  per	  quadrat.	  

1.2.	  Strip-‐Transect	  survey	  technique	  

Define	  random	  transects	  of	  40m	  and	  define	  a	  strip	  of	  1m	  width	  (0.5m	  to	  each	  side	  of	  the	  line),	  

and	  count	  all	   individuals	  in	  all	  species	  within	  the	  strip.	  The	  estimated	  densities	  will	  then	  used	  

to	  extrapolate	  to	  the	  uncovered	  areas,	  to	  gain	  a	  population	  estimate.	  The	  assumption	  is	  that	  

all	   individuals	  within	  the	  strip	  are	  detected,	   limiting	  the	  strip	  width.	  Although	  one	  can	  adjust	  

estimates	   if	  one	  knows	  the	  proportion	  of	  observations	  missed,	   it	   is	   important	   that	  detection	  

probability	   does	   not	   decrease	   with	   distance	   from	   the	   centre	   of	   the	   strip.	   All	   observations	  

outside	  the	  strip	  have	  to	  be	  skipped	  from	  the	  analyses.	  

	  

2.	  LABORATORY	  PROCEDURE	  

Identify	  the	  species	  of	  the	  collected	  organisms.	  

	  

3.	  DATA	  ANALYSIS	  

3.1.	  Accumulation	  and	  rarefaction	  curves	  

3.2.	  Richness	  metrics	  

3.3.	  Diversity	  metrics	  

3.4.	  Evenness	  metrics	  

3.5.	  Dominance	  or	  common	  species	  metrics	  

3.6.	  High	  rarity	  metrics	  

3.7.	  Taxonomic	  indices	  

	  

4.	  MATERIALS	  

0.5x0.5	  quadrats,	  field	  guide,	  field	  sheets,	  pencils	   
 



	  
	  
Phylum	   	  Groups	   Species	  

	  
Porifera	  

	  
Sponges	  

Tedania	  anhelans	  
Hymeniacedon	  perlevis	  
Haliclona	  oculata	  

	  
Cnidaria	  

	  
Sea	  anemones	  

Aulactinia	  reynaudi	  
Anemonia	  natalensis	  

	  
Zoanthids	  

Isaurus	  tuberculatus	  	  
Palythoa	  nelliae	  
Zoanthus	  sp	  

Annelida	   Polychaeta	   Idanthyrsus	  pennatus	  
	  
	  
	  

Arthropoda	  

	  
Bernacles	  

Tetraclita	  squamosa	  
Chthamalus	  dentatus	  

	  
Hermit	  crabs	  

Calcinus	  laevimanus	  
Clibanarius	  virescens	  

	  
True	  crabs	  

Lydia	  annulipes	  
Grapsus	  fourmanoiri	  
Grapsus	  grapsus	  tenuicrustatus	  
Eriphia	  smithi	  

	  
	  
	  
	  
	  

Mollusca	  

	  
Bivalvia	  

Perna	  perna	  (mussel)	  
Saccostrea	  cuccullata	  (Oyster)	  

	  
	  
	  
	  
	  
Gastropoda	  

Siphonaria	  capensis	  (false	  limpet)	  
Cellana	  capensis	  (limpet)	  
Nerita	  plicata	  
Nerita	  textilis	  
Littoraria	  glabrata	  
Nodolittorina	  natalensis	  
Nodolittorina	  africana	  
Morula	  granulata	  
Strombus	  sp.	  
Thais	  savignyi	  
Dendropoma	  tholia	  (colonial)	  
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Purpura	  panama	  
Planaxis	  sulcatus	  

Echinodermata	   Starfish	  
	  

Patiriella	  exigua	  

	  
Sea	  urchins	  

Echinometra	  mathaei	  
Stomopneustes	  variolaris	  

	  
Sea	  cucumbers	  

Holothuria	  cinerascens	  
Holothuria	  leucospilota	  
Actinopyga	  mauritiana	  

	   Ascidiacea:	  Sea	  
squirts	  

Diplosoma	  sp.	  (colonial)	  

	  



 
 

	  

Taxa	  
Specimen	  number	   Quadrat	  

0.05	  x	  0.05	  Q1	   Q2	   Q3	   Q4	   Q5	  
Tedania anhelans 	   	   	   	   	   	  
Hymeniacedon perlevis 	   	   	   	   	   	  
Haliclona oculata 	   	   	   	   	   	  
Aulactinia reynaudi 	   	   	   	   	   	  
Anemonia natalensis 	   	   	   	   	   	  
Isaurus tuberculatus  	   	   	   	   	   	  
Palythoa nelliae 	   	   	   	   	   	  
Zoanthus sp 	   	   	   	   	   	  
Idanthyrsus pennatus 	   	   	   	   	   	  
Tetraclita squamosa 	   	   	   	   	   	  
Chthamalus dentatus 	   	   	   	   	   	  
Calcinus laevimanus 	   	   	   	   	   	  
Clibanarius virescens 	   	   	   	   	   	  
Lydia annulipes 	   	   	   	   	   	  
Grapsus fourmanoiri 	   	   	   	   	   	  
Grapsus grapsus 
tenuicrustatus 

	   	   	   	   	   	  

Eriphia smithi 	   	   	   	   	   	  
Perna perna (mussel) 	   	   	   	   	   	  
Saccostrea cuccullata 
(Oyster) 

	   	   	   	   	   	  

Siphonaria capensis 	   	   	   	   	   	  
Cellana capensis 	   	   	   	   	   	  
Nerita plicata 	   	   	   	   	   	  
Nerita textilis 	   	   	   	   	   	  
Littoraria glabrata 	   	   	   	   	   	  
Nodolittorina natalensis 	   	   	   	   	   	  
Nodolittorina africana 	   	   	   	   	   	  
Morula granulata 	   	   	   	   	   	  
Strombus sp. 	   	   	   	   	   	  
Thais savignyi 	   	   	   	   	   	  

Diversity	  Record	  
-‐	  Masma	  Course	  2013	  –	  

Rocky	  shores	  

Habitat:	  ______________________________	  

Date:	  _______________________________	  	  	  

Location:	  ____________________________	  

Operator:	  ____________________________	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  



 
 

Dendropoma tholia 	   	   	   	   	   	  
Purpura panama 	   	   	   	   	   	  
Planaxis sulcatus 	   	   	   	   	   	  
Patiriella exigua 	   	   	   	   	   	  
Echinometra mathaei 	   	   	   	   	   	  
Stomopneustes variolaris 	   	   	   	   	   	  
Holothuria cinerascens 	   	   	   	   	   	  
Holothuria leucospilota 	   	   	   	   	   	  
Actinopyga mauritiana 	   	   	   	   	   	  
Diplosoma sp. 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 	   	   	   	   	   	  
 



 

 
 
ANNEX 5 
PERFORMANCE QUESTIONNAIRES 
 
 
 
 
 
 
 
 
 
 































































 

 
 
ANNEX 6 
ADDRESSING EVALUATION PANEL COMMENTS 
 
 
 
 
 
 
 
 
 
 



Addressing	  the	  comments	  rose	  by	  the	  WIOMSA	  Board	  at	  initial	  evaluation	  
stage	  
	  
	  
i)	  One	  of	  the	  outputs	  of	  the	  course	  should	  be	  a	  detailed	  training	  manual	  that	  will	  be	  posted	  in	  the	  
WIOMSA	  website	  as	  a	  reference	  material	  for	  those	  who	  would	  want	  to	  use	  it	  for	  that	  purpose.	  
	  
It	   was	   agreed	   to	   develop	   a	   training	   manual,	   based	   on	   the	   course	   theoretical	  
background	   and	   flow	   of	   practical	   field	   and	   computer	   exercises.	   The	   following	  
points	  should	  be	  considered:	  
	  

• Biodiversity	  concepts	  
• Statistical	  concepts	  and	  introductory	  sampling	  theory	  
• Designing	  sampling	  protocols	  –	  basic	  aspects	  
• Methodological	   approaches	   for	   population	   ecology,	   with	   emphasis	   on	  

ANOVA	  and	  co-‐variation	  –	  practical	  applications	  
• Methodological	  approaches	  for	  community	  ecology	  (biological	  diversity),	  

with	   emphasis	   on	   univariate	   and	   multivariate	   measures	   –	   practical	  
applications	  

• Bibliography	  and	  reference	  sources	  
	  
Given	   the	   timeframe	   of	   the	   reporting	   period,	   it	   is	   not	   possible	   to	   deliver	   this	  
‘manual’	   in	  conjunction	  with	  the	  present	  report.	  The	  manual	  has	  to	  incorporate	  
more	  formal	  elements	  and	  namely	  has	  to	  be	  designed	  to	  stand	  on	  its	  own	  for	  the	  
purpose	   –	   reference	   material.	   These	   elements	   are	   both	   formal	   (appropriate	  
graphical	   styles	   and	   adapted	   figures,	   etc.)	   as	   well	   as	   contents	   (preparation	   of	  
synthetic	  introductory	  materials).	  It	  will	  be	  developed	  along	  the	  year	  of	  2014.	  
	  
ii)	  Course	  report	  should	  include	  the	  following:	  

*	  Summary	  results	  of	  the	  course	  evaluation	  by	  participants	  and	  resource	  persons	  in	  terms	  
of	  the	  content,	  quality,	  quantity,	  delivery	  and	  organization	  of	  the	  course,	  and	  on	  the	  structure	  of	  the	  
training	  course	  curriculum.	  
	  
A	  standard	  detailed	  questionnaire	  was	  distributed	   to	  participants	  at	   the	  end	  of	  
the	  course	  (analyzed	  anonymously),	  and	  covered	  the	  points	  referred.	  Additional	  
involvement	   of	   resource	   persons,	   such	   the	   EBMI	   director,	   was	   impossible	   to	  
obtain	  due	  their	  absence	  from	  the	  Marine	  Station	  during	  the	  course.	  
	  

*	  Suggestions	  on	  how	  are	  you	  planning	  to	  ensure	  this	  course	  is	  sustained	  in	  the	  future?	  One	  
possible	  option	  that	  could	  be	  considered	  is	  to	  explore	  how	  some	  of	  the	  aspects	  of	  the	  course	  could	  be	  
integrated	  into	  the	  existing	  similar	  courses	  offered	  at	  different	  universities.	  
	  
As	   referred	   initially	   the	   sustainability	   of	   the	   course	   is	   a	   concern	   for	   the	  
organizers,	   and	   has	   been	   thoroughly	   discussed.	   Effort	   to	   increase	   its	  
sustainability	  was	  put	  along	  the	  following	  lines:	  

• The	   transfer	   of	   knowledge	   and	   capacity	   building	   regarding	   the	   more	  
technical	  aspects,	  such	  as	  statistics,	  was	  addressed.	  The	  involvement	  of	  a	  
young	  staff	  of	  the	  Department	  of	  Biological	  Sciences,	  Mrs.	  Damboia	  Cossa,	  
lecturer	   at	   UEM,	   was	   achieved.	   Mrs.	   Damboia	   Cossa	   has	   attended	   all	  
theory	   discussions,	   has	   participated	   in	   the	   organization	   of	   the	   scientific	  



program,	   and	   has	   provided	   a	   consistent	   support	   to	   the	   preparation	   of	  
materials	  and	  arrangements	  for	  computer	  classes	  and	  fieldwork,	  gaining	  
experience	   and	   learning	   the	   ‘why’	   and	   ‘how’	   aspects	   of	   the	   course	  
contents.	   It	   is	  envisaged	  that	  she	  will	  continue	  along	  this	   line	  of	  training	  
and	   hopefully	   will	   have	   the	   opportunity	   to	   incorporate	   the	   experience	  
obtained	  in	  her	  growing	  training	  activities	  at	  UEM.	  

• The	   exercise	   of	   integrating	   relevant	   course	  modules	   in	   the	   programs	   of	  
established	   courses,	   such	   as	   disciplines	   of	   the	   MSc	   program	   in	   Aquatic	  
Biology	   and	   Coastal	   Ecosystems	   (BAEC)	   at	   UEM,	   was	   contextualized	   in	  
view	   of	   the	   already	   existing	   collaboration.	   It	   should	   be	   noted	   however	  
that	   such	   curricula	   have	   a	   more	   national	   context	   and	   it	   would	   not	  
substitute	  the	  training	  at	  WIO	  level.	  	  

• There	  have	  been	  discussions	  with	  CEPAM	  Director	  in	  north	  Mozambique	  
to	   develop	   future	   editions	   of	   this	   or	   similar	   course,	   where	   links	   to	   the	  
University	  UNILURIO	  are	  strong.	  The	  Director	  of	  CEPAM	  granted	  support	  
to	   the	  course	  by	  co-‐funding	   logistical	  components	  of	   the	  course,	  such	  as	  
facilities	   and	   infrastructures.	   These	   and	   other	   possibilities	   will	   be	  
explored	  in	  the	  future	  for	  eventual	  future	  editions	  of	  the	  course.	  	  

• A	  more	   transnational	   edition	   of	   the	   course,	   namely	   at	   organization	   and	  
trainers	  levels,	  is	  also	  being	  contextualized.	  Discussions	  are	  being	  held	  in	  
order	  to	  open	  organization	  to	  joint	  UEM-‐UDSM/Zanzibar.	  

• Eventual	   future	   editions	   of	   the	   course	   could	   also	   address	   advanced	  
formation	   students,	   such	   as	   PhD	   students	   from	   WIO	   countries	   for	  
potential	  formal	  inclusion	  for	  the	  curricular	  components	  of	  their	  degrees.	  
This	   could	   enhance	   chances	   of	   getting	   external	   funds	   for	   participation	  
through	  own	  regular	  PhD	  grant	  allowances.	  For	  this	  the	  course	  should	  be	  
officially	  recognized	  as	  equivalent	  to	  regular	  courses,	  and	  should	  be	  set	  to	  
match	  the	  normal	  requirements	  (for	  example	  duration	   in	  equivalence	  to	  
credit	  systems	  –	  possibly	  the	  European	  ECTS	  system).	  	  

• Also,	  there	  could	  be	  the	  possibility	  of	  opening	  the	  course	  to	  students	  with	  
self-‐funding	  (WIO	  or	  not),	  obliging	  the	  course	  to	  meet	  higher	  degree	  own	  
self	  sustainability,	  while	  keeping	  a	  funding	  for	  a	  number	  of	  WIO	  students.	  

• Extra	   action	   on	   transfer	   of	   knowledge	   and	   capacities	   could	   involve	  
targeting	  participants	  that	  are	  engaged	  in	  academic	  teaching	  rather	  than	  
simply	  research,	   thus	  promoting	   the	  use	  of	   the	  course	   for	  application	   in	  
local	  academic	  curricula.	  

• Summarizing,	   i)	   future	   proposals	   for	   organizing	   the	   course	   will	  
incorporate	  elements	  of	  wider	  collaborative	  action	  within	  the	  WIO	  region,	  
irrespective	  of	  location	  where	  it	  would	  be	  held,	  ii)	  seek	  for	  higher	  degree	  
of	   co-‐support,	   iii)	   address	   a	   better	   articulation	   with	   ongoing	   formal	  
degrees	  of	  participants,	   iv)	  promote	  capacity	  building	  for	  young	  trainers	  
that	  may	  apply	  the	  acquired	  skills	  in	  local	  academic	  training	  activities.	  

	  
*	   Post-‐course	   activities.	   How	   do	   you	   intend	   to	   monitor	   the	   utilization	   of	   the	   skills	   and	  

knowledge	  acquired	  from	  the	  course	  after	  the	  course?	  
	  
A	  number	  of	  students	  have	  continued	  interacting	  with	  the	  trainers	  for	  informal	  
support	   to	   their	   research	   and	   academic	   difficulties.	   There	   are	   plans	   to	   contact	  
formally	  the	  involved	  course	  students	  at	  6-‐months	  and	  1	  year	  after	  completion.	  A	  



questionnaire	  will	  be	   send	   to	  assess	   the	  benefits	  of	   the	   course	   in	  a	   longer	   run.	  
These	  results	  will	  be	  condensed	  in	  formal	  reports	  to	  the	  WIOMSA	  board.	  
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CERTIFICATE

 

Inhaca Island, 14 December 2013

 Advanced course on

Scienti�c Tools for 
Coastal Biodiversity Assessments
a practical field-based approach for studying change 

in biological populations and communities using tropical 
intertidal habitats

The Western Indian Ocean Marine Science Association (WIOMSA)
in collaboration with

The Department of Biological Sciences of University Eduardo Mondlane, Mozambique
The Inhaca Island Marine Biological Station, Mozambique

The Faculty of Sciences of the University of Lisbon, Portugal
The University of Aveiro, Portugal

Prof. Salomão Bandeira
Regional Coordinator
UEM

Prof. José Paula
Scienti�c Coordinator
FCUL

We hereby certify that ________________________________________ 
has participated and completed the advanced course “Scientific Tools for 
Coastal Biodiversity Assessments”, organized by the Western Indian 
Ocean Marine Science Association (WIOMSA) in collaboration with the 
University Eduardo Mondlane (UEM), Mozambique, The Faculty of 
Sciences of the University of Lisbon (FCUL), Portugal, and the University 
of Aveiro (UA), Portugal, at the Inhaca Island Marine Biological Station 
(EBMI), Mozambique, from 2 to 13 December 2013.


	MasmaCourse_2013_REPORT
	ANNEX 1 INHACA
	ANNEX 1
	Intro1 Inhaca2
	Intro2 mangroves2
	Intro3 flats and seagrasses2
	Intro4 rocky shores2

	ANNEX 2 STATS
	ANNEX 2
	Stats1 Basic descriptive statistics2
	Stats2 Regression and Correlation2
	Stats3 1-way ANOVA2
	Stats4 Multi-way and nested ANOVA2
	Stats5 Richness measures2
	Stats6 Diversity measures2
	Stats7 Taxonomic diversity2

	ANNEX 3 OUTPUT
	ANNEX 3
	Output1 Method2
	Output2 paper2
	Output3 writing2
	Output4 Figs & Tables2

	ANNEX 4 FIELDWORK
	ANNEX 4
	Fieldwork tidal flat - protocol_FINAL
	Tidal Flat exercise ppt
	Field sheet - Tidal flat
	Field sheet - Tidal flat 2
	Fieldwork mangroves protocol
	Mangrove Exercise ppt
	Fieldsheet_LittorariaCounts
	Field sheet_LittorariaSizes
	Key to Littoraria
	Fieldwork seagrass beds - protocol
	Field sheet - epifauna seagrasses
	Fieldwork rocky shores - protocol
	Diversity rock shores
	Field sheet - rocky diversity record 2

	ANNEX 5 QUESTIONNAIRES
	ANNEX 5
	Annex5_Questionnaires
	1847_001
	1848_001
	1849_001
	1850_001
	1851_001
	1852_001
	1853_001
	1854_001
	1855_001
	1856_001
	1857_001
	1858_001
	1859_001
	1860_001
	1861_001


	ANNEX 6
	addressing WIOMSA comments
	ANNEX 7
	certificado wiomsa course 2013

