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1 Introduction 

Being able to benefit most from 

your diving experience and to 

contribute to the conservation 

of aquatic life is a challenge. 

To do it adequately requires 

theoretical knowledge, excellent 

diving skills and the will to 

convince others to contribute in 

the same way. Conservation 

diving is necessary to preserve 

our diving grounds and improve 

deteriorating situations such as 

destroying our reefs, overfishing 

etc. 

A task that seems enormous for a single diver and it is. But we are an economic and a very 

interested group. As tourist in diving locations we can influence everybody impressing on them 

that a healthy environment is a cornerstone for a sustainable development. 

 As an example: In Mexico, they discovered snorkelling with whale sharks raises much more 

income than hunting, killing and selling the mammals. It’s this type of insight that is a beginning 

to being more careful with the biodiversity that surrounds us and which is under threat through 

human actions. 

Every diver should be an Eco Diver, constantly aware of the beauty and the fragility of its 
surrounding. So every dive course should focus how to protect this eco system. But to 
understand this you need to know more. After completing this course, you are not only an Eco 
Diver. You understand what is needed to protect the environment. You may call yourself a 
Conservation Diver. 

We’ve chosen to make it a ‘complete’ course aimed 
at divers. Complete means this course contains all 
the basic knowledge required to become a 
‘conservation diver’. This journey starts by being 
more observant while diving, then to understand 
the cohesion of nature’s phenomena observed and 
the effects of human actions on this cohesion. 
Finally conservation divers will know how to 
contribute to the preservation and restoration of 
the ecosystems we visit. 

 

 

Whale shark - by Rob Kool 

Imaginary card. Replace it by your own local card 
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A conservation diver: 

• understands marine (and fresh water) biology: recognize more species (taxonomy) and 

understand cohesion within ecosystems 

• understand the main drivers and effects of climate change as result of human actions 

• recognizes and is aware of the effect of climate change on the aquatic biodiversity 

• knows the main specific threats to aquatic biodiversity 

• is aware of actions that can be taken to stimulate conservation, both top down and bottom-
up, including practicing excellent diving skills 

• increases the satisfaction of the diving by observing and understanding more than other 
divers (increasing the fun factor) 

The aim of CMAS is to reach as many divers as possible with this material. The challenge is how 

we can reach a durable balance of utilization and stability in our hydroplanet.  

The text of this course has a solid base in the earth sciences, aquatic biology, ecology, chemistry 

etc. A diver that is aware of the main topics of conservation biology and who is able to act 

responsible while diving will have the qualification to call her- or himself a conservation diver. 

  

Coral Reef - by Marian Haarsma 
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2 Taxonomy 

Author: Tim Butter 

Objectives of this chapter: 

• To understand the classification of living organisms 

• To recognise the need for scientific description and naming of all organisms 

• To provide an overview of the diversity of living organisms 

2.1 Introduction 

In Herman Melville’s classic novel of 1851, Moby-Dick [1], the main character, Ishmael, has a 

lengthy discussion on whether a whale is a fish or a mammal. For the record, Ishmael was of the 

opinion that the whale was a fish! Reflecting on this from the present day, when every child 

knows that a whale is a mammal, it seems hardly believable that such a subject could be open for 

debate in the mid-19th century. But in many ways this reflects the confusion that previously 

existed regarding the relationships between different types of animals. 

Today, we have a far better understanding of how different types of animals, plants, and other 

organisms are related to each other. We all now appreciate that humans are mammals and that 

we therefore share many characteristics with dogs, cows, monkeys and whales. We are also 

vertebrates, which means we are more distantly related to reptiles, fish, amphibians and birds. 

An example of vertebrates: the marine iguana - by Anne Lamers 



 Conservation Diver Course 
8 

We all share bony skeletons as well as a number of other features. Jellyfish and starfish are also 

animals, but it is clear that we share fewer characteristics with these invertebrates. 

The area of study that enables us to establish and understand these relationships is called 

taxonomy. 

2.2 What is taxonomy? 

The Convention on Biological Diversity defines taxonomy as ‘the science of naming, describing 

and classifying organisms and includes all plants, animals and microorganisms of the world’ [2]. It 

is the system by which we bring order to the vast variety of life on our planet. 

There are probably between 5 and 30 million different species living on our planet, including 

plants, animals, fungi and bacteria. Of this total, around 1.8 million have been fully described. 

When a species has been described, this means that its relationship to other organisms has been 

determined. A species that has been described will also have been given a scientific name 

(sometimes called a Latin name). 

Taxonomy requires a deeper understanding of the features of an organism that are of 

importance in establishing relationships, and those that are not important. For example, Ishmael 

considered the whale to be a fish because whales and fish both have fins and swim and because 

whales are essentially fish shaped. However, more important features in terms of establishing 

relationships are the presence in the whale of a four-chambered heart, warm blood, and that 

infant whales suckle from their mother – a combination of characteristics that are only found in 

mammals. The fins of a whale are also very different in structure to those of a fish as they 

contain an arrangement of bones similar to that of any mammalian forelimb. And the overall 

similarity in body shape that is seen when comparing fish and whales is an example of 
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convergent evolution where unrelated organisms develop similar features to achieve the same 

final objective (in this case efficient swimming). 

2.3 A brief history of taxonomy 

In order to understand why we describe and name living organisms it is useful to briefly consider 

the history of taxonomy. 

The example from Moby Dick is indicative of the confusion that once existed in terms of our 

understanding of the natural world. This situation largely arose from the belief that all living 

things were created by God. Therefore, biologists had no reason to look for relationships 

between different organisms because each species had been created uniquely. Furthermore, 

those relationships that were thought to exist were based on a very simplistic level of study such 

that all creatures that look like a fish and live in water must be a fish. 

There are two scientists that have particular prominence in transforming our understanding of 

the relationships between organisms [3, 4]. 

John Ray (1627-1705) was an English botanist who spent many years travelling around the British 

Isles and Europe studying the plants that he encountered. Through his travels and subsequent 

writings on botany, he developed a wealth of knowledge regarding the structures of flowers, 

leaves, etc. He started to observe common features between certain plants and started to group 

those with similar features together. Many of these groupings are still in use today. Having 

transformed the study of plants, Ray then moved on to the animals and again revolutionised our 

Skeletons of Whales, Smithsonian, Washington D.C. - by Rob Kool 
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understanding. Unlike Ishmael, Ray realised that the warm blood and heart structure of a whale 

meant that it was undeniably a mammal. However, Ray had very little structure to his 

classification and no methodology for applying names to organisms. 

The Swedish biologist Carl Linnaeus (1707-1778) developed two elements of taxonomy that are 

still in use today. The first was the 

hierarchical framework of Kingdoms, 

Phyla, Classes, Species, etc. The second 

was the binomial scientific name. These 

two great steps forward allowed 

biologists to accurately name any plant or 

animals, and to then place each species 

within groups with similar features. Both 

of these ideas will be discussed in more 

detail later. 

However, both Ray and Linnaeus believed 

that all organisms were created by God. 

They were using their knowledge to 

illustrate the variety of life on Earth, not 

to explain where it all came from. It took 

another one hundred years for the reason 

why the observed similarities between 

certain species existed. 

In an extraordinary example of parallel 

thought, two British naturalists, Alfred 

RusselFout! Bladwijzer niet gedefinieerd. Wallace and Charles Darwin, independently developed 

the theory of evolution by natural selection, both publishing in 1858 [3, 4]. Darwin’s famous book 

of 1859, On the Origin of Species, introduced the idea of common descent. In other words, 

species evolve over time in to new, different species. Conversely, if one goes back in time (by 

examining fossils, for example) it is possible to see that all organisms have a common ancestor. 

And this is why if you look at two different types of animal, they will have certain characteristics 

that they share with each other. The further back in time the common ancestor, the fewer 

common features the two will have. This understanding allows us to develop the ‘tree of life’. 

2.4 Scientific names 

When a new animal, plant, fungus or bacterium is discovered, it is formally described in a 

scientific journal. This description will indicate the position the new species occupies in the 

hierarchy of classification. The description will also include a new scientific name for the new 

species. The modern way of naming was introduced by Linnaeus in the halfway the 16th century 

Medieval descriptions of "fish'. Reconstruction by HES 
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and is known as the binomial system because the name is in two parts. As an example, the 

scientific name for humans is Homo sapiens. There are four important aspects of the name. 

• Homo sapiens is a name in two parts – it is a binomial 

• The first name (e.g. Homo) always starts with a capital letter and is known as the genus. 

• The second name (e.g. sapiens) starts with a lower-case letter and is the species name. 

• The whole name is usually written in italic letters. 

We will look at the meaning of the terms genus and species in the next section. 

Many people find scientific names very off-putting and wonder why we bother. There are a 

number of very good reasons why we use them. 

Some species have many common names in a single language. For example, the small lobster 

Nephrops norvegicusFout! Bladwijzer niet gedefinieerd. is known in English variously as scampi, 

Dublin Bay prawn, Norway lobster and, often simply as prawn. If we look further afield, this same 

lobster is known in Spanish as cigala, in French as langoustine, and in German as 

Buchstabenkrebs. In fact, the common English name of scampi is derived from the Italian! But 

wherever you are in the world, this little lobster can always be accurately named as Nephrops 

norvegicus. Next time you are in a supermarket, pick up a packet of scampi and you will see this 

scientific name somewhere on the product label. Even with the translation of this book from the 

original into the different languages of CMAS it was an advantage that the scientific names did 

not change. So the first reason for using the scientific name is that it accurately identifies any 

particular animal or plant regardless of variations in local common names. It is also true that 

sometimes more than one species will have the same common name. 

The second main reason for using scientific names is simply because lots of organisms do not 

have a common name. Almost all mammals, birds and reptiles have common names. However, 

there are many fish that have no common name, especially in high biodiversity locations such as 

coral reefs and in some tropical river systems and lakes. Amongst invertebrates, however, it is 

the norm for there to be no common name. And this situation extends to many groups of plants 

and fungi as well as to all bacteria. 

Almost all fossil species are known by their scientific names. For example, all of the familiar 

dinosaur names, such as Tyrannosaurus, Triceratops and Diplodocus, are scientific (genus) 

names. 

Scientific names are based on Latin or Greek and, in most cases, describe some aspect of the 

organisms concerned. For example, Homo sapiensFout! Bladwijzer niet gedefinieerd. can be 

translated from Latin as ‘wise person’. Species may also be named after a person (an honorary 

name) or after the geographical area from where the species originates. 
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It should be noted that there are a large number of ‘rules’ that govern how scientific names are 

given. For people who are not specialists in taxonomy, one of the more frustrating of these rules 

is that sometimes the scientific names are changed! There can be quite a few reasons for this. 

Probably the most common is when someone names an animal or plant without knowing that it 

has already been named by another taxonomist. The species concerned becomes well know 

under the second name, but when it is realised that it has previously been named, the rules state 

that the original name takes preference. Probably the best known example of this is the dinosaur 

Brontosaurus. This name is still well known but in fact has not been in scientific use since 1903 

when this dinosaur reverted to the name under which it was first described – Apatosaurus 

(though note that this group of dinosaurs was under review in 2015/2106 so Brontosaurus may 

make a comeback yet!). 

The other common reason for the scientific name to change is when a taxonomist reviews a 

particular group of organisms. In this instance, it sometimes becomes necessary to split a genus 

into two or more genera (= plural of genus). In this case, some species will remain in the original 

genus, whilst others will be moved into a newly created genus and therefore will receive a new 

genus name. 

2.5 The hierarchical system of classification  

When we look at life on our planet in the very broadest context, it is possible to break down 

living organisms into two major groups based on the chemical processes that occur within those 

organisms. These basic groups are known as domains and all life can be placed into one of two 

domains – the prokaryotes and the eukaryotes 

Reconstruction early saurian Zoo Amersfoort - by Rob Kool 
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The prokaryotesFout! Bladwijzer niet gedefinieerd. include the Bacteria and another group of 

single-celled organisms called the Archaea. These two groups are incredibly important in the 

functioning of the marine ecosystem. However, they are also extremely small! Bacteria and 

Archaea can only be seen under a high-power microscope so you will not see bacteria when you 

are diving! 

The remainder of life on earth belongs in the eukaryote domain. This includes all animals, plants, 

fungi and algae. 

When scientists name a new 

organism, they must compare it 

with other living organisms to 

determine where the new 

species belongs - in other words, 

how to classify the new species. 

To do this, there is a sequence of 

different levels of classification, 

from domain to species, which 

form a hierarchy. Any group at 

any specified level in the 

hierarchy is called a ‘taxon’ 

(plural is ‘taxa’). For example, if 

we look at a familiar animal such 

as the Atlantic bluefin tuna, it can be classified as shown in this table 

This table includes eight levels of taxa. These levels are somewhat arbitrary and are not 

absolutely fixed. Indeed, there are often sub-levels introduced between these eight major levels 

of taxonomy. These levels are considered in more detail below. 

2.5.1 Species 

If we look at the different taxa in the figure, it must be noted that the bottom rank is ‘species’ 

and contains just the single type of fish we are considering (in this case the Atlantic bluefin tuna). 

As we go up the levels of the hierarchy each level contains more different species than the level 

underneath and with a greater variety of organisms. 

The usual definition of a species is a group of living organisms consisting of similar individuals 

capable of exchanging genes or interbreeding. The species is the principal natural taxonomic 

unit, ranking below a genus and denoted by a scientific binomial, e.g. Thunnus thynnusFout! 

Bladwijzer niet gedefinieerd. [5] 

2.5.2 Genus 

Taxonomy Tuna (Thunnus thynnus) 
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The use of a genus (plural = genera) allows a taxonomist to group together very closely related 

species. There are eight species in the genus Thunnus, all of which are tuna that are similar to the 

Atlantic bluefin [5]. These include the yellowfin tuna (Thunnus albacares Fout! Bladwijzer niet 

gedefinieerd.), southern Bluefin tuna (Thunnus maccoyiiFout! Bladwijzer niet gedefinieerd.) and 

bigeye tuna (Thunnus obesusFout! Bladwijzer niet gedefinieerd.). It is usual practice that once a 

genus has been mentioned in full, for subsequent references it can be shortened to the initial 

letter as a capital followed by a full stop. For example, the genus Thunnus also contains the 

Pacific bluefin tuna (T. orientalisFout! Bladwijzer niet gedefinieerd.). 

This genus Thunnus contains eight species but there is no fixed number of species within a genus. 

The related Tuna genus Katsuwonus contains only one single species, the skipjack tuna (K. 

pelamisFout! Bladwijzer niet gedefinieerd.). However, the genus Gobius, which includes many 

common and familiar goby fish species, contains over 600 recognised species [5]. 

2.5.3 Family 

The family is the next level up from genus and is used to group together species in closely related 

genera. Continuing with the example set in the table we can see that the tunas in the genera 

Thunnus are in the family Scombridae. This family also includes the closely related skipjack tuna 

in the genus Katsuwonus, in addition to other genera of tuna and the mackerels. In fact, the 

family Scombridae includes 54 species in 15 genera. All of these genera (and the species they 

contain) share a number of characteristics that separate them from other fish and therefore 

distinguish them as one family [5]. Probably the most obvious is the unique arrangement of fins. 

All members of the Scombridae family, from the largest tuna to the smallest mackerel, have two 

dorsal fins (the fins on the back of the fish), the front one having spiny rays and the rear fin 

having soft rays. The second dorsal fin and the anal fin (the single fin underneath the fish, 

between the anus and the tail fin) are followed by a series of finlets. The area of the body that 

connects to the tail fin (called the caudal peduncle) is very narrow with at least two keels on 

either side. The tail fin (or caudal fin) itself is deeply forked and quite rigid  

As with the number of species within a genus, there is no fixed number of genera within a family. 

In fact, some families contain only a single species, such as the Luvaridae. The louvar (Luvarus 

imperialis) is the only species in the genus Luvarus and the only species in the family Luvaridae 

[5]. It is actually closely related to the tunas and has a very similar structure to the tail fin, 

including the keels on the caudal peduncle. But, it lacks the finlets behind the second dorsal and 

the anal fins (See figure). 
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2.5.4 Order 

The next level up from a family is an order. The families Scombridae and Luvaridae both belong 

in the order Perciformes, commonly known as perch-like fish. The European perch (Perca 

fluviatilis) is a common freshwater fish and, as such, was one of the first fish species to be 

described and named by the Swedish biologist Carl Linnaeus. It is a very ‘fish-shaped’ fish and its 

main characteristics have been used as a base plan to describe over 10,000 species of fish in 

around 156 different families [5]. 

The fin arrangement is the most obvious connecting feature [4]. Perciform fishes have either one 

or two dorsal fins. If there are two fins, the first fin contains stout, spiny fin rays and the second 

contains soft rays. If there is a single dorsal fin, it is clearly split into two sections with the front 

portion having spiny rays and the rear portion having soft rays. In all types, there is a single anal 

fin with a small number of hard spiny rays at the front (sometimes just one) and a larger number 

of soft rays behind. The pelvic fins (the pair of fins under the fish) are positioned well forward 

under the fish’s throat area. In addition to the tunas and mackerels, this order also contains the 

blennies, gobies, wrasse, bass, mullet, groupers and freshwater cichlids. 

2.5.5 Class 

The perciform fishes, including the tunas and mackerels, are all included within the class 

Actinopterygii, also called the ray-finned fishes. All the fish in this class have a hard, calcified 

skeleton. The fins are supported by a fan of rays made of cartilage or bone. In addition to the 
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perciform fishes, this class also includes the sturgeonsFout! Bladwijzer niet gedefinieerd., eels, 

catfish, carps, tetras, codfish, and flatfish. 

In addition to the ray-finned fishes, there are three other classes of fish [4]: 

• Petromyzontida  – the lampreys. Jawless fish with no paired fins and cartilage skeleton. 

• Chondrichthyes  – sharks and rays. Have a cartilage skeleton. Fins not supported by 

rays. 

• Sarcopterygii  – the lungfishes and coelacanths. Have a similar skeleton to the ray-

finned fishes, but fins have a different structure being supported on muscular lobes. This 

group contains just 8 living species but those in the fossil record appear similar to the fish 

that gave rise to the amphibians.  

Amphibians, reptiles, birds and mammals are all classes within the same phylum as the four 

classes of fish. 

2.5.6 Phylum 

All fishes belong to the phylum Chordata. The distinguishing feature of this group of animals is 

the presence of a rod-like structure called a notochord. In the more familiar groups of 

vertebrates, such as the fishes, amphibians, reptiles, birds and mammals, the notochord has 

developed into the spine or backbone [4]. However, the phylum (plural = phyla) also contains an 

invertebrate group called sea squirts (or tunicates). Only larval sea squirts have a notochord; the 

feature disappears when a larva metamorphoses into an adult. 

Other major phyla of animals include: 

• Echinoderms  – starfish, brittle-stars, sea cucumbers, sea urchins, etc. 

• Molluscs  – slugs, snails, mussels, oysters, octopus, squid, etc. 

• Arthropods  – insects, spiders, crabs, shrimps, woodlice, etc. 

• Worms – there are actually a number of phyla of worms, including segmented 

worms, roundworms, and flatworms. 

• Cnidarians  – jellyfish, corals and sea anemones 

• Sponges 

2.5.7 Kingdom 

All of the groups listed above are in the Kingdom Animalia. There are three other Kingdoms of 

eukaryote organisms [4]:  

• Fungi  – mushrooms, toadstools, yeasts and moulds. 

• Protoctista  – this is a very diverse group of mostly single celled organisms. Seaweeds are 

usually included in this kingdom 

• Plantae  – the plants, which includes mosses, ferns, conifers and flowering plants. 
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2.6 Tree of Life 

 

The hierarchy of classification is based on Darwin’s idea of evolution whereby the more closely 

related two organisms are, the more features they will have in common. Furthermore, the 

theory of evolution requires species to split into new species. These splits can, over time, lead to 

radical changes developing. For example, birds evolved from reptilian dinosaur ancestors around 

170 million years ago. Whilst a modern bird is radically different to a modern lizard, birds share 

many features with the extinct dinosaurs. Dinosaurs and lizards split apart long before the birds 

split off from the dinosaurs. But this does mean that at some point in geological time (probably 

more than 250 million years ago), lizards and birds do have a common ancestor.  

This idea of groups splitting off from each other over geological periods of time means that we 

can develop a ‘tree of life’. The tree of life is becoming more refined due to the use of modern 

methods to analyse DNA. DNA is the genetic material inside every cell and is as unique as a 

fingerprint. The closer that two organisms are related, the more similar their DNA will be. 

2.7 Major groups of living organisms 

This section provides background information on the major groups of eukaryotic organisms, 

focussing in more details on those groups that are likely to be encountered during dives.  
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2.7.1 Prokaryotes 

The study of Bacteria and Archaea in aquatic environments is outside the scope of recreational 

divers. However, these organisms are of such importance in terms of marine ecology that they 

must be considered briefly in further detail. 

The Bacteria and Archaea are two unrelated groups of single celled micro-organisms [6]. The cell 

structure is much simpler than that in the eukaryotes. There is no cell nucleus, for example. They 

are generally very small, typically less than 1/100th of a millimetre in length, and it is not possible 

to see these organisms with the naked eye or even a hand lens. Whilst there is variety of size and 
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shape, the majority are actually less than 1/1000th of a millimetre long. Marine bacteria and 

archaea can be found as plankton floating in the water, in sediments, and attached to surfaces. 

Both groups occupy a wide range of ecological niches. A niche can be considered to be the ‘job’ 

that an organism does. Some bacteria utilise light as an energy source to fuel the process of 

photosynthesis, whereby carbon dioxide and water are combined to form sugars. Oxygen is 

released as a product of this process. Photosynthesis also occurs in the plants that surround us 

on land. 

Many bacteria and archaea obtain energy from chemicals in the environment (chemosynthesis). 

This latter group are vital in processing nitrogen, carbon and sulphur. The cycling of nitrogen in 

water is of importance as this is common pollutant arising from human activities. Excess nitrate 

in aquatic environments causes an ecologically unstable condition called eutrophication. Bacteria 

and archaea convert nitrate into less damaging compounds. 

They are also critical in the process of decomposition, breaking down dead organisms (animals, 

plants, fungi and other bacteria) so that the energy and chemicals they contain can be re-used to 

make new organisms. This group of micro-organisms is important in the breakdown of organic 

waste matter, including human sewage and animal wastes. 

The bacteria also include numerous pathogenic, or disease-causing, organisms. 

2.7.2 Fungi 

On land, this group 

includes the familiar 

mushrooms, 

toadstools, yeasts and 

moulds. The majority 

of fungiFout! 

Bladwijzer niet 

gedefinieerd. are less 

visible than toadstools 

and consist mostly of 

mass of fine threads, 

called hyphae. Fungi 

are a widespread group 

in aquatic 

environments but, like bacteria, are not normally studied directly by divers. However, although 

divers are generally unaware of the presence of bacteria in water, they perform the very 

important ecological function of decomposing plant material. Fungi can produce chemicals that 

break down the tough material from which plants are made, including wood [7]. They are 

therefore important in nutrient cycling. 

Fungi - Ron Offermans 
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Fungi are also important pathogens of plants and animals.  

2.7.3 Protoctista 

The Kingdom Protoctista is a collection of very diverse organisms, ranging from single-celled 

plankton, disease causing organisms such as dysentery amoeba, and giant seaweeds. The group 

is so diverse that many taxonomists do not believe they should be grouped together in a single 

kingdom at all. However, for convenience the grouping is used here. 

Divers in temperate waters will, probably unknowingly, be very familiar with the Protoctista since 

this group includes all of the planktonic single-celled algae that, particularly in spring time, reach 

such high numbers that they turn the water green and greatly reduce underwater visibility. 

These algal blooms are often so dense and so big that they can be seen from space. This extreme 

growth is vital in providing food for planktonic animals and filter feeding animals, and for 

recycling minerals. 

Divers will be much 

more familiar with the 

seaweeds and larger 

freshwater algae. 

There are three main 

groups of seaweeds. 

These are commonly 

called brown, red and 

green seaweeds, 

though the colours 

can be quite variable 

within each group and 

colour cannot be used 

definitively for 

classifying any particular species into one of the three groups. The three groups are unrelated 

but, because most live in the same general habitat, they have evolved similar shapes and forms. 

The vast majority of seaweeds live in shallow coastal waters, often intertidally, and grow 

attached to solid surfaces. They are most abundant on rocky shores and shallow sub-tidal reefs. 

There is one important group of floating seaweeds, the Sargassum weeds, Sargassum natans and 

S. fluitans. 

Although the three seaweed groups are only distantly related, they do share some common 

features. No seaweeds have roots. They do have a structure called a holdfast which sticks the 

seaweeds to the surface upon which it grows. In some larger species, the holdfast may look 

superficially like a root, but it does no perform the same function as the roots of land plants. 

Seaweeds do not have leaves either, although the flat blade like shape of seaweeds is 

Green algae - by Ron Offermans 
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reminiscent of the leaves of land plants. And seaweeds do not have flowers, although they often 

have very complex reproductive cycles. 

All seaweeds 

photosynthesise and 

therefore require 

sunlight. Thus, 

seaweeds become less 

abundant as the water 

gets deeper, 

corresponding to the 

rapid reduction in light 

levels at increasing 

depth. In general 

terms, red seaweeds 

tend to be the most 

abundant group in 

deeper water. In 

northern European waters, red seaweeds can occur down to around 25 metres, though 

individuals at this depth tend to be small. Many red seaweeds grow attached to larger brown 

seaweeds. 

Brown seaweeds are most common from the middle of the seashore to around 5-10 metres 

below low-tide level. The brown seaweeds include the large kelp species, which form dense kelp 

forests along temperate coastlines from around low water mark down to about 10 metres. The 

floating Sargassum weeds form an important habitat in oceanic waters. 

Green seaweeds are common in shallow waters with many species occurring high in the 

intertidal zone and in areas of reduced salinity, such as estuaries and lagoons. Divers will most 

commonly encounter green seaweeds in very shallow dive sites and on shore dives. Larger green 

algae also occur in freshwater where they may form mats of filamentous (thread-like) growths, 

or green films growing over rocks and other solid surfaces. 

2.7.4 Plants 

True plants belong in the Kingdom Plantae. This includes the mosses, ferns, conifers and 

flowering plants. Most plants use the process of photosynthesis to utilise the energy of the sun in 

creating complex foods from simple molecules of carbon dioxide and water. 

As we have seen in the previous section, seaweeds are in the Kingdom Protoctista – they are not 

in the plant Kingdom and are therefore not true plants. Seaweeds do share the process of 

photosynthesis with plants, but so do many bacteria. 

Brown algae (Kelp) - by Ron Offermans 
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The largest group of plants is the flowering 

plants, which includes most trees (except pines, 

firs and other conifers) as well as the grasses. 

Although abundant and diverse on land and in 

freshwater habitats, there are only two groups 

of marine plants and comparatively few 

species. However, although there are not many 

different types of marine plants, they do form 

very important habitats. 

In temperate waters, the main group of marine 

plants is the seagrasses. These grow rooted in 

sand and mud in shallow water, usually in quite 

sheltered areas. Seagrass beds form a 

distinctive habitat with its own community of 

seaweeds and animals. They are of importance 

as nursery areas for many larger fish species. 

In tropical waters, the most important group of 

marine plants is the mangroves. Mangroves are 

large trees that often form dense forests in coastal areas, particularly in estuaries. Mangrove 

forests are another very distinctive habitat type, and also often act as a nursery for many fish 

species. They are important in protecting inshore areas from storm surges. 

Freshwater plants are far more diverse and include many species of mosses and ferns. These 

latter two often grow attached to stones or sunken wood. Flowering plants in freshwater form 

an important habitat for many fish and invertebrate animals. These include water lilies, reeds 

and rushes, and pondweeds.  

2.7.5 Animals 

The animal kingdom will be considered in more detail in the following sections. This is not an 

exhaustive list and it is emphasised that there are many phyla of animals that are not considered 

in more depth. These are generally smaller phyla and include groups such as the water bears 

(Tardigrada), moss animals (Bryozoa), lampshells (Brachiopoda), and ribbon worms (Nemertea). 

 SPONGES 

Sponges (Phylum Porifera) are widespread and common in many marine habitats. They grow 

attached to solid surfaces and can vary widely in shape, size and colour. Some species are very 

distinctive and thus easy to identify when diving, whilst others are virtually impossible to 

accurately identify requiring examination under a microscope. Sponges have no organs, though 

they do have a number of specialist cells. All sponges are filter feeders. Water is drawn through 

Freshwater plants in a Dutch lake- Ron Offermans 
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small pores on the sponge surface and on through a system of canals running through the 

sponge where special cells capture plankton. The water then leaves through larger exhalent 

pores. 

 

 CNIDARIANSFOUT! BLADWIJZER NIET GEDEFINIEERD. 

This phylum contains many familiar and colourful marine species, including jellyfish, sea 

anemones, corals and sea pens. All cnidarians are predators and have feeding tentacles armed 

with stinging cells called cnidocysts. In a small number of species these stings are powerful 

enough to cause harm to humans. This phylum is also characterised by radial symmetry. This 

means that the body is essentially circular in shape. Cnidarians have a very simple network of 

nerves, but no brain, and only one opening to the digestive system. The mouth/anus lies in the 

centre of the ring of feeding tentacles. 

There are two main body forms in this phylum. The archetypal jellyfish is the medusa form – a 

bell-shaped body with the stinging tentacles hanging underneath. Medusae are usually free-

swimming. The second body form is the polyp. In this form it is as if the medusa has been turned 

upside down and the animal is attached at the base. 

Jellyfish (class Scyphozoa) must be one of the most familiar of all marine animals. They are large 

planktonic predators that feed on smaller animals that are trapped in the stinging tentacles. 

Most jellyfish have an alternating life cycle between the large, familiar, free-swimming medusa 

phase and a much smaller and less well-known polyp stage. 

Barrel sponges - by Ron Offermans 



 Conservation Diver Course 
24 

 

Sea anemones (class Anthozoa) are commonly observed on dive sites where they are often very 

conspicuous due to their bright colours. They have the polyp body form and, in most species, the 

basal disc attaches the sea anemone to a hard substrate such as a rock. The anemone has the 

ability to move slowly over the rock surface. There are, however, a number of burrowing 

anemone species which live in tubes in sand and mud. Since sea anemones have only a limited 

ability to move, they are dependent on the movement of water around them to bring food. 

The class Anthozoa also 

includes the corals. Although 

there are some soft corals, the 

majority of species of coral are 

characterised by the presence 

of a hard-calcareous skeleton. 

In shallow tropical waters, 

corals often form extensive reef 

systems. These reefs are 

biogenic, meaning that they are 

created by living organisms (as 

opposed to a rocky reef which 

Coral in Oman - by Rob 
Kool 

Jellyfish (Aurelia aurita) - by Ron Offermans 
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occurs as a result 

of local geology), 

and are 

characterised by 

very high 

biodiversity. 

Tropical reef-

forming corals 

contain symbiotic 

algae within their 

body tissues. 

Symbiosis is the 

name given to 

the form of 

relationship 

between 

different organisms whereby both benefit. In this case, the algae have a safe home, protected by 

the hard coral skeleton and stinging cells, and ready supply of 

nutrients released by the reactions taking place within the 

coral animal. Meanwhile, the coral obtains foods produced by 

the algae as it photosynthesises. Furthermore, the chemical 

processes that occur within the algae make it easier for the 

coral to build the stony skeleton upon which both depend. In 

order for this relationship to function, the coral and its algae 

require bright sunlight and warm temperatures, hence the 

restriction of this form of coral reef to warm tropical waters. 

The class Hydrozoa contains over 3500 known species and is 

extremely diverse. Many common species form colonies of 

polyps that are fixed to a hard substrate and which look 

superficially like plants, often with branches or fern-like fronds. 

Each polyp is generally less than 1 cm in diameter. 

Some of these species also have a medusa 

phase which can be quite big (over 10 cm 

diameter) and which can be easily mistaken 

for true jellyfish. The class also includes 

planktonic species called siphonophores 

which often occur in inshore waters, and 

floating colonial species such as the 

Portuguese man o’ warFout! Bladwijzer niet 

gedefinieerd.. 

Oaten pipes hydroid - Tubularia indivisa - by Ron Offermans 

Comb jelly (Beroe cucumis) 
Ron Offermans 

Comb jelly (Pleurobrachia pileus) - Ron Offermans 
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Many divers will be familiar with sea gooseberries (or comb jellies), which are often observed 

during safety stops. These planktonic animals used to be classified with the jellyfish and 

anemones but are now considered to form a separate phylum called the Ctenophora. They 

generally have a barrel shaped body with rows of minute beating hairs called cilia that iridise 

when illuminated. They have no stinging cells. 

 FLATWORMS 

The term ‘worm’ is used to describe animals in a number of widely disparate phyla. They share 

the same general body shape, but differ widely in structure and complexity. 

The phylum Platyhelminthes contains the flatworms and form a group of very primitive animals. 

They have no blood and no organs for respiration (breathing). Free-living flatworms are, indeed, 

very flat, with a distinct head end, often with basic eyes and sensory tentacles, and a simple 

blind-ended gut. They are active predators and are often quite colourful so are often easily 

observed whilst diving. However, the phylum also contains many parasitic forms such as 

tapeworms and flukes. 

 ROUNDWORMS 

The roundworms, or nematodes, form a second phylum of ‘worm-like animals’. There could be as 

many as one million different species of nematode worm on earth, making the phylum 

Nematoda the second most diverse group of animals. It has been estimated that around 80% of 

all individual animals are nematodes. They have cylindrical bodies with no body segments, the 

Flatworm (Prosthecereaus vittatus) - by Ron Offermans 
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gut runs through the body. Around half of all known species are parasitic. In spite of their 

obvious ecological importance, this is not a group that is commonly encountered by divers. 

 SEGMENTED WORMS 

The most familiar group of ‘worms’ are the segmented worms in the phylum Annelida, 

sometimes known as true worms. The phylum includes the tube worms, ragworms, leeches and 

earthworms. Annelids are more complex animals than either flatworms or roundworms. They 

have a segmented body and many have bristles on each segment to aid in locomotion. Many 

have a well-developed head and, particularly in marine species, have arrays of feeding tentacles. 

Ragworms are mobile predators and larger species are capable of delivering a painful bite. 

Others, such as fan worms, are filter feeders. Many annelid worms are detritivores, eating 

decomposing material thus helping to recycle nutrients. Leeches are either predatory or are 

adapted to suck blood and body fluids from larger host animals. 

 ARTHROPODS 

The phylum Arthropoda is by far the largest phylum of animals. Members of this group are 

characterised by a hard-external skeleton and legs with numerous joints which only operate in 

one plane. The external skeleton cannot stretch as the animal grows. Instead, arthropods have to 

periodically shed their outer skin in order to grow. Millipedes and centipedes, arachnids, 

crustaceans and insects are all arthropods.  

Bearded fireworm (Hermodice carunculata) – by Ron Offermans 
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The insects are the 

largest single 

group of animals 

on earth with 

many species 

occurring on land 

and in freshwater 

environments. 

Many species with 

flying adults have 

larvae that live in 

freshwater 

habitats, including 

dragonflies, 

mayflies, 

stoneflies, caddis flies and some true flies. There are many species of water beetles where both 

adults and larvae are aquatic. However, despite their dominance on land and freshwater, there 

are very few marine insects. 

In the sea the crustaceans are the main group of 

arthropods. This includes the familiar crabs, 

lobsters, prawns and barnacles, along with 

perhaps less-well known types such as krill, 

copepods, amphipods and isopods. Crustaceans 

have many limbs. The larger limbs are often used 

for walking or swimming or have developed into 

pincers. Smaller limbs towards the rear are often 

used for brooding young. 

  

Ron Offermans 
Ambon Crinoid Shrimp (Laomenes amboinensis) 

Freshwater lobster - by Rob Kool 
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 MOLLUSCS 

The phylum Mollusca is very diverse, ranging from 

bivalves, such as clams and mussels, through to snails, 

slugs and cephalopods (squid and octopus). A ‘typical’ 

mollusc has a soft fleshy body that is protected by one 

or two shells. They have a head with eyes and other 

sensory organs, and a muscular ‘foot’ that is used for 

locomotion. However, this basic structure has become 

highly modified in some groups of molluscs. Many 

species have reduced shells or have lost their shells 

entirely. 

Slugs and snails are grouped together within the class 
Gastropoda. While most land and freshwater species 
are vegetarian, marine species are often predatory 
and feed on other molluscs or on sessile or slow-
moving animals. The colourful nudibranchs belong to 
this group. Gastropods have a well-developed head 

and large ‘foot’. 

Bivalve molluscs have two shells that hinge together. There are powerful muscles that can clamp 

the two shells tight shut. Many species burrow into soft sand and mud. The vast majority are 

filter feeders and use two siphons to draw a continuous current of water through the shell. The 

gills are adapted to form a net to 

trap any plankton in the water. 

Most bivalves have a reduced 

nervous system. 

The cephalopods (octopus, squid, 

cuttlefish, etc.) are the most 

advanced group of invertebrates. 

The shell is either reduced or 

absent, and they have a highly 

developed nervous system with 

prominent eyes. They are active, 

intelligent predators that use 

tentacles armed with sucking discs 

to capture their prey. 

  

Janny Bosman 
Painted hypselodoris (Hypselodoris infucata)  

Striped Pyjama Squid (Sepioloidea lineolata) - by Janny Bosman 
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 ECHINODERMS 

The phylum Echinodermata is entirely marine and brings together the spiny-skinned animals – 

starfish, brittle stars, sea urchins, sea cucumbers and crinoids. Echinoderms exhibit radial 

symmetry and have a basic wheel-shaped body form. In sea cucumbers the circular body plan is 

extended into a cylindrical form, which then lies on one side. 

Another very distinctive feature of echinoderms is the presence of a system of tube feet. The 

tube feet are used for locomotion, feeding and defence. They are hydraulically powered via a 

system of canals that radiate along the lines of symmetry. 

Sea cucumber (Stichopus tremulus) - by Ron Offermans 
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Echinoderms have great ecological importance. In shallow rocky areas, grazing by sea urchins 

controls the growth of sea weeds and helps to maintain the diversity of reef habitats. Starfish are 

important predators in many habitats, feeding on molluscs, other echinoderms, and other slow-

moving or sessile invertebrates. In deeper waters, brittle stars occur in vast numbers feeding on 

detritus falling down from the water above. 

 VERTEBRATES 

The phylum Vertebrata 

includes the sea squirts, 

fish, amphibians, reptiles, 

birds and mammals. As a 

group, all vertebrates have, 

at least for part of their life, 

a rigid hollow tube running 

down the length of the 

animal down which nerve 

chords pass. In the sea 

squirts, this is a temporary 

structure that occurs in the 

mobile larvae but is lost as 

the juvenile 

metamorphoses into the 

adult form. In the remaining vertebrates, this rigid tube forms a permanent spine made of 

cartilage or bone. 

Starfish (Linckia multifora) - by Ron Offermans 

Brown toad in Dutch freshwater - by Rob Kool 
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There are four unrelated groups of fish – the jawless lampreys, the sharks and rays, the 

coelacanths and lungfish, and the ray-finned fishes. The latter group is by far the largest group of 

vertebrates and occur in almost all marine and freshwater habitats. 

The 

amphibians 

include frogs 

and toads, and 

newts and 

salamanders. 

There are no 

marine 

amphibians but 

most must 

return to 

freshwater to 

breed, the 

juvenile stage 

being the 

familiar 

tadpoles. 

There are 

many aquatic and semi-aquatic reptiles and they may be encountered in marine and freshwater 

habitats. The group includes turtles, snakes, lizards and crocodiles. Some species, including most 

sea snakes, give birth to live young but the majority of reptiles lay eggs. Even very aquatic 

species, such as the marine turtles, lay eggs on land. 

All birds reproduce by laying eggs on land. However, many adult birds occur in freshwater and 
marine habitats. They are a familiar group for divers but are usually seen on the trip to the dive 
site. However, some birds swim very well and can be encountered during a dive, even at 
considerable depths. 

There are also many fully aquatic and partially aquatic mammals, with species occurring in both 
freshwater and the sea. The group includes species such as whales, dolphins, and otters. With 
very few exceptions, most give birth to live young, and infants of all species feed on milk 
produced by the female.  
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3 The moving world 

by Rob Kool  

3.1 Introduction 

 
The earth rotates around its axis and around the sun at an incredible speed. At the same time, 
the moon circles our planet. Large quantities of gasses and liquids move around on earth. 
Sometimes calmly and prolonged, sometimes, for example during hurricanes and tsunamis, with 
harsh destructive force.  
Even the landmass is instable. The earth trembles during earthquakes and tornados, continents 
disperse and landmasses sink and rise.  
In this chapter we will take a look at several consequences of the movements of our planet, 
insofar this influences our practices as divers. 
Objectives. 

• After this chapter you have been acquainted with some consequences of ‘the moving world’ 
for living creatures. 

• You have a first impression about how the distribution of different species around the globe 
came to be as it is, and about the changes that continuously occur.  
 

3.2 Abiotic factors. 

An ecosystem is a delimited area, in which we look at the interactions between species, 
reciprocally, (biological interactions) and between organisms and non-living aspects, such as 
temperature, light, salinity etc.. The latter is what we call the abiotic factors. In the chapter 
‘Diving around the world’ we will go into detail about some of these ecosystems, with emphasis 
on the biotope, the relations between plants and animals, and of course animals reciprocally.  
Usually we look at abiotic factors on a micro level: how much salt can a species handle, or how 
humid does it need to be in order to be able to survive.  
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Differences which occur because of the movements of the earth are generally more powerful 
than those caused by most of the abiotic factors within an ecosystem.  
Nevertheless, we seldom look at the effects of the twirling movement of the earth, even if it is 
only because changes in ecosystems within short periods of time are usually the consequences of 
singular, more concentrated changes. Rising quantities of salinity and increasing temperatures 
are examples. The latter of which is starting to form severe problems for the ecosystems on the 
North Pole.  
Therefore, in this chapter we will look at the consequences of the movements of our planet, and 
also at some of many methods with which organisms have adapted to those movements. 
 

3.3 The rotating earth 

The fact that the earth rotates around its axis has a few consequences. Two of which pose both 
opportunities and challenges for the experienced diver.  
 

3.3.1 Ebb and flood 

 Probably you are familiar with the mechanisms of tide, but did you learn of the effects the tides 
have on living organisms.  
Adaptions to extreme circumstances are often remarkable. Take a mussel in an intertidal zone 
for instance. It is a sessile species. 

Per day this animal 
spends hours above 
the water, during 
which its body 
temperature can rise 
to extremes as a result 
of air temperature and 
solar irradiance. 
Nevertheless, its body 
processes have 
developed in such a 
way so that the mussel 
can cope with this.  
The necessity to adapt 
depends both on the 
species and the type of 
coast. Fish generally go 
with the ebb and flow. 

They make sure to leave in time in order not to run dry. Sometimes we can find a few who did 
not make it out in time in tidal pools. 
Many other species make use of the possibility to descend a few meters during low tide. 
But things change when we look at shallow, flat areas with large tidal differences, such as in 
Brittany (for example St. Michel-en-Grève in the north and Golf de Morbihan in the south). 

Low tide in Bretagne. The dark area above the divers marks high tide - 
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Concerning these areas it is said that a trotting horse can only just stay ahead of the incoming 
tide. When the water recedes many species are not fast enough to go with the flow.  
Surviving then becomes a matter of adapting. Depending on the type of coast this is a matter of 
burrowing, like lugworms (an articulated worm, Arenicola marina) and the razor shells and razor 
clams (bivalves, Bivalvia), among which the American jackknife clam (Ensis directus). 
The same applies for plants. Some algae can cope with the turbulence of the tides and drought 
better than others.  

 
Lichens often indicate the boundary between water and land on hard subsoil. Lichens are 
symbiotic organisms which arise from a fungus and an algae or cyanobacteria. In this case we are 
strictly speaking about a land organism, which can endure exposure to seawater very well.  
Completely submerged lichens hardly exist. 

Lichens on a rock in tidal zone (Bretagne) - by Rob Kool 
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Many divers will probably not even be aware of the lichens. Nevertheless they are to be found 
across (inter alia) the whole of Europe. Going into the water we often pass evident strips running 
down the length of the dike or the rocks. 

In the splash zone, the area that stays mostly dry, you can find yellow/orange varieties such as 
the orange sea lichen (Caloplaca marina) and the Caloplaca salina, which is frequently found 
along the coast. 

Tide running in in Bretagne - by Ron Offermans 
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After that follows a dark black strip with the black tar lichen (Verrucaria maura) and the Lichina 
confinis. Most lichen varieties are barely distinguishable from each other. The help of a 
microscope is often required to put a name on a variety. It forms a black layer up to the point 
where the brown algae appear. This layer is so well attached to the ground, that you actually do 
not recognise it to be a living organism.  

Thanks to lignin, a chemical 
compound in cell walls, lichens 
are able to keep the effects of 
salt and fresh water within 
certain limits, which allows them 
to flourish within this zone. The 
cell walls with lignin do create a 
smooth surface. With which this 
lichen regularly form the 
beginning of the slide to the 
water, a slide that only worsens 
because of the slippery algae.  
Sometimes the inhabitants of 
the tidal zone have adapted in 
extreme ways:  

 

Lichens on coastal rocks in Orkney - by Nelleke Kool 

Common limpet (Patella vulgate) - by Ron Offermans 
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The rough limpet (Lottia scabra) is a Californian slug species and a distant cousin to the common 
European limpet (Patella vulgata). This animal feeds on algae which it grates from the rocks. 
During ebb they are located at about fifty centimetres above the water. Because of this they stay 
away from waders who live off of animals in the tidal zone. Research has shown that the animals 
continuously return to the exact same spot during ebb. This allows the edge of their shell to 
develop into an exact ‘negative’ of the rock surface, thereby preventing dehydration. With their 
camouflage they barely stand out. The most important threat that remains is the enormous 
difference in temperature which can occur between ebb and flood. However, the rough limpet 
has a ‘temperature-shock-protein’ which is able to quickly repair any damage done to the cell 
structures as the result of overheating.  

• The Semibalanus balanoides is a variety of sessilia that feels especially at home in the 
intertidal zone. The sessilia belong to the crustacean family, the barnacles or cirripedia to be 
exact. Like all 
arthropoda 
they 
exuviate, and 
go through 
two 

semidetached stadia before they affix themselves to the surface with a glue-like substance. 
Then they enclose their body with six lime plates, which become fused to each other. On the 
top, there is an opening, which can be sealed by two lime flaps. Sealed off like this they can 
survive above the water level for longer periods of time. Once under water, the flaps are 
opened and six thoracic limbs are protruded outside. The motion of these limbs results in a 

whirling of the water. Plankton 
that comes within reach due to 
this motion serves as a source of 
food. This means of gathering 
food becomes more effective 
when more individuals are close 
together. The group of the sessilia 
appears as a global phenomenon, 
also below the intertidal zone. For 
example, they can also attach 
themselves to the skin of 
humpback whales, to crabs and 
astacidea, and to the outside and 
inside of slug shells. One of the 

Barnacles - by Ron Offermans 

Barnacle - by Ron Offermans 

http://nl.wikipedia.org/wiki/Semibalanus_balanoides
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reasons we know so much about the sessilia is because the aforementioned English 
researcher Charles Darwin spent ten years on in depth research about them.  
 

3.3.2 Day and night 

Light is an essential abiotic factor. Plants need it for photosynthesis and finally all organisms 
depend on it. Life stops when there is no light. But the behaviour of organisms does change 
when the amount of light increases or decreases, enough reason for those who are biologically 
interested, to watch underwater life both during the day and night.  

Night diving is not very popular at diving centres. It places greater demands on their staff and the 
risk of losing a diver is greater. Those who want to dive at night shall often have to undertake 
more to do so.  
Around the equator night falls earlier, which makes it possible to dive and snorkel at night before 
evening sets in. 
In most places night diving is an absolute must. Many animals do not need light to orientate. 
Tactile senses, such as those on antennas of arthropods or in the lateral line of fish offer, 
together with the sense of smell, a good feasibility to move around. 
Sometimes that means pottering about in search of food, but it can also mean targeted hunt on 
prey. At night we can see active species, which during the day retreat underneath the sand or in 
crevices, or in cracks and holes of wreckages. Crinoids in the Red Sea and in the Indian Ocean 
often retreat in between the seaweed or the rocks during the day, and unfold their limbs at night 
to filter food from the water. Pay attention to how they roll up their limbs towards the mouth 
one by one in order to sweep the food inside.  
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For other species 
night fall certainly 
does mean bed time. 
Those who trim 
carefully and swim 
quietly, can approach 
species that are not 
caught on camera 
during the day.  
Species can look 
different at night than 
they do during the 
day. The chevron 
butterflyfish 
(Chaetodon 
trifascialis) sports a 
different stripe 

pattern during the day than at night.  
Parrotfish (Scaridae) are very special sleepers, which we will encounter again later. These animals 
secrete a protective layer of mucous around themselves, which makes it look like there is a 
cocoon around the fish. The layer of mucous masks their body odour and thereby protects them 
from parasites.  
A fine example for such a static fish in the Atlantic area is the lumpfish. 
Unfortunately sea urchins also have the habit to be more active at night than during the day. This 
means one needs to be extra careful to not accidently come in contact with one.  
Sometimes we also observe adaptions to human action at night. In places where there is a lot of 
hunting going on, such as along the Mediterranean See, you will hardly spot any squid for the 
first 10 to 15 
meters during 
the day. When 
night falls the 
bigger ones 
head for 
shallow 
waters. 
Because a 
static fish 
would make 
for an easy 
accessible host 
to parasites. 
 

3.3.3 The Coriolis force 

The earth rotates around its axis once every twenty-four hours. Depending on your place on 
earth this produces big differences in the speed with which you translocate. Precisely on the 

Sleeping Wrasse- by Ron Offermans 

Galapagos Reef Octopus - by Anne Lamers 
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poles you move, but you do not translocate, but when you are on the equator you travel a great 
distance every day, at high speed. The circumference of the earth is approximately 40.075 
kilometres. This means that you travel with a speed of approximately 1670 km an hour.  
These differences have consequences for water- and air currents. These consequences are 
named the Coriolis force after their discoverer.  
 
Simply said, the rotation of the earth leads to a westbound air current, the trade winds, in 
between the equator and the tropical circles. 
The Coriolis force is stronger toward the poles. Because of this the westbound wind will 
eventually curve in the direction of the pole. On the northern hemisphere the wind curves 
towards the right, on the southern hemisphere towards the left.  
This constant movement can be interrupted by high- and low pressure systems, which can 
eventually even lead to hurricanes in tropical and subtropical areas that are not very far removed 
from the equator.  

The wind will ultimately curve back to the ‘fixed’ direction thus influenced by the rotating 
movement of the earth and the Coriolis force. 
This phenomenon explains why the wind ‘always’ blows from the same direction at (sub)tropical 
dive sites.  
 
The Coriolis force also influences water currents, but here other forces also play their part. 

3.4 Gulf streams 

Coast of Bretagne - by Ron Offermans 
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The manner in which water moves around the globe is complex. The most important movements 
are discussed here.  
The first is the stream of water that moves around the entire world at great depth. Because of 
this stream the water travels around the world within approximately a thousand years. 
The flow of water gets underway because of a downwelling current. The water cools down in the 
Arctic waters around the North Pole. Moreover, this water is more saline than the water at the 
pole. The cooling ‘pocket’ of water becomes more dense than the water that surrounds it and 
sinks into the deep. This is only possible when the water at that particular depth is pushed to the 
sides. This gets a current underway. At great depths the cold water flows towards the South Pole. 
There it curves to the north, whereby the stream bifurcates in several mainstreams due to the 
continents. These streams move along the surface in the opposite direction of the cold water. 
Warming from above stimulates this process. This upwelling is more diffusely distributed around 
the globe than the downwelling. The warm stream north of the equator makes sure that several 
species can still appear up north.  

 
 
This global stream is called ‘thermohaline circulation’, in which ‘thermo’ obviously denotes 
temperature and ‘haline’ refers to the salinity of the water, two abiotic factors that generate this 
process of movement. Parts of the system often have local names such as the Malvinas current 
on the east coast of South-America and the Benguela current along the shores of West-Africa.  
With the upwelling all kinds of salts, among which nutrients, come to the surface, thereby 
making entire areas more eutrophic.  
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In fact, reality is more complex than previously described. Landmasses, but also oceanic trenches 
(the deepest parts of the oceans) can regionally influence the current, which means extra down- 
or upwelling can take place. A place where this happens is for instance along the west coast of 
the United States around Monterey Bay, where upwelling provides the water with more 
nutrients, and thus provides the basis for a vast area rich in species.  
Although the stream never stops (after all, solar heat supplies the system with energy to keep it 
going), fluctuation does occur. 
The most famous is El Niño. Normally this stream transports cool, nutritious water along the 
southeast coast of South-America to the north. Every 3 to 7 years a phenomenon occurs, by 
which warm water from Indonesia and the Philippines is impelled towards South-America. How 
and why is still not completely clear; but it turns out atmospheric pressure plays a significant 
part. The occurrence of slight changes in atmospheric pressure between South-America and 
Australia over a longer period of time cause the wind to blow in the opposite direction of the 
normal trade wind, which makes transportation of the warm water bodies towards South-
America possible. These fluctuations in atmospheric pressure are called the Southern Oscillation. 
The complete process of El Niño is referred to as the ENSO effect.  
The consequences of which can be dramatic. If the bodies of warm water reach Peru around 
Christmas, and prevent the nutritious water from reaching the surface, underwater life will 
dramatically decrease in number and fish not bound to the reef will depart from it. Visibility is 
greatly reduced at this time. 
A disaster for local fishermen, because the catch declines immensely. It is also bothersome for 
divers, as the visibility during El Niño is very bad. The turbid water is transported far away to the 
north by the stream, and although El Niño is initiated on the southern hemisphere the effects are 
noticed even past San Francisco during the more severe years.  
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The start of the ENSO effect is noticed at the end of the year. This is also where it owes its 
Spanish name to. El Niño, or the child, is a reference to the Christmas child. 
The consequences of the ENSO effect are not limited to just the water. In a number of areas, 
among which in Australia this period is characterized by draught, while higher evaporation 
causes extreme flooding elsewhere. Especially at this time forest fires are not uncommon.  
One of the most serious cases of the ENSO effect took place in the years 1997-1998. The water 
temperature had increased to be 2,8° C warmer than was normal and resulted in billions of 
damages worldwide.  

3.4.1 The earth around the sun 

The rotation of the earth around the sun (and the moon around the earth) has as its main effect 
the process of the tides, which the diver has to take into account. Therein the moon in particular 
is discussed as the determiner of the tides.  
At least as important however, are seasonal influences. There are two effects that, together, 
cause the seasons.  
Firstly, the earth is angled ‘askew’. Consequently, depending on the time of the year, one part of 
the earth’s surface is directed toward the sun longer that the opposite side. If the South Pole is 
directed towards the sun, then it will be dark above the northern Arctic Circle. Therefore summer 
in Antarctica means winter in Alaska and the other way around.  
As you go nearer the equator differences decline, there are no seasons. On the equator, day and 
night are just as long.  
Moreover, the intensity of the light is different on the equator (where the sun shines on earth’s 
surface perpendicularly) than on the pole angled towards the light. All of this has major 
consequences for the annual cycles of living creatures.  
The areas located north and south of the (sub)tropical area suffer from high mortality among 
algae due to the diminishing amount of light (and thus also lower temperatures) and blasts of 
autumn.  
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Large quantities of species are yearlings by nature. It is the spores, which are produced at the 
end of the year, that create a new generation of algae. Complex variations of alternately sexual 

and asexual reproduction occur during this 
process.  
Likewise many animals perish with the start 
of the cold season. Others head for deeper 
waters or burrow themselves. Because 
animals, birds and mammals excepted, are 
poikilothermic they can long survive in these 
circumstances without, or with little food. 
The metabolism decreases with the dropping 
temperatures, and thus the need for food 
diminishes.  
Some species, such as mammals, migrate. 
This means that they swim towards warmer 
areas during wintertime.  

Gills of a Whale shark - by Rob Kool 
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Meanwhile, these deaths also benefit the 
system: the dead material is broken down by 
bacteria and fungi. This produces many 
nutrients. A part is detritus, dead organic 
material, which is broken down into such 
small parts that it can then in turn be 
absorbed by filter-feeders such as sponges, 
crinoids, bristle worms, bivalves and 
tunicates. Another part of the organic 
material is broken down completely, only 
salts and carbon dioxide remaining. Naturally 
these nutrients are diffused in the water due 
to the currents, but the overall effect is that 
these areas are very eutrophic, which allows 
species to develop rapidly in spring. In shallow 
waters a seasonal blend of distinct water 
layers may too occur. In winter the water with 
a temperature of approximately 4° C sits close 
to the bottom. At this temperature, water has 
the highest possible density. Colder waters 
float on top of tis layer, as ice at its most 
extreme. When the water temperatures rise 
in spring and reach 4° C, the water sinks until 
it reaches the bottom or a layer of the same 
temperature. This causes the layers to blend 
and exchange nutrients. Which contributes to the explosive development of life in spring. In 
autumn the phenomenon repeats itself, now through dropping temperatures. The build-up of 
thermic stratification is clearly noticeable for divers especially in fresh water, for you can see the 
particles of dust serving as barriers, the thermoclines, between the different layers. 

Everywhere larger 
differences in 
temperature 
occur, blending 
too can occur. 
When a top layer 
with a larger 
density arises, that 
layer will sink thus 
causing the layers 
to blend. 
However, the 
differences in 
density of the 
separate layers are 
often so small that 
temperature 

Intermezzo 
 
There are always exceptions 
As we learn more about life on earth, we also 
come across the exceptions to the rules more 
often. Up until the turn of the century it was 
assumed that corals were a unique tropical 
phenomenon: the stability in both temperature 
and hours of daylight were thought to be decisive 
factors for the conditions in which corals can 
thrive.  
In 1999 however, research showed that there are 
huge coral reefs to de found in colder waters. It is 
even likely that the coral reef between Norway 
and Scotland is the biggest one in the world, with 
an approximate height of four hundred meters 
above the seabed. Because these reefs are 
located in the deep sea, they are outside the 
scope of this course, but because they form such 
a unique example they are shortly discussed here. 
Meanwhile, the emergence and evolution of 
these reefs is thoroughly being researched from 
Norway. It has become clear that no light can 
penetrate to where the coral is located, which 
makes them very different from tropical corals 
where symbiosis with algae constitutes the way 
of life. Nevertheless, a biodiversity which is 
similar to those of tropical diving spots in many 
ways has developed on these reefs. 

Breathing Whales - by Ron Offermans 
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layers scarcely blend, as is the case with the gulf streams.  
The seasons too affect reproduction. Many species have a reproduction process bound to a 
season. The season, and within that even the exact moment the genitals become active, can be 
determined by temperature, the amount of daylight or a combination of abiotic factors.  
A well-known example in the Netherlands is the reproduction of the cuttlefish (Sepia officinalis), 
which head for the Oosterschelde en mass to reproduce once the temperature has come up to 
12o C. 
Not only light and temperature but also chemicals factors produced by animals and plants, 
pheromones, ensure that in many species different individuals produce gametes at the same 
time. This is especially important with species that do not have any sexual contact because they 
are attached to the subsurface. This has been thoroughly researched in the case of brown algae, 
where it has been exactly determined how their pheromones are chemically constructed, but 
this has also been properly investigated for a number of other species.  
Seasonal differences are less significant in (sub)tropical areas. The water is frequently less 
nutritious since plants there do not have an annual cycle and die not to such a degree in autumn. 
As a result there is a lack of the abundance of nutrients. Favourable circumstances do effectuate 
better efficiency than they do in colder areas for organisms that break down dead organic 
material into inorganic substances. This group, which mainly consists of fungi and bacteria, is 
referred to as decomposers or detritivores.  
A positive thing for divers, visibility in these seas is much better. However, in tropical waters too 
seasonal influence is noticeable because even here temperatures differ throughout the year.  

The changes are less significant though, which in turn determines how life can develop there. For 

instance, tropical coral species have a tolerance of only a few degrees. Once temperatures drop 

below this minimum, reef-building corals do not develop any further; which explains the lack of 

Cuttle Fish - by Ron Offermans 
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dispersion of these tropical species around the globe. The reproduction cycles of several species 

in the warmer areas result in peaks of food supply. This allows you to spot a large diversity of 

species you can see regularly. A good example is Oman. You can spot sharks, among which the 

whale shark (Rhincodon typus), and rays all year round in the Gulf of Oman, but they are most 

frequently seen at the warmest time of the year around September. When you consider when 

and where you will be diving, it is sensible to check these sort of things with locals, tour 

operators or on the internet.  

 

3.4.2 The movements of the earth 

All movements of the earth within our solar system are difficult to comprehend at times.  
The earth itself being ‘instable’ as it is, makes for an even more complicated story. Even scientists 
sometimes struggle sometimes, take the theory of continental drift for instance.  
Over a century ago, Alfred Wegener stated that the continents must have been attached to one 
another in early times. Cartographers had also noticed before, but Wegener was the first to 
propose the theory in which continents drift away from each other, a phenomenon we now refer 
to as plate tectonics.  
Wegener’s theory found little response. Geologists would discuss it but at the start of the second 
World War standard textbooks still described the theory as ‘revolutionary’. Other than this, it 

Continental drift 
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was paid little attention. In the sixties, proof for Wegener’s theory started piling up. Continental 
drift in fact existed.  
 
Simply put, it works as follows. The earth is built up from different layers from the outside 
inwards, starting with the mantle (varying from 500 to 2900 kilometres in diameter). The crust on 
which we live is the mantle’s outer layer. Underneath the mantle lie the liquid outer core, and 
finally the solid inner core. There is a huge amount of pressure (to 3,5 million bar) in the inner 
core and temperatures are sky high. The pressure and heat bring in motion a very slow creeping 
stream directed upwards from the inner core, which curves under the mantle, a mantle 
convection. This is the same physical principle with which hot air rises in the atmosphere.  
The movement of landmasses is propelled by the mantle convection. This causes the continents 
to slowly drift apart, collide, and slide under each other or against each other sideways. 
 
The figure shows how the original supercontinent Pangea broke up into Laurasia and Gondwana, 
a northern and a southern continent. Inside, one can already see the outlines of the current 
continents.  
The motion of the continents provides the cause for several phenomena on fault zones, such as 

earthquakes and volcanic 
eruptions. It also explains 
subsidence and orogeny. The 
earth crust is a dynamic system, 
as seen from a geological 
perspective. 
Those who are confronted with 
this story for the first time, 
often find it difficult to 
envision. However, if you have 
a strong eye for this you can 
find fossilised shells and corals 
at high altitudes. In fact, you do 
not even have to go into the 
mountains to find them. 
Shopping malls and offices 

often use dimension stone for flooring. In it fossils such as the ammonoid in the picture, can 
usually be found. Ammonoids were cephalopods with an external shell. The largest specimens 
could be 2,5 meters in diameter. In the end the species became extinct in the same period as 
many of the dinosaurs. The only cephalopods with an external shell to have survived, are the 
nautiluses.  
Especially the plates around the Pacific Ocean are very active, resulting in frequent earthquakes 
and volcanic eruptions along its edges near Indonesia, Japan, the Philippines and the west coast 
of America among others. This area has accordingly been dubbed as the ‘ring of fire’. An 
earthquake under water can result in a gigantic tidal wave, a tsunami. 
Active volcanos can also be found at great depths, the so-called black smokers. They are located 
at too great a depth to be includes in this specialization, but these mineral-rich areas are 
surrounded by very unique ecosystems.  
Even though in some of these cases pose as natural disasters, on the whole this process is not so 
bad for biodiversity and life on earth if considered on a larger time scale. The landmasses and 

Ammonite in a floor by Rob Kool 
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oceanic trenches divide the world in smaller areas in which particular and unique ecosystems can 
develop. This is because due to the motion new hills, rocky outcrops and islands emerge. Which 
translates into more possibilities for affixing, a temporary increase in the quantity of nutrients 
and adjusting currents.  
Initially, new areas like so will develop a young ecosystem with few species and many specimens 
per species. As time passes more species will penetrate the ecosystem. They can come from the 
surrounding areas, and new species that flourish in new niches will develop. The pioneers of the 
young ecosystem will reduce in number or disappear altogether. But the overall variety of 
species and individuals will increase, until the ecosystem reaches equilibrium. It can take a long 
time for an ecosystem to evolve to such an extent.  
A niche is a habitat within the ecological community. An example: in the event of ectoparasites (a 
parasite that lives on the outside of an animal), ‘cleaners’ such as the northern cleaner shrimp 
and cleaner fish have a raison d’être. They will, when they are both present in the ecosystem, 
rival over the niche, or specialize in certain hosts.  
When choosing the areas featured in the chapter Worldwide diving, the division of the world in 
different compartments has played a significant part. 
In addition, however, there is a small isolated archipelago within which everything 
aforementioned about the development of ecosystems takes place in a unique way. This area 
receives special attention: the Galápagos Islands. 

4 Biodiversity: Threats, Actions And Conservation  

Auteur Rob Kool 

4.1 Introduction 

 

CMAS wants to contribute to preserve, protect and restore the underwater world as we know it, 
or have known it. It is important to preserve the biggest possible number of species 
(biodiversity), and ecosystems with a high biodiversity like coral reefs and kelp forests. 

All these threats are so enormous, that the thought might occur ‘What can I as individual diver 
possibly contribute’  

The answer is relatively simple. We divers can’t safe or improve the world on our own. 

As a group, we do are an economical interesting one. Our behaviour influences our surrounding. 
If we don’t like it, and don’t show up, it can have a strong local impact. Our attitude and living by 
example could be crucial for further developments. 

After this chapter 

• You will have an overview on the most common threats of the underwater environment. 

• You will have an overview of actions that can be taken to protect the environment 

• You can come up with action tips to preserve the environment.  

In the next chapter this will also be touched upon when we visit a number of areas worldwide. 
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4.2 Humans, the cause of environmental problems 

 

For ethical and religious reasons, humans are often seen as being apart from, or on a higher level 
than the rest of the living creatures. 

From a biological point of view, that’s another story. Then mankind (Homo sapiens) is an 
omnivorous mammal (eating both plants and animals), who separate themselves from other land 
mammals by walking on their hind legs and having opposable thumbs. Additional the brain is so 
large, that its size can only be compared with some dolphins.  

Man, has placed himself on a pedestal and has the tendency to portrait themselves as the most 
successful species on earth. Quite some remarks can be made on this self-portrait. If we consider 
numbers of individuals, numbers of species and the total amount of biomass, arthropods are 
much more successful and adapted to much more ecosystems then mammals.  

Due to technical devices man can enter each ecosystem and cause damage, but in a lot of areas 
we are not capable of surviving for a longer period of time. 

If we put the numbers of men in a graph, projected against time, it results in a J-curve: in an 
increasing pace, there are more humans living at the same time.  

 

Such a curve is characteristic for a plague: a species that develops very fast, destroys their 
environment and then the individuals die en masse. This is caused by a combination of 
starvation, diseases, and struggles within the species. Examples of this phenomena are locust 
plagues and the explosive development of the warty comb jelly or sea walnut (Mnemiopsis leidyi) 
in Europe. 
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The question at hand is whether mankind, using their unique superior intellect, is capable to 
bend the J curve to a stable population and maintain or restore the diverse ecosystems that 
surround us.  

Before we look at the challenges to our environment first some general remarks on the 
knowledge we today on this topic. 

4.3 Developing insight 

 

In the year 1972 a group of researchers, diplomats and captains of industry published the book 
‘Limits to Growth‘. It was a private initiative that an unequal distribution of wealth and poverty 
and the non-sustainable production methods and the use of fossil fuels would, in time be a 
threat to life on earth, or at least the survival of man as a species.  

The conclusions were and are controversial. There is a strong stream that claims the debate on 
poverty and wealth is a political debate. They argue pollution is acceptable up to a certain point, 
and can at least be solved by our technological solutions. 

The debate, that’s running for decennia now, has led to measures on numerous places. 

 

The result was in any case that a lot of research has been done on the climate pressure we cause. 
Especially in the USA lots of money is spend in research to the possible effects of climate change, 
or to strengthen the proof ‘nothing is happening’. Extreme changes in our climate, especially 
trends are discharged as being natural variations. A trend is statistical proven change over a 

Garbage on a Dominican beach - Ron Offermans 
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longer period, like the growing number of hurricanes, the melting of the polar ice and the 
glaciers in central mountains like the Alps and the increasing heat- and drought records.  

Those who deny environmental problems have excellent and almost unlimited communication 
resources. Pages and pages on ‘the climate hoax‘ can be found all over the internet, sometimes 
even supported by world leaders. 

The result of the latter stream is that there are still worldwide doubts on the changing climate 
and as such on the necessity to handle.  

The last 40 years it slowly sinks in there is ‘something’ wrong, and that we must do ‘something’ 
on every level.  

Within the framework of international collaboration, several reports have been written that 
prove climate change is real. 

The first was the Brundtland report ‘Our Common Future’ of the World Commission on 
Environment and Development (WCED) from 1987 (named after their committee chair and 
Norwegian prime minister Go Harlem Brundtland). 

The report addresses all elements of human effect on the environment. The report doesn’t look 
at humans in their immediate surroundings, there is a special chapter on oceans and the 
Antarctic.  

In the chapter on oceans, among others, is stated the importance of oceans in gathering human 
debris (the so-called sinks). The conclusion is that the quantity and the complexity of, especially 
chemical waste is exceeding the processing capacity of the oceans.  

Thereby the importance of the oceans is brought to attention. The water mass covers 70% of the 
surface of the earth and has a damping effect on extreme weather conditions (think about the 
role of the gulf streams).  

The oceans are a source of food and minerals, but first en for most of oxygen. 

Algae, and especially phytoplankton, are, together with the tropical jungles, the lungs of our 
planet. Here most carbon dioxide (CO2) is bound, which is extremely important to avoid global 
warming.  

After waste dumping, over fishing is the biggest problem. The Brundtland report claimed, already 
in 1987, that the species accountable up to 95% of total fishery catch, all are under threat in their 
survival. 
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Controlling overfishing is also a topic in the report. Partly, countries must act themselves, to 
relief the pressure on their coastal waters. But on top of this, international enforceable treaties 
are necessary to stop depleting and polluting international waters.  

After the Brundtland report, the united Nations instated a permanent committee to research 
climate change and to advice. This IPCC (International Panel on Climate Change) has since then 
released five reports on human influence on the living environment and its long-term effects. 
While doing so it turns out virtual impossible to achieve complete consistency on all factors and 
all consequences of human actions in a scientific accepted manner. 

As such the reports are an easy pray for those that deny environmental problems like climate 
change. Debates on elements of the studies are used to disqualify the work in its total, plying 
action isn’t necessary or only in very limited. As such ignoring the agreed upon over all 
conclusion of the scientific world: We are in trouble.  

By international conferences parties are working on international treaties to reduces the exhaust 
of greenhouse gasses. The Kyoto protocol of 1997 was the first step. The permanent inability to 
make a better deal let in 2012 to an extension of the protocol until 2020. 

In 2007 the IPCC received the Nobel Peace Prize for the quality of their reports. 

In 2014 the fifth report of the panel concluded for the first time that climate change was caused, 
partly of totally, by human action. 

It might be good to have proof ‘things’ are not going well, but which ‘things’ are we talking 
about? The first person who succeeded to make the solid, but extremely boring reports of the 
IPCC accessible for the bigger audience was former Vice President of the USA Al Gore with his 
book and film ‘The inconvenient truth’. For this work, he received, together with the IPCC, the 
Nobel Prize.  

In this book, several environmental effects are presented in a clear assessable manner. It 
includes a few leads for the SCUBA world. As result of the heating of the earth withering occurs. 
Glaciers and polar ice melts and freshwaters reserves desiccate. This, in its turn leads to gradual 
rising of sea levels. Which, in its turn is a threat to the worldwide coral reefs and everything that 
lives on it.  

In 2015 the 21st Conference of the Parties of the UNFCCC in Paris adopted an agreement 
replacing the Kyoto protocol. It foresees in strong measures to keep global warming below 2°C. 

Nature replaced by plastic - Smithsonian Museum - Rob Kool 

https://en.wikipedia.org/wiki/2015_United_Nations_Climate_Change_Conference
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Driven by those who don’t 
believe in climate change, 
or fear personal loss by 
climate action, the Paris 
agreement offers hope, but 
alas no certainty. 

Threatened coral is a good 
example of the complexity 
of climate change. Coral 
won’t be bothered by 
‘extra ‘water. What does 
happen is that more 
landmass (the coral isles) 
will disappear in the ocean, 
destroying the biotope of 
species living on the shoreline, or those who are depending on it for their propagation like sea 
turtles.  

Next to sea level rise, it is clear the number of tropical storms increases. These storms can be 
devastating to the coral if the isles no longer act as protecting barriers.  

On top of these there is coral bleaching, caused by higher temperatures. We’ll discuss that 
phenomena later.  

There a numerous countries that did act on the international call. One of the more important 
policies is the EU Natura 2000 act that stimulates conservation al over Europe and in part of the 
Caribbean. 

4.4 Some topics in a bird's eye view 

4.4.1 Global warming 

A turning point in human history is the industrial revolution at the end of the 18th century, when 
fossil fuels were starting to be used for the running of steam engines.  

With the introduction of those, mass production became a reality, which gave a boost to welfare. 

Unknown was the effect of Carbon dioxide and other gasses like methane (combined known as 
greenhouse gasses) when occurring in large concentrations in the air. In that case, dangerous 
effect happens.  

The sun is heating the earth. We’re talking about huge quantities of energy, that would be 
disastrous if it stayed on earth. Fortunately, the atmosphere acts as a mirror, reflecting most 
energy back into the galaxy. 

 

St Eustatius by Ron Offermans 
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The ozone layer is the most important part of this mirror. Greenhouse gasses in the air limit this 
reflection, so a part of the solar heat stays on our planet. Without the greenhouse gas effect, our 
planet would be too cold to be inhabited, but the increasing amount of greenhouse gasses result 
in the opposite effect.  
Exhaust of gasses is the cause of the greenhouse effect. As a results the world is warming up 
slowly. Since 1880 temperatures have been measured systematically.  
Meanwhile, the planet has become 0.85°C warmer on average. This process isn’t equally spread 

over the world. 
Land is warming 
up faster than 
the sea, and on 
land it’s also 
differs from 
place to place. 
This change has 
some severe 
consequences. 
It is not possible 
to make exact 
predictions, but 
with the use of 
modelling well 
educated 
estimates can 

Walruses (Odobenus rosmarus) by Marion Haarsma 
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be made. These possible developments are called scenarios. 
The first change is obvious: when it’s getting warmer, the ice melts. The first to notice are 
animals that live on the ice, like polar bears and walruses. Humankind also meet this burden, but 
on the moment, it is not always obvious and not everybody is affected.  
Three effects of global warming: 

• There is/has been lots of ice. All the melting water causes a see level rise. It’s a threat for low 
laying area’s in the world. For us as divers: popular island resorts in the Pacific can disappear 
completely under water. 

• Heat causes draught which reduces the agricultural areas. World food production reduces. 

• Melting of glaciers causes a shortage of fresh water, necessary for agriculture, cattle en 
cooling water in industry and power stations. 

How fast our globe gets heated depends on the measures we take. The international Energy 
Agency is the leading institute in the area of future scenarios. Given their models, we’re on a 
course which will lead to 6°C increase in 2050. Stetting a course for 4 or even 2°C heating is 
possible, but it demands huge efforts and collaboration.  
 

4.4.2 Pollution of the Oceans 

For billions of years, water is flowing to the sea. All this time water has carried debris. 

This containes both organic and inorganic materials the rivers washed away on their way to the 
sea. As there is far less land then there is sea, this stream of debris didn’t matter. The oceans had 
more than enough capacity to recycle and even prosper on the materials. 

With the arrival of agricultural poison, industrialization and the growing population of the planet, 
the situation slowly deteriorated. The seas are no longer capable to deal with the growing 
amount of material that was washed towards them. 

It took quite a while before these problems were recognized. Here some of the main reasons:  

Chinese mitten crab - by Ron Offermans 
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 Ignorance 

Most pollution 
starts with 
ignorance. We 
mentioned a couple 
of examples that 
will be recognized 
by anyone that 
thinks about 
possible 
consequences, 
even for a little 
while. But before 
we reach that 
point, pollution 
often happens 
unknowingly. 

Look wat is 
happening with 
ships. They need 
cargo to stay 

stable. If there is no cargo at hand, ballast water is used instead. When drained, the water can be 
a big source of pollution. It can be direct pollution, like the remains of oil of chemicals that 
originally served as cargo. But also, species can be transported across natural barriers mentioned 
in the previous chapter, like the American comb-jelly is already mentioned, the Chinese mitten 
crab (Eriocheir sinensis) and poisoned algae are other examples.  

Another example is 

the use of paint on 

the hull of ships. 

Some contain tin, 

which is excellent to 

resist corroding by 

saltwater and as 

antifouling. Particles 

that are released by 

the paint are highly 

toxic for 

invertebrates and 

induce sex change in 

slugs. The females 

develop male 

Santo Domingo - plastic soup – by Ron Offermans 

American Comb jelly - by Ron Offermans 
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genitals, with thus a slower propagation that isn’t enough for the survival of the species. These 

changes in slugs and snails is called imposex. Europe has now banded these paints, but that 

didn’t happen before there was wide scale proof of its effect 

 Sound 

Until man started to build ships with heavy engines and heavy industrial equipment like oil-rigs, it 
was silent in the oceans. Just a few species, like mammals, make sounds under water that man 
can notice. These animals communicate with sound, their communication is necessary to keep 
social groups together, find a mate, or hunt successful for prey. Under water, sound carries over 
enormous distances. Noise, produced by man disturbs species up to a point that they are 
threatened in their survival, like several whale species. In the whole scope of pollution, this 
environmental problem is often overlooked. 

 Oil 

Oily substances usual float on water, blocking the boundary layer with the atmosphere. Direct 
contact with oil, even in small amounts can cause diseases or death. The first big environmental 
disaster was caused by 
the oil tanker Torrey 
Canyon that stranded in 
1967 near the English 
shore on the rocks. 
120.000 tons of oil was 
released in sea. As many 
birds were covered in oil 
and tar, the disaster got a 
lot of publicity, and was 
thereby a turning point. 
As of that moment, the 
pollution of seas and 
oceans became a serious 
topic on the international 
agenda. The biggest 
disaster so far was the one with the drilling Deep Horizon, in 2010 in the Gulf of Mexico.  

After an explosion, oil could flow freely from the well into the sea. It took many day before the 
well was sealed. Estimates on how much oil ‘escaped’ is still debated. It sure oil ran from the well 
for three months in between 6,4 and 16 million litters a day. The lowest estimate is of BP, the 
highest of the New York Times. Usually the idea ‘the polluter pays’ seldom leads to 
consequences. But here it did. The bill for direct actions was $ 6,1 billion. BP, the owner of Deep 
Horizon, paid $ 7,8 billion compensation to private parties and agreed on top of it in 2015 a 
settlement of $ 18,7 billion with several coastal states of the US. 

 Plastic 

Sound - by Ron Offermans 
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Plastic hardly 
decomposes, and 
floats easily. Think 
about bags, bottles, 
balloons and 
Styrofoam.  

The result is that we 
now can talk of 
‘Ocean Soup‘, the 
area where we talk 
about high density 
‘Ocean Soup’ has by 
now the size of 
France. 

 Greenhouse gasses 

Greenhouse gasses, mainly carbon dioxide (CO2) end up in sea as well. Partly they are converted 
to oxygen and carbohydrates by plants. Oceans are, just like the jungles, the green lungs of the 
earth. The part that isn’t converted, is the basis for carboxylic acid. Slowly seas and oceans 
acidify. Some organisms are far more vulnerable than others. Species with an exo (outside)-
calcareous skeleton, like corals and snails are among the first victims 

 

 Chemical waste 

• Chemical pollution is complex. The first question is where it is generated. Sometimes the 
source is a fairly distinguishable point where high concentrated chemicals are dumped.  

•  

• Organic waste is dumped in sewers, which leads to anaerobe circumstances with a highly 
negative influence on fish stock and bottom fauna. For decades, the Franc hand German 
potash mines have been the biggest 
polluters of the river Rhine. Nowadays 
measures have been taken and the 
situation is slowly recovering.  

• More problematic is diffuse pollution, 
which happens unconsciously and on 
many points at the same time. Examples 
are over-fertilization and agricultural 
toxics. 

• And it is known that nuclear waste and 
heavy metals are dumped knowingly. 
(Inter)national laws and agreements on 

Plastic – by Ron Offermans 

Plastic bag at coral reel of Cebu, Philippines - 
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dumping have been drafted and signed. 
Enforcement of this, certainly when it 
comes to chemical dumping, is next to 
impossible. 

• We use biological warning systems on top 
of chemical analyses. One of these 
biological warning systems(alarm clock) is a 
strong growth or diminish of certain 
species.  

 Plundering 

 
Man gathers food. Nothing wrong with that. 
With our skills, we can do much more with 
plants and animals then just eating them. There 
is, again, nothing wrong with that. 
We make protecting clothing, produce 
medicine, and build shelter. And we can 
appreciate them as art, or gadgets. In this we 
don’t limit ourselves. We don’t care that 
gathering leads to enormous spilling. Usual we 
call this plundering overfishing. 
In doing so, we don’t or hardly limit ourselves, 
but that’s just part of the problem. The fact 
that, while gathering food, we spill a great lot, 
isn’t a concern to us. It’s also the hub for furs, 
souvenirs like corals, shells and the harvesting 
of kelp. 
Using our superior technological possibilities, 
we can find and harvest food everywhere and with high efficiency. Think about the fishing boats, 
that have become bigger and bigger.  
 
 
An example of plundering is fishing with a beam, a method where a net is towed over the 
bottom, disturbing the soil and catching everything. Of the catch ca. 40% is used, the rest will be 
thrown back into the sea. Of this 60% the majority is so damaged by the catch that the chance of 
survival is minimal. Dutch/Belgian survey lead to an estimate of 30% of porpoise (Phocoena 
phocoena) in coastal areas die as bycatch in coastal waters.  
 
But we do see a reversal in fishing. The bycatch is to immense and is no longer accepted. For this 
reason, the United States are banning fishing with a beam. Research is performed on methods 
that have less bycatch and leave bottom structures and bottom dwellers intact. Passive fishing 
with standing rigging, that reduce bycatch strongly is one option. These developments are not 
guided by environmental concerns alone. Towing nets demand lots of energy, and thereby a lot 
of (expensive) fuel. Methods like passive fishing requires far less energy, and can be done at 
much lower costs. 

Intermezzo 
Accumulation of poison in the food pyramid. 
 
When we describe ecosystems, we meet the food 
pyramids. Basis of these pyramids are plants, where 
we literally and figuratively speaking miss the phyto 
plankton. And it are these algae that are major 
contributors to oxygen and carbohydrates 
production. Plants are eaten by planteaters 
(herbivores), who are preyed upon by omnivorous 
animals and meat-eaters (carnivores). These in turn 
are eaten by bigger carnivores and so on, until the 
top of the food chain is reached: animals like orca’s 
and men, who hardly have natural enemies. 
Most organic material is found in the bottom of the 
pyramid, where carbohydrates like sugars, fats and 
proteins are produced by plants. In each following 
step of the chain the biomass reduces. Animals use it 
for their metabolism, the chemical basis of ‘staying 
alive’. 
By understanding this, it becomes easy to figure out 
what happens with chemicals that can’t be broken 
down (like the agricultural toxic DDT), but are taken 
in by algae. In this first step, concentrations are low 
and harmless, but in each following step 
concentrations rise, as they, unlike biomass, don’t 
disappear. Higher concentrations lead to diseases, 
heritable abnormalities and sterility. 
Reality is more complex than a simple food-pyramid. 
It’s more a food-web with multiple relations. Only a 
few species prey on one kind of food. 
The reality there is an increasing concentration of 
chemicals that aren’t broken down. 
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The next problem is spilling. Often only 
limited parts of a caught animal are used, the 
rest is thrown away. Sharks aren’t very cuddly, 
we consider them just to be dangerous. So, 
there is limited action to save sharks, although 
most species are harmless and essential for 
the preservation of the ecosystem. 
Our disinterest can take even bigger shapes. 
Fishing kelp, a Japanese specialty, is 
something nobody cares about. That this 
industry is almost as destructive as cutting 
down the jungle is hardly an issue. Still, 
unlimited harvesting can destroy complete 
ecosystems. 
We diver can also play our part. In 
spearfishing, catching the big one is often the 
goal. Who doesn’t want to get out of the 
water with a trophy. The place of these 
animals at the top of the food chain, and the 
fact that these are often the animals at 
reproduction age is a problem in itself. Divers 
can cause disproportionate damage. But 
count your blessings, getting the best picture 
of living animals is becoming a much bigger 
sport. That the goal of photo safari as an 
alternative sport. 
 
To finalize we mention the most stupid 
behavior of divers: gathering coral of snail 
shells and leave them at the end of the 
holiday. 

 Domino-effect 

 
In the previous text, we discussed the most 
important environmental issues. In reality it’s 
seldom just one cause, but we do see a 
combination of factors that lead to a domino 
effect, causing the death of one or more 
species.  
 
As an example, look at the situation in the 
river Rhine that flows through the Dutch delta 
into the North Sea. The salmon (Salmo salar) 
and sturgeon (Acipenser sturio) are 
disappeared from the river in the fifties of the 

Over fishing - by Ron Offermans 

Overfishing by Ron Offermans 

Beam trawl - by Ron Offermans 

Over fishing - by Ron Offermans 
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last century by a series of causes that have 
reinforced each other. However, the brown 
trout (Salmo trutta) was able to maintain 
itself. 
 

• The river was polluted with detergents, salts 
and heavy metals. 

• Loading the river with too large quantities of 
organic substances led to low oxygen levels. 

• Organic toxins and detergents affected the 
smelling capacities of the salmon, making 
hunting difficult and finding back the spawning 
places, almost impossible. 

• Also, overfishing in the rivers played its 
important role. 

• Digging up the sand and gravel in the upper 
lades of the rivers have destroyed the 
spawning grounds of various species. 

• Due to the dams on the coast of Holland fish could no longer swim upstream to reproduce. 
 
Learning form this unwanted side effects, actions have been taken, especially in combating 
pollution; the situation is recovering very slowly. The improved water quality has led to the 
return of other fish. The dams that protect the land are not broken down, but artificial tributaries 
are constructed that serve as alternative passage for the fish like fish ways, fish passes or fish 
ladders, so fish can go further upstream. 
 
The opening of the great 
dams (and closing them of 
course when the tide rises 
critical) helps in restoring 
the natural habitat in the 
coming years. Fish breeding 
will contribute to this 
recovery. In Germany, young 
salmon are bred and 
released into the Rhine, in 
the hope that independently 
the adult fish will return 
again. There is also a project 
to restore the population of 
the sturgeon in the Rhine. 
 

John Day Dam fish ladder on the Columbia River, US [ Public domain] 

Illegal souvenirs are still available - by Rob 
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In the tropical seas 
coral bleaching is a 
serious 
phenomenon. 
Some coral species 
living together 
(symbiosis) with 
unicellular algae, 
the zooxanthellae. 
The combination 
of coral and algae 
provides the exotic 
colours of some 
corals. The coral 
has the advantage 
that oxygen and 
organic 
substances, 

produced by the zooxanthellae, can be absorbed. To the other side the coral offers protection 
and carbon dioxide to the zooxanthellae.  

Increasing temperature leads to the coral repelling the zooxanthellae. This increase may only to 
be as minimal as 1° C higher then annual average; but that little chance is already sufficient to 
start the process. 
The coral fades as zooxanthellae disappear, hence the term 'coral bleaching'. After the loss of 
zooxanthellae the coral polyps also die. This phenomenon stretches over an area of dozens, or 
even hundreds of kilometres. 

Fish passage in the River Rhine - by Rob Kool 
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The effect is enhanced by the domino effect. Some of the factors that causes the death of the 
coral are: decline in oxygen when there is too much zooplankton (which in turn is due to 
overfishing), acidification, chemical pollution, increased sedimentation and increased 
susceptibility to bacterial infections. 
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Bleaching at this scale is the result of human activity. Nature has a great resilience and there are 
enough examples known where recovery has occurred. Young polyps settle on dead coral and 
 
slowly build a new colony. It takes a long time to achieve this new state, but under the current 
circumstances this time is missing. The coral will not recover. Moreover, there should be 
sufficient grazers to eat the algae from the coral reef. Overfishing causes that there are too few. 
 
  
 
 
 
 
 

 The impacts on biodiversity and changing policies  

 
There still is a lot to know. The number of species living in our oceans is unknown. But we do our 
best to learn everything and to save that knowledge. WoRMS (World Register of Marine Species) 
is an internet site that is dealing with this. At the start of the building of the site, it was assumed 
that there had to be recorded at least 230,000 species. In the shown illustration is indicated how 
many species since 1750 have been described by scientists. That number is still growing daily. For 
each species there is a description, a place in the system and a link to more scientific studies. 
When available, there are also images. 
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That more and more species are known, unfortunately does not say anything about their 
prospects. Do these plants or animals live in a healthy and stable ecosystem; what are their 
chances to survive? 
Or is the situation regarding this new species most threatening and could they soon be placed on 
the list of extinct species? 
An international scientific institution that conducts research into the number of marine species, 
is IUCN (the International Union for Conservation of Nature).  
They cypher a much higher estimate of the number of species than WoRMS: a million species on 
the reefs, and another 10 million in the deep sea. Unlike WoRMS, IUCN especially is looking at 
the threats but also to potential solutions. To this aim, they publish the so-called ‘Red List’, a list 
of species threatened with extinction. 
In this list, each type get a qualification on a scale running from going well to extinct. In addition 
to their general information and a lot of numbers, they publish also ‘amazing species'. In this, the 
specie will be presented and the particular conditions will be explained in more detail. In the 
shown example, an emperor fish from Mexico who has a vulnerable status of on the scale of the 
Red List and therefore is threatened. 
 
A few species are extremely suffering from overfishing. An example is the Pacific bluefin tuna 
(Thunnus orientalis) and the Chinese pufferfish (Takifugu chinensis). The last is favourite on the 
menu list of the Japanese. The past 40 years the population of this species declined by 99.9%. 
Yet it is difficult to give exact numbers of how the majority of species is doing. This requires that 
systematic research is done, often with the help of volunteers who are willing to share their 
observations. 
To get an impression of the problem we give some general figures. At the time of the publication 
of ‘The IUCN Red List: 50 Years of Conservation’ in 2014, there were 76,199 species examined, of 
which 22,413 were threatened with extinction. That is around 30%. In the seas, this percentage is 
probably slightly lower, but it remains still very alarming numbers. Half of the numbers of 
endangered species live in protected areas and still they are threatened! Think of the poaching of 
elephants and rhinos. 
Of course, it is also possible to mention some groups at sea that are threatened. These are the 
groups that everybody knows: sharks, turtles, marine mammals and seabirds. 
Certainly, it is bad when these groups largely disappear, and it is even more serious as the entire 
ecosystem seriously diminish in size or even disappear. At that time, many, many species are 
threatened at the same time. 
 

4.5 How to behave 

 
While we do not have a clear view on 
the individual species, we do have 
knowledge on the number of 
ecosystems. The IUCN is now 
developing a Red List for ecosystems.  

Coral bleach - by Ron Offermans 
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Some of the conclusions can 
already be drawn: 

• Coral reefs provide food, 
employment, recreation and 
storm protection for half a 
billion people. Nevertheless, 
70% of coral reefs are 
threatened or has been 
destroyed. In the Caribbean, the 
coating with hard coral in the 
last 30 years has decreased from 
50% to 10%. During the last 20 
years 35% of mangrove forests 
are vanished. 

• Other ecosystems where 
divers are happy, are the areas 
of the large (brown) algae, called 
the kelp forests. Currently about 
21 million tons of seaweed per 
year is harvested worldwide. It is 
like a major terrorist attack on 
the habitat of many organisms. 
Harvested seaweed is used as 
food, but also in the 
pharmaceutical industry. 

• Now it is evident that it does 
not go well with many marine 
ecosystems, the question is 
what we should do. From the 
theoretical approach, you come 
to the view that we need to 
move to sustainable use of the 
resources in the sea. This means 
that it is alright to fish and 

harvest plants, but one should do a few things at least: 
o Ensure that populations are large enough to reproduce in order to leave the remaining 

numbers stable. An example is the use of fishing quotas. These are set at different 
places in the world based on the number and maturity of species. 

o Make sure non or minimal damage is brought to the rest of the environment. Dynamite 
fishing is perhaps the best example of how not to act. Not only in the interest of the 
environment but also in the interest of the people that need the fish. This method is 
killing their own food supply. 

o Entangling nets catches not only the wanted species but is also killing useless (for 
humans useless) animals and endangered species. An entangling net is an upright wall of 
50-100 m. 

 
 

Example of threatened “Red List” species (IUCN) 
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http://en.wikipedia.org/wiki/Our_Common_Future
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5 How To Turn The Tide 

Goals of this chapter 

By the end of this chapter you know: 

- The concept of top down and bottom up action 
- Three examples of top down approaches 
- Three examples of bottom up approaches 
- A number of actions you can take as diver 

5.1 Increasing insight 

Over the last decades, the insight of what is happening to our environment, as described in the 

previous chapter, is increasing. We have better data on numbers of species, better 

understanding of global warming, much more knowledge of the toxicity of chemicals and plastics 

and so on. 

 It is evident action has to be taken at all levels to stop further degradation of life on our planet 

and restore damage in ecosystems whenever and wherever possible. 

This overall goal is simple to formulate. In order to be successful we have to be much more 

specific so we can define effective measures and actions to be taken. 

We can set all kinds of goals like: 

• Protect the remaining 10% of the big predators’ fish.  

• The remaining 60% coral reefs that are in good health. 

• The seagrass meadows (Posidonia oceanica), the rain forests of the Mediterranean Sea 
are still in abundance. 

• New technologies of restorations are taking place by transplantation and genetics in our 
oceans. 

• Extinction of endangered species of the ‘Red List’ stopped. 
 

As we have explored only 5% of our oceans, these goals will change over time.  

They will differ on the level we are approaching the topic. On a global level they will be much 

more general then at a specific diving stop. 

The overarching goal is, by know, clear. We have to get back to sustainable use the environment, 

and stop depleting our resources.  

5.2 Changing attitude 

The most important thing is that we are no longer ignorant, and take action. Some take this ‘let’s 
take action’ very literally and place their ships in front of whaling ships or occupy oil platforms. 
The average diver however is no Seashepherd of Greenpeace campaigner. That doesn’t mean 
diver can’t make a difference. They can. Some bottom-up actions can be even be much fun. 
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In this chapter we’ll start with the measures you can hardly influence, the (inter)national 
legislation and protection programmes. We call this the ‘top down’ approach. 

Then we look at what (diving)communities van do, the ‘bottom up’ approach. 

• Top down 

Almost every country has some rules to prevent pollution. Sometimes the work, sometimes they 
don’t. Especially when international waters are concerned, it’s hard to take measures that have 
effect. No-one owns them, so no-one seems to be accountable. 

Seems to be, because there are options. Governments can decide what is taken from shore, what 
has to be brought back, and what you can’t take away from the sea. 

Some examples: strict control of 
shipped chemicals will limit illegal 
dumping, the waste of cruise ships 
can be made subject to recycling and 
trade in animal products (like coral or 
turtle shields) can be forbidden.  

Here we mention two top down 
examples that impact our scuba 
world directly, one from Europe, the 
other form the USA. 

In Europe there is Natura 2000. it is 
the largest coordinated network of 
protected areas in the world. It offers a haven to Europe's most valuable and threatened species 
and habitats. Natura 2000 is stretching over 18 % of the EU’s land area and almost 6% of its 
marine territory, 

Natura 2000 is a network of core breeding and resting sites for rare and threatened species, and 
some rare natural habitat types which are protected in their own right. It stretches across all 28 
EU countries, both on land and at sea. 
Natura 2000 is not a system of strict nature reserves from which all human activities would be 
excluded. While it includes strictly protected nature reserves, most of the land remains privately 
owned. The approach to conservation and sustainable use of the Natura 2000 areas is much 
wider, largely centred on people working with nature rather than against it. However, Member 
States must ensure that the sites are managed in a sustainable manner, both ecologically and 
economically.1 
Concerning biodiversity they have six goals. Five of them apply directly to our diving grounds: 

• Protect species and habitats 

• Maintain and restore ecosystems 

• Make fishing more sustainable and seas healthier 

• Combat invasive alien species 

• Help stop the loss of global diversity 

                                                                 
1 See also the origin of this text: the Natura 2000 website: 
http://ec.europa.eu/environment/nature/natura2000/index_en.htm 

Control dumping from ships - by Ron Offermans 
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So only the goal to achieve more sustainable agriculture and forestry doesn’t seem to affect our 
diving. And actual, even that isn’t true. Sustainable agriculture and forestry implies at least the 
reduction of agricultural chemicals, and as such less pollution of fresh water lakes and rivers. 
As the Natura 2000 directive is applicable to all EU member states, some parts in the Caribbean 
are protected as well.  
 

The EU website gives a lot of information, among this the goals for the near future. 

In the USA NOAA (national oceanic and atmospheric administration) is a governmental 
organisation that has the supervision over a large number of protected areas, both on the 
Atlantic and the Pacific site of the US.  

Although Mexico has the honour of starting with protective actions, the USA has passed 
extensive legislation the last decades to protect vulnerable areas. Although enforcement is a 
major problem in the vast coastal areas (and not only in the USA), it is clear the work has effects. 
The condition of the kelp forests in the Pacific has increased, and mammals in the same waters 
are doing better than elsewhere in the world. 

The webpages on the sanctuaries are a pleasure to read and give a lot of information that is 
useful for us divers. 

• Action bottom up 

Marine Strategy Framework 
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It’s often said: what difference does a diver make? The honest answer is ‘hardly’. But there is not 
such a thing as ‘a’ diver. There are millions of us, and then action does matter.  

The first thing you can do, is 
something people will not 
immediately associate with 
conservation, and that’s have 
excellent diving skills. 
Buoyancy is number one. Stay 
away from the bottom, and if 
you’re a photographer, use 
your BCD to get away from 
your object, not your fins. 

The descent is another 
element. Beginners tend to go 
down until they feel 
something beneath their feet. 
First of all, you’ll have more 
fun if you start looking before 

you ‘hit bottom’, and most ecosystems are damaged if they are hit with heavy objects like divers. 

Then there is the frog kick, that, if well executed is better if you’re closer to the bottom. 
Think it over and decide where you can improve. For instance the story of the dive master that 
said: they did an excellent job, until they had to release the surface buy. The first action was to 

get the lines tangled in the coral. 

The next step is to contribute to the 
environment. This starts with the easy 
steps: leave nothing behind that doesn’t 
belong there. Both beneath the surface and 
on shore. Remember every dirt will be 
washed to the water eventually: cans, cups, 
bottles etc. 

Then you can become more active: take 
some rubbish from the site and dispose it in 
the right way. 

After the individual actions, you can become an example. Refuse all disposable plastic bags, cups 
and bottles in dive sites. In Europe we see a change on legislative level: if you want plastic, you’ll 
have to pay. Elsewhere in the world we can show we can do without. 

Never ever take forbidden animal or plant products home. Shark teeth, tortoise carapace, corals, 
dried crustaceans etc. are just some examples. They can result in heavy fines if they are 
discovered when you re-enter your country. 

Guide likes to bully a spiny pufferfish - by Rob Kool 

Unnecessary catch - by Cor Kuyvenhoven 
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Choose an operator that is 

environmental friendly. Boats 

that anchor on reefs should be 

passé. The same goes for 

garbage: take it back to the 

shore. 

You can play an role in 

protecting ecosystems as well. 

That can be done in a passive 

way like giving support to 

NGO’s like the World Wildlife 

Fund, Greenpeace, 

Seasheaphard or national and local groups. 

And you can actively participate in monitoring and reviewing site and participate in local clean-

ups and restauration actions. 

There are already enterprises 

that run on retrieved 

materials like fishing nets and 

lead. You can buy yarns and 

even socks based on 

‘garbage’ 

 An example of underwater 

action: Project Baseline is 

rapidly growing. Here local 

groups look after their local 

dive site.  

 

Websites: 

• Natura 2000 viewer: http://natura2000.eea.europa.eu/  

• Natura 2000 information EU: 
http://ec.europa.eu/environment/nature/natura2000/index_en.htm 

• NOAA sanctuaries: http://sanctuaries.noaa.gov/ 

• Project Baseline: http://www.projectbaseline.org/  
  

Greenpeace in action - by Kees Kassenberg 

Sea Shephard ship Bob Barker - by Rob Kool 

http://natura2000.eea.europa.eu/
http://ec.europa.eu/environment/nature/natura2000/index_en.htm
http://sanctuaries.noaa.gov/
http://www.projectbaseline.org/
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•  

6 WORLDWIDE DIVING 

And here you are, you’re a diver! With lots of diving experience within your own environment, 

and ideally proficient at additional specializations too like, drift diving, dry-suit diving, ice diving, 

wreck diving, and nitrox. 

And now you want to explore the world. Are you going north, east, south or west? What context 

is there in all these areas, making life so different? But also: what is there to discover? 

This chapter introduces you to some very different dive sites. There is of course much, much 

more, but the chosen areas have been selected to introduce you to a range of differences. For 

each area, we look at interesting biological phenomena and we look at a number of activities 

that protect biodiversity. 

After reading this chapter: 

● You will have a broad overview on diving in salt water environments worldwide. 

● You will have met a number of relationships and dependencies between groups of organism 

and in different areas. 

● You will be able to systematically look at new diving areas and thus become more thoroughly 

familiarized with the nature in new dive sites and the protection of this nature. 

● Furthermore, having read this chapter you will have a better basis of understanding, allowing 

you to be in a position to master deeper, more specialised subjects. 
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6.1 Northwest Coast Europe 

Authors: Anne Lamers and Mark Faasse 

 

It has corals, octopuses and sharks; visibility that equals the waters on a tropical destination; and 

yet it is not the first choice for experienced European divers. If you plan a dive, do not forget to 

pack your dry suit! 

6.1.1 General Description geology and geography 
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In this chapter, we classify 

the North-East Atlantic as 

the area stretching from 

Brittany to the coast of 

southern Norway. The 

entire area is under the 

influence of the North 

Atlantic Gulf Stream, 

providing a moderate 

temperature of the sea 

water. The Gulf Stream is 

actually the northern 

branch of this warm 

ocean current. The impact 

of the Gulf Stream is so 

great that it prevents even the most northern ports of Norway from freezing in winter. 

The North Atlantic Ocean can be defined as the ocean north of the Brittany region in France; 

south of Southern England and Scotland, and Norway in the north. During her trip to the north 

the temperature of the North Atlantic Gulf Stream will drop. The average temperature around 

Norway is lower than that of the Channel between Brittany and southern England. 

Another big difference between the two areas is the current: the water between Brittany and the 

south of England is characterized by high tides, which provide water heights of up to 10 meters 

between high and low tide. It is not difficult to imagine that the force of the water current can be 

very strong. The current in the diving areas in the northern region, Scotland and Norway, is far 

less significant. This is caused by a so-called amphidromic point. Amphidromic points are areas 

where sea water rotates. No net vertical movement in the water occurs, so there is almost no 

difference between 

high and low tide. 

These points are 

the result of an 

interaction 

between the tidal 

wave, the Coriolis 

force and the land 

mass where the 

Gulf Stream curls 

around it. In the 

North Sea there are 

three such areas, 

one close to the 

Egersund, south coast of Norway - By Ron Offermans 

St. Abbs - by Nelleke Kool 
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coast of southern Norway. The resulting current is so low that it is safe to dive at any time of day. 

The coasts along the North-East Atlantic alternate between sandy and rocky. The substrate has a 

major influence on the development of marine life. Hard substrate offers better foundation for 

the development of ecosystems of high biodiversity than soft substrate such as sand. For divers 

the North Sea, which 

mainly consists of 

sandy soil, the 

outlook is biologically 

less interesting than 

the rocky coast of 

Brittany, southern 

England, Ireland, 

Scotland and Norway. 

Exceptions are the 

artificial reefs like the 

dikes of delta of 

Zeeland and the 

wrecks in the North 

Sea. 

  

Windmill park Northsea - By Ron Offermans 
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6.1.2 Ecology 

The underwater flora and fauna of the North-East Atlantic region is distinctly different from life 

in the South Atlantic but has a significant similarities to the American Northwest Atlantic. In the 

area we discuss here, because of the warm Gulf Stream, many species can be found in the north 

of Norway, and can even reach as far as the Arctic. The Gulf Stream does not has such 

temperature extremes along the US coast. In many places a significant tidal range is present. As a 

diver, only during high tide can we see the effects from 

this tidal zone (the littoral zone). The flora and fauna of 

this area are not a striking phenomenon, but they are 

certainly very characteristic. Common limpets, 

periwinkles and barnacles are well adapted to a life that 

unfolds in a partly dry, partly wet landscape. Under the 

low water line we see a drastic change in the flora and 

fauna. The tidal organisms disappear and subtidal 

species are iconic. Very typical for the temperate region 

are the abundance of algae in many species. Directly 

below the low water mark starts the so-called kelp 

forests, a striking aspect of the underwater world of 

temperate regions. 

Kelp is a collective name for the meter-high brown algae 

of the order Laminariales. On the Pacific coast of North 

America the giant kelp can even grow to the height of a 

North sea wrack - by Ron Offermans 

Covered rocks in Norway - by Ron Offermans 
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tree. However, in Northern Europe they don't stretch taller than about three meters. Kelp grows 

around the low-water mark to some tens of meters deep, depending on the clarity of the water 

and the shape of the coastline. On perpendicular or inclined walls the kelp will not grow so deep, 

because the upper kelp shades the light from lower parts of the wall. Kelp is not very popular 

among divers because it impedes your swimming movements and casts shadows underneath. 

That, however, is a shame. The swim through such an underwater forest is beautiful, especially 

through the rough stalked finger-shaped seaweed (Laminaria hyperborea), known as tangle or 

cuvie. The stems with a length of one and a half to two meters high are beautifully covered with 

red algae, sea squirts, mussels and hydropolyps. There are sea urchins, crabs and fish; and even 

the smaller weeds can harbour unexpected species. You can, for example, encounter a thirty cm 

slug called the sea hare (Aplysium spec.). 

Due to lack of light under the kelp 

forest the algae vegetation quickly 

disappears and we get into the area 

where the vegetation is completely 

of an animal nature. Especially along 

steep walls with a lot of currents, 

rocks are almost completely 

covered with a wide variety of 

colourful sedentary organisms: 

anemones, soft corals, sea fans 

Kelp - By Ron Offermans 

Sea hare – Ron Offermans 
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(gorgonians, sponges, sea squirts and more).  

In places where the current is pushed together by steep walls, much plankton is gathered, to the 

benefit of plankton eaters. Slugs feed of this sedentary animals in turn and fish profit from what 

is brought in by these 

currents. This habitat can 

compete with the more 

famous coral reefs with 

respect to colour and 

exuberant vegetation. 

Other rocky coastal 

habitats have a slightly 

different character. Where 

the rocky coast is less 

steep, the vegetation is 

often less crowded and 

colourful. Less colour does 

not automatically mean that there is less to see. Loose boulders mean there are more cavities 

and cave between the rocks and you usually find more crabs, shrimp and small fish. In addition, 

on steep walls where the current is not flowing too hard, the vegetation is different. Less 

colourful, often with many hydropolyps and moss animals (bryozoa) in brownish and yellowish 

tones.  

 

Moss animals are usually smaller than a millimeter, but 

they build colonies sometimes more than ten 

centimeters tall. It is a group with many forms; from the 

colourful crusts of flexible bushes to small coral-like 

colonies. The latter, formed like lace (Reteporella 

beaniana) are found in the deeper parts. Furthermore, 

on walls where the current is moderate, we find sea 

squirts and sponges. This provides the ideal feeding 

grounds for many different types of slugs.  

Where steep walls are interrupted by gaps there are 

spots with a unique fauna, very worthwhile to 

investigate with a flashlight. The blue striped squat 

lobster (Galathea strigosa) is a typical animal of this 

habitat, as well as the tom pot blenny (Parablennius 

gattorugine). With some luck you may also find a conger 

(Conger conger). 

Moss animal (Porella compressa) - by Ron Offermans 

Moss animal (Reteporella beaniana) on kelp 
in Bretagne 

 



 Conservation Diver Course 
83 

Until now we have assumed that you’re 

diving along the rocks. In several places 

the rocks end with a soft soil bottom. It’s 

easily forgotten that on and within these 

soft sand and silt bottoms unique fauna 

can be found. The soft seabeds of the 

Norwegian fjords, Scottish lochs and the 

Rías in Galicia are good examples. At 

first sight, such a bottom looks bare. 

From a depth of about ten meters, and 

especially past twenty meters, there are 

very special organisms. Various types of 

sea pens characterize this habitat. The polyps with eight spring-like tentacles betray that sea 

pens are related to soft corals. They use their spherical foot to anchor themselves in soft ground. 

Apart from our well known cylinder anemone (Cerianthus lloydii), firework anemones 

(Pachycerianthus multiplicatus), with a plume to thirty centimeters, are found here too. Many 

species of sea cucumbers push their branched plume out of the soil. Norway lobsters live in 

burrows in the soft soil, sometimes together with an eye-catching coloured goby species. Crab 

with long-stalked eyes, sea mice (Aphrodita aculeata), or digging slugs; it's all there.  

Another habitat of soft soils is formed by seagrass beds. In the North Atlantic this largely consist 

of the common eelgrass or seawrack (Zostera marina). Seagrass fields are mainly found between 

the low water mark and a few meters deep, so they are not always easy to dive at low tide. The 

seaweed contains a specific kind of community. In the bottom between the seagrass live digging 

sea anemones and other organisms. On the leaves live certain types of snail. Fish like seahorses 

(Hippocampus spec.) and pipefish also feel at home among the seagrass. For many other fish, 

seagrass acts as a nursery. Cuttlefish like to live in seagrass beds.  

The functions of this habitat; securing the soft bottoms, producing large quantities of plant 

material and acting as a nursery for young animals, are similar to those of mangroves and 

seagrass beds in tropical areas. 

That seagrass habitats where characteristic 

biotopes with a unique community of life 

was revealed in the Netherlands. After the 

disappearance of the common eelgrass from 

the Wadden Sea, various animals, including 

the broad nosed pipefish (Syngnathus 

typhle) disappeared from this country. 

Do not forget to look around in the open 

water. As well as fish, sometimes you’ll see 

different types of jellyfish swimming around: 

comb jellies and, in the North Sea, butterflies. You can also see odd animals like siphonophores, 

starfish larvae and pelagic worms (pelagic means ‘live in open water’). 

Conger eel in Bretagne - by Ron Offermans 

Long snout seahorse (Hippocampus ramulosus) 
between seagrass - by Ron Offermans 
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● Anthozoa (meaning flower 

animals) 

 

Anthozoa is an important group 

within the tribe of the cnidarians. 

The taxonomy of the flower 

animal head is sometimes 

different than suggested by their 

popular names. The most 

important groups are the 

Octo(=8)corallia (flower animal 

with eight feathered tentacles 

per polyp), and the 

Hexa(=6)corallia (which has a sixfold symmetry). The Octocorallia include soft corals like dead 

man's fingers (Alcyonium digitatuma), further gorgonians or sea fans, and sea pens. The 

Hexacorallia include corals, sea anemones and the zoanthids (carpet coral). So in fact the soft 

corals are not closely related to the hard or stony corals: stony corals and sea anemones are 

much more closely related. 

Flower animals in the Northeast Atlantic claim 

a dominant role the most colourful habitats 

such as steep walls with strong currents.  

Sea anemones like the plumose or frilled 

anemone and the graceful mud sagartia or 

cave dwelling anemone grow here in high 

numbers. Dead man's fingers and white or 

orange soft coral up to thirty centimeters, 

both grow much more exuberantly on steep 

walls with strong currents.  

Dead man's fingers, Island near Lyngoy, Norway 
by Ron Offermans 

Jewel Anemones - by Ron Offermans 
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Other high-growing flower 

animals that live here are 

gorgonians such as the 

'pink sea fan (Eunicella 

verrucosa), occasionally up 

to half a meter high. Jewel 

Anemones (Cory Actis 

viridis) are the preeminent 

cnidarians granting the 

exuberant colours of rock 

walls. This one species has 

a huge range of different 

colours, and sometimes 

almost psychedelic colour 

combinations. Through the 

process of multiplication-

through-division, differently coloured clones live in groups next to one another. Although the 

name suggests otherwise, these jewel anemones are not real anemones. They include a small, 

separate group, the corallimorpharia (coral-like), with the anatomy of coral polyps, but without a 

limestone skeleton. The transparent tentacles, sprinkled with tiny warts and with a sphere at the 

end, betray that you’ve found something special. True stony corals can also occur in the same 

habitat. These are solitary corals (cupcorals) like the Devonshire cup coral (Caryophyllia smithii).  

For large coral colonies we have to go into the deep. To our knowledge, you only can reach these 

by diving into the depths of the Trondheim fjord. Here you will find the cold water coral Lophelia 

pertusa. In the absence of symbiotic algae they grow more slowly than tropical coral reef-

building corals. The colonies are very old but also very vulnerable. This cold water coral provides 

a habitat for a species-rich community life. 

● Annelid worms 

There are many 

species of annelid 

worms, most of which 

live in the soft soils. 

The most notable 

species have a range of 

feathery tentacles that 

spread into free water 

for respiration and to 

catch food. The body 

usually lives in a self-

built box of soft 

material or lime. Some 

lime tube worms even 

build small reefs. In 

Cold water coral in Trondheimford, Norway - by Peter van Bragt 

Eyelash worm (Myxicola infundibulum) - by Ron Offermans 
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Scotland and Ireland rare but wonderful Serpula reefs can be found. The rare soil-dwelling 

tubeworms species Myxicola infundibulum, in English the eyelash worm, lives in a tube of jelly-

like material. There are not that many freely moving annelids, but these often have a very 

distinctive pattern. 

 

 

● Fish and marine mammals 

Free swimming fish you will mostly encounter near some steep cliffs, in wrecks (especially bib, 

pout and other cod species) and in areas with boulders and kelp forests. A diver could encounter 

some beautifully coloured wrasses in these habitats. The John Dory (Zeus faber) likes to shelter 

there too. The dogfish (Scyliorhinus canicula) can be encountered across many different habitats. 

Sometimes several packed are together in caves and crevices.  

Perhaps the most imaginative fish is the massive basking shark (Cetorhinus maximus), a plankton 

eater of up to nine meters long. He seeks plankton in some areas along the coast, especially in 

the summer months. There he swims with a gaping mouth just below the surface, often with 

dorsal fin and tail above water. Promising areas to meet these animals are along the west coast 

of Scotland, Ireland and Cornwall.  

 

The marine mammal most frequently encountered in the waters of the North Atlantic is the gray 

seal (Halichoerus grypus). The Farne Islands in eastern Scotland are famous for these creatures, 

Gray seal on Farne Isles - by Ron Offermans 
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but it is also possible to meet them in other areas in Scotland and Ireland. Sometimes (and 

sometimes for a number of years) a dolphin is actively looking for contact with people. If you're 

in the right place at the right time, you can see one during the dive or snorkel trip. For a higher 

chance of success, snorkel in an area where orcas migrate or live: in Norway, for example. 

6.1.3 Diving 

Dive centers are located in the whole area, with a varying density. In remote parts of Scotland it 

can be tricky to fill your tanks. Use a dive centre to reach your dive sites to avoid encountering 

that problem. A disadvantage may be that diving centres expect that you want to visit 

shipwrecks. After all, most divers want to do that. However, in general, wrecks offer only a 

fraction of the biological diversity that can be found on nearby cliffs, etc. There the ecological 

stability allows for the development of complex communities. 

The combination of current, cold water, and sometimes difficult circumstances reaching or 

leaving the water makes it more appropriate for a skilled diver to attempt. Experience with dry 

suit diving in currents is also a useful skill to have. Familiarity with the use of surface buoys is also 

required. 

Generally diving in these waters is for more experienced divers. The water temperature in the 

area is no higher than 18° to 20° centigrade in the summer, so a drysuit is no luxury. With good 

visibility it is easy to make deeper dives, so a larger scuba tank comes in handy. The current, 

especially in the southern part of this area, where the tidal range is large, can be strong. 

6.1.4 Threats 

Diving near Eyemouth, east coast of Scotland – by Ron Offermans 
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Overfishing 

In the last decades of the 20th century, the Atlantic Ocean was nearly depleted due to so many 

large vessels, such as trawlers, fishing in this area. Some fish species such as cod were on the 

verge of extinction. Overfishing whole fish populations has caused the links in many biological 

communities to disappear. The ecological balance of the living community is disturbed. To 

combat overfishing, fishing quotas have been set and sanctuaries installed where fishing is not 

allowed. These restrictions on fishing have already borne fruit in these areas. 

Perhaps an even more damaging practice is scallop fishing, wherein the scallops living on the 

bottom are captured. With their metal nets the fisherman scrape large surfaces on the bottom 

where vulnerable gorgonians and large brittle colonies of moss animals are being destroyed. It 

takes decades for these damaged communities to recover. 

Fragile seagrass beds are further threatened by boats throwing out their anchors. For each 

anchor that comes down, a piece of habitat for seahorses and other special fauna is lost. 

Exotics 

Imbalance can also be caused by the introduction of exotic species, species of origin who 

originally do not occur in this 

area. These exotics can come 

here by climate change, but 

also by human action. Many 

exotics are transported by the 

ballast water of ships. Some 

are imported by breeders, 

such as the Japanese oyster 

(Crassostrea gigas) in the 

estuary of the Netherlands. 

This has expanded 

exponentially at the expense 

of the indigenous ordinary or 

flat oysters (Ostrea edulis). 

Exotics can be a nuisance, because they have no natural enemies in this area. In many cases, the 

natural balance is ultimately restored again, but sometimes the native (endemic) species do not 

survive. 

Plastic pollution 

Due to international conventions the pollution of the area by chemical companies has greatly 

diminished after the seventies. An exception is plastic pollution. As reported previously, this is 

one of the greatest contemporary environmental problems. In many countries the dumping of 

plastic by law is prohibited under the OSPARFout! Bladwijzer niet gedefinieerd. Convention. 

Recycling of plastic can also help to address this problem. 

Protection 

Ron Offermans 
Japanese oyster (Crassostrea gigas) in the Netherlands 
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All countries in the North Atlantic Region and around the North Sea have signed the OSPAR 

Convention. This treaty aims to protect the marine environment through international 

cooperation in the North-East Atlantic (including the North Sea). It is a combination of the Oslo 

Convention on the dumping of waste at sea; and the Paris Convention on marine pollution from 

land-based sources. 

The Convention has the following goals: 

● Preventing and terminating pollution of the marine environment. 

● Protecting the maritime area against the adverse effects of human action 

● Maintaining the marine environment and, where possible, restoring degraded 

areas. 

At the national level, the various countries have nature reserves and protected areas. 

France has four marine national parks, the Parc d'Iroise in Brittany is one of them. 

Around the UK there are several MPAs (Marine Protected Areas) and MPZ's (Marine Protected 

Zones), which are advised by the JNCC (Joint Nature Conservation Committee). MPAs are 

designed to protect certain habitats and species. Marine Conservation Zones provide more 

extensive protection for all habitats and species within their borders.  

Lundy Island is one example. Several protected areas, including around St Abbs, started as a 

voluntary protected areas through cooperation of coastal fishermen, divers and conservationists. 

Isle of Lundy - by Floor Driessen 



 Conservation Diver Course 
90 

Norway has one marine national park: Ytre Hvaler park at the entrance of the Oslo fjord. All 

together that may seem like a lot, but for the protection of the marine environment it is by far 

not enough. 

6.1.5 Research and education 

Several European 

countries do extensive 

research on the life of this 

area, including research 

on its threats. This 

research has been 

conducted for a long time: 

in 1876 there was already 

a research centre 

established at Den Helder 

(Netherlands). Most 

European countries 

bordering the North Sea 

have had their own 

institutions since the late 

19th century. 

An example of one of these research centers is the Plymouth Marine Laboratory: the heart of the 

British research to study the life of the North Sea and English Channel. The National Aquarium is 

also established in the area. A place worth visiting if you are not able to dive at that time. 

In Brest (Brittany, France), there is a huge aquarium called Océanopolis. A wonderful place to 

learn about the subject of this course. 

Ecomare on Texel provides 

excellent education. The 

encyclopaedia on their website 

(in Dutch, German, French, and 

English) refers to the largest 

research institutes in The 

Netherlands (NIOZ and Imares), 

and how these institutions work 

together at European level. 

Together the institutes have a 

number of research vessels 

designed for very targeted 

research: each of the 

collaborating institutes 

specialised in one or more topics. 
Dutch research ship of NIOZ - by Floor Driessen 

Dutch research ship of NIOZ - by Floor Driessen 
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6.2 Mediterranean 

Author: Marco Faasse 

In Europe there is a beautiful blue sea with a wealth of marine life and algae with a colour 
splendour reminiscent of a tropical coral reef. The special feature of the Mediterranean is that it 
is a subtropical sea. For divers from the cold but also for divers from tropical areas it is a quite 
surprising world. On a world scale, good subtropical diving areas are rare. 

6.2.1 Geography 

 

The Mediterranean is a relatively deep sea, which is almost completely enclosed by land. The 
average depth is 
approximately 1,500 
metres. It reaches a 
maximum depth of more 
than five kilometres, 
about half of the deepest 
point of all the oceans. 
(In comparison, the 
North Sea has an 
average depth of 94 
metres, the region of the 
low countries only 20 
metres!) Aside from the 
Suez Canal, dug in the 
south east, the only free 
connection to the ocean 
is the Straits of Gibraltar 
in the west. This opening 

Starfish - by Rob Kool 
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is barely 14 kilometres wide at its narrowest point and is the reason that the tide difference in 
this sea is rarely greater than half a metre; twenty to thirty centimetres is more common. 

The Mediterranean area has a warm and dry climate. This ensures a high evaporation rate and 
little fresh water received from the rivers. To compensate for the excess evaporation, there is a 
continuous flow of Atlantic water through the Straits of Gibraltar. As a result, salinity is 
something higher than in the Atlantic. The Mediterranean is divided into a western and eastern 
basin by a barrier on the bottom of the sea reaching from Italy to Africa. In the eastern basin, the 
salinity is even higher due to a warmer climate, the greater distance to the Atlantic Ocean and 
the prevention of water exchange caused by this barrier. 

It is believed that about six million years ago, the Strait of Gibraltar was closed and the 
Mediterranean largely dried up, a few reservoirs remained with high salinity (Messinian Salinity 
Crisis). When the chain of mountains at Gibraltar collapsed, a gigantic waterfall filled the sea 
again with one and a half million cubic metres of water per second (!). That lasted a century and 
lowered the level in the world's oceans by twelve centimetres. The geography and history of the 
sea, of course, have a major impact on the biology and ecology. 

6.2.2 Ecology 

The wealth of species in the Mediterranean is high. The sea has a fairly high percentage of 
endemic species, i.e. species that occur only here and nowhere else in the world. Probably a long 
time ago, some species survived the salinity crisis in the remaining basins and thus formed the 
basis for the endemic flora and fauna. The flora and fauna of the Mediterranean, of course, show 
the greatest similarity with the nearby Atlantic Ocean. Life in the Mediterranean, after all, is 
rooted largely in the ocean by the breakthrough of the Straits of Gibraltar. The gateway to the 
ocean is in comparison to the surface of the Mediterranean sea very small; many of the originally 
Atlantic species were able to develop in the isolation of the Mediterranean Sea to new endemic 
Mediterranean species. They look different to the original Atlantic species and they can only 
reproduce within their new Mediterranean species. The breakthrough of the Strait of Gibraltar 
took place about six million years ago, a very short time in the geological time scale. There was 
little time for radical changes, certainly when you realise that the connection with the ocean has 
been there all the time. So therefore the same species live in both seas. A number of them have 
both an Atlantic and Mediterranean appearance, and they can reproduce with one another.  
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 Nowadays we also see 
many species coming 
from the Red Sea 
through the Suez Canal 
and moving westwards. 
This migration from the 
Red Sea, with its tropical 
flora and fauna, is called 
the Lessepsian migration 
(or Erythrean invasion). 
The totally different flora 
and fauna of the Red Sea 
with its large number of 
species that had a 
completely separate 
evolution, can now, by 
way of the Suez Canal, colonise the Mediterranean. 

Conclusion, there are many species: original Mediterranean species, Atlantic species, new 
species grown in isolation from formerly Atlantic species, and species from the Red Sea. 

Within the Mediterranean there are regional differences in the composition of species and 
ecology. East, with its higher temperature and salinity, and reduced nutrients, has a different 
world of animals than the communities in the west. The number of Atlantic species is lower in 

the East, but the number of 
Lessepsian immigrants from 
the Red Sea is much higher. 
Not only because of the 
connection to the Red Sea, 
but also caused by 
temperature, salinity and 
clarity which are more akin 
to their original tropical 
habitat. Of course there is 
also a difference between 
the northern and southern 
shores of the 
Mediterranean. Particularly 
in the Adriatic, extending 
far to the north, different 
circumstances are present. 
In the lagoon of Venice, in 

the far north, the water temperature can drop to 3°C in an exceptionally harsh winter. It makes 
sense that species from the Red Sea do not settle here. 

The Mediterranean has a number of habitats, some of which correspond to those of the North 
Atlantic, but also habitats which are quite different. A few examples can illustrate this: 

Bodrum - by Ron Offermans 

Presqu'île de Giens, France - by Rob Kool 
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The endemic Neptune Grass or Mediterranean tapeweed (Posidonia Oceanica) is a high growing 
plant in the Mediterranean. It is coarser and firmer than the Atlantic 'eelgrass' and grows in 
exceptional cases at a depth of forty metres. The deeper appearance makes it better suited for 
exploration by divers. 
Neptune underwater 
meadows are nurseries 
for young fish, 
cuttlefish breeding 
areas and habitats for 
many other species.  

Various sea anemones, 
wrasses (Labridae), sea 
urchins and sea 
cucumbers like to live 
in seagrass beds. The 
90-centimetre-long 
sting mussel (Pinna 
spec.) lives here too. 
Many species of snails 
live on the leaves, and 
root stumps are the 
habitat for sponges and crustaceans. 

Seagrass fields play an important role in the capture of nutrients in their organic matter, thereby 
add it to the food chain. The nutrients reach the sea by way of the rivers. With the live algae, and 
especially  

the dead leaves at the base these form the source of a 

complete food web. In tropical areas this role is partly 

fulfilled by mangroves. 

The algae of the Mediterranean Sea typically differ from 
those of the North Atlantic. The characteristic kelp forests of 
the cold sea areas are completely missing here. Around the 
low water 
mark, a low 
vegetation of 
tough shrubby 
brown algae 
(Cystoseira 
mediterranea) 
is present. The 
rocks at the 
water lines are 
turned a pink 

colour by coralline red algae. 

Presqu'île de Giens - by Rob Kool 

Seagrass by Ron Offermans 
Algae - Edwin van 
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Even deeper, the weed vegetation is usually 
not very abundant. Here live several species 
of coralline algae with leaf-like growths and 
other, mostly low-growing, weeds. Notable 
species are the endemic green algae like 
mermaid's wineglass (Acetabularia 
acetabulum) and the peacock’s tail (Padinia 
pavonica). 

Green macroalgae (Halimeda spec and 
Udotea spec.) occur worldwide in warm 
areas, but not in the North Atlantic. The 

Mediterranean as a subtropical sea takes a middle position between tropical and cold / 
moderate temperature seas in various biological ways. 

Reef-building corals do not occur in the Mediterranean. This is one of the differences between 
the tropical and subtropical areas. The water temperature is not consistently high enough. But 
various types of solitary corals and corals that form only small colonies do occur. In the west of 
the Mediterranean there is the orange coral (Asteroids calycularis), in appearance and ecology 
similar to the sun coral or sun polyps (Tubastrea spec.), known for shady spots on coral reefs. 
Some of the Mediterranean corals, such as the cushion coral or coral loaf (Cladocora caespitosa) 
live like the reef-building corals in symbiosis with unicellular algae, but they still cannot achieve 
the same growth rate and therefore no reefs are formed. 

Gorgonians - by Ron Offermans 

Seagrass - by Ron Offermans 
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Gorgonian (sea whip, sea fan) belong 
to a different taxonomic group 
(Octocorallia) to the real (stone) corals 
and sea anemones (Hexacorallia). 

Octocorallia are identified by the eight 
(octo in Latin) pinnately branched 
tentacles. Deadman Thumbs and soft 
corals are also among the Octocorallia. 
Despite its name and calcified 
skeleton, precious coral (Corallium 
rubrum) belongs to the gorgonian 
class. The eight pinnately branched 

tentacles of the polyps point to that already. Within the polyps there are more similarities with 
gorgonians. Precious coral is poached a lot 
because of the high price paid the jewellery 
industry. Once colonies a metre wide and 
weighing thirty kilos were poached 
(Weinberg 1992). As a result, today, only 
small colonies can be found in hard to reach 
places.  

The position of the Mediterranean Sea 
between tropical and cold / temperate seas 
is also illustrated by the flatworms. Besides 
the slugs, flatworms are discovered by 
divers as a colourful, diverse and active 
group of animals, ideal for photography. 
The abundance of flatworms present in tropical areas, is something you do not see in the 
Mediterranean. But there are some very attractive, regularly seen species like the pink purple 

flatworm (Prostheceraeus giesbrechtii 
) and a slug-like carpet flatworm 
(Thysanozoon brocchii). recognizable 
by their distinctive colours. Some 
species, like slugs, are food specialists. 
There is a species that lives on one 
type of the sea squirt, the light-bulb 
sea squirt (Clavelina lepadiformis). In 
this way they form a striking indication 
of the biodiversity of the normally 
unremarkable food organisms of an 
area. 

Fan mussel - by Ron Offermans 

Mermaid's wine glass - by Ron Offermans 

Peacock’s tail - by Marco Faasse 
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Considering the morphology there are of course 
huge differences between flatworms and slugs, 
such as the lack of a body cavity (coelom) and 
anus. For divers, the difference is not always 
obvious, partly because flatworms often have 
two tentacles and sometimes papillae on the 
back (carpet flatworm). The solution is not, of 
course, to search for the anus of the animal, but 
all kinds of body appendages provide you with 
the clues to be conclusive. Flatworms never 
have a circle of gills, a mantle edge or ringed 

rhinophores ('tentacles'). On the other hand flatworms often have groups of eyespots, in 
contrast to slugs, who have at most two eyespots. The flat shape of the flatworm body seems to 
be a distinctive feature, but is not always clear (again, the carpet flatworm). 

6.2.3 Diving 

An outsider might think that the conditions for diving in the Mediterranean are always ideal: 
clear, warm and quiet. That is only partly true. The nutrient-poor water creates a high brightness 
and a blue colour. The green tinge of phytoplankton that can be seen in the North Atlantic is 
something one does not see here. Large amounts of discharge carried by rivers or a strong wind 
may in certain areas, restrict good visibility. Fortunately the climate in the Mediterranean region 
is more predictable than in many other places. In the summer, strong winds and lots of rain are 
relatively rare. However, strong winds can sometimes cause a dangerous environment for the 
diver; The Mediterranean is not a small inland sea. 

For divers used to cold water it is no problem to dive in the winter in the Mediterranean. But 
note that in the western basin, the water temperature can lower to 12 degrees Celsius, so in the 
winter a longer dive in a wetsuit 
is not always recommended. The 
eastern basin may reach a 
temperature of 29 degrees in the 
summer and is therefore 
comparable with tropical waters. 

If you have to make the choice to 
either dive the western or the 
eastern basin, temperature is not 
the only factor to consider. The 
western basin is richer in 
nutrients so there is a higher risk 
of reduced visibility. However, 
higher food concentration creates 
a wealth of life under water, like 
magnificent gorgon forests (gorgonians/fan corals) found in the west but unlikely in the eastern 
basin. In general the vegetation in the eastern basin looks more barren. 

White gorgonian - by Ron Offermans 

Gozo diving - by Edwin van der Sande 
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6.2.4 Special groups 

Ferdinand de Lesseps was the founder of the Suez Canal between the Red Sea and the eastern 
Mediterranean. This channel is a godsend for shipping, but ships are not the only ones that use 
the opportunity to travel. Exotic species entering via the Suez Canal comprise a growing share of 
the fauna, especially in the eastern Mediterranean. Because there are no locks, these so-called 
Lessepsian species (after F. de Lesseps) can move freely from the Red Sea to the Mediterranean. 
Only the Bitter Lakes between the northern and southern part of the channel form a barrier for 
the passage of marine life because of their high salinity levels. However the decreasing salinity of 
the Bitter Lakes may have led to an increase of the exotic species in the Mediterranean. Recently, 
Egypt has begun to expand the passage through the Suez Canal and it is feared that it will leave 
the door wide open. A large number of tropical species in the Mediterranean may be interesting 
for divers, but for rarer, native species it may be the end. 

6.2.5 Protection and information 

• Threat 

Even the enormously deep, clear, Mediterranean suffers from pollution and other problems. 
Along the coast are high population concentrations and some of the domestic and industrial 
sewage is still discharged unpurified. Even when the discharge happens into the deep it still has it 
consequences. The blooming of toxic algae and massive expansion of jellyfish colonies are known 
issues. Also the exotic species pose a threat to marine life. We have to mention the so-called 
‘killer algae’ this seaweed looks like a plant with leaves arranged neatly up stalks (Caulerpa 
taxifolia). This invasive exotic weed grows very well under various conditions and is therefore 
popular for marine aquariums. After it ‘escaped’ in 1982 from an aquarium of the Oceanographic 
Museum of Monaco, it expanded widely. Contrary to its name 'killer algae', it does not kill other 
organisms directly, but constitutes an ecological threat to growth of entire communities. 
Amongst others, gorgonians suffer significantly. This exotic weed now covers 10,000 hectares in 
France, Spain, Italy and Croatia. It is toxic, therefore not eaten by Mediterranean marine species 
and is therefore currently unstoppable. Initially, the problem was not taken seriously by 
governments, but now they are looking for solutions. 

• Protection: underwater parks 
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You can find underwater parks in the Mediterranean, among others, around the island of Port 
Cros, between Banyuls and Cerbère in southern France and in Spain in Estartit. Port Cros in 1963 
became the first national park in France, both above and below water. Anchoring is prohibited, 
as well as fishing, feeding and touching organisms or even touching the ground. There is a limit to 

the number of divers allowed 
into the water at the same 
time at the same spot. In 
between Banyuls and Cerbère 
there should not be diving at 
all. The exceptions are for 
research dives for the 
purpose of maintaining 
underwater parks. Among the 
first effects of the closed off 
areas is a revival of the 
population of big wreck bass 
or Merou's (Epinephelus 
marginatus). There is no 
doubt this is a result of the 
disappearance of underwater 
hunting. In Port Cros there 

are now hundreds of big wreck bass or Merou once again. At Estartit the number of dives per day 
is limited because large numbers of divers can cause damage. Given the huge economic interests 
at play, limiting diving is a necessity. The (limited) number of divers in fragile areas obviously has 
an important educational function. Divers with their pictures and stories are the true 
ambassadors of the parks. 

What can a diver do, in addition to 
abiding by the rules to not touch, not 
feed, etc.? Divers are the only ones 
who can identify exotics such as the 
killer algae in new areas. Inspect your 
scuba gear so you do not spread the 
algae. Divers are at the front line and 
capable of preventing a disaster. 
Perhaps divers can also have some 
effect by only choosing dive site 
destinations where the underwater 
nature is sustainably managed. 

 

  

Merou - by Ron Offermans 

Banyulls, France - by Rob Kool 
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• Sponges and symbiosis with sponges 

Besides diving for precious 
coral, the Mediterranean also 
suffered from the poaching of 
the natural bath sponge 
(Spongia officinalis). 
Fortunately, since the 
invention of the synthetic 
sponge, this is no longer 
necessary. 

Sponges have several useful 
functions in the ecosystem. 
They can serve as shelter, as 
adhesion for other organisms 
and also they have a place in 
all kinds of symbiotic 

relationships. There are algae and polyps that live only in sponges and hermit crabs that have a 
sponge on their shell. The sponge crab (Dromia personata) has special hind legs, which they use 
to always carry a sponge on its back. One of the most famous examples of a sponge symbiosis in 
the Mediterranean society is the co-existence of the yellow custer anemones (Parazoanthus 
axinellae) and the sponge appropriately called, Axinella. Commercial diving for sponges is 
completely replaced by recreational diving exploring the interesting marine life. This is a 
beautiful illustration of a desirable behavioural shift in society. 

  

Sponge - by Ron Offermans 
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6.3 Red Sea 

Authors: Floor Driessen, Wendy Hoevenaars and Rob Kool  

 

 

The Red Sea is a popular diving destination. So popular that the underwater tourism in some 
places takes on a massive scale. 

6.3.1 Geography 

The Red Sea is an inland sea located between Asia and Africa. The sea is enclosed to the east by 
Israel, Jordan, Saudi Arabia and Yemen, to the west by Eritrea, Sudan and Egypt. In the north the 
long sea splits into two narrow bays: the Gulf of Suez and the eastern deep Gulf of Aqaba. In the 
South there is the Gulf of Aden which connects the sea with the Indian Ocean. At its widest point, 
the sea is 360 kilometres wide. 
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 Around 25 to 30 million 
years ago, the sea formed 
at the site of the gap 
between the African and 
Arabian tectonic plates. In 
fact, it is therefore not a 
sea, but an ocean, the 
correct term for the mass 
of water between two 
continents. These tectonic 
plates are still drifting 
away from each other, at a 
rate of two centimetres 
per year. The Red Sea is 
thus gradually increasing. 

Plate boundaries are commonly associated with geological and volcanic events. The coral reefs in 
this area are relatively young because the area has relatively recently being formed,. They are 
mostly fringing reefs. A fringing occurs at shallow places along the coast. A reef could be further 
from the shore as it wears on the landward side and extends on the seaward side. When this 
happens we call them barrier reefs, such as in Australia. 

The coral reefs of the Red Sea are among the northernmost tropical coral reefs of the world. This 
is due to the connection with the Indian Ocean. Although the sun influences the temperature of 
the surface, it is mainly the volcanic activity that causes the warm currents that stream 
throughout the year in the deep parts of the Red Sea. This, along with the mountain ranges of 
the African and Asian continents on either side, causes a unique microclimate with a rich marine 
life. 

The average depth is about 550 metres, but the depth can be up to two kilometres. The water is 
bordered on two sides by deserts. On the coast, the average temperature is 30 degrees. There 
are large temperature differences between day and night. The temperature drops at night, to a 
range of 14 to 20 degrees Celsius depending on the place and the time of year. In summer, the 
daytime temperature can reach above 40 degrees. The water is relatively warm and clear. In the 
most famous diving area in Egypt, in the direction of Eritrea, the water temperature varies 
throughout the year from 23 to 29 degrees Celsius it can increase in summer to 34 degrees. 

The name of ‘Red’ Sea is probably derived from the cyanobacteria, which can occur in large 
quantities. The water can thereby obtain a red glow. Another explanation for the name is a 
reference to the red rocks rising from the waters of the Gulf of Aqaba when, especially during the 
rising and setting of the sun, the area is red. 

A combination of factors contributes to the success of the Red Sea itself as one of the world's 
most beautiful tropical diving paradises. With no influence of major rivers flowing into the sea, 
hardly any tidal differences and very little rain this all makes the Red Sea one of the clearest seas 
in the world. Because the rays from the sun extend to great depths, coral reef formation is 
stimulated to depths of more than 50 metres. 

6.3.2 Ecology 

Fringe reefs, Sudan - by Ron Offermans 
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An average high temperature is important for the survival of corals. The development of coral 
polyps is optimal at a temperature of about 27 degrees Celsius. In the chapter on the Indian 
Ocean there is a focus on how hard corals build reefs, where they live in symbiosis with algae, 
the so called zooxanthellae. 

 There are a variety of hard corals that are responsible for the development of coral reefs. 

Besides the hard corals there are many non-reef-building soft corals. They can survive on places 
with poor lighting conditions (deeper in the water column). An example is the brilliant fan coral 
(Melithaea splendens) that manages to settle on a hard surface down to 60 metres. 

Besides corals, many other animals find their food and housing on the reefs. A coral reef is an 
ecological system that, to a large extent, is self-supporting. This is the richest kind of ecosystem 
in the world. Besides corals other creatures like algae, fish, crabs, lobsters, sponges, snails, sea 
urchins and starfish live in and around the reefs. You can meet large bony fish, sharks and 
stingrays who come to prey on smaller fish that hope to find safety in being close to the reef. 

Coral reef - by Cor Kuyvenhoven 
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It is estimated that a quarter of all species of saltwater fish live near coral reefs, while the reefs 
occupy only 0.02% of the ocean surface. 

5.3.3. Species and groups featuring on the reef: 
A famous inhabitant of the Red Sea is the 
Spanish dancer (Hexabranchus sanguineus). This 
nudibranch owes its name to it’s undulating 
swimming motion in the water column. The 
ornate red coloured slug feeds on sponges and 
basically lives, as most slugs, on the bottom. 
Only a small number of species can also move 
by swimming. The Spanish dancer is one of 

them. By its form, striking colour and size, it is a 
sought-after species for underwater 
photographers.  

Other famous residents of the Red Sea are the 
anemone or Clown fish. They live in symbiosis 

with an anemone. Clown fish often live in pairs. 
Given a pair of Red Sea clown fish (Amphiprion 
bicinctus) the female is the larger animal. This 

Intermezzo 

Sex reversal in fish (by Rob Kool). 

In mammals, sex is determined by the attending 
chromosomes: two X-chromosomes result in a 
female, the combination of an X and Y-
chromosome makes a male. In fish, the situation 
is more complex. Here it is often the hormones 
that determine whether a fish will be a male or a 
female, and whether and/or when there is 
change of sex. 

An animal that possesses both male and female 
sex organs is called an hermaphrodite. This 
phenomenon also occurs in many invertebrates. 

Sex change in fish comes in different ways. Some 
species may regularly change their gender. 

In most cases, there is only one change from the 
one to the other sex. Those with a one-time 
change are called sequential hermaphrodites. 
Which way it changes varies by species. A 
clownfish is first male and then female. This also 
applies to the white shark. This phenomenon is 
called protandry (= first a man). Sequential 
hermaphrodites wherein the reverse occurs, also 
exist. Anthias (Anthiinae) and parrotfish develop 
first into a female and then change to male. This 
sequence is called protogyny (= first a woman) . 

When the sex changes often the appearance also 
changes greatly. 

It is unknown how this change in each of the 
different species is precisely controlled, but the 
presence of the dominant form (the form that 
has been adopted last) is often sufficient to 
counteract the change of the other individuals. 

Changes that depend on small details are easy to 
influence, but that is not always positive. 
Meanwhile it has been shown that chemical 
contamination in some cases leads to unwanted 
sex change in fish, endangering the survival of 
some species. The best-described examples of 
this phenomenon are from fresh water, such as 
the smallmouth bass (Micropterus dolomieu) 
that is found in rivers in the United States. This 
unwanted sex change is clearly demonstrated In 
the Potomac River that flows through 
Washington DC. 

Spanish dancer - by Ron Offermans 

Two Banded Anemone Fish - by Martijn Spierenburg 

https://translate.google.com/translate?hl=nl&prev=_t&sl=nl&tl=en&u=https://nl.wikipedia.org/wiki/Anthiinae
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female was previously the 
most dominant male of the 
group who gradually became 
bigger and then changed his 
sex. 

During reproduction the 
female puts about 500 to 
1500 eggs on a hard surface 
near the anemone. The male 
fertilizes the eggs and guards 
them until they hatch. He is a 
caring father, who carefully 
flaps water over the eggs with 
his pectoral fins so the 
embryos get oxygenated 
water. After about one week, 

the embryos develop into larvae. Larvae hatch after sunset. The larvae can be seen as part of the 
plankton carried away on the current. 

If you dive in the Red Sea along a beautifully overgrown reef, you cannot miss the swallowtail 
seaperch (Anthias anthias). These appear in large schools, often within the range of drop-offs. In 
case of danger the school disappears between the coral branches. But when you as a diver gently 
approach and remain quiet, they usually come flocking out again. The number of females in a 
school far exceeds the number of males. The older females are able to change their sex. 

The female ones are of an orange/gold colour and have a violet stripe below the eye. Male 
swallowtail seaperch have a more fuchsia like colour. 

  Butterflyfish or coral butterflies 
(Chaetodontidae) are among the most striking 
fish families of the Red Sea. These fish live as a 
couple or in large groups. They eat the polyps of 
both soft and hard corals. They also eat small 
invertebrates, such as bristle worms. They are 
particularly active in the late afternoon; in 
daytime they rest under the table corals. They 
often have a bright yellow colour, which is quite 
striking when you're underwater. The 
butterflyfish produce small round eggs, less than 
one millimetre in size. During the larval stage they 
exhibit a bone-like head, which is often equipped 
with toothed spines. In the post-larval stage they 
are about ten millimetres long and then they 
settle between corals and rocks. 

 There are quite a lot of different kind of butterfly 
fish species, such as the Blue-cheeked 
Butterflyfish (Chaetodon semilarvatus), the Black-

Hard Coral - by Martin Spierenburg 

Butterfly fish - by Martijn Spierenburg 
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tailed Butterflyfish (C. 
austriacus) and the Crown 
Butterflyfish or Eritrean 
Butterflyfish (C. 
paucifasciatus).  

A special fish in the Red Sea is 
the Arabian Picasso Triggerfish 
(Rhinecanthus assasi) from 
the family of triggerfish 
(Balistidae). This fish has a 
beautiful colour pattern. It 
only appears on fringing reefs, 
interrupted by sandy bays. It  
feeds mainly on benthic 

invertebrates (animals that live on the bottom), such as crabs, worms and echinoderms. But also 
there are algae on the menu. The larvae of the Arabian Picasso triggerfish are pelagic; they are 
carried along with the flow of plankton. The male builds the nest and guards the eggs ferociously. 
During that period, the male also attacks other fish when they enter its territory. 

The Coral Hind (Cephalopholis miniata) is common in the Red Sea. This species is part of the 
family of groupers (Serranidae).The coral hind lives in highly developed coral reefs and clear 
waters. Generally these fish live solitary lives and form a large territory where congener are 
expelled. Sometimes coral hind form a small school. A school consists of a male with two to 
fifteen females. Such a group has a territory of about 475 m2 under their control. The 
characteristic features of this species in adults are small, often embedded scales and small ovoid 
eyes. Their diet consists of different species of fish, squid and crustaceans. 

Snappers (Lutjanidae) resemble the coral groupers. This family belongs to the same systematic 
order as the perch. 

Adult red reef snappers (two-spot red snapper) are often found in large schools on slopes outside 
the reef. They can be 
about 80 centimetres long. 
The juveniles of this 
species have two white 
spots on their back. For 
reproduction, snappers 
produce a large number of 
eggs, which are less  than 
one millimetre in size and 
are repelled pelagic. The 
hatchlings settle when 
they are between 20 and 
40 millimetres long. All 
snappers are carnivorous, 
feeding on both benthic 
and pelagic small fish and 
invertebrates. Snappers 

Arabian Picasso Triggerfish - by Martijn Spierenburg 

Snapper - by Martijn Spierenburg 
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are popular with fishermen, especially the types that grow beyond a meter in length. However, 
juveniles of the edible red reef snapper may be toxic. 

Another special kind of fish that should not be missing from this list, is the northern rock flathead 
or crocodile fish (Cymbacephalus staigeri) . The species belongs to the family of the flatheads 
(Platycephalidae) and is related to the scorpion fish. Crocodile fish usually live in mixed areas 
with sand and debris, but is also sometimes found in seagrass beds. It often lies waiting in the 
sand. The eyes are covered with skin folds or flaps that contribute to a perfect camouflage. It 
eats small fish and crustaceans. Although its name 
suggests otherwise, the crocodile fish is not 
dangerous to humans. It certainly looks similar to 
the reptile due to the long, flat mouth and eyes 
that sit on top of the head. 

 The African map angelfish (Pomacanthus 
maculosus) is an endemic species in the Red Sea. 
This Angelfish (family Pomacanthidae) is often 
seen alone and lives on fringing reefs with rich 
coral growth. The main component of their diet 
are sponges, though they also eat small sea 
anemones, algae, tubeworms and shrimp. The 
African map angelfish is clearly recognisable by the 
yellow irregular stain on his side. In English, they 
are called the Africa map angelfish because it's 
yellow spot resembles the shape of Africa. The 
yellow spot in the adult fish never reaches to the 
back. The male and female have the same drawing. 
The juveniles have beautiful colour patterns, but 

Crocodile Fish – by Rob Kool 

Angelfish - by Rob Kool 
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do not at all resemble the adults. These fish are fierce defenders of their territory and can make 
growling or snapping sounds. 

They lay small, round pelagic eggs. The hatched larvae are less than 2 millimetres and settle 
when they are 10 millimetres long. 

 

6.3.3 Diving 

Because of the many dive schools in the area you will 
find many novice divers in the Red Sea. Yet diving is 
not without danger, experienced diver skills are 
required to teach the beginners. 

House Reefs are popular and often offer the 
opportunity to make (early in the evening) a night dive. 
Many predators are nocturnal. At night Moray eels 
(Muraenidae) roam freely, the larger crustaceans 
emerge from caves and octopuses crawl the seabed in 
search of food. When then the sun sets, many small 
crustaceans draw to the shallower parts of the sea 
water, when the predators hunting these animals are 
asleep, searching for food. Feather stars hide between 
the coral by day but emerge during the night. During a 
night dive you can often see them well when their 
suspension arms absorb the organic particles from the 
water. Parrot fish which are busy during the day, rest 
at night in a mucus cocoon on a sandy soil or between 

the branches of coral. 

Moray eel - by Rob Kool 
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A wreck is a destination in 
itself for many divers. But 
the biological aspects are 
often overlooked. The 
importance of wrecks has 
been discussed in the 
chapter about the North Sea. 
Solid substrates are also rare 
in the Red Sea in areas 
where we leave the reefs 
behind. The parts of the 
wreck that do not emit 
toxins will soon attract 
species. In the beginning the 
number of different species 
will be limited, but there will 

be huge numbers of each specie. Before a specie can colonise a wreck it first has to reach it, 
distances crossed via currents, ships and even diving equipment! With that hurdle passed, 
colonisation can go very fast, especially while there is still little competition. Wrecks can be ideal 
for the rise of beautiful anemone walls and large 
fields with sponges. The rooms and other cavities 
provide a haven for species such as arthropods 
and morays, that seek protection against enemies 
and current. 

Plant growth can be found in shallow wrecks, but 
even without plants, older wrecks can be 
particularly rich biological regions. 

Nitrox is definitely recommended for this type of 
holiday. It is a must to pay extra attention to 
repetitive dives and the maximum depth of thirty 
metres. 

Diving in caves and shelters (larger cavities and 
overhangs) requires experience and preparation. 
However they are places where you find 
crustaceans and they have beautiful foliage and 
sheltering fish. It is recommended to look in a 
shelter if you have sufficient air supply, always 
have a view of the way out and enough room to 
move. By ‘enough room to move’, we mean that 
you can manoeuvre without causing damage. Before disappearing into such a ‘hole’, you always 
make contact with your buddies; especially if you are unfamiliar with each other as dive buddies! 

A good example is the Canyon, just north of Dahab in Egypt. The canyon is a gap that starts at 
about thirty metres and ends at twenty metres. In this gap there are schools of glass fish. 

Wreck diving - Cor Kuyvenhoven 

Canyon - Ron Offermans 
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Experienced divers have completed their decompression courses. Unfortunately, statistics 
indicate that this experience can lead to overconfidence. We want to mention one example. The 
deep hole ‘the Blue Hole‘, north of Dahab in Egypt, is notorious because divers dive too deep. 
Divers with problems depend on the decompression chamber in Sharm El Sheikh. However, to 
get there you have to go over a hill crest, which has proved fatal for a number of divers. 
Experience as a naturalist / photographer shows that this is a place to practice your sport, not to 
push your limits. Leave the depth of the Blue Hole to the technical divers who have the training 
and equipment. 

6.3.4 Special groups: the filter feeders  

An important part of the hard substrate is covered with life that feed by filtering the water, a 
varied collection of species from very different parts of the animal kingdom. Some have a short 
period in their development (usually the larval stage) in which they swim freely (or move with 
the current). Most of the rest of their lives, they become as one with the soil, or hold on to it. The 
benthic fauna live by sieving or filtering the water. Often, there is competition for the available 
floor space, wherein one type tries to overgrow the other. In other cases, they do not compete 
with one another because they filter particles from different places in the water. Sometimes they 
even need each other. Together they generate a flow of water which is sufficient for each 
individual to suck in enough food. We see this for example with the sponges. 

The term ‘filter feeders’ which we describe as a group here does not fit in the systematic 
classification. Actually the opposite is true: in many tribes, we see that species develop in many 
directions. If there is food, there is always a type that adapts in the course of evolution. 

Marine mammals, for example, are almost exclusively carnivorous but the Baleen whales have 
developed from the common carnivorous ancestors to pure filter feeders. red boring sponge 

These are some filterers that you are very likely to find on the reefs : 

• Sponges 

The Latin name for Sponges is 
Porifera, you can translate with 
‘pore bearers’. In the sponge sit 
pores so that water is sucked in 
with microorganisms. These 
openings differ by type in cross-
section, but they are an average of 
0.05 to 0.2 mm in size. In the 
sponge there are collar cells, cells 
with a flagellum, pushing the 
water toward the larger outflow 
opening. Before the water leaves 
the sponge, food and oxygen are Red boring sponge - by Ron Offermans 
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taken up by the cells of the sponge. 

 

 

There are three types of construction for sponges. The simplest is the ascon type of canal system, 
with collar cells that are only in the inner cavity of the sponge. The next is the sycon type which 
has special chambers in the wall, the scourge chambers, immediately after the pores. This works 
as a kind of turbo to move the water. A well-known sycon type is the beaker sponge. Due to their 
construction they need little substrate to attach themselves. Because of their size (sometimes up 
to two metres) they protrude outside the reef and so can catch extra food. The last type is the 
leucon type. In these sponges there is not one central cavity, but after the scourge chambers 
channels there are multiple cavities and holes. This construction means they are very effective at 
the maintaining the water flow and filtering for its food. This type of sponge uses much more 
ground. The final size and shape of these sponges is mainly determined by the shape of the 
substrate. 

You should look out for it, but then it turns out that there are many species of sponge found on 
the reef. Sponges are identified by their different construction and in their skeletal differences so 
they all differ enormously. 

• Fan-head Worms 

Fan-head worms are loved and hated by 
photographers. Popular for its photogenic 
plume which undulates in the water. 
Hated, because one move too many and 
the animal retracts rapidly back into its 
sleeve. 

Within the branch of the annelid worms 
there are two families of fan-head worms 
that can be found on the reef: the fan 
worms (Sabellidae) and the tube building 

Fan-head worm (Sabella pavonina) - by Ron Offermans 
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worms (Serpulidae). Both groups 
feed themselves by a ring of 
tentacles, a protrusion of the first 
segment. On the crown of radioles 
sit cilia. These cilia vibrate against 
particles which they send to the 
mouth opening of the animals. At 
the same time oxygen is also 
inhaled by the crown. 

The fan-head worm (Sabellasarte 
sanctijosephi) sticks its sleeve 
outside the reef. Particles are 
filtered out of the water by the 
wreath and the vibrations of the cilia send them toward the mouth. In addition, it separates out 
‘waste’ which will be dumped next to the fan, and the edible plankton and particles, which are 
suitable for the construction and maintenance of the animal. The worm cannot climb out of its 
sleeve and can therefore not move on the reef. 

The Christmas tree worm (Spirobranchus giganteus) drills its body into the reef. We see only the 
fan crown of this animal which is much smaller than that of the fan worms. The tentacles have 
bright colours and stand out as two Christmas trees. However, they are often found gathered in a 
large group together, so we will notice them. 

• Bivalves 

A large number of bivalves on the reef feed by filtering water. Here, too, it is the cilia that cause a 
stream of water to flows into the gills, via the large inlet, where food particles stick in a slime 
layer. This layer is vibrated towards the mouth. Sensing danger its shell closes, but the diver who 
approaches them carefully can, in some species, see gorgeous gills behind the inlet. The water 
and waste is discharged to the outside again through a much smaller outflow opening. Because 
these animals move massive amounts of water each day they are particularly susceptible to 

contamination. Two notable 
species are the giant clam 
(Tridacna gigas) and the 
Egyptian wing  oyster (Pteria 
aegyptiaca). The giant clam 
is enormous: the shell can 
reach a length of 1.5 metres 
with a body weight of 250 
kilograms. The giant clam 
lives like the corals in a 
symbiotic relationship with 
zooxanthellae embedded in 
the coral. The wing oyster 
on the other hand moves 
right away from the reef. 
They settle on gorgonians, 

Christmas tree worm - by Ron Offermans 

Giant Clam - by Rob Kool 
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or fire and stony corals. They attach themselves with byssus threads, a bundle of filaments which 
they produce themselves like mussels, and they spend their lives water filtering. 

• Sea lilies 

This class of echinoderms is very old, nearly 500 million years. Thanks to a limestone skeleton 
they make good fossils and we know that there were species with a stalk of up to 20 metres in 
length connecting them to the bottom. There still exist crinoids chained to the bottom. As living 
fossils that occur only at very great depths. One group within the crinoids is still very common: 
the feather stars. However, you have to make night dives to be sure that you will encounter 
them. 

 

 

The feather stars (Comatulida), in contrast to the other echinoderms, live with their mouth 

upwards with claw-like feet, the cirri, with which they can stick to a surface. A five radial body 

symmetry, each part an arm, is its base. But, usually each arm is branched once, so making it look 

like they have ten arms. The sawtoothed feather star (Oligometra serripinna) seeks a nutrient-

rich place on coral or seaweed to filter the water. In daytime the species pulls back to a sheltered 

spot. When they have a good feeding spot, they can stay a very long time in one place. With the 

arms and the cilia they remove the food from the water. They collect much larger material than 

do sponges. Besides plankton they eat dead organic material, pieces of sponge and everything 

that sticks to the arms. If there is little food to gather they release their cirri and the arms are 

used to move them across the reef. Some species are even able to swim a bit. It is the arm 

movements that make them easy to distinguish from the anemones. Feather stars are the more 

evolved invertebrates and their arms move independently of each other. Often you will find a 

feather star with one or more arms rolled up, something anemones cannot perform. Anemones 

show all or no tentacles. 

At the beginning it was suggested that there are many filter feeders. The list of animals discussed 
here is far from complete but it is clear that nature collects even the smallest food particles with 
great precision. 

Mottled crinoid (Oligometra serripinna) 
Martijn Spierenburg 

Mottled crinoid (Oligometra serripinna) 
Martijn Spierenburg 
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6.3.5 Research and information 

By its huge and unique biodiversity, the Red Sea is a challenge for many researchers. As a diving 
destination Saudi Arabia does not have such a big name, but there are possibilities. King Abdullah 
University of Science and Technology has a Red Sea Research Centre which has attracted a 
number of international researchers since 2011. This team investigates the environmental 

problems in this area, and the 
preservation of biodiversity. 
The university is linked to the 
Regional Organization for the 
Conservation of the 
Environment of the Red Sea 
and Gulf of Aden (PERSGA) in 
Jeddah. Through the PERSGA 
website good (also in English) 
information is given about the 
area. 

In Egypt, the marine research is 
directed from the Ministry of 
Scientific Research. In Israel the 
National Oceanographic and 
Limnological Research centre is 
located in Haifa. However 

neither centre is very informative for divers. In Egypt there is a conflict of interest between 
tourism/fishing on the one side and nature management on the other side. Israel focuses its 
research primarily on the Mediterranean sea and freshwater. 

In Eilat in Israel you find the Underwater Observatory Marine Park. This is a commercial 
aquarium just before the Egyptian border at Taba. Central to this aquarium is a tower built into 
the sea, from which one can look out below the water surface on to the reef. In addition to 
managing a pretty good aquarium there are environmental projects such as protecting turtles 
and coral recovery programs. They have an excellent website where all these activities are listed 
and where you can find an overview of the main fish groups from the Gulf of Aqaba. 

6.3.6  Threats and protection 

Dolphin near Tobia Kebir, Egypt - by Rob Kool 
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The threats to reefs in the Red Sea are 
over-fishing, dynamite fishing, dumping of 
waste, too many and/or too inexperienced 
divers, little protection from souvenir 
hunters and too much plastic means that 
the area is deteriorating rapidly. 
Moreover, this attack on the marine life 
interests only a few people for as long as 
the tourist industry is running, and people 
earn their living … Yet the picture is not 
entirely negative. There, are more and 
more dive sites with buoys to moor the 
ships so the damage caused by the anchor 

is reduced. A diver from abroad can learn to handle and use a surface buoy and so contribute to 
saving the area. 

Two examples from Egypt: 

• Hurghada Environmental Protection and Conservation Agency 

In 1992, several local dive centres formed the HEPCA, the Hurghada Environmental Protection 
and Conservation Agency. With the help of the government and authorities of the Red Sea there 
are fixed mooring buoys to reduce anchor damage. 

Other HEPCA-projects include: protecting wrecks, actions to ban plastic bags, protecting turtles 
and conducts of behaviour for encounters with dolphins. 

Marsa Alam has the Samadai reef, also known as ‘dolphin house‘, one of the most important 
habitats for dolphins in the Red Sea and the world. This reef has the shape of a horseshoe. On 
the inside of the reef lives a group of approximately sixty spinner dolphins. 

HEPCA has done research here and has set up rules so that the dolphins are not disturbed. By the 
placing of swimming lines, compartments are created. The first compartment is for snorkelers, 
the second for divers and boats are allowed behind the next line. 

When the dolphins want to 
play, they come and see you. 
When they don’t want to be 
disturbed, they can stay in the 
sheltered part of the reef. 

HEPCA has also drafted rules 
for boats. There is a maximum 
number of boats at any 
particular time, they should be 
kept at least thirty metres from 
the dolphins and not chase 
them. They should also, as soon 
as possible, switch off the 
ignition. 

Reef - by Cor Kuyvenhoven 

Dolphins - by Rob Kool 
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Finally, if it was not already clear: never touch nor feed dolphins. 

• Red Sea Environmental Centre ( RSEC ) 

RSEC Dahab is a European NGO 
that, with the help of a small staff 
and volunteers, is trying to 
contribute to the knowledge of 
how, in an environmentally 
responsible manner, to use the 
reef. Like HEPCA they also organize 
courses in the field of ecology and 
SCUBA. 

Along the Red Sea has two natural 
parks: 

In Eilat there is the Coral Beach 
Nature Reserve under the 
supervision of the Nature and Parks 

Authority. It is a narrow coastal strip of 1,200 metres between the last dive centre and the 
Underwater Observatory Marine Park. For a fee you can snorkel and dive, but there is a limit 
imposed on the number of visitors. The intention is good, but the surface of the area is too small 
to make a big difference. 

Ras Mohammed is located in Egypt on the tip of the Sinai. It has been a protected nature reserve 
since 1983 and was created by the Egyptian Environmental Affairs Agency (EEAA). It is close to 
Sharm el Sheikh. One can, if the current is not too strong, make shore dives here. There are also 
a lot of boat trips to the dive sites from Sharm el Sheikh. A few hundred metres from the shore 
are two small round islands. They are the two peaks formed by a bottom rising reef. Shark Reef, 
the easternmost island, has a beautiful steep underwater drop-off to at least fifty metres on the 
east and northeast side. Here huge schools of different types of fish swim along the reef in open 
water. It is a pity that in 2011 permission was given to allow commercial fishing in the park at 
certain times. 

Eilat Coral Beach Nature Reserve - by Rob Kool 
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Bluespine unicornfish (Naso unicornis) - by Rob Kool 
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6.4 Caribbean Sea 

Authors: Wendy Hoevenaars and Rob Kool 

 

 

6.4.1 Geography 

The Caribbean Sea is a sea that borders the Atlantic Ocean. Together with the Gulf of Mexico the 
sea is a part of the American Mediterranean, the area between North and South America. 

The Caribbean Sea is protected by a series of islands, consisting of Cuba, Puerto Rico and 
Hispaniola in the north, the Lesser Antilles in the west, Venezuela, Colombia, Panama and Costa 
Rica to the south and to the west by the countries of Mexico, Guatemala, Belize, Honduras and 
Nicaragua. 

 

The deepest point of the Caribbean sea is 7686 metres. This point is called the Cayman Trough 
and lies between Cuba and Jamaica. The Caribbean Sea covers an area of 2,745 million square 
kilometres. 

Earlier this sea was known for its piracy and slavery. Today, many tropical islands attract many 
tourists and divers. The Caribbean is also known for violent natural phenomena such as 
earthquakes and tornadoes. The occurrence of tornadoes are caused by warm air currents and 
large low-pressure areas that are heading to the Caribbean from West Africa. Most hurricanes 
come in August and September. In 2005 the Caribbean was hit by as many as 26 storms, of which 
13 could be classified as a hurricane. 

The climate in the Caribbean Sea is semi-tropical, with two distinct seasons. The lowest 
temperatures are between December and March around 25 to 26 degrees. The highest 
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temperatures you will find around July and August, when the water is around 30 o Celsius. 
Normally the visibility is good all year, at least 30 metres. 

During several tens of millions of years the Caribbean Plate was a major volcanically active region 
in the Pacific Ocean. This plate is part of the bottom of the Pacific Ocean and moves slowly 
eastward between the North and South American plate. A subduction zone separates the 
Caribbean plate from the Atlantic plate in the east, creating the volcanic arc of islands of the 
Lesser Antilles. In the process of subduction one plate moves beneath the other, wherein land 
portions of the upper plate are being lifted. Mexico's Yucatan Peninsula is in fact a coral reef that 
has been pushed up. So the peninsula can be described as a massive sieve or sponge. This 
coralline sandstone is about 250 million years old. When the sea level dropped, and the ground 
was pushed up on this spot, the large coral platform became the basis for a jungle, where the 
lime was a perfect breeding ground. In time, the erosion springs, underground rivers and wide 
troughs flushed, creating a karst area. Thereby building stalactite caves where fresh and 
saltwater touched each other. 

 

Due to this plate tectonics new islands and submarine emerged elsewhere. In all those areas 
animals settled. Different habitats were created: mangroves, seagrass beds, sand bars, coral 
reefs and deep seas. The Caribbean Sea contains about 9% of all coral reefs in the world. 

Because these new areas created by tectonics have been long separated from other areas, there 
was, evolutionarily speaking, enough time to develop a good number of endemic species in the 
Caribbean  

Fronton beach, Dominican Republic – by Rob Offermans 
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Caribbean reefs consist mainly of fringing reefs. These reefs are usually narrow, averaging about 
10 to 30 metres wide, and are particularly along the coasts of islands. Geologically speaking 
fringing reefs are young. The development of most reefs began about six thousand years ago 
when sea levels stabilized after a period of growth during the Holocene (the most recent) period 
in Earth's history. 

6.4.2 General Description biology 

The flora and fauna of the Caribbean Sea is very rich. There live many corals, algae, sponges and 
fish. The opening of the Panama Canal 1914, has not had a significant impact on the ecosystems 
of the oceans on both sides of Central America. This is because the Panama canal, as opposed to 
the Suez canal, contains fresh water. There are also large freshwater lakes in its course. These 
freshwater systems are now connected with each other so there has been an interchange 
between them. But contrary to what is customary, the new freshwater system is richer (i.e. there 
is more variety, more life) than in the old system. 

We start with a general description, but then focus on the different parts of the area. 

Almost everywhere in the region we find fringing reefs. Life on these reefs is all together very 
diverse. First, we can look at the reef. On tropical coral reefs live about 4000 species of reef fish, 
which is about 20% of all fish species. 

A huge variety of reef fish can exist in a small area. There are a huge variety of habitats formed 
through the influence of a number of factors such as currents, amount of algae and food that 
form coral reefs and other shelters. 

Yellow lined snapper (Lutjanus rufolineatus) - by Ron Offermans 
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Chances are high in the 

Caribbean to see the following 

cartilaginous fish around the 

reefs: 

• American stingrays (Dasyatis 
americana). These are brown 
coloured on the back, and they 
have a white underside. The 
body is diamond-shaped. The 
spine on the tail provides for 
self-defence and is toxic. The 
sting is situated halfway the tail. 
The ray is capable of striking his 
attacker at an aimed point. 

During the day the stingray digs into the sand, in the evening it comes out to eat. The stingray 
seeks food in seagrass beds and eats fish, crustaceans and molluscs, which it sucks in. The suction 
of the mouth is similar to that of a strong vacuum cleaner. 

The ray is a viviparous species and has three to five cubs, which are born after a gestation of five 
to nine months. 

• Other famous stingrays in the area include the giant Manta ray (Manta birostris) and Eagle 
rays (Myliobatidae). The eagle rays, such as the Spotted eagle ray (Narinari Aetobatus) feed 
on the bottom, but also like swimming around while eating molluscs (such as squid) and 
crustaceans. Often you can see the eagle rays swimming in schools. 

• Sharks come to visit the area, although they are becoming rarer. Nurse sharks 
(Ginglymostoma cirratum) are regularly seen. 

The tropical bony fish are divided into a number of families. Beneath you will find the main 
groups from this area. To determine their relationship to the ecosystem they are arranged on the 
basis of their food. 

First we call the herbivores: 

• The Surgeonfish (Acanthuridae) are easily recognized by one or more spines or scalpels at the 
tail. The number of blades is different per sub-family but varies between 1 and 6 on each 
side. 

The Blue tang (Acanthurus coeruleus) and the Ocean surgeonfish (Acanthurus Bahianus) are 
species that one often encounters on the reef. They graze in large schools over their fields. 

The juveniles are often brightly coloured, bright blue or bright yellow. 

Stingray - Ron Offermans 



 Conservation Diver Course 
122 

• Damselfish are mostly 
small fish and very 
territorial. They lay their 
eggs in a nest, and the 
male guards the brood. 
The Sergeant major 
(Abudefduf saxatilis) is a 
known damsel fish 
which often stay in 
planktivorous schools 
above the reef. Its 
brood consists of a 
placard of purple 
coloured eggs. 

Next, we discuss a few groups that live in the coral. These include food specialists who only eat 
coral polyps, but also species that feed on all the smaller organisms in the upper layer, and also 
have the soft coral on the menu.  

• Butterfly fishes are disc-shaped and very colourful fish. They usually live in pairs or in 
schools in the shallow areas of the reefs. Their diet consists mainly of coral polyps, which 
they bite with their snout. 

A beautiful specie you can encounter during almost each dive is the Banded butterflyfish 
(Chaetodon striatus) , very easy to recognize with black and white stripes on the entire body, or 
the Four-eye butterflyfish (Chaetodon capistratus), with a large dot on the back of the body. The 
dot is easily mistaken for an eye, so if this butterfly fish is attacked, the attacker can assume that 
he is going to swim in a certain direction, whereas in reality he goes the other way. These fish are 
usually seen during the day. The species as a whole is rather shy and flee when divers come 
nearby. Butterfly fish sometimes clean bigger fish by eating the parasites from their scales. 

• Triggerfish (Balistidae) owe their name to the first spine of their dorsal fin. This spine is 
mostly collapsed, but if there is danger it can raise it. With the spine behind the first one it is 
blocked. The fish can use this trigger to attack another fish and possibly a diver. At night the 
fish uses the spine to attach himself to the reef so that even a moray can pull it out. The 
strong-jawed mouth has teeth adapted for crushing shells.  

• Filefish (Monacanthidae) are a group of shy fish who like to hide between corals and 
gorgonians. They have a spine on top of the head and can change colour. Filefish love to eat 
coral polyps. They cannot swim very well, because their fins are very small. The Scrawled 
filefish (Aluterus scriptus) and Whitespotted filefish (Cantherhines macrocerus) are famous 
fish that you, the diver, really likes to see. The first has beautiful bright blue stripes on its 
body. The second has occasionally white dots, but not always. You can see the dots if you 
observe the filefish a little bit longer. If it does not have the white dots, its body looks a pretty 
orange colour. 

Four-eye butterflyfish (Chaetodon capistratus - by Ron Offermans 
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• The most colourful family in the Caribbean area is that of the Parrot fish. They are large and 
often very strikingly coloured fish with a typical beak-like mouth. This resembles the beak of 
a parrot. With their beaks 
they scrape the top layer of 
the coral. This sound you 
can hear very easily as a 
diver in this area. This upper 
layer of the coral contains 
algae and coral tissue which 
is digested whilst its 
limestone skeleton is 
crushed and defecated by 
the fish. The waste washes 
up on the beach. The white 
sand beaches therefore 
consist mainly of parrot fish 
poo.  

Most parrotfish have three stages in their life. In these three phases, they have completely 
different colour patterns. 

The Marine angelfish are as colourful as the butterflyfish, but definitely one size larger. 
Remarkable are the French angelfish (Pomacanthus paru), black with yellow-coloured, and the 

Rock beauty (Holacanthus 
tricolor), bright yellow with a 
black spot on the body and 
typically blue eyes. Sometimes 
you will be surprised by the 
beautifully coloured Queen 
angelfish (Holacanthus 
ciliaris), easily recognized by 
the blue crown on the 
forehead.  

Angelfishes are often found in 

pairs in shallow reef areas, 

near gorgonians. Their food 

consists of sponges, algae, soft 

corals and bryozoans. Juveniles often act as cleaner fish. They are easily accessible to divers and 

very photogenic. During the growth and development of emperor fish they have several phases 

in which they also have different colours. These differences are so great that beginners often 

have the idea that they are seeing a completely different species. 

Adult Emperor fish live as a monogamous couple. They reproduce by swimming against each 
other with their bellies together and then release seeds and eggs. The female produces between 
25 and 75 thousand eggs each evening. During their whole life that amounts to a total of 10 
million eggs. 

Princess parrotfish (Scarus taeniopterus) - by Ron Offermans 

French Anglefish - by Rob Kool 



 Conservation Diver Course 
124 

The following 
groups of fish 
are carnivorous, 
but they don’t 
live off species 
that are tied to 
the ground 

• Wrasses 
are often the 
largest group of 
fish in terms of 
numbers. The 
wrasses are 
often very 
brightly 
coloured. They 
can be 

recognized by their cigar shape. All wrasses are protogynous; they are born female but as 
they age they change into territorial males. Most wrasses live permanently at a cleaning 
station where larger fish come along to be cleaned. They live from crustaceans and mussels. 

• The Redspotted hawkfish (Amblycirrhitus pinos) is the only representative of the coral 
climbers (Cirrhitidae) in the Atlantic Ocean. The species has characteristic brown stripes on a 
light-coloured body and are up to ten centimetres long. They live on the coral. From a 
stationary position they strike as crustaceans and other invertebrates come by. The species is 
not very shy, only when divers get too close will they move up a little. 

Queen angelfish - by Ron Offermans 
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• Morays (Muraenidae) belong to the eel-like. 
Worldwide there are approximately 200 
species, 13 different species occur in this 
Caribbean area. The largest in this region is 
the Green moray eel (Gymnothorax 
funebris) 

• Groupers (Epinephelinae) are large 
predatory fish that live on the bottom. The 
grouper is easily recognizable by its often 
hefty lips that seem to hang down. They 
often live alone, near or at the bottom (up 
to 18 metres deep). They love to hang 
around relaxed on the reef. But do not 
make a mistake. This sea bass can move 
quickly in order to catch a prey, usually a 
small fish or crustacean. It sucks in its prey 
whole. Sometimes you will find a large 
Goliath grouper (Epinephelus itajara). You 
can have a good look at him as long as you 
don’t bother him too much. 

• The last predator we mention is the great Barracuda (Sphyraena barracuda). In this region it 
is a solitary species that swims along the reef while looking for fish, squid and crustaceans. 
Like the freshwater pike, barracuda can linger motionless on one spot for a long time, and 
then strike suddenly at high speed with its torpedo-shaped body. The specie can become 1.5 
metres long. 

Omnivorous fish eat algae and seagrass, as well as the invertebrates that they encounter there. 
Among these groups, you will 
find: 

• Pufferfishes (Tetraodontidae) 
and boxfishes (also coffer-, cow- 
or trunk fishes: Ostraciidae) are 
closely related. They have a 
round or suitcase-shaped body 
and are poor swimmers. 
Therefore, they protect 
themselves in a different way. 
Pufferfish can ‘blow’ themselves 
up by absorbing water, so they 
are not easy edible. This action 
is not very healthy for the fish 

and can be executed only a limited number of times in their life. So do not use them as toys. 

In addition, they secrete a toxic mucus from the skin. The poison, tetrodotoxin, is made by a type 
of bacteria that symbiotically live together with the puffer. Special organs concentrate the poison 

Moray - by Arco de Man 

Barracuda - by Ron Offermans 
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again, making these fish, after a particular toad specie, the most poisonous vertebrate in the 
world. For predators such as nurse sharks the mucus can be deadly. 

This poison is harmless to divers, as long as you do not eat it. However, the Japanese love to eat 
the fish. If the ‘fugu’, as it is called, 
is not prepared correctly, the meal 
can be fatal. Japan estimates that 
every year several dozen people 
die from eating these fish. 

Boxfishes are very cute to see 
underwater. They often have large 
eyes and a nozzle-shaped mouth. 
The juvenile pufferfish is only as 
large as a pea. The hedgehog fish 
also belong to this family. 

The next group consists principally 
of scavengers: 

• Gobies are small fish. They live mostly benthic (on the bottom) , but sometimes pelagic (far 
away from the bottom and the shore). Often there is symbiosis with invertebrate animals or 
they work as cleaner fish. The belly fins of the gobies are fused into a kind of suction cup with 
which they can hold onto something or an animal. 

The Sharknose goby (Elacatinus evelynae) and the Peppermint goby (Coryphopterus lipernes) are 
two very colourful and often identified gobies on the reef in the Caribbean Sea. 

• The blennies (Blennioidei) are elongated fish, usually with a continuous dorsal fin and no 
scales. There is a large number of species and genre in this group of perch-like animals They 
can differ from herbivores to carnivores and from omnivores to scavengers. They usually live 
in the benthic zone or in a small hole in coral. Many species have a kind of cornicle, which 
gives them a nice appearance. Blennies are very territorial. 

In the Caribbean, the Secretary 
blenny (Acanthemblemaria maria) is 
frequently seen. They are often 
hiding in a hole in brain coral or 
sponges. If you, during diving, take 
some time to look closely at the brain 
coral, you see more and more 
blennies’ heads coming out. 

Between the coral animals, that 
together formed the reef, there also 
live many other groups of 
invertebrates. Some of them we have 
already encountered in the 
description of the Red Sea. 

Blenny in Brain Coral – by Marco Heesbeen 

Boxfish by Rob Kool 
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• We find many and different kind of sponges. 
These sponges are often toxic. One example is 
the Touch-me-not-sponge (Neofibularia 
nolitangere). This sponge has a brown / reddish 
colour and is modest in size (average 30 by 30 
cm, but sometimes the width reaches one 
metre). The poison serves as a defence 
mechanism against animals that would 
otherwise eat the sponge. 

• The flatworms often have bright colours. These 
are signal colours to scare the enemy. 

Several groups of echinoderms are common in this 

area. Sea stars are carnivorous, usually nocturnal. 

They are mainly focused on bivalves. Starfish can 

bulge their stomach through their mouths, and 

thus digest a prey instead of chewing or swallowing 

it entirely. Whereas in the North sea the starfish 

are discreetly coloured and always five armed, in 

the Caribbean you will encounter the most 

beautiful patterns and colours, such as the Red 

cushion sea star (Oreaster reticulatus), a specie with a larger number of arms. Sea urchins are 

also mainly active at night. Some species live a hidden life. They even use shell fragments and 

algae on their spines to avoid attracting attention. Others do not make any effort to hide. 

Examples are the very common Black sea urchin (Arbacia lixula) and the Slate pencil urchin 

(Heterocentrotus mammillatus). The spikes act as an excellent repellent. They have two ball and 

socket joints used to ‘point’ the spine. Like the starfish the mouth is on the underside of the 

animal. They graze the substrate with a complex set of teeth very suitable for scraping clean this 

substrate. 

Sea cucumbers are 

very different from 

the other 

echinoderms. They 

have a sausage-

shaped body, which 

is sometimes 

covered by plant 

residues. The 

majority can crawl 

or dig. But every 

movement is very 

slow. A few of the 

Red cushion sea star - by Ron Offermans 

Slate pencil urchin - by Ron Offermans 
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species can swim. A majority of sea 

cucumbers live by filtering the water with 

special bulges at the mouth. Others get 

their food by eating the earth and take 

advantage of organic substances in it an 

example being the Cookie dough sea 

cucumber (Isostichopus badionotus). Sea 

cucumbers are important inhabitants of the 

deep sea; they have been found to depths 

of 10  

kilometres. 

• Crustaceans are nocturnal robbers who 
usually hide during the day.  

They eat anything they can get; they are also scavengers and cannibals. It is therefore 
worthwhile to make night dives. During such a night dive crabs, lobsters and shrimps are visible. 

All crustaceans have an external calcified armour and 
jointed legs. In order to grow the animals will regularly 
shed their old and form a new armour. During this moulting 
the animals are very vulnerable and therefore try to find a 
sheltered place. In a period of moulting you often see large 
numbers of empty skeletons. This feeds the stories about 
massive lobster mortality. Check the empty skeletons 
before alarming everyone. If the thorax upper part is 
unfolded and neat, there is a big chance that you have only 
an old exoskeleton.  

Particular species to encounter during the night dive are 
the Slipper lobster (Scyllarides latus) and the Spiny lobster 
(Palinurus vulgaris) as you see them free running across the 
bottom, looking for food. 

• Sea squirts are sessile filtering animals. They suck 
water in through the inflow opening, filter their food from 

there, and emit the residual water again to the outside via the outflow opening. 

6.4.3 Diving 

Most islands of the island belt in the Caribbean Sea have their own specific characteristics, as has 
been described above. Advanced divers can come here for night, drift, wreck and deep dives. The 
qualities of experienced divers are not equally valued everywhere. In Aruba you require a guide 
despite your skill and in many other places you can only dive with guided groups. 

Spiny Lobster - by Rob Kool 

Slippery lobster - by Rob Kool 
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In Yucatan, the karst area is 
extraordinary. The base 
rock here is limestone 
which over the centuries 
has been flushed out in 
many places and has 
created an impressive cave 
system. In some places that 
are regularly dry, you can 
find enormous stalactite 
formations. Many caves are 
close to the surface and 
every few metres you will 
find an opening to the sea. 
Because the karst is 
situated close to the coast 

you find salt as well fresh water in the system. These ‘semi’ caves are called cenotes. 

 

Cenotes in Mexico – by Cor Kuyvenhoven 

There are guided dives available. With the commercial 
cenotes diving, the distance to an opening or space with 
air is always less than 40 metres so for that reason, this 
is not real cave diving. And also biologically speaking it is hardly interesting. In places where light 
enters some water plants exist and there swims Blind cave fish (Astyanax fasciatus), Filespin 
chulin (Rhamdia laticauda) and Mollies (Poecilia spec.). The real cave animals are often blind and 
therefore unique. 

6.4.4 Special groups: Turtles  

All kinds of turtles (Testudines) are characterised by a strong and often spherical shield. 

Divers on St. Eustatius Island by Ron Offermans 

Cenotes in Mexico – by Cor Kuyvenhoven Cenotes in Mexico – by Cor Kuyvenhoven 
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Turtles can vary greatly in size, 
colour and lifestyle but are 
easily distinguished from all 
other reptiles by the external 
shield (the pantex: lower 
shield and upper shield 
together). All turtles have a 
bony shield on both the belly, 
called the plastron and on the 
back called the carapace. The 
shield is usually provided with 
a second armour, the horn 
shield. The carapace is 
connected to the plastron by a 
bony bridge on each opposite 
side of the body. 

Turtle shell consists of horn plates. The number and position varies by species. The Hawksbill sea 
turtle is usually easily distinguished from all other species of marine turtles by the horn stacked 
plates of the carapace that clearly overlap. 

Also, the scales on the head are characteristic in each specie. The hawksbill has two pairs of 
scales between the eyes. The eyes are relatively large and have round pupils. Turtles can 
completely close their eyes with yellow coloured eyelids. The lens in the eye is so constructed 
that the turtle can see above and below water, although visibility is limited above water. 

Turtles are found in diverse habitats such as forests, grasslands, wetlands and oceans, but mainly 
in tropical and subtropical areas. 

 

Sea turtles (Cheloniidae) evolved from turtles that lived more on the land about 120 million years 
ago. Except when laying eggs, they permanently reside in the world's oceans. Seen as slow on 
land, in the water they can 
reach a speed up to 35 
kilometres an hour. 

They are very well adapted to 
a marine life. Although they 
need to breathe, they can 
stay underwater for a long 
time. Most species can travel 
vast distances, using the 
magnetic field of the earth for 
orientation. 

Turtle - by Marco Heesbeen 

Turtle - by Ron Offermans 
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Turtles procreate generally once a year and are 
invariably oviparous. 

Mating takes place at sea, where the turtles 
often bite in each other’s neck. Every one to two 
years the females come to the beach to lay eggs. 
They are very choosy in their choice of beach. 
Most species go back to the area where they 
themselves were born. On a sandy beach the 
female digs with her flipper-like hind legs a hole 
30 to 50 cm deep and deposits her eggs in it 
(between 50 and 200, depending on the specie). 
During the deposition of the eggs she goes into a 
trance so she can easily be accessed. 

After six weeks the young sea turtles hatch and 
find their way to the water. Of each nest of 
young turtles only a few survive. 

Sea turtles spend their childhood in the seaweed 
floating in the open water of the oceans. It will 
take decades before they are mature and 
reappear on the coast. 

They grow fast when they are young but evolve 
very slowly. The larger turtle species only 
mature after a few decades. Such species can 
also be very old. 

Sea turtles are important in their ecosystem. 
Different species, such as the green turtle, live 
off the seagrass beds. The seagrass is kept 
healthy by this grazing and gives it an incentive 
to expand. Carnivorous turtles such as the 
Leatherback sea turtle (Dermochelys coriacea) 
mainly eat jellyfish, crustaceans and 
cephalopods. With this they contribute to the 
restraint of populations like, for example, Box 
jellyfish (Cubozoa). These jellyfish species have a 
poison that is fatal to humans, but the 
Leatherback sea turtle is insensitive. 

Ron Offermans 
Turtle protection project Yucatan, Mexico 

 
Turtle protection project Yucatan, Mexico 
Ron Offermans 

 

Ron Offermans 
Turtle protection project Yucatan, 

Mexico 
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Enemies of sea turtles are 
the large consuming fish. 
Younger animals, which 
are smaller and softer, 
are beset by all, even by 
water birds such as 
seagulls who pick them 
out of the water. On 
land, the clutches of eggs 
are dug by various 
animals such as raccoons. 

Among the turtles are the 
Green turtle, the 
Hawksbill turtle, Flatback 
sea turtle (Natator 
depressus), Loggerhead 
turtle (Caretta caretta), Kemp's ridley sea turtle (Lepidochelys kempii), Olive ridley sea turtle 
(Lepidochelys olivacea) and the Leatherback sea turtle 

In the Caribbean, you are most likely to encounter a Hawksbill sea turtle, but the Green turtle 
and Loggerhead sea turtles are still fairly common. The Hawksbill turtle is a medium-sized specie. 

6.4.5 Research and education 

Several countries in the region do research and provide information. Within the United States 
there is particular concern about the impact of climate change and the vulnerability of their 
energy sector. Research on this subject has been done by the Department of Energy of the 
United States (DOE). The number of hurricanes have increased in number and are more intense 
since the turn of the century. The rising temperature in the region is partly responsible for the 
increasing number of storms. The very large number of (petro-)chemical industries in the Gulf of 
Mexico are an ecological time bomb, if they take no further action.  

NOAA gives extensive information in English about the Florida Keys National Sanctuary, a 
national nature reserve. 

Turtle head - by Arco de Man 
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Bonaire (Island) gives excellent information. 
Although it is a Dutch municipality the 
information is in English only. Stinapa (National 
Parks Foundation), an NGO in Bonaire, maintains 
two marine parks and is developing courses and 
educational materials.  

6.4.6 Threat and protection. 

The biggest concern is the effect of climate 
change bringing with it the increased severity of 
storms and coral bleaching. Depletion due to 
overfishing and mass tourism are other threats. 
Human activity sometimes brings species to this 
area that do not fit into the prevailing 
ecosystem. 

Bonaire is a world leader in the field of nature 
conservation. The entire island is a nature 
reserve. For divers this is clearly visible under 
water. Places where diving becomes too 
intensive are regularly closed so that the coral 

has the chance to recover. As a diver you have to 
buy a tag and attach it to your jacket; the 
earnings go to conservation. ¶The Sea Turtle 
Conservation have been developing its activities 
since 1991. As an example: a number of turtles 
has been provided with a transmitter, so that 
they can be tracked. These can be used to map 
routes and keep track of where the turtles are 
located. This NGO is affiliated with WIDECAST, 
an organization that works in 40 countries for 
the protection of turtles. 

Intermezzo 
Exotic Lionfish by Wendy Hoevenaars 

In the eighties, a fisherman caught a lionfish in the 
Caribbean, but the prevailing idea is that this 
species did not occur in this area. 

There are some colourful stories about how the 
lionfish has come to this area, including a 
beautiful story in which a hurricane released them 
from an aquarium. However, it is now assumed 
that in 1992 one or more holders of aquarium 
lionfish wanted to get rid of them and they 
released them into Biscayne Bay in Florida. They 
deny this and say: "Maybe some eggs were 
washed away." The exotic species, the Red 
lionfish (Pterois volitans) reached the Bahamas in 
2004. From there it spread very fast. In October 
2009 the exotic species ended up on the reefs of 
the Caribbean Sea. The species is quietly 
spreading and nobody can stop them. It eats all 
juvenile and smaller fish swimming by. Because 
lionfish did not appear in the Atlantic this fish has 
no natural enemies. 

The combination of a high reproductive rate, lack 
of enemies (biotic factors) and a favourable 
current (abiotic component) means that now the 
lionfish has already spread along the entire coast 
of North and Central America, including the 
Caribbean archipelago. 

After the arrival of the first lionfish on the ABC 
islands, it was decided that something had to be 
done locally before all the small fish would 
disappear. Initially, a number of sport divers 
began to catch the lionfish with a net. 

Then a whole new industry sprang up around the 
lionfish. Special harpoons and catching tubes (the 
Zookeepers) have been developed; Also, there 
are booklets explaining how to catch these fish. 
There are also catching excursions and even 
diving courses for lionfish hunting. 

The catering on the ABC Islands is well informed 

and now has the lionfish on the menu. The devils 

are prepared in many ways: boiled, stir-fried, 

stewed, grilled, poached, barbecued, fried or 

blanched. In short, in the case of the lionfish a 

new natural enemy has been introduced that tries 

to eradicate this kind of fish. 

Lionfish - by Ron Offermans 
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On the route schedules that WIDECAST publishes you can see that the Green turtle is pretty 
sedentary. The Hawksbill in 
contrast, covers a 
considerable number of 
kilometres crossing all over 
the Caribbean Sea. 
Another activity of the Sea 
Turtle Conservation is 
guarding nests and counting 
eggs. These data records 
are also used to keep track 
of the population 
development. They also 
protect seagrass beds. Since 
2008, partly due to the rise 
of windsurfing, the number 
of seagrass beds have fallen 
sharply. They remove old 
fishing lines and nets, they organize clean ups and give information.  
  

X-mas whish – by the Lionfish Elimination 

Team 
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6.5 West Coast of North America 

Author: Rob Kool 
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The cold water area off the west coasts of Canada and the United States have a very distinctive 
nature. Diving in and around the giant kelp forests is clearly distinctive from all other places. In 
California especially diving is popular and accessible to everyone. 

6.5.1 Geology and Geography 

America's coastline is unique in several respects. Not only by its length, but also by its geological 
development. The land mass to which the coastline belongs, was formed early in the geological 
history. The coast was formed between 150 and 300 million years ago with the spreading of the 
continents. This means that there has long been a division between the waters of the Western 
Pacific and other parts of the world. 

It sounds contradictory, but at the same time the area is geologically young. This is because the 
tectonic plate that is floating the continents apart is still moving. The Andes and the Rocky 
Mountains and their foothills are young mountain ranges, that together cover a distance of 
about 13,000 kilometres from north to south. The distance from the mountains to the coastline 
is limited, with some deeper troughs nearer the coast. Many forces are acting on these edges so 
there are many earthquakes and active volcanoes. These quakes occur both above and below 
water. Combined with the impact of the ice ages on the northern and southern ends of the land 
mass, the area where we dive is geologically ‘recent’. 

Catalina Island - by Rob Kool 
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In this long coast, 
from north to south, 
we distinguish a 
wide variety of 
coastal types. 
Canada has the 
longest coastline in 
the world, with 
many islands, fjords 
and rivers that find 
their way to the 
Pacific. In the United 
States, in Oregon in 
the north, we find 
the biggest dunes in 
the world, in the 
direction of 
California there are 
larger bays and 

estuaries. 

The most southern part is Baja California, a long peninsula. The sea between the mainland and 
the peninsula is the Sea of Cortez or Gulf of California. Here you will find one of the best-known 
fault lines in the world, the 1,300 km-long St. Andreas Fault. It begins north of San Francisco and 
then runs through Los Angeles and into the middle of the Gulf of California. One can recognise 
that the movement is still taking place, by the large number of earthquakes in the area. One 
result is that the Gulf grows five cm wider annually. This will result eventually in separating Baja 
California as an island off the coast. 

The sea currents that run along the coast mean that there is temperate or cold water over a large 
area. 

The predominantly western winds ensure that large parts of the coastal area are moist with lots 
of fog. A few kilometres inland the circumstances are often radically different. 

The area discussed here runs from British Columbia to Baja California in northern Mexico. We 
now zoom further into this area, at the reserves in and around Monterey Bay. 

6.5.2 Ecology 

The description of the California marine reserve by Monterey Bay National Marine Sanctuaries 
(NOAA) as ‘the Serengeti of the ocean’, suggests quite a rich biodiversity. Those who dive or 
study the area, will note that there is no exaggeration in this case. Biologically speaking it is one 
of the most spectacular areas in the world. 

NOAA supports its statement with some convincing facts. It is an area with thirty-four species of 
mammals. Additionally is has been investigated whether you can actually see a lot of more 

Monterey Bay, California - By Rob Kool 
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species in the area. The outcome of this investigation is convincing. In thirty dives, in only the 
kelp forest in the area, biologists found nine tribes containing 204 species of invertebrates. 

The development of such a rich area, is due to its geological development. There is a lot of hard 
surface where species can attach well. In addition, the ocean is already very deep a short 
distance from the shore. The cold Gulf Stream carries nutrients up from the deeper water, 
making this part of the Pacific particularly rich in nutrients. Weeds can develop well in these 
circumstances. 

The mountain range is a bit further inland but it keeps the cooler moist air, that is supplied 
through the western sea breeze, in the coastal area. Thus the tidal zone is predominantly humid 
and cool, making the living conditions at low tide much less extreme than in tropical regions. 

Kelp can develop here easily with the combination of the mentioned abiotic factors. The kelp 
forests are formed by the greatest of all algae: Giant kelp (Macrocystis pyrifera). Often entangled 
in clumps, they attach themselves, at the base with their ‘holdfast’, a structure with suckers 
which attaches itself to a hard structure.  

Kelp Forest - by Corinne Klein 
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From a biologically point of view the term weed isn’t correct. Weeds are ‘lower’ plants, which 
only have a few differences between some of their cells. They certainly do not have organs but a 
structure with different cell types and cell functions. 

We can distinguish three parts to the plant. In addition to the suction cup, there is the stem, and 
there are the leaves. The brown algae attach themselves up to 25 metres deep. Due to an 
enormous growth rate of 30 to 50 cm per day, lengths can - under ideal circumstances - reach up 
to 50 metres.  

A significant part of the plant floats on the surface, and closes like the canopy of a forest. Their 
buoyancy, as with so many other brown algae, is caused by gas bubbles. The plants produce 
oxygen and hold some in the hollow stem. By constrictions in the cavity, bubbles are formed 
from which the gas cannot escape. By diffusion, it creates an air mixture which serves as a lift 
bag. 

Kelp with a Lincod (Ophiodon elongates) – by Mark Lloyd 
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The alga needs no 
roots because the 
salts, necessary for 
growth and 
development of the 
cells, are taken 
directly from the 
water. As already 
reported, the Gulf 
Stream ensures a 
constant supply of 
salt. 

Although we speak 
of these as ‘lower’ 
plants because of 
the lack of organs, 
like real leaves and 
roots, their 
adaptation to the 

environment are particularly effective. The wood and bark barrels of a ‘higher’ plant could not 
survive the violence of the waves. 

Algae can adjust with the movement of the water due to the flexible construction of the stems 
and the gas bubbles, The huge waves which occur on the Pacific coast, sometimes more than 10 

Floating Giant Kelp – By Rob Kool 

Kelp Forrest - by Mark Lloyd 
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metres high, do not harm the Giant kelp thanks to their construction (though during storms 
there is always some loss). 

With the help of chloroplasts, plants make carbohydrates. This is done by photosynthesis, the 
process by which energy from light is used as a motor to bind carbon dioxide. Brown algae have, 
beside chlorophyll, also other cell components that capture light energy: the auxiliary pigments. 
This light energy contributes to the photosynthesis in the chlorophyll. 

Where green plants reflect all the light that they do not use themselves (or, more precisely, any 
unused wavelengths of light), brown and red algae do filter a greater part of the visible light. We 
perceive the residual colour as red or brown. 

When measured, these weeds prove to be much more efficient in producing carbohydrates than 
higher plants. Red algae are up to three times more efficient. Not only by using the auxiliary 
pigments, but also through more efficient photosynthesis enzymes. 

The meters-long giant brown seaweed 
lives five to eight years, forming a 
permanent underwater forest. 
Therefore it is also called the ‘Marine 
Amazon’. An area that, like the 
rainforest, is important for the 
production of oxygen on earth and 
forming a habitat for a large 
community of life. 

And between these Pacific giants live 
many other species. For the 
herbivores (plant eaters), the fast-
growing weed is an endless source of 

food. For others it is a shelter, a resting place or a subsoil. 

For example the giant sucker at the feet of the kelp offers a place of attachment for other algae 
and sponges. This combination of species often has an even firmer grip on the rock than the kelp 
alone. 

Other organisms settle on the stem and leaves, such as bryozoans. In comparison with the 
Atlantic algae areas, there is more space between the plants, so larger species can also move 
easily in the kelp forest.  

Painted Greenling - Monterey - by Rob Kool 



 Conservation Diver Course 
142 

The first group you encounter is 
usually fish, and most of the time 
these are Rockfish (Sebastidae). 
From the 70 types of rock fish that 
appear only in California, a number 
of those species are only or mainly 
concentrated in the kelp forest. 
With only two Atlantic species we 
definitely can call this a group of 
Pacific species. They are classified 
by most scientists in the order of 
the Scorpion Fish. They are slow 
swimmers with a large mouth, 
which eat anything that is animal, 
including their own young. Rock 

Fishes can live to be very old, sometimes more than a hundred years. Therein also lies the threat 
to the specie; they only become sexually mature after many years. Overfishing, especially by 
trawlers, are threatening some species with extinction. 

Besides the rock fish, there are many 
other species that hardly exist in 
other areas. Three, we discuss with 
more detail. 

In this area there are no cleaner fish. 
However, there is one that eats 
parasites from other species. It is the 
señorita (Oxyjulis californica), a cigar-
shaped wrasse with a yellow-orange 
cream-colored top and bottom. This parasite eater is up to 25 cm long, much longer than is 
known from other parasite eaters. They eat mostly the ectoparasites of fish, but they also clean 
plants or invertebrates when there is insufficient supply of parasites. 

The California sheephead is another notable occurrence. Especially the males, at almost a meter 
in length, they have a striking appearance. With some imagination the grey head resembles a 

sheep's head, which 
contrasts strongly with the 
red body that ends again 
in a grey tail. The 
sheepshead is an example 
of a specie that changes 
sex during its life. They 
start out as females but 
after about seven years 
they develop male organs. 
Also, it is a specie with a 

Californian scorpionfish (Scorpaena guttata) – by Rob Kool 

Señorita - by Rob Kool 

Sheephead - by Rob Kool 



 Conservation Diver Course 
143 

distinct temperature limit. You will not 
encounter them North of Monterey as it is too 
cold for them. 

The Garibaldi (Hypsypops rubicundus) has 
even greater need for warmth and is found 
only in Southern California. This bright orange 
fish belongs to the Damselfishes 
(Pomacentridae). This group you will find 
anywhere in tropical water, but with its length 
of 35 cm, this is a giant in the group of 
damselfish. Like the other damselfish the 
Garibaldi defends a territory within which, in 
May, the males are guarding the eggs. He can 
be very fanatical. Its territory is a vertical 
water column in front of them, in which he 
will attack all that swims in the column. The 
size of the intruder is of no importance within 
the territory. They will also try to chase you, 
the diver. Juveniles have iridescent spots on 
head and body. It is such a remarkable 
appearance that people find it difficult to 
leave the fish at peace. In California in order 

to guard the specie, it is completely protected. 

Earlier , this area of the ocean was called the Serengeti. This comparison immediately raises the 
question: where are the big animals? And yes, there are sharks, rays and mammals as the giants 
of the area. The biggest do not belong in the kelp forest, but some mammals belong to the usual 
residents. 

Mammals have evolved on land in the course of the evolution. A constant body temperature and 
the absence of organs to extract oxygen from the water, are some of the features which all 
mammals have in common. They 
also have well-developed brains; 
that is why they are much more 
intelligent than everything else that 
lives in the sea. In a later stage of 
development the specie finally 
adapted to a life at sea but they 
would always go to the surface to 
breathe: although some may remain 
underwater for a very long time. 

In the kelp forest, we mainly see the 
Sea otters (Enhydra lutris), seals and 
sea lions. 

Garibaldi (Hypsypops rubicundus) – by Mark Lloyd 

Garibaldi (Hypsypops rubicundus) – by Mark Lloyd 
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The sea otter has a high hug factor for humans. The short grey muzzle on the brown body calls 
for endearment. However stuffed sea otters and otter fur were often traded in the market. The 
species was nearly wiped out by hunting. Strict protection since the 1960’s, with a lot of 
surveillance, has ensured that the population is recovering slowly. Monterey Aquarium supports 
the protection of the animal and provides a lot of information; it has become their mascot for 
one of the logos. 

The otter is very fast and they mostly eat invertebrates. The specie is of great importance for the 
kelp forest. Their food consists of kelp-eating invertebrates, which develop into pests as the 
otters are not able to keep their numbers under control. The movie scenes where an otter uses a 
stone to crack shellfish are famous but the chances of you will seeing it yourself are virtually 
zero. Their preference is to eat without using tools, and in a healthy kelp forest there are many 
alternatives. Sea otters lounge happily and long. They do this by wrapping themselves in 
seaweed, the leaves creating buoyancy. A dry coat contains a lot of air and therefore acts as 
additional buoyancy. With this combination otters can spend hours on the surface, sleeping in 
the sun. At these times they are easy to observe. They are seen quite often especially with a boat 
dive along the edge of the kelp forest in Monterey Bay although the chance of an underwater 
encounters is small. 

The sea otter hardly comes ashore. That does not apply to other marine mammals like the 
Californian sea lion (Zalophus californianus) and the Pacific harbour seal (Phoca vitulina), which 
in this area is the most common specie of seal. These species find their food inside and outside 
the kelp forest, and come ashore to rest. 

For the sea lion a dry place may be the beach, or a rock, or anything they can climb on. They are 
not loved so well in marinas, because climbing on a boat is no problem for this animal. Sea lions 
being social animals, will in no time they attract a group, all sitting on the boat. Their total weight 
is sometimes sufficient to sink the boat. In the port of San Francisco they have successfully 
provided a number of large rafts to relieve the risk to t he boats. 

 

The Pacific harbour seal is also a social animal, but the groups live across a vast area with cairns 
and rock points used for rest and sunbathing. By barking regularly they keep contact and warn 
each other of any danger. 

Sea otters in Monterey - by Rob Kool 
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Divers are considered fairly 
harmless by both species 
but you shouldn’t approach 
them if they have young 
puppies. Often they find 
divers nice, and nice to play 
with. Their games include 
swimming as fast as possible 
up to you, or suddenly 
popping up in front of you 
or pulling at your fins. If the 
diver stay calm there is no 
risk in these waters. 

After seeing them once, the 
species are easily 
distinguishable. The Sea Lion 
is the larger of the two 

species, and has a uniform dark brown fur. Typically this animal uses its front legs to swim, using 
the rear legs mainly as a rudder. 

 

The Pacific harbour seal depends for swimming on the power of its back legs. These are so 
specialised for swimming that they make no significant contribution in moving on land. The fur of 
the harbour seal is much lighter than that 
of the lion, and moreover it has a spotted 
skin. 

 

Both types have to breath every five to six 
minutes. But ,if they are hunting, they may 
wait a much longer time to breathe, 
sometimes up to forty minutes. 

Sea lions - by Corinne Klein 

Sea lions - by Corinne Klein 
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The largest of the seals is the Northern Elephant seal (Mirounga angustirostris). Their habitat is 
the northern Pacific. Like many other mammal species, the elephant seal was almost wiped by 
1900. It was the Mexican government that decided to protect the specie. The US followed a few 
years later. Over the past century, the specie has slowly recovered. 

The difference between males and females is considerable. The bulls are up to six metres long 
and weigh more than 3,000 kilograms. Their nose has become a trunk that hangs over its mouth. 
Females are about 3 metres tall and weigh up to 650 kilos. The males gather a harem around 
them, and between the males bloody battles often take place for the possession of those 
females. 

Hunting for food they dive 
for twenty minutes to an 
hour to depths between 300 
and 600 metres, although 
much deeper dives have 
been recorded. The menu 
consists of fish, sharks and 
octopuses. The Northern 
Elephant Seal itself is prey 
for the Great white shark. 

When you consider the 
depths to which they dive to 
hunt the chance of a diver 
encountering these animals 
is small. But out of the water 
there is a good chance to see Californian sealions - by Rob Kool 

Pacific Harbour Seals - by Rob Kool 
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them. Like other seals and sea lions, the Northern elephant seals comes to the beach to rest. 
Many of these beaches are national and state reserves, especially in California. That gives those 
of us who are willing to walk, a lots of opportunities to see them close by. In these parks they 
also explain why you should not go too close. 

Depending on the time of the year and where along the coast, there is a chance that you will see 
pelagic mammals, especially when you dive from a boat. The largest of these species is the Blue 
whale 
(Balaenoptera 
musculus) This is 
the largest, living 
specie on earth 
with a length of 
25 metres and a 
weight of about 
100 tons. 
However, the 
chance of 
encountering 
these animals is 
quite small as a 
result of whale 
hunting. 

The future is 
brighter for 
another whale 
into this area, the 
15 metres long Gray whale (Eschrichtius robustus). The European population is extinct, and those 
in the eastern Pacific have become so small in number as a result of (Japanese) whaling that it 
can be considered to be at the edge of extinction, but luckily the group in the Pacific grows in 
number. 

By halfway through the last century the western Pacific population was decimated, but since that 
time, by strict protection, the numbers have been restored. Just like the Blue whale, the Gray 
whale is one of the baleen whales. They are carnivores that feed primarily on crustaceans and 
fish at shallower depths. They turn on their sides, and then graze the bottom, with the baleen 
acting as a sieve. 

In the fall the Gray whales migrate in small groups from their feeding grounds in the Arctic Ocean 
some 9,000 kilometres to the south, to Baja California. This is where mating take place, and the 
young are born. In the spring they return to their feeding grounds once again 

There is a group that does not go to the north. They feed in Northern California. However, the 
journey to the far north has a significant advantage. As well as the richness of the food in this 
area, the cold is beneficial for the health of the animals. The large hulking body of the Gray 
whale. is a great attachment area for parasites, and some types of parasites use the whale as 
food. Most of those pests cannot stand the cold, and fall off their host during the tour north. The 

Sea Elephants - by Rob Kool 
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Gray whale. can reach the age of 60. The body of the older animals bear the traces of parasites 
everywhere. 

The specie has two blowholes, through which there is a double jet (V) of condensing water, 
which is visible as they surface. 

Watching the whales 
is a highlight for 
tourists. Whale 
watching is a thriving 
industry. There are 
requirements for 
whale watchers to 
keep their distance 
from the animals 
(about 30 metres). 
Not everyone adheres 
to this, and there are 
indications that the 
Gray whales move 
their migration routes 
westward, to avoid 
the sightseers. 

 

Other baleen whales, such as the Humpback whale, the Fin whale (Balaenoptera physalus) and 
Minke whale (Balaenoptera acutorostrata) come to the area. These species are much more 
global than the Gray whale. 

On the list of marine mammals of the eastern Pacific, the different types of dolphins and Sperm 
whales (Physeter macrocephalus) belonging to the toothed whales should also be mentioned. 
The latter chooses a depth of two kilometres so is not seen very much. He who wants to see this 
largest living toothed whale will have a better chance in the Gulf of California as this is where 
they hang around to mate and thus stay longer at the surface. The females are 11 metres, the 
males 18 metres long. They have by far the largest brains of all living species (about 7 kilos). We 
have nothing to fear from them; they mainly feed on giant squid. 

Finally, there is the orca or killer whale, a predator with his very imaginative black and white 
drawing. He features in many mythological stories. 

Killer Whale: one or more species? 

Biologists often talk about species. A specie is a group of individuals that can interbreed and have 
offspring that are capable of procreation themselves. So whilst it is possible to cross horses and 
donkeys, the mules are sterile. Horse and donkey, are under that definition, two different 
species. In practice, the definition is a little less straightforward. While crossbreeding and 
procreation are in principle possible, it can happen that a groups of a specie develops in a very 
different habitat and social pattern, so, in reality they act as two species. With the orca there is a 
discussion about whether they have only racial differences or they are really a different species. 

Humpback Whales - by Janny Bosman 
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These groups are: 

• The residents: complex family groups who have a more or less fixed residential area, where 
they hunt for fish and squid. The groups have an extensive language which is used by the 
family members to have contact with each other. 

• The transients: small groups up to six animals mainly preying on mammals 

• The offshore killer whales: We do not know much from these animals. They live far from the 
land. What we do know is that they hunt in large groups of 25 to 200 animals. They mainly 
feed on schools of fish. They are somewhat smaller individuals than the other species but 
they are built to attack everything. 

Orca's reach a length of up to 6 to 9 metres, wherein they may have a weight of 3 to 6 metric 
tons. The orca is at the top of the food pyramid, which means that it has no natural enemies. 
There are observations that they successful attack whales that are much larger than they are. 
The combination of weight, strength and agility of the jaws makes them almost unstoppable. 
With top speeds of 55 km/h they are again also the fastest of the sea creatures. Furthermore 
mammals are the most intelligent animals. Orcas communicate well with each other so they 
work together very well during the hunt. They do not seem to find humans appetizing. In the 
case of orcas in captivity only will sometimes somebody be killed who comes too close. The life 
expectancy of orcas and humans do not differ so very much, as long as the orca lives in the wild. 
Orcas in captivity live much shorter lives which is also an argument for keeping them out of 
aquariums. 

There are also numerous stingrays and sharks in this ocean, The species potentially dangerous to 
humans mainly occur north of San Francisco. The rays are mainly found on flat sandy soils. 

The sandy soils are similar to other places in the world. Noteworthy is that individuals of a specie 
in this area are often much larger than similar Atlantic species. Two examples: the Sunflower star 
(Pycnopodia 
helianthoides) can 
reach a diameter of 
130 cm and the sea 
cradle Giant Pacific 
chiton (Cryptochiton 
stelleri) measures 12 
to 30 cm.  

Giant chiton - by Rob Kool 



 Conservation Diver Course 
150 

Chitons (Polyplacophora) are everywhere, but are easily overlooked because they are so small 
(rarely more than a centimetre or five). This group of molluscs lives like many other molluscs 
from grazing the rocks. They can scour the surface with a grater or radula, a bar with teeth in 
their mouth. Their massiveness they get from their closely connected shell parts on the upper 
side of the animal. With their foot they suck themselves to the rock bottom. 

The deeper part beyond 
the kelp, but before the 
steep slopes to the deep 
water, is called the outer 
reef. The use of the term 
reef is questionable, 
because there is often no 
true edge as a boundary. It 
slopes down slightly as it 
gets deeper, and there are 
pinnacles. These are rocks 
that rise from the bottom 
in a large number of 
places. This part of the 
world has no coral reefs, 
but is has exuberant 
vegetation. These sites are 
particularly interesting for 
macro photographers. 

The struggle for a place on hard rock - by Mark Lloyd 
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Regarding the invertebrates, every expert can find his favourite group here. Whether you prefer 
nudibranchs and anemones or crabs and lobsters, everything is here, and often in abundance. 
For the Americans especially the abalones and echinoderms are a favourite. 

The Abalones (Haliotis) are a snail species. They are animals grazing on rock. They have a series 
of distinctive holes in the shell, while on the inside there is a solid-pearlescent layer. The genus 
occurs worldwide, and is especially popular as a delicacy. In the Pacific region a number of 
species occurs. Some of them can be quite large, up to about 20 cm. 

Hunting abalones is not completely prohibited, but subject to strict rules. The animals captured 
should be at least 7 inches (about 18 cm), and there are restrictions on the time of year and 
number of abalones that may 
be taken. By the time that they 
are allowed to be harvested 
they are 10 years old which is 
long after the age that they are 
sexually mature. Abalone 
hunters often use a metal rod 
in the water, to measure and 
pry off the abalone. Many see 
hunting abalones as a sport. 
The estimation is that there are 
as many being poached as 
being captured within the rules. 
This means abalone hunting is a 
risk. Whose catching illegally 
risk hefty fines, and all take the 
chance of getting stuck 
between the rocks where hunting takes place. The abalone hunt is one of the main causes of 
death among divers in this area (source: John Branch). 

The echinoderms are usually left at peace. The number of species of starfish is noteworthy in this 
area. They inspire artists and designers with their beauty and variety of appearance. You will see 
pictures, toys and art with starfish motifs throughout the area. 

A special sea urchin is the Sand dollar (Dendraster excentricus). This Sand dollar belongs to the 
group eccentric sea urchins. In these animals the mouth and anus do not lie exactly in the 
middle, but on the front and rear respectively. The mouth is situated in front and below , the 
anus at the top and further to the rear. Furthermore, the sand dollars are quite flat. If the animal 
dies there will remain a white skeleton with a beautiful pattern of pores from its vascular water 
system. Those skeletons are collected. The animal obviously got its name due to its size and style 
being vaguely reminiscent of the silver dollar but other names are also common such as sea-
cake, biscuit-urchin. 

6.5.3 Diving 

If you are familiar with the images and surf songs of California, you will be tempted to think that 
a shorty is enough. Nothing could be less true. The water is cold, due to the path of the Gulf 

Sand dollars - by Rob Kool 
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Stream and its northerly location, and when diving you should use a dry suit or thick wetsuit. 
South of Big Sur, which is halfway down California, it gets warmer, but still, for diving in the Los 
Angeles and San Diego area a 8 mm suit is recommended, even though the temperatures ashore 

in summer increases to a pleasant feeling. 

 

Currents can occur anywhere, especially around islands and jagged coasts. Yet for an 
experienced diver this is seldom a real problem and you can dive without a tide table in many 
places. Please check this locally. A much bigger problem is the surge and surf. This phenomena 
can make going in and coming out of the water a dangerous process. The huge waves can 

sometimes make boat dives impossible 
and even at depth you can feel the swell 
during the dive. 

Here, too, ask about the local conditions 
and risks. Local divers often know the sites 
where diving is possible. 

In California particularly the dive with 
kayaks (catamaran-type). They sail around 
the kelp forests, with divers and their 
diving equipment, to explore the deeper 
part next to the kelp forest, because this is 
where you often find the bigger fish (rays, 
sharks). 

Monterey Kelp - by Rob Kool 

Boatdive - by Mark Lloyd 
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In the Gulf, around the 
Farallon Islands, 
research is done on the 
Great white 
(Carcharodon 
carcharias). For sport 
divers it is possible to 
make cage dives to see 
if you can have eye 
contact with this specie. 
The Great whiteFout! 
Bladwijzer niet 
gedefinieerd. is a visitor 
along the California 
coast, but the most 
deadly attacks have 
occurred in the Red 
Triangle between 

Bodega Bay, the Farallon Islands and Santa Cruz Monterey Bay. 

Finally another point about kelp diving: underwater there is plenty of room to manoeuvre 
between the stems, on the surface there are several layers of leaves which are difficult to pass 
through. Plan your dive in such a way that you will have a free ascent to the surface. When diving 
from a boat it is often a matter of pointing the compass into the direction of the deeper part 
(there where the boats anchor), with diving from the shore the skill is to return to the starting 
place. 

5.5.5 Special groups 

The Salps (Thaliacea) is a group that is 
relatively unknown to divers. Their 
numbers are modest, both in number of 
species and number of individuals. They 
are called tunicates and are related to the 
sea squirts. The body of a Salps is 
surrounded by a flexible jacket. 

The big difference is that sea squirts 
adhere to the bottom while salps do not. 
Salps have two life cycles or generations 
that alternate. The solitary life phase, is a 
single, barrel-shaped animal that 
reproduces asexually by producing a 
chain of tens to hundreds of individuals, 
these are released from the parent whilst Salps - Ivon de Pagter 

Shore diving Monterey - by Rob Kool 
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a small size. These individuals grow in size and can reproduce sexually. The chain of salps is the 
aggregate phase of the lifecycle. They remain attached together while swimming and feeding, 
and each individual grows in size. In this phase there is sexually reproduction. This newly formed 
individual grows and is eventually released from his parents. The solitary life cycle starts, and so 
on. 

The largest part of the body of a salp is occupied by the gill-basket just as with the sea squirt. 
Through a large inlet, water flows into the animal. The gill-basket filters the food, which consists 
mainly of planktonic algae. Through the outflow opening, the water can leave the animal. Salps 
have a well-developed nervous system and the muscles around the gill-basket can contract thus 

making water spray 
out. With this jet 
stream they are 
able to move. The 
gonads are clearly 
coloured. If these 
have not been 
developed yet, the 
colony is almost 
entirely 
transparent. You 
can then initially get 
the impression that 
you are dealing with 
a string of bubble 
wrap. 

 

5.5.6. Research and 
information 

Thorough investigation of all aspects of biology in western Canada is undertaken by the 
University of British Columbia. Their English website ‘Biodiversity of BC’ is extensive, with good 
photos of all species investigated by this institute. They also provide excellent maps of the 
distribution of the different species. 

In California, there are several world renowned institutes, who study marine life. E.g. the 
University of California or the Lawrence Berkeley National Laboratory. The result of this research 
will lead to a better understanding of the vulnerability of the area and our ability to protect it 
effectively. 

An example of research with an optimistic outcome has been published in ‘Frontiers in Ecology 
and the Environment’. In the United States they had relentlessly hunted the sea otter. Around 
1985 there were only about 1200 individual left in California. But with very strict protection the 
population has now grown to around 2900. But nevertheless, there is still regularly a small 
decrease in the number. In the north the numbers are slightly better. The density of the kelp and 
the total amount of biomass has been investigated. They also calculated how much CO2 was 
locked up in the area. The differences are almost unimaginable. An area with sea otters performs 



 Conservation Diver Course 
155 

a dozen times better than the areas where they are missing. One explanation for this difference 
is surprisingly simple: sea otters have a preference for sea urchins. The latter eats kelp and 
weakens it in such a way that the ecosystem collapses and produces dramatically less. Protecting 
the sea otter appears to be a very effective way to maintain healthy kelp forests. 

When you want interesting information, 
it is good to visit the Monterey 
Aquarium website, or if you have the 
chance, go to the aquarium. It is a non-
profit organization established in an old 
‘fish-in-can’ plant, called Canneries. The 
goal of Monterey Aquarium is to 
contribute to the policy to protect the 
oceans. This they explain on their 
website, and also give very ample 
coverage of what is happening in the 
area. Good photos complete the short 
additional texts. It is the only place in 
the world where they successfully 
developed a kelp forest in an aquarium. 

 

6.5.4 Threats and Protection 

The number of megacities on this coast is limited, and the United States, especially California, 
follows an increasingly strict environmental policy.  

Specific problems in the North America area: 

• The large number of hydroelectric dams in the northern part of the area (Canada) is a threat 
to species that go up the rivers to spawn. Species such as salmon are chopped to mincemeat 
by the rotor blades. Luckily the salmon is not only ecological but also of economic 
importance, so there is a lot of research on animal friendly solutions. One of these is the 
search for alternative rotors for Canadian hydropower. One of the latest models has fewer 
blades and the mortality rate has dropped to below 10%. In addition, the new model proves 
to be even more efficient. 

• Acidification of the coastal strip is the second problem. It is assumed that the salmon, already 
suffering due to the dams, are also experiencing the negative effects of this. 

• Overfishing mainly takes place in the Gulf of California. It is believed that up to 90% of the 
hammerhead sharks in this area are fished away for the Asian market. Only the fins are 
retained while the rest of the animal will be thrown away. Due to the disappearance of this 
top predator of the food chain, there has been room created for other species to hunt in this 
area. The Humboldt squid (Dosidicus gigas) especially has increased sharply in the region. 
This is an aggressive squid with a length of and a half metres and a weight of 50 kg. 

Monterey aquarium - by Rob Kool 
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There surely is protection of nature in Canada, but, as in many places in the world, it is a 
patchwork of associations, foundations and various governments. Due to conflicting interests, 
the effectiveness of protection is often far from optimal. However, gradually there is some 
improvement. 

In the United States the protection of marine life is by a motley collection of institutions. There 
are two important government players. 

First there is NOAA, the National Oceanic and Atmospheric Administration, an agency of the 
Federal Ministry of Trade. They manage the National Marine Sanctuaries, protected areas in the 
Great Lakes, the Atlantic and Caribbean and the Pacific. In total there are fourteen areas, five of 
those are in the region described here: Olympic Coast, Cordell Bank, Farallones Islands, 
Monterey Bay and the Channel Islands. Their website gives an extensive overview for every 
nature reserve, while the biology is covered on a subsite. All areas are protected as well as is 
possible; the measures to ensure such protection are being extended. Work is also ongoing to 
expand the areas. There is an intention is to expand the Monterey Sanctuary north to San 
Francisco. 

To achieve a better protection for the ocean, it is also important to protect the coast. Think of 
resting areas for marine mammals, but also of a reduction in the amount of waste from the shore 
to the water. The three states along the Pacific Coast, Washington, Oregon and California have a 
long list of state parks along the coast that each play an important role in ocean protection. 

On the California Department of Fish and Wildlife website you can see exactly where the 
different parks are and which of those also protect some of the ocean along the coastline (the 
so-called conservation area's). Fish and kelp harvesting is often only allowed when there is a 
permit. By applying quotas, plundering is prevented. Diving from a boat, or in some cases even 
from the shores of a State Park (such as Los Lobos and Avalon) is allowed. Removing living 
material is prohibited. There are severe penalties. 

Philanthropic institutions are a typical American phenomena. These are foundations set up by 
very rich Americans that support millions in charities. An example is the David and Lucile Packard 
Foundation, which on the basis of a strategic plan, does research and projects to preserve nature 
on the West Coast. One of the beneficiaries is the Monterey Bay Aquarium & Research Centre. 
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6.6 Pacific Asia 

Auteurs: Anne Lamers, Wendy Hoevenaars, Floor Driessen en Hans van Rijn  

 

 

The enormous diversity is the first thing divers will notice when entering Pacific waters. In cold 
waters visibility and number of species are usually low. Here you’ll be amazed by the abundance 
of organisms and the most fantastic colors and behavior. 

The Indo Pacific has the richest underwater fauna in the world with an estimate of 4000 species 
of fish and 75% of the estimated 800 species of hard coral. The majority of the fisch species live 
on the coral reefs, which you can find almost everywhere along the coast and isles of this part of 
the world.  

Compared to the western Atlantic Ocean, were we find, in the Caribean, Bahama’s and Bermuda: 
there we find approximately 1500 fish species. So the Pacific is your destination to meet an 
enormous biodiversity.  

  



 Conservation Diver Course 
158 

6.6.1 Geology and Geography 

The Indo-Pacific region, in short the 

Indo-Pacific, stretches from the 

shores of Africa until the Isles of 

Polynesia in the Pacific Ocean. The 

Indo-Pacific covers 2/3 of the earth. 

In the center of it you’ll find 

Indonesia, where the Indian Ocean 

en Pacific Ocean join.  

The Indo-Pacific is divided in three 
regions: 

• The Indian Ocean from the 
shores of Africa to those of 
Thailand and Indonesia. In this 
Area we’ll find the Maldives, 
Andaman isles and the isles on the coast of Thailand,  

• The West-Pacific, from Indonesia until the date date zone in the Pacific. Here we have 
Indonesia, East Timor, the Filipins, Papua New Guinea, Northern Australia, and the isles of 
Micronesia, Palau en de Solomon Isles.  

• The Pacific plate, from the date zone till the coast of South Africa with, amongst others the 
isles of Polynesia and Hawaii. 

Currents in the Indo-Pacific are 
caused by tidal movements, but 
also seasonal winds play an 
important role. In the hart of the 
Indo-Pacific trade winds are 
influenced by the landmass of 
Asia. The heating in summer and 
cooling in winter are the cause of 
the so-called monsoon winds. 
These winds have a very strong 
influence on the weather in the 
Indian Ocean and the West-
Pacific. In the Pacific constant 
winds and the global currents 

leads to the displacements of tremendous quantities of seawater. This in its turn results in height 
differences in the oceans with stronger currents as a result. Salt water of the Pacific is being 
pushed westwards. North-east of Indonesia it’s blocked by the islands of the Filipins and Papua 
New Guinea. On average, the water level is 20 cm higher there. South of Indonesia the trade 
winds cause a decline of about 10 cm. This difference is the motor behind complicated and very 

Asia - by Janny Bosman 

Bali - by Ron Offermans 
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strong currents in the whole area of the West Pacific and especially in the Indonesian 
Archipelago. 

  

The 'Indonesian Throughflow´ (ITF) is the name of these currents. Ever since satellites became in 
use measurement of heights and flow has become much easier. Scientists have measured the ITF 
in the area in 2004-2006. The best way to picture this is by imagine a 100 m wide and 10 m deep 
river with a current of two knots (3,7 km/h). Thousands of these rivers are the equivalent of 1 Sv. 
The equivalent of 15000 of these rivers flow through the Indonesian waters from Papua New 
Guinea and the southern Filipins. South of Indonesia it follows its course to the water of the 
Indian Ocean by the sea streets of Bali and Timor.  
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The Indonesian archipelago 
is characterized by a very 
complex ocean bottom.  
There are huge shallow 
parts like the Java Sea, 
which is about as deep as 
the North Sea. The Banda 
Sea on the other hand 
reaches depths of more 
than 5000 meter, with very 
steep underwater mountain 
landscapes. Al so in narrow 
passages between isles like 
the Strait of Lombok 
between Bali and Lombok 

we find great depths. On top of the different levels, the seawater in the Pacific is also warmer 
then the water in the Indian Ocean. 
In the Indonesian Archipelago, gigantic quantities of seawater mix. This is one of the most 
important explanations for the abundant richness of species.  
 

6.6.2 General description ecology  

The hart of the Indo-Pacific is shaped by the Coral Triangle, the ocean area enclosed by 
Indonesia, the Philippines, Papua New Guinee and the Solomon Isles. The Coral Triangle is region 
with the richest biodiversity of the world and is considered to be the nursery room of the oceans. 
Here we find a third of the total coral surface 
with about 3000 fish species, numerous 
dolphin- and whale species and six of the 
seven sea turtle species. 
Heading west to the Indian Ocean and East to 
the Pacific the richness in species decreases. 
The most abundant part is found in the 
province Raja Ampat of Indonesia. Not only do 
we find coral reefs, but also stretched 
meadows of seagrass and extensive mangrove 
forests. 
 
Cnidaria, corals, sea anemones and sea 
feathers.  
 
Coral reefs. 
A coral reef is built by coral polyps. These 
organisms are from the class of the 
anthozoan, like the sea anemones and the 
jellyfish. 
There are two groups of coral polyps: the reef 
builders and the non-reef building corals. 

Lembeh Street, Sulawesi - by Ron Offermans 

Asia - by Janny Bosman 
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In coral reefs, the coral polyps attach themselves after a larval stage on a spot in shallow water. 

They themselves build a lime skeleton. Together with other coral polyps, a huge reef of 

limestone can arise. 

Many species live together with a particular single-celled algae species (zoöxanthellen). These 

algae provide food and oxygen for the corals, and the corals in turn provide nutrients, carbon 

dioxide and a shelter for the algae. Zoöxanthellen need a certain amount of light. This explains 

why you only find these types of reefs in clear water and often will not find deeper than 50 

meters. 

There are roughly three types of coral reefs. First of all, there are shorelines or francs, which 

form a zoom right next to and adjacent to the coast. This type of coral reefs is the most common 

worldwide. In addition, there are the barrier lands, which are separated by a lagoon from the 

coast. For example, Barrier Reefs can be found on the eastern side of Australia. And then there 

are the atolls, annular coral reefs on the edge of a submarine quenched volcano or mountain. 

This type is found in Maldives and Seychelles. 

 

 

On the coral reef fen, 

soft corals, sea 

anemones, sponges, 

weeds and other 

fasting species also 

find a home. Together 

with wildlife, these 

reefs form a rich 

community of life. 

These communities 

are essential for the 

propagation of all life 

in the oceans, as a 

source of nutrition and as a shelter for innumerable organisms. The number of species living in 

coral reefs is greater than in any other subsea ecosystem. Of the 34 known animal worlds, 32 are 

found in coral reefs against only 9 tribes in tropical rainforests. 

  

Divesite California Dreaming (Lembeh Street) - by Ron Offermans 
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• Sponges 

The coral reefs also form a good substrate for sponges. You can find them in different shapes and 

colors, with crabs and shrimps. Often they also form the basis on which birdfish or Frogfish adapt 

their appearance. You should look very carefully at which part of the picture the spicy fish and 

which part is the sponge. 

• Mollusks 

The Mollusks are abundant here and form in all their different shapes and colors, a well-seen 

subject for underwater photographers. 

 

Reproduction of the Coral: Coral Spawning 

Corals may be monotonous or bilingual, depending on the type of coral. Twilight plays a dominant role in the 

corals, but for example the mushroom corals are monotonous. Most corals of the Acroporidae and Faviidae 

family are two-legged. The coral eggs and sperm are formed in the genitals called gonads. Most biliary corals 

have male and female genitals at the same time, with the development of eggs prioritizing sperm development. 

Sexual reproduction of corals occurs according to seasonal rhythm under the appropriate conditions: 

temperature, food, salt content, length of day and tides. Many corals even maintain an accurately controlled 

monthly cycle and plant each year on the same day of the moon months. 

The germination of the sex cells generally takes place between sunset and midnight. The specific night in which 

this happens is often associated with one of the moon phases, the necessary tide and the lighting. If these 

conditions occur, other vertebrates also propagate for reproduction. Think of brushworms, sea urchins, sponges 

and molluscs. 

When the time has come for the corals to eject their eggs and sperm, you can see it as a diver. Hereby, you can 

clearly see that the coral looses small clumps of sex cells through the mouths of the polyps. The fertilization and 

development of the egg takes place in the water column after it has been ejected. 

Optimum conditions for the corals to reproduce are limited and are often widely used by different corals. The 

massive emission, of course, has the advantage that any robbers are fairly quickly saturated, which will survive 

many larvae and settle down. But if a storm is on its way, it can destroy a large number of offspring and coral 

propagation is completely disturbed for that year. 

If at one time only one coronary species propagates, the fertilization chance is very high, there is also limited 

chance of wasting reproductive cells small and chances of crossing. With the massive ejection of sex cells by 

several species, the chances of crossing are of course quite well. In isolated reproduction, competition between 

different types of larvae in the water column is limited. This way of reproductive isolation, the emergence of 

different types of larvae at different times, is also found on the reefs of the Caribbean Sea. 
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Typical examples of the domestic slugs (Gastropoda) are the Kauri snails (Cypraeidae) and the 

conidae (Conidae). 

Kauri snails have been collective objects since the memory of their glamorous appearance and 

were even used as a means of payment. As a diver you do not find them so fast because they can 

slide their mantle all over their shiny house.  

The snails of the Conidae family are hunting snails. These conical snails with a scaly drawing kill 

their prey through a harpoon-like gift sand. 

All cones are toxic, but how dangerous 

the poison is, depends on the species. 

The textile cone of "cloth of gold" 

(Conus textile) is considered to be one 

of the strongest poisons producer. 

There are even several cases known 

where people have succumbed to a 

sting of this snail. So beware of this 

cone!  

The scoop shell is the big bivalve. He 

often gets bigger than a meter. An open 

shell shell reveals psychedelic patterns 

in different color combinations. 

Indonesian Nudibraches - by Rob Kool 

Kauri - by Rob Kool 

Indonesian Nudibraches - by Rob Kool 

Indonesian Nudibraches - by Rob Kool Indonesian Nudibraches - by Rob Kool 
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From the group of octopus, you often encounter sepia and octopus (Octopoda) as a diver. The 

striking of squid is that they do not notice. They can adjust their appearance in seconds to the 

surface on which they go. Exceptions are the blue-red (Hapalochlaena spec.) And the flamboyant 

cuttlefish (Metasepia pfefferi). The latter hides himself, as his name betrayed, in a robe of 

exuberant colors. This species, like ten-lime squid, is related to the sepia. He has a much smaller 

internal shield than other sepia. 

 

Blue-ringed octopus 

Giant clam (Tridacna gigas) - by Jos 
Broere 

Giant clam (Tridacna gigas) - by Jos 
Broere 
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The shield not only gives shape and 

firmness to its owner, but also provides 

floating power. Because the shield of the 

flamboyant octopus is so small, the animal 

has difficulty floating, and walks over the 

bottom. Its bright and pronounced colors 

are, like those of the blue-ringed octopus, a 

warning for possible predators: Look out, 

poisonous! 

 

 

• Annelids 
Although most worms live in 
the ground, the Indo-Pacific 
impeller worms are noticeably 
visible by their colorful spiral 
protrusions. Spirobranchus 
worms come in a variety of 
colors. You will find them in 
coral colonies where they drill a 
hole to settle in a cabbage box. 
The Christmas tree-like 
structures that you see as a 
diver are the outgrown 
mouthpieces, which are used to 
filter food and oxygen out of 
the water. When you get too 

Spirobrachus by Jos Broere 

Blue-ringed octopus - by Carla 
van Westing 

Flamboyant cuttlefish (Metasepia pfefferi) - by Ron Offermans 



 Conservation Diver Course 
166 

close they quickly get back into their sleeve that closes with a flap. 
 

• Arthropods 

Free-range lobsters and crabs are shady during the day and hide in gaps and under the coral 

reefs. 

An example of arthropods that you most often encounter is the banded cleaner shrimp 

(Stenopus hispidus). These prawns live from brushing fish in the coral reefs. 

They advertise their services by waving their antenna. Through these poach shrimp, fish can eat 
the parasites from their skin and gills. 

Banded cleaner shrimp and Murray eel - by Arco de Man 
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To see shrimps and crabs, such 
as the Orang-utan Crab (Achaeus 
japonicus) and the Porcelain 
Crab (Neopetrolisthes 
maculatus), one must look 
between the sea anemones 
tentacles, sea urchins and 
sponges. Hermite lobsters 
acquire a vacant shell in which 
they hide and put sea anemones 
on the shell for extra 
camouflage. The sea anemones 
benefit from their position on 
the shell, because the Hermite 

lobster is a messy eater. The sea anemones catch the spilled food particles with their tentacles. 
Thus, they always travel with their food source. 

• Symbios foundation and shrimp 

Another special form of society exists between gnomes of the genus Alpheus and soil, mostly of 
the genera Stonogobiops, Amblyeleotris and Cryptocentrus. 

The so-called symbiotic shrimps live 
together in a couple with a foundation in 
a hill in the sand, dug and maintained by 
the shrimp. The garland has no best eyes 
and is dependent on the soil for its food. 
In exchange for shelter in the shrimp's 
shrimp, the fish shares its prey with the 
shrimp. 

Mantis shrimps 

The tops among the crustaceans are the 
stalkopoda (Stomatopoda). They are 
world record holders in two qualities: 
their highly developed eyes and the 
speed at which they paw their paws. 

The diver who that thinks to see the 
dashboard of an alien spaceship shake up 
from the ground probably has to do with 
the eyes of a sand dug rapeseed. 

Orang-utan crab (Achaeus japonicus) - Ron Offermans 

Porcelain crab - by Rob Kool 
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These marine crustaceans have a pair of composite eyes, such as those found in arthropods. 

 

The composite eye is a collection of hundreds of so-called ommatidia, each consisting of a tube 

with a top of a lens and a light-sensitive receptor at the bottom. The composite eye is possibly 

evolutionary, the oldest eye with which an image can be formed. However, those eyes are very 

sophisticated in the scintillation streak. Each eye consists of three parts, an upper half, a lower 

half and a band of six rows ommatidia in the middle. The upper and lower halves make a three-

dimensional image, so the bounce raster can see depth with each of the two eyes. That's useful 

because he can also move his eyes independently. But that's just the beginning of the miraculous 

eye of the animal. In the middle band, the bean stalk has eight different color sensitive receptors 

(we only have three different color receptors in our eyes). They can see colors that are far from 

infrared and ultraviolet. Additionally, in the middle band are ommatidia with light receptors that 

can absorb light that is polarized in a certain way (circularly). No other eye in the animal kingdom 

can do that. What can the Mantis Shrimp do with this, ask yourself. The crayon armor has 

pigments that can reflect this circularly polarized light. These animals can thus send and receive 

signals, which only they can see. These secret signals play a part in the propagation rituals of the 

species. In this case he signals into his fellow compagnions, but remains invisible to predators at 

the same time. 

Eyes of the Mantis Shrimp - by Jos Broere 

Mantis shrimp - by Rob Kool 
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Bump or stab 

Another phenomenon in which the mantis shrimp strikes out is the rate at which he uses his 

second pair of legs. These modified scissors are shaped like knots or spikes with barbs. The 

mantis shrimp can expand these legs under tension so that they can pull it out in a fraction of a 

second to a speed of 80 km / h. That's about the speed at which a bullet is shot from a gun. With 

this speed and power, a mantis shrimp can crush the shield of crabs. It has even been reported 

that a mantis shrimp in captivity can break the glass of an aquarium. Mantis shrimp with bats 

hunt for crustaceans and those with spears catch swimming fish and other 'soft' animals. 

• Echinoderms 
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The Crown-of-thorns 

(Acanthaster planci) is a less 

popular resident of the coral 

reefs. It is a starfish with 

dense spines and 12 to 21 

arms that can be 40 cm in 

diameter. He lives from 

corals and preys in the night 

over large areas of coral 

oilseed peppers. From time 

to time these starfishes form 

a plague and cause local 

deterioration of the coral. 

The exponential growth of 

the number of thorns is known as the overfishing of its main enemy, the common triatomic 

horns (Charonia tritonis), but also the eutrophication (too much nutrients) of the seawater, 

which increases the algae with which the larvae of the thorny crown feed. 

 

 
 

Tunicates 

Crown-of-thorns starfish - by Ron Offermans 
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Bagpipes in all colors, whether transparent or marbled, find their place in the coral reefs. In this 
area, also the tunicates for which the free swimming phase is the most important phase of life, 
are the salps. You see them as floating swings of individuals. 

• Vertebrates 

Cartilaginous fishes 

Among the 
cartilaginous 
fishes 
(Elasmobranchii) 
we find many 
species of sharks 
in the Indo-Pacific, 
such as the nurse 
shark, bamboo 
shark and the 
shrimp shark. The 
big species such 
as whale shark 
and manta ray are 
also found in this 
area. The 
wobbegong or 
carpet shark 

(Orectolobidae) is endemic here. This shark has a flattened skirt with beard-like appendages 
around the mouth. They lie on the bottom and are hard to see by their camouflage-colored skin. 

 

 

Bone fish 

In the Indo-
Pacific, more than 
4000 species of 
bonefish are 
present. In this 
chapter, we 
describe only a 
small section of 
this group. We 
limit ourselves to 
the most striking 
and interesting 
species. 

Sea horses, pipefishes and close family 

Manta ray - by Rob Kool 

A stack of Blue Spotted Stingrays - by Rob Kool 
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Sea horses and pipefishes (Syngnathiformes) always speak the diver a lot and in the Indo-Pacific 
you get well. In addition to the usual sea horses you will find the pygmy sea horses. 

 

These small (13 to 20 mm) species are common in gorgons, and their appearance is fully adapted 
to the coral. They can hide themselves so well that the first pygmy sea horse (Hippocampus 
bargibanti) was discovered only in the late 20th century by a gorgon coral study in a laboratory. 
After the year 2000, at least six species of pygmy sea horses have been described. You can 
imagine that as a diver you should have a well-trained eye to find these dwarfs. 

On the other hand, the size is the leafy sea dragon (Phycodurus eques). This seahorse-like can 
grow up to 45 cm and, despite its size, is 
hardly recognizable because it is also 
perfectly adapted to the surface. This 
species occurs in the kelp of the west and 
south coast of Australia. 

Closely related to the sea horses and the 
pipefishes, the snipefish (Centriscidae), 
the gost pipefish (Solenostomidae) and 
the seamoths (Pegasidae) are all groups 
who master in camouflage. 

 

Pygmies seahorse - by Jos Boere 

Seadragons - by Janny Bosman 
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With all these sea horse fishes the men are responsible for the care of the eggs. The female puts 
her eggs in a male breeding pouch, which fertilizes and races. After a few weeks the mini-sea 
horses will hatch. 

Dragonets 

Typical for the 
Indo-Pacific are 
the Mandarin fish 
or dragonets 
(Synchiropus 
spec.). These 
dragonets 
(Callionymidae) 
are covered with 
their beautiful 
blue and green 
colors with orange 
drawing.  

The male, is 
recognized by the 
pointed front fox. 
For divers, the 

Dragonet - by Rob Kool 

Seahorse - by Janny Bosman 
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dragonets are mostly known for the mating dance that enhances the dragonets links during the 
invasion of darkness. Dragonets occurs mainly in the western part of the Indo-Pacific. 

Scorpionfish and porpoises 

Scorpion fishes (Scorpaeniformes), including scorpionfish (Scorpaena spec.) And the coral walker 

(Pterois spec.), Which today exists worldwide, has spines with poison. But the most poisonous 

species are the stonefish (Synanceiidae). 

Almost impossible to see because of their unobtrusive colors and because they are quietly lying 

between the coral they are dangerous to the inattentive diver. The venom is a neurotoxin (a 

nerve cell donor) and a 

spinal cord spine is very 

painful. In severe cases it 

may even be necessary to 

amputate the affected body 

part. 

An endemic rockfish species 

is the Inimicus didactylus, 

Scorpionfish - by Ron Offermans 

Sea snake - by Rob Kool 
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also known as Indian Walkman or Devil Stinger. 

Reptiles 

The most well-known reptiles in the oceans are the sea turtles. In Asia there is another group: 

the sea snakes (Hydrophiinae). These sea snakes are the most poisonous of all snakes and are 

easily mistaken with some banded eals and banded morays, which are fish. These reptiles don’t 

have gills or fins and a triangle head which is typical for snakes.  

Despite their deadly vermin, there are quite harmless, as they are shy and their teeth are short. 

So as long as you leave them in peace they are a beautiful animals that winde themselves on the 

sand or the reef.  

Mammals 

There are many whales and dolphins in the Indo-Pacific, through transit, or as permanent 

residents, but the dugons, Red Sea- or Indian Sea Cow is an animal that is endemic here. 

Together with the American manatee they form the Sirenia group. Dugongs live mainly from 

aquatic plants and play such a role, along with sea turtles, when keeping sea grasslands. 

Although the dugons are protected, you will find souvenirs in Indonesia made from the teeth of 

these animals. 

 

Raggy scorpionfish (Scorpaenopsis venosa) - by Ron Offermans 
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6.6.3 Diving areas 

 

• Indonesia 

Wherever you go to Indonesia, the water flows everywhere. But the flow is also the reason for 

the great biodiversity of the area. Flow means life, you will say the locals, but that applies only to 

those who think that only the big animals are alive. For those who are looking for the little 

creeping life, there are mischiefs. Outside the coral reefs, on the thick dark volcanic sand, you 

will find a small life here. In short, a paradise for macro photography. 

There are many divers and dive schools who have a home drive and you can go to the docks or 

not nearby. The live aboards cover a much larger area where you make your diving. 

Well-known diving spots in Indonesia include Bali, Lombok and Sulawesi, with the Bunaken 

National Park and Lembeh Street. Komodo National Park is the best for you to live on board or 

from Flores. And of course there is Raja Ampat, with the largest biodiversity in the world. The 

unspoiltness of this area depends on the fact that it is not easily accessible. 

Manatee - by Cor Kuyvenhoven 
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• Maldives and Seychelles 

In the Maldives and Seychelles in the west of the Indian Ocean you usually dive into atolls. The 

current is strong, so a gun hook is not unnecessarily luxurious. Due to the strong current, you 

have a great chance of large sea creatures like manta and whale sharks. 

On the island of Seychelles, Mahe is most resorts. There is also diving around the island of Praslin 

Island. Here you can also live on board. 

• Thailand 

Phuket and Khao Lak are located on the west coast of Thailand. From here live live aboard the 

Andaman Islands and the Similan Islands. Daybags sailing to the islands south of Phuket. On the 

other hand, in the Gulf of Thailand you will find dive destinations on the island of Ko Tau. 

• Malaysia. 

Malaysia's best diving area is on the north coast of Borneo Island. The area is interesting for 

seeing large seas and macro photography. 

• Philippines 

Lembeh street - by Ron Offermans 
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Luzon is the largest island, 

with the capital of Manila. 

Here are many tips for 

beginners and advanced. 

Donsol is famous for the 

whale shark passing between 

November and April. 

Palawan is an archipelago of 

many islands, where tourism 

is not yet developed. Here 

you will find, among other 

things, the Indian seacoast. 

Bohol, Cabilao, Malapascua, 

Negros and Moalboal are 

also some of the many places 

you can enjoy.  

6.6.4 Threats 

The ecological equilibrium of the underwater world of the Pacific area is threatened in various 

ways, almost all caused by humans. A problem for the coral reefs is, for example, dynamite fish. 

In this case, homemade bombs are thrown into the water, which will come to a blast. All fish on 

the reef are alive and are then collected by the fishermen. It's a lucrative way of fishing, but in 

this kind of explosions the coral reefs are irreparably damaged. That's a huge blow to the 

ecosystem, but the fishermen cut themselves into the fingers, because there is no coral there are 

no fish either. So you can only fish at the same place once. 

Another threat is to fish with the toxic cyanide for the aquarium trade. Sea bass and Napoleon 

fish (Tetrarogidae), shrimp shrimps, mandarin fish and even pairs of symbiotic prawns and 

baselets can be bought in the aquarium store. After the Disneyfilm Finding Nemo has emerged, 

the demand for anemone fish (with associated sea anemones) has increased sharply. These 

animals do not grow in captivity and must therefore be caught out of the wild. 

• Turtles 

Four of the seven species of sea turtles (Chelonioidea) are among the most endangered species. 

They are protected worldwide, yet they are still stripped for their flesh and their eggs, considered 

to be delicacy. Their shield is especially popular in China and Japan for the manufacture of 

artifacts. 

Due to the development of tourism in the areas where sea turtles lay their eggs, the area to 

reproduce is significantly reduced. Eggs laying females and their nests are disturbed. 

Philippines Moal Boal - by Rob Kool 
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Sea turtles often also find death in 

fishing nets where they get caught up. 

They need to breathe to the surface 

and although they can stay underneath 

for a long time, they will drown if they 

get stuck in fishing nets. 

• Fishing nets on wreckage 

Plastic litter dumped in the oceans is 

eaten by many sea creatures for 

jellyfish and eaten. The sea turtle that 

feeds mainly with jellyfish is therefore 

very sensitive to this threat. 

6.6.5 Protection 

Although the realization of the threat of the underwater world is slowly penetrating, the 

dynamics of fishery fishing in the Philippines are especially rewarding to local fishermen, so it is 

very difficult to eradicate it. Only in protected areas such as the Komodo National Park in 

Indonesia, the sanctions on coral fisheries are somewhat effective. Marine reserves are generally 

supported by local communities with support from Conservation International and other NGOs 

such as the Indo-Pacific Conservation Alliance (IPCA). 

The development of eco-tourism has led to the locals realizing that they can earn more from 

organizing multiple trips to protected animals such as whales, turtles and sharks, than to capture 

and sell those animals only once. An important task for tourists is to insist on sustainability, such 

as when visiting coral reef. This has already led to the fact that almost no anchors are thrown on 

coral reefs by diving boats. 

The turtle breeding grounds are also better protected today. During the reproductive period, 

these parts of the coast are forbidden for tourists so that the females can rest their eggs. Fishing 

nets have recently also been provided with turtle flight options. 

There are currently breeding programs for different endangered species, which protect the eggs 

from being protected and the boy is exposed under controlled conditions. Such breeding 

programs include turtles and corals. 

6.6.6 Literature 

• Lieske, Edward and Robert Meyers (2002) Coral Reef Fishes ISBN-10: 0691089957 Detailed 

guide in handy format of over 2000 fish species in Indo Pacific and Caribbean with drawings. 

Net on a Wreck - by Rob Kool 
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• Erdmann, Mark and Gerry Allen (2012) Reef Fishes of the East Indies ISBN-13: 978-0987260000 

The most comprehensive description of West Pacific fish. Three parts with beautiful underwater 

photos. 

• Humann, Paul and Ned DeLoach (2010) Reef Creature Identification ISBN-10: 1878348442 

• Allen, Gerald, Roger Steene, Ned DeLoach & Paul Humann (2005) Reef Fish Identification - 

Tropical Pacific, ISBN-10: 1878348361 

• Allen, Gerald and Roger Steene (1998) Indo-Pacific Coral Reef Field Guide, ISBN-10: 

9810056877 

• Debelius, Helmut (2013) Indian Ocean Reef Guide, ISBN10: 3939767522. Beautiful photo guide 

of underwater 
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6.7 Galápagos 

Author Anne Lamers 

• 

Introduction 

The famous biologist Charles Darwin visited the Galápagos Islands in 1835. The observations he 

made during his time on the islands were of enormous significance as he developed his ideas for 

the theory of evolution. In part, he was interested in the huge variety of special endemic animals 
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and plants. An endemic species is one that has a very restricted distribution. In the Galápagos, 

some species are found on just one island with similar but slightly different species living on 

neighbouring islands. For these reasons, the archipelago is sometimes known as a living 

laboratory. A trip along the islands is a special experience. This is certainly also true for a dive 

safari. 

The Charles Darwin Institute, situated on the island of Santa Cruz, focuses on the land-based 

wildlife, but is also of interest to divers. 

6.7.1 Geography and Geology 

 

 

The Galápagos archipelago consists of a collection of islands, islets and rocks that have emerged 

on the ocean floor by volcanic activity. The most eastern islands, such as St Christobal, are 3 

million years old whilst the most westerly, Fernandina and Isabella, were created only 700,000 

years ago. The islands of Wolf and Darwin are somewhat isolated as they lie about 180 km north 

of the other islands. 
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The Galápagos Islands lie near the equator in the Pacific Ocean, about 1,000 kilometres west of 

Ecuador. In spite 

of the tropical 

location, the 

temperature of 

the water is 

usually not warm. 

This is due to the 

combined 

influence of three 

key ocean 

currents. In the 

dry season, from 

May to October, 

there is cold 

water coming 

from the 

Southern Ocean 

by way of the 

Galapagos - by Anne Lamers 

Darwin’s Arc - by Anne Lamers 
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Humboldt Current. The Cromwell Current comes from the west, emerging from the depths of the 

ocean near the Galápagos Islands to the surface. This current also introduces cold, nutrient-rich 

water. Thus, in the dry season the ocean waters around the islands are cold and this ensures that 

the temperature of the air above the ocean is also cool. On the coast and in the lower areas of 

the islands, therefore, it is cold, while the air in the higher elevations and in the mountains is 

warm. 

Around the mountain peaks, the humid air does not cool down but remains hanging like fog. In 

the dry season there is no rain and the lower plains and coastal areas stay dry. During the wet 

season, however, the southerly winds that drive the Humboldt Current diminish and the Panama 

Current, with its warm but nutrient-poor water, reaches the islands. The ocean water warms, the 

temperature on land rises, and incoming sea air produces rain. The wet season starts and the 

lower zones become green. 

 

The wet warm season is an attractive time to visit the Galápagos Islands, but for a dive trip the 

cold, dry season is actually preferable. The cold water is rich in nutrients and that means more 

life, including large fish, in the shallower waters around the islands. 

Cocos Shark Island - by Janny Bosman 
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Because of their northern location, the islands of Darwin and Wolf are influenced by the warm 

Panama Current all year round and therefore the ocean water there is generally warmer than 

around the southern islands. 

6.7.2 General description: Ecology 

One out of four species you will encounter in the Galápagos, is endemic. The Galápagos Islands 

were never connected to the mainland of South America. They are so far from shore that the 

plants and animals that occur on the islands have lived in complete isolation and, in so doing, 

have evolved into separate species. 

• Cnidarians 

Corals exist in the warmer waters of the Galápagos islands. Galápagos black coral (Antipathes 

galapagensis) is an endemic specie. Notable are the large gorgons (Mopsella spec.). The Orange-

cup coral (Tubastrea coccinea) is not endemic as it originates from the Indo-Pacific region. This 

coral has managed to spread to the Atlantic and Caribbean areas, and therefore is an invasive 

species. The sea anemone Bunodactis mexicana has a remarkable appearance. 

 

Gorgones - by Anne Lamers 

Gorgones - by Anne Lamers 

Gorgones - by Anne Lamers 
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• Molluscs 

Around 18% off the molluscs are 

endemic. These include the 

nudibranch Tambja mullineri and 

the Galápagos octopus (Octopus 

oculifer). 

 

 

 

 

• Arthropods 

The Sally Lightfoot crab (Grapsus grapsus) is a beautifully coloured crab with a striking 

appearance. It is often seen 

above the water in the surf 

zone. This species lives along 

the entire Pacific American 

coast, but the Sally Lightfoot 

crabs on Galápagos have 

developed a particular 

behaviour. Here they have live 

together with the marine 

Iguanas (Amblyrhynchus 

cristatus) and eat the parasites 

from their skin. 

Blue stripped slug - by Anne Lamers 

Mexican Anamone (Bunodactis mexicana ) - by Anne Lamers 
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Big fish 

The Galápagos area is considered one of the best places to see big fish. During the dry season the 

cold ocean water is nutrient-rich. Combined with the 

strong currents, it attracts many large pelagic fish closer 

to shore. Around the Galápagos Islands there are many 

whale sharks, Galápagos sharks (Carcharhinus 

galapagensis), manta rays and eagle rays . Of the four 

species of hammerhead sharks, the scalloped 

hammerhead (Sphyrna lewini) is the species that is seen 

most frequently. It is a beautiful sight when schools of 

those animals swim over your head. Some animals 

come very close, seemingly driven by curiosity. You may 

also have the chance to meet the Ocean sunfish (Mola 

mola). 

 Ocean Sunfish - By Anne Lamers 

Sally lightfoot crab - by Anne Lamers 
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• Reptiles 

The islands are famous 

for the giant land 

tortoises – some of the 

islands are even named 

after the tortoises. 

Underwater there are 

also turtles. The green 

sea turtles (Chelonia 

mydas) are at home 

around their Galápagos. 

The marine iguanas that 

live on the Galápagos 

are very special as they 

are the only marine 

lizards in the world. 

There are five 

subspecies of marine iguanas, each endemic to their own island. The sub-species differ from one 

another in size and colour. On the island of Española lives the subspecies Amblyrhynchus 

cristatus venustissimus, which is relatively large and has bright red spots, while Amblyrhynchus 

cristatus nanus, which lives only on Genovesa, is the smallest subspecies and is completely black. 

The marine iguanas graze algae from underwater rocks. They can be seen swimming at a depth 

of 4 to 5 meters and can remain under water for up to 20 minutes. However, they feel more at 

home on the land, because on land they do not have any natural predators. In the water they are 

attacked by sharks. As the iguanas are cold blooded animals, their body temperature drops 

rapidly in the cool water, slowing them down and losing their ability to react quickly. 

• Birds 

The birds are very special in the Galápagos Islands. Charles Darwin’s observations on the 

endemic finches was an important element in support of his theory of evolution. Other 

prominent birds species are the striking blue- and red-footed booby, who get their food from the 

water. Underwater you may also meet the Galápagos penguin (Spheniscus mendiculus) and the 

flightless cormorant (Phalacrocorax harrisii). The Galápagos penguin is the smallest penguin 

species and the only penguin that naturally occurs north of the equator. 

The Galápagos cormorant is the only cormorant in the world that has lost the ability to fly and 

dives from the shore into the water to hunt. Its wings have degenerated to stumps with a few 

sloppy feathers. The species only occurs on the islands of Fernandina and Isabella. 

Marine Iguanas - by Anne Lamers 
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• Marine mammals 

A number of larger marine mammals can be seen around the Galápagos Islands, such as whales 

and dolphins. The Galápagos fur seal (Arctocephalus galapagoensis) is endemic. Galápagos fur 

seals are much like the Galápagos sea lion (Zalophus wollebackii), but are considerably smaller. 

The fur seals stay on steep cliffs for a large part of the day, while groups of sea lions populate the 

beaches. 

6.7.3 Diving and dive sites 

Galápagos cormorant - by Anne Lamers Marine Iguana’s and Galápagos sealion - by Anne Lamers 
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Diving in the Galápagos Islands is highly regulated by the ‘La Reserva Marina de Galápagos’. 

There are only a few dive operators who 

go to the northern islands of Wolf and 

Darwin. Most divers go there to see the 

large marine animals. It is difficult to find 

an operator who goes for the smaller 

marine life. 

In addition, any operator heading for a 

different diving destination has to get 

permission from the ‘Reserva’. 

Darwin and Wolf are the most remote 

islands of the archipelago. All 

access to these islands is 

forbidden, but diving from a boat 

is permitted in the surrounding 

waters. This means that you can 

only get there embarking on a 

live-aboard. At Darwin's Arc and 

at the dive sites around Wolf 

there are strong currents, so 

there is great chance of 

encountering many large pelagic 

fish: hammerhead sharks, eagle 

rays, whale sharks, Galápagos 

Shark. However, because of the 

strong currents, these dive sites are not recommended for the novice diver! 

• Threat by humans 

The delicate nature of the Galápagos Islands is threatened by illegal tuna, shark, and marlin 

fishing, and also by poachers gathering sea cucumbers, sea horses and sea lions. The illegal catch 

is largely destined for the Asian market. Sea cucumbers are a delicacy in China, whereas 

seahorses and sea lion penises are considered as aphrodisiacs. The Galápagos National Park 

Service regulates the area, but its fleet is too small in comparison to the size of the protected 

area to be able to stop all of the poaching. 

6.7.4 Protection 

Hammerhead at Cocos Island - by Janny 
Bosman 

Galápagos cormorant - by Anne Lamers 
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Galápagos National Park and Marine Reserve, established in 1959, is a World Heritage Site 

(UNESCO, 1978). The management of the Park is responsible for preserving the ecological 

integrity and biodiversity of the islands and the marine ecosystems of the protected area of the 

archipelago. This authority regulates who, when and where one should be on the islands. Visiting 

the islands and dive sites is only allowed if you are accompanied by an authorized guide. The 

animals and the islands are protected for decades, so the animals therefore have nothing to fear 

from direct contact with people. You can approach most animals, seabirds, and sea lions with 

cubs, up to several meters. Even the large underwater creatures are curious and may come close 

to divers with little fear. 
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6.8 Svalbard 

Author: Marion Haarsma 

Svalbard, 
also known 
by its original 
(Dutch) name of 

Spitsbergen, is situated above the Arctic Circle so it is truly the Land of the Midnight Sun. Daylight 
diving is possible throughout the summer, from April to August, while the long dark winters are 
animated by the Aurora Borealis, the polar or northern lights. 

• Geology 

Svalbard is a group of Norwegian islands, which lie 600 km north of mainland Norway. The 
archipelago stretches over 450 kilometres, between 75° and 80° N latitude. This makes Svalbard 
the northernmost part of Europe. What makes the islands so special is that they are located just 
1000 km from the North Pole. 
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This special place is even further 
north than the most northern tip of 
Alaska. The largest island of the 
Svalbard archipelago is still called 
Spitsbergen. There are now less 
than 3000 people living there. 
Previously there were coal mines 
but now the remains are preserved 
as a heritage feature. These are 
especially visible around the capital 
Longyearbyen. 

Svalbard has not only become a 
destination for cruise ships, but 
also for researchers. In Ny Alesund 
there is reasonable large research centre.  

Because of its location at the extremity of the Gulf Stream, the sea around the islands is relatively 
warm. The water temperature varies between -2 and +2 degrees C. The ocean water is clear with 
excellent visibility. Closer to land the visibility is reduced because of sediment and other particles 
in the water. 

The glaciers in the fjords make a fascinating landscape. The icebergs, after they have separated 
from the ice shelf, have often a bluish colour. They contain fresh water and may be centuries old. 

• Ecology 

Svalbard is not a place 
where you should go only 
for diving. The uniqueness 
is in the combination of 
the rather extreme 
conditions, and the nature 
both above and under 
water. 

The most popular animals 
to see are polar bears, of 
which there are 
approximately 2000 
animals, and walruses. It 
is also a paradise for 
seabirds and the islands 

attract many birdwatchers with huge lenses on their camera. 

In the water you sometimes see beluga whales (Delphinapterus leucas), ringed seals (Phoca 
hispida) and bearded seals (Erignathus barbatus). 

Under water you will find a wide variety of vertebrates and invertebrates, including sponges, sea 
anemones, bristle worms and arthropods. 

Glacier on Spitsbergen - by Marion Haarsma 

Dahlia anemone (Urticina felina) - by Marion Haarsma 
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Invertebrates 

Among the arthropods there are the famous krill. Krill is actually a collective name for a group of 
similar shrimp-like species, the most common of which is the northern krill (Meganyctiphanes 
norvegica). These animals are only a few centimetres in size but occur in such enormous 
quantities that they occupy a key position in the food chain. 

The sea spiders also belong to the arthropods. There are different types and notable is that they 
are much larger, up to 15 cm, than in other regions. 

The sea angel (Clione limacina) 
is a sea slug that lives in the 
plankton of the North Atlantic 
and is at the mercy of the 
currents of the sea. The animal 
may reach the age of two years 
and can grow up to 6 cm in 
size. This animal is remarkable 
as it can live without food for a 
year when necessary. This is a 
useful trait because their main 
food is not always available. 
This food is the sea butterfly 
(Limacina helicina), which looks 
like an ordinary snail but with 

two great wings with which it can swim quickly. The sea angel grabs the shell of the sea butterfly 
and uses its tongue, which is covered in hooks, to pull the snail body out of its shell. It then eats 
the snail whole. Both species, predator and prey, are hermaphrodites and breed in the spring. 
The eggs are very small, only 0.12 mm. The sea butterfly is an important part of the plankton and 
can occur in enormous quantities. They are very sensitive to the acidification of the ocean and 
are an interesting topic for researchers. 

Fish 

The most common cartilaginous 
animal is the thorny skate 
(Amblyraja radiata), a cold water 
ray that occurs from the North Sea 
to the Arctic waters. The top of its 
body is covered with spines and 
the bottom is smooth. The female 
lays egg capsules which are 
deposited in pairs. The further to 
the north the eggs are laid, the 
longer it takes before they hatch. 
In the North Sea it takes four 
months and the hatchling rays are 
about 10 cm long. At Svalbard it 

can take up to three years before the eggs hatch. 

Sea angel - by Marion Haarsma 

Thorny skate (Raja radiata) – by Marion Haarsma  
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There are about 60 species of bony fish found in Svalbard. Some are occasional visitors. The 
biggest groups of fish are sculpins, gunnels, blennies and wrasses. The main fish in the food chain 
is the Arctic cod (Boreogadus saida). 

Walruses. 

The walrus (Odobenus rosmarus) only occurs in the cold seas of the northern hemisphere. There 
are three subspecies, of which the eastern Atlantic walrus occurs in Svalbard. They eat clams, but 
also snails and crustaceans, up to 45 kilos per day. During a large part of their lives walruses 
reside on the coast or on the edge of the pack ice. 

Outside the mating season the sexes live separately. However, in the mating season, in January 
and February, 
walruses gather in 
large herds on the 
seashore. There is 
one bull for around 
every 20 cows and 
mating usually takes 
place in the water. 
The young are born 
14 to 16 months after 
mating and remain 
with their mothers for 
about two years. 

Walruses were 
previously hunted for 
ivory. Svalbard's 
population, after prolonged protection, is now recovering. 

• Protection of nature 

The nature conservation policy 
of Svalbard has become an 
example for many countries. 
More than 65% of the land is 
protected. The designation of 
national parks and nature 
happened between 1973 and 
2003. The walruses have been 
protected since 1952. 

In 2003, 70% of the territorial 
waters of Svalbard were 
declared protected. Norway 
extended its territorial waters to 
12 miles in January 2004. This 

Walruses on the beach - by Marion Haarsma 

Ice diving by Marion Haarsma 
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also applies to the waters around Svalbard. That means that 74,000 km2 of coastal waters are 
now protected area. 

Most impressive are the abandoned whaling camps. In the past, perhaps as many as 60,000 
belugas were killed. The ground is littered with bones and sometimes you can find a complete 
skeleton. 

6.9 Rivers, estuaries and the coast  

Author Gerard van Velde 

 Many shallow sea beds around the world were dry during the Ice Age. As the climate warmed 

and the ice melted, sea levels rose and these areas became flooded. The sea bed in these shallow 

areas, such as the North Sea, before they were flooded were covered with sediments 

transported by rivers. 

Coastal systems comprise only 0.5% of the surface of the earth, but 50% of humanity lives within 

50 km of the shores. The great 

importance of the coast can be inferred 

from the fact that 18 to 33% of primary 

production and 50% of the carbon 

deposition in the ocean takes place in 

those areas. Around 80% of the organic 

matter, 90% of the mineral materials, 

and 75 to 90% of the deposition of 

suspended solids are concentrated in 

the area. This means that the coast has a 

high biological production. 

The seashore is an open 

system with water 

movements and tidal 

forces, mostly in 12-hour 

periods, that produce complete mixing of 

Estuarine North Carolina - by Rob Kool 

Estuarine North Carolina - by Rob Kool 

Glass eel - by Ron Offermans 
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water layers. The coast forms a transition zone between sea and land with a strong influence 

from the ocean, but also with influence from the land. Along the shore the transportation of 

sediment takes place, creating all kinds of transition zones of plankton and benthos (= collective 

name for all the animals that live in and on the seabed). The animals of the benthos often have a 

planktonic larval stage so there is great exchange between the organisms in the open water and 

in the sediment. The benthos is exploited as a food resource by sharks, rays, flatfish and other 

bottom-living fish.  

In most places around the world there are rivers discharging into the sea. Rivers carry large 

amounts of freshwater from melting glaciers, snow and rainfall from land to sea and thus affect 

the coastal water. This flow of freshwater affects circulation currents and salinity of the sea, 

further influenced by tides and currents. Where rivers reach the sea, estuaries are formed with 

fresh-salt transitions. There are many types of estuaries. At the end of the last Ice Age, many 

river valleys were filled with seawater and these make funnel-shaped estuaries. 

Freshwater has a lower density than sea water so that it tends to flow from the river into the sea 

at the surface, flowing over the underlying, denser, saltwater. Meanwhile, on the rising tide 

saltwater penetrates upstream across the bed of the estuary under the freshwater. This density 

differential causes poor mixing, which can occur over long distances, and reduces the salinity of 

the surface water. Water where the salinity is intermediate between freshwater and full sea 

water is called brackish water. 

 

Rivers transport not only 

freshwater, but also a variety of 

other materials, such as 

sediment, salts, heavy metals, 

nutrients, and organic particles 

and substances. Human 

activities in the river drainage 

basin may lead to 

accumulations of pollutants in 

the river, which ultimately often 

end up in the sea. Substances 

that are captured by the river 

may, depending on the nature of the substances, volatilize to the atmosphere (volatiles), dissolve 

in the water (the transport of these substances is called water transport), or travel as solids with 

the river. Dissolved materials, such as heavy metals, may accumulate in muddy sediments in the 

lower reaches of rivers or in the estuary. Plant nutrients, nitrogen and phosphorous, may occur 

European flounder (Platichthys flesus) - by Ron Offermans 
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at high levels due to human activities within the river catchment, particularly agriculture and the 

treatment of municipal wastewater. High levels of nutrients in water can cause eutrophication, 

which is excessive growth of aquatic plants. 

Erosion of soil and rock in the drainage basin of the river causes huge amounts of solids to be 

washed into the rivers. Rivers naturally sort sediments depending on size and weight and all solid 

substances will eventually settle out. Large boulders are deposited in the small, fast-flowing, 

mountain streams, but the speed of water movement is too fast to allow small particles to settle. 

Downstream, where the flow rate decreases, you find the deposition of smaller boulders, gravel, 

sand and clay. When rivers carry a lot of sediment, much of this material will be deposited in the 

estuaries as the flow rate decreases. In the transition region between freshwater and saltwater, 

brackish water occurs in which clay particles clump together to form larger particles in the water. 

This process is called flocculation. This results in accelerated sedimentation in the river estuary, 

which is favourable for brackish-water-tolerant, benthic animals. The benthos use the organic 

matter of the sludge and then produce excreta that also strongly contribute to sedimentation. 

When rivers deposit more sediment than the coast erodes, deltas are created. 

The water in estuaries is usually turbid, thanks to the presence of suspended sediments and algal 

blooms triggered by high nutrient levels. That means that these areas are not popular with 

recreational divers, who generally prefer clear water around rocky shores and coral reefs with a 

minimum of river influence. In soft sediment areas most animals burrow within the sediment, 

whereas on hard substrates such as rocky coasts, the animals and plants are clearly visible living 

attached to the hard ground. Oxygen penetrates poorly into soft sediments causing anoxic 

conditions to develop with toxic substances, such as hydrogen sulphide (H2S), being present. The 

activity of burrowing animals, such as worms, molluscs, and crustaceans, allows oxygenated 

water to penetrate deeper into the sediment. This causes many toxins to oxidize which thereby 
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makes them harmless. In addition, aquatic plants such as seagrasses release oxygen from their 

roots into the sediment. 

A variety of freshwater-saltwater transitions occur in estuaries, and typical brackish water fauna 

and flora will be found. Brackish water, when compared to the marine and freshwater 

environments, is much poorer in species because those animals and plants that live in the 

brackish zone have to constantly adjust to the changing salinity as the tide ebbs and flows. 

However, species that can adapt to the conditions benefit from access to food resources with 

little competition from other species. Therefore, brackish environments may have few species 

but a lot of individuals. 

Many fish migrate from the sea to forage for food in the estuary. Examples are the European 

flounder (Platichthys flesus), herring (Clupea harengus), sprat (Sprattus sprattus) and grey 

mullets (Mugilidae). In the subtropics and tropics grey mullets are always found in such 

situations. Estuaries are also used by migratory fish. Some of these animals reproduce in the sea, 

such as the European eel (Anguilla anguilla) and the European flounder, and move into 

freshwater to feed and grow. Once they have grown they migrate back to sea. Such fish are 

called catadromous. There are also crustaceans and shrimp that are catadromous, for example 

the Mitten crab. However, the reverse also occurs. Some fish species feed and grow 

predominantly at sea, returning to rivers to breed, such as, salmon. These species are described 

as being anadromous.  

Mitten Crab - by Ron Offermans 
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In the tropics, mangroves and seagrass fields grow in estuaries and bays where there is incoming 

freshwater. Many young reef fish use mangrove forests and seagrass beds as nursery areas as 

there is a lot of food but also 

protection from predators. 

These coral fish spawn on the 

reefs, and the planktonic fish 

larvae that emerge from the 

eggs drift to the coast to settle 

in mangroves and seagrass 

beds. When they grow they 

return to the reef, where they 

spawn and in this way the life 

cycle is completed. A good 

example is the barracuda which, 

as a small fish resides among 

the mangrove roots. On seagrass beds we may find larger immature barracudas hunting in 

schools. Adult barracuda are found scattered on the reef but may accumulate in larger schools in 

the open sea. 

It is clear that the removal of mangroves, seagrass beds and salt marshes leads to an 

impoverishment of the fauna in the sea, including coral reefs. It is therefore of great importance 

to protect these biotopes. Mangroves forests absorb a lot of wave energy in the tangle of trees 

and roots, and in the twists and turns of the channels that run through the forest. These forests 

protect shorelines from damaging erosion from storm events. 

 

7 Practical skills and how to get there  

 
Conservation Biology Course Standard 

• Skills 

• Observations on dive sites 

• Litter – Underwater Clean Up 

• Boat handling and pollution control 
 

By way of descriptions of different underwater habitats in areas where there are a lot of diving 

activities the students will learn about the specific biosphere. These chapters inform the students 

about geology, ecology, biodiversity, diving activities, threats and protection. 

Threats contains information about pollution, overfishing, collecting or buying, anchoring, 

disturbing the environment and spearfishing. 

Mangrove Sulawesi - by Rob Kool 
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7.1 Skills 

 

• Good buoyancy protect the marine environment! 
 
Excellent buoyancy control is what defines skilled scuba divers. You’ve seen them underwater. 
They glide effortlessly, use less air and ascend, descend or hover almost as if by thought. They 
more easily observe aquatic life without disturbing their surroundings. 
You can achieve this too and build on your skills from the One Star Diver Training Programme on 
  
Learn how to:  
• Determine the exact weight you 

need, so you’re not too light or too 
heavy. 

• Trim your weight system and scuba 
gear so you’re perfectly balanced in 
the water. 

• Streamline to save energy, use air 
more efficiently and move more 
smoothly through the water. 

• Hover effortlessly in any position – 
vertical or horizontal. 

• It’s best to use your own scuba 
equipment, including a weight 
system, so that you fine-tune your 
buoyancy in gear you’ll use on every dive. Your local CMAS instructor help you find the 
equipment that is best for you and your diving adventures. 

 

• Entry and exit into the water 
 

Going in and out of the water 
disturbs the local 
environment. So to reduce this 
disturbance is the aim of the 
responsible diver. In open 
water, entering the water from 
a boat is probably the least 
disturbing way but also 
entering the water from the 
shore can be without 
devastating result using the 
right procedure. 
 
Learn how to: 

First take a course - Florida - by Rob Kool 

Learn how to get in the water - by Rob Kool 

http://www.cmas.org/technique/one-star-diver-training-programme
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• Determine where is the best way to enter the water. The best way is the place where the 
impact on the environment is little or quickly restored. But remember: Safety First. 

• Trim your weight system so that you will not land on the bottom after entry 

• Learn how to wade through the littoral zone without disturbing to much (with an without 
fins) 

• Learn the different technics to enter the water, so you can chose the right one depending on 
the circumstances. 

• Act in the same responsible way when leaving the water 
 

• Diving in currents 
 
As long as you drift with the current and maintain your neutral buoyancy you will not do much 
harm. But sometimes you want to or have to hold on any grip that is available. Most of the time 
it is the rock, or the coral or the seabed. You hardly can avoid breaking in the local biosphere. 
 
Learn how to 

• Avoid touching the wall or the 
seabed while drifting 

• How to avoid that your 
equipment acts as a grapnel or 
dredge 

• How to hold onto the substrate 
(also for your own safety, some 
living objects protect 
themselves) 

• How to use reef hooks 
 

• Photographers 
 
To make pictures of all the beautiful 
things you see is an good way of 
spending your time under water. 
The photos in this book are proof of 
that. Besides of knowing how to make the best pictures, the underwater photographer is the 
same time an intruder in the biosphere. And while focusing on what is in front of the lens he/she 
destroys what is under and behind his body. Of course the photographer does not want to do 
that, but often it happens unaware. 
 
Learn how to 

• Control swimming and trimming: also when your focussing on the object 

• Master all the specific underwater environments protection technics from the CMAS 
Underwater Photography Training Programme 

 

7.2 Observations on dive sites 

 

Stay free..... - by Rob Kool 

http://www.cmas.org/document?sessionId=9c660f36801bd2ab81e47f9e1875f644&fileId=2956&language=1
http://www.cmas.org/document?sessionId=9c660f36801bd2ab81e47f9e1875f644&fileId=2956&language=1
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CMAS Divers should be trained to observe the biological damage under water. Biological 
pollutants are sometimes referred to as invasive alien species. Pollution in water occurs when a 
chemical, physical or biological element causes a body of water to become toxic, unusable or 
inhospitable to living organisms. 
Causes of Biological damage to the marine environment can be caused by pollution. These 
include things like sulphur springs, erosion, oil seeps (when oil is naturally released by, most 
commonly, cracks in sedimentary rocks and seabed’s), animal excrement, etc. While these forms 
of water pollution can be devastating, especially when it seems Mother Nature is shooting 
herself in the foot, they are negligible compared to the damage caused by humans. Many 
undeveloped parts of the world suffer from a lack of water treatment options and human waste 
is a breeding ground for bacteria, viruses and parasites.  
 

• Oxygen Depletion 
 
While devastating, oxygen depletion is a very interesting type of water pollution, although it may 
be less a type of pollution and more of a result of pollution. 
A rule of thumb is that more oxygen is better, at least for life in water.  
The smallest organisms die first, and as they do, the entire food chain collapses until the largest 
fish are killed; subsequently, animals such as turtles, 
 

• Metals 
 
This is pollution caused by the release of chemicals, often as it applies to industry and 
agriculture.  
Oddly enough, metals pose some of the most dangerous and prolific hazards. The United States 
for example, has strict legislation on metals that can be by-produced. But many other countries 
still allow the use of mercury, lead, nickel, and other toxic metals to be deposited directly into 
water sources. 
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7.3 Litter – Underwater Clean Up 

 

7.3.1 Is it save to remove litter under water?  

 
Litter is a growing problem 
in our seas and on our 
beaches, largely as a result 
of our increasing use of 
non-biodegradable 
packaging and damaging 
waste disposal.  
Here are just a few reasons 
why it is vital we act now to 
stop the litter flow: over 
50% of litter recorded by 
Beach watch in the UK is 
made of plastic.  
The disposal of litter at sea, 
in rivers or on beaches can 
have a devastating impact – marine life faces a deadly obstacle course of discarded litter, causing 
the death of thousands of birds, seals and turtles.. 
 
Beach litter levels continue to be over acceptable levels at nearly 2,000 items for every kilometre 

on a beach. Lost or discarded fishing gear is one 
of the most hazardous forms of litter for wildlife 
through entanglement and ingestion, and also 
poses a threat to fishermen and other seafarers 
through fouling of active fishing gear and ship 
propellers.  
Sewage-related debris is the third most common 

source of marine litter. Plastic litter can take 
hundreds if not thousands of years to break 
down and may never fully degrade. It merely 
breaks down into smaller and smaller pieces and 
ultimately into microscopic plastic pieces or dust. 
This microscopic plastic may still pose a significant threat to wildlife. 

7.3.2 Choose your site…  

 

One Leatherback turtle found in 

Galloway had 1 white plastic bag, 1 black 

plastic bin liner, 3 transparent plastic 

bags, 1 green plastic bag and 1 

transparent plastic bag for chicken meat 

packaged by a US company in its 

stomach. 

According to the law 

The rules of what is considered as labour 

underwater differs from country to 

country. Also there are differences in the 

rules of insurance companies. So it is 

advisable that the diving federation 

make some general advices on this 

subject according to the law. 

Clean-up in Wellington, New Zealand - by Peter Humphris 
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Your chosen site must be safe for an Underwater Clean up. This means the depths and conditions 
must be suitable for the experience levels of all of your participating divers. Avoid dive sites that 
are potentially hazardous – e.g. heavy boating traffic, fishing activities or areas affected by 

industrial discharges. It is strongly 
advised that you chose a site that 
you have dived before. If possible, 
conduct an orientation dive prior 
to your underwater clean up to 
evaluate any potential hazards 
and assess the area to be cleaned. 
Inform the Coastguard and/or 
harbour authority of your 
location, planned activity and 
number of divers in the clean-up 
team. 
 
Recruit your divers if you are 

conducting a specific underwater clean up dive with a group of divers; try not to overcrowd the 
dive site. If there are enough participants, you could survey two dive sites. Also make sure you 
have sufficient boat cover. Ensure your underwater clean up divers have the relevant diving 
qualifications and have read a copy of these guidance notes before the day. 
 
Organise your underwater clean up equipment in addition to the data capture forms needed to 
record your litter once you are back on shore, you will also need: 

• Mesh bags to collect litter underwater. 

• Lifting bags to recover litter to the surface. 

• Underwater slates for recording 
unusual items or items that are left in 
place. 

• Marker buoys for identifying the 
survey area. 

• Rubbish bags for disposing of the litter 
retrieved at the end of your survey. 

 
All participants must follow CMAS Safety 
Diving Rules to ensure that your dive is 
safe and enjoyable for all.  
Here are the key underwater safety rules: 
 

• If conditions are not suitable on the 
day, abandon the dive – you can always return to conduct your another day. If you call off 
your Underwater Clean up, why not conduct a beach clean instead? Ensure all your divers are 
fully qualified for the dive you are planning. Untrained or inexperienced divers may not have 
the skills required to carry out an underwater clean up.  

• Check all equipment to ensure it is complete, maintained and reliable for safe diving. Use a 
Surface Marker Buoy (SMB) to mark the area where divers are surveying. CMAS recommends 
the use of lifting bags, such as DSMBs, for the safe recovery of litter to the surface. Divers 

Clean-up in Wellington, New Zealand - by Peter Humphris 

Clean-up in Wellington, New Zealand - Peter Humphris 
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trained in the use of Delayed Surface Marker Buoys (DSMBs) can use them for this purpose, 
provided they follow CMAS Safe Diving guidelines. Don’t overfill your mesh/collection bags to 
the extent that either their weight or bulk become a hazard or affect your diving ability. 
Never attach the mesh bag or lifting device to any diver and never use your BCD as a lifting 
device. Always dive with a buddy - maintain buddy contact and maintain depth, time and gas 
monitoring throughout the dive. Agree on depth and time limits prior to the dive and review 
communications, especially signals specific to the Underwater activity before the dive. 

Conduct a thorough 
buddy kit check prior 
to entering the water. 
Please note that when 
tasks are introduced to 
diving, buddy 
monitoring can reduce 
so it is really important 
to keep safe practices 
as the highest priority. 
Ensure that if a lifting 
bag is to be used that 
sufficient gas is 
available to inflate the 

bag AND make a safe ascent maintaining an adequate reserve.  

• Wear gloves and full wet/dry suit while surveying underwater. When topside, also wear 
gloves to sort through the litter to prevent cuts and abrasions. Beware of entanglement, of 
yourself and fellow divers, in monofilament line and nets, especially in low visibility 
conditions. Carry appropriate tools, such as a knife or net cutters. Secure any measuring lines 
by weighting them appropriately to avoid entanglement or loss. 

• Take extra care with glass, syringes or other sharp objects – these should be placed in a 
sealed container. If in doubt, leave in place and record the items on an underwater slate. 
Keep clear of large drums as they could contain hazardous or toxic substances. Report their 
location to the local authority. Do not attempt to salvage heavy or dangerous objects – if it is 
too heavy or large to lift safely, leave it where it is, take a photograph if possible and then 
record it on your underwater slate. When conducting an Underwater clean up please use the 
following guidelines to protect the environment you are diving in. 

• Do not disturb wildlife and if possible check containers for possible residents such as crabs 
and octopus before removing. Items of litter may create a habitat or refuge for some marine 
animals or organisms. Leave these items in place and record on an underwater slate. Work 
slowly and carefully to prevent damaging aquatic life which may be encrusting or buried and 
so not easily visible. Don’t forget to regularly check your gas supply and your buddy. Maintain 
proper buoyancy and keep your equipment streamlined to avoid touching organisms or 
damaging the substrate. Avoid stirring up sediment. 

• If you find an entangled animal, if possible use clippers rather than a knife to cut the line or 
other plastic litter away from it. Never pull it off as pulling or tearing may do a great deal of 
damage. 

• Once in the Water, collect items within the agreed area using once of the following 
techniques 

o Follow a depth contour, for a set number of fin kicks or set a time is a slow drift 

Clean-up in Wellington, New Zealand - Peter Humphris 
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o Follow a pre-positioned tape or pre-measure length of weighted rope 
o Collect litter within 1-5m of the line, depending on the visibility 
o Place sharp items in a container 
o Leave larger items unless you have a suitable lifting equipment and boat available and 

divers are experience in using them 
 

Remember – at all 
times stay aware of 
conditions, depth, 
your gas supply, your 
buddy and your 
bearings and dive 
your plan. 
 

7.4 Boat 

handling and 

pollution control 

 
The boat handling is 
beyond the scope of 

this course. But is obvious that boat handling and anchoring can have a great impact on the 
environment. In many places you see the use of mooring buoys or other devices to prevent the 
need of anchoring. 
But there are other aspects such as oil spilling, anti-fouling, grease, gasses, disposables, bilge 
water 
 

And what about 
your propeller 
operation or the 
noise the motor 
produces.  
 
And what about 
chasing sea 
mammals.  

 

  

Don't chase animals with your boat.... they might get back to you - by Rob Kool 

Clean-up in Wellington, New Zealand - Peter Humphris 
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8 Colophon 

 
This course is has been made possible by the effort of many, many people. Some are mentioned 
below but behind those people there are many more persons who contributed to this work by 
their knowledge, their comment, their support, their … . Of course we pay tribute to those 
people but we also know that they did not only do it for you, the reader, the student. They also 
did it for themselves, for their children. Because we all have to protect the earth. We have to 
give it to our children. So in the near future our children and grandchildren will be able to enjoy 
the beauty of the underwater world. 
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A 

Abalone · 151 

Abudefduf saxatilis · 122 

Acanthemblemaria maria · 126 

Acanthuridae · 121 

Acanthurus Bahianus · 121 

Acanthurus coeruleus · 121 

Acetabularia acetabulum · 95 

Actinopterygii · 15 

Aluterus scriptus · 122 

Amblycirrhitus pinos · 124 

Amblyraja radiata · 194 

Amblyrhynchus cristatus · 186 

Amblyrhynchus cristatus nanus · 

188 

Amblyrhynchus cristatus 

venustissimus · 188 

American stingray · 121 

Ammonoid · 50 

Amphibians · 32 

Amphidromic point · 78 

Amphipods · 28 

Amphiprion bicinctus · 104 

Anadromous · 199 

Anemone: Yellow custer · 100 

Angelfish: French · 123; Marine · 

123 

Anguilla anguilla · 199 

Animalia · 16 

Annelid worms · 85 

Annelida · 27 

Anthias anthias · 105 

Anthozoa · 24, 84 

Antipathes galapagensis · 185 

Apatosaurus · 12 

Aphrodita aculeata · 83 

Aplysium · 81 

Arabian Picasso Triggerfish · 106 

Arbacia lixula · 127 

Archaea · 13, 18 

Arctic cod · 195 

Arctocephalus galapagoensis · 189 

Arenicola marina · 36 

Arthropoda · 27 

Arthropods · 16 

Asteroids calycularis · 95 

Astyanax fasciatus · 129 

B 

Bacteria · 13, 18 

Baja California · 137 

Balaenoptera acutorostrata · 148 

Balaenoptera musculus · 147 

Balaenoptera physalus · 148 

Balistidae · 106, 122 

Barnacle · 28 

Barracuda · 125, 200 

Bearded seal · 193 

Beluga whales · 193 

Benguela current · 43 

Benthos · 197 

Bib · 86 

Bivalve molluscs · 29 

Bivalves · 112 

Black smoker · 50 

blennies · 126 

Blennioidei · 126 

Blenny · 126; Secretary · 126 

Blind cave fish · 129 

Blue Hole · 110 

Blue tang · 121 

Booby: bluefooted · 188 

Boreogadus saida · 195 

Box jellyfish · 131 

Boxfish · 125 

Brachiopoda · 22 

Brackish water · 197 

Brittle star · 30 

Brittle-star · 16 

Brontosaurus · 12 

Brown algae · 94 

Brundtland report · 54 

Bryozoa · 22, 82 

Buchstabenkrebs · 11 

Bunodactis mexicana · 185 

Buoyancy · 74 

Butterfly fish · 122 

Butterflyfish · 105; Banded · 122; 

Black-tailed · 106; Blue-cheeked 

· 105; Crown · 106; Eritrean · 

106; Foureye · 122 

Butterflyfish, chevron · 41 

C 

Caetodon paucifasciatus · 106 

California sheephead · 142 

Californian sea lion · 144 

Caloplaca marina · 37 

Caloplaca salina · 37 

Cantherhines macrocerus · 122 

Carcharhinus galapagensis · 187 

Carcharodon carcharias · 153 

Caretta caretta · 132 

Caribbean Plate · 119 

Caribbean Sea · 118 

Carp · 16 

Caryophyllia smithii · 85 

Catadromous · 199 

Catfish · 16 

Caulerpa taxifolia · 98 

Cayman Trough · 118 

Cephalopholis miniata · 106 

Cephalopods · 29 

Cerianthus lloydii · 83 

Cetorhinus maximus · 86 

Chaetodon austriacus · 106 

Chaetodon capistratus · 122 

Chaetodon semilarvatus · 105 

Chaetodon striatus · 122 

Chaetodon trifascialis · 41 

Chaetodontidae · 105 

Chelonia mydas · 188 

Cheloniidae · 130 

Chiton · 150 

Chondrichthyes · 16 

Chordata · 16 

Christmas tree worm · 112 

Cigala · 11 

Cirrhitidae · 124 

Cirripedia · 39 

Cladocora caespitosa · 95 

Clam, American jackknife · 36 

Classes · 10 

Clavelina lepadiformis · 96 

Climate hoax · 54 

Clione limacina · 194 

Clown fish · 104 

Clupea harengus · 199 

Cnidarians · 16, 23 

Cod · 86 

Codfish · 16 

Coelacanth · 16, 32 

Comatulida · 113 

Comb jellies · 26 

Common eelgrass · 83 

Conger conger · 82 

Continental drift · 50 

Convention: Oslo · 89; OSPAR · 88; 

Paris · 89 
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Copepods · 28 

Coral: Brilliant fan · 103; Cold 

water · 85; Cushion · 95; 

Devonshire cup · 85; Fan · 97; 

Galápagos black · 185; Orange · 

95; Orange-cup · 185; Precious · 

96; Soft · 96; Sun · 95 

Coral butterfly · 105 

Coral Hind · 106 

Coriolis force · 42 

Cory Actis viridis · 85 

Crab · 28; Sally Lightfoot · 186 

Crassostrea gigas · 88 

Crinoids · 30 

Crocodile fish · 107 

Crocodiles · 32 

Crustacean · 128 

Crustaceans · 28 

Cryptochiton stelleri · 149 

Ctenophora · 26 

Cubozoa · 131 

Current: Cromwell · 184; 

Humboldt · 184; Panama · 184 

Cuvie · 81 

Cyanobacteria · 102 

Cymbacephalus staigeri · 107 

Cystoseira mediterranea · 94 

D 

Damselfish · 122, 143 

Darwin: Charles · 181 

Darwin, Charles · 10 

Dasyatis americana · 121 

Deadman Thumb · 96 

Deep Horizon · 60 

Delphinapterus leucas · 193 

Den Helder · 90 

Dendraster excentricus · 151 

Dermochelys coriacea · 131 

Diplodocus · 11 

DNA · 17 

Dogfish · 86 

Dolphin house · 115 

Domain · 12 

Dosidicus gigas · 155 

Dromia personata · 100 

Dublin Bay prawn · 11 

E 

Eagle ray · 187 

Eagle rays · 121 

Echinodermata · 30 

Echinoderms · 16 

Ecomare · 90 

Ectoparasite · 51 

EEAA · 116 

Eel · 16 

Egyptian wing oyster · 112 

El Niño · 44 

Elacatinus evelynae · 126 

Emperor fish · 123 

Enhydra lutris · 143 

Ensis directus · 36 

ENSO effect · 44 

Epinephelinae · 125 

Epinephelus itajara · 125 

Epinephelus marginatus · 99 

Erignathus barbatus · 193 

Erythrean invasion · 93 

Eschrichtius robustus · 147 

Estartit · 99 

Eukaryotes · 12, 18 

Eunicella verrucosa · 85 

European eel · 199 

European flounder · 199 

Eyelash worm · 86 

F 

fan worms · 27 

Fan-head worm · 111 

Feather star · 113 

Ferdinand de Lesseps · 98 

Filefish · 122 

filter feeder · 110 

Flat oysters · 88 

Flatfish · 16 

Flatworm: Carpet · 96; Pink purple 

· 96 

Flatworms · 26 

Fringing reef · 120 

Fungi · 16, 19 

G 

Galápagos · 181 

Galápagos cormorant · 188 

Galápagos fur seal · 189 

Galápagos octopus · 186 

Galápagos sea lion · 189 

Galápagos shark · 187 

Galápagos Shark · 190 

Galathea strigosa · 82 

Garibaldi · 143 

Gastropoda · 29 

Giant clam · 112 

Giant kelp · 138 

Giant Pacific chiton · 149 

Ginglymostoma cirratum · 121 

Gobius · 14 

Goby · 126; Peppermint · 126; 

Sharknose · 126 

Goliath grouper · 125 

Gondwana · 50 

gorgons · 185 

Grapsus grapsus · 186 

Gray seal · 86 

Green moray eel · 125 

Greenpeace · 71 

Grey mullet · 199 

Grouper · 125 

Gulf of California · 137 

Gulf of Oman · 49 

Gulf stream · 43 

Gulf Stream · 78 

Gymnothorax funebris · 125 

H 

Halichoerus grypus · 86 

Halimeda · 95 

Haliotis · 151 

hammerhead sharks · 187 

HEPCA · 115 

Herring · 199 

Heterocentrotus mammillatus · 

127 

Hexabranchus sanguineus · 104 

Hexacorallia · 84, 96 

Hippocampus · 83 

Holacanthus ciliaris · 123 

Holacanthus tricolor · 123 

Homo sapiens · 11, 52 

Humboldt squid · 155 

Hurghada · 115 

Hydrozoa · 25 

Hypsypops rubicundus · 143 

I 

iguana · 188 

Iguana · 186 

Insects · 28 

IPCC · 55 

Isopods · 28 

Isostichopus badionotus) · 128 
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J 

Japanese oyster · 88 

Jellyfish · 16, 23 

Jewel anemones · 85 

JNCC · 89 

John Dory · 86 

K 

Kasuwonus pelamis · 14 

Kelp · 81, 138 

Killer algae · 98 

Kingdoms · 10 

Krill · 28, 194; Northern · 194 

Kyoto protocol · 55 

L 

Labridae · 94 

Laminariales · 80 

Lamprey · 16 

Lampreys · 32 

Lampshell · 22 

Langoustine · 11 

Laurasia · 50 

Lepidochelys kempii · 132 

Lepidochelys olivacea · 132 

Lessepsian migration · 93 

Lichen, black tar · 38 

Lichen, orange sea · 37 

Lichina confinis · 38 

Light-bulb sea squirt · 96 

Limacina helicina · 194 

Limits to Growth · 53 

Limpet, European · 39 

Limpet, rough · 39 

Linnaeus, Carl · 10, 15 

Littoral zone · 80 

Lizards · 32 

Lobster · 28 

Lophelia pertusa · 85 

Lottia scabra · 39 

Louvar · 14 

Lugworms · 36 

Lumpfish · 41 

Lungfish · 16, 32 

Lutjanidae · 106 

Luvaridae · 14 

Luvarus imperialis · 14 

M 

Mackerel · 15 

Macrocystis pyrifera · 138 

Malvinas current · 43 

Mangrove · 22, 200 

Manta · 187 

Manta birostris · 121 

Manta ray · 121 

Marine Amazon · 141 

Mediterranean · 91 

Mediterranean tapeweed · 94 

Medusa · 23 

Medusae · 23 

Meganyctiphanes norvegica · 194 

Melithaea splendens · 103 

Melville, Herman · 7 

mermaid's wineglass · 95 

Merou · 99 

Mirounga angustirostris · 146 

Mitten crab · 199 

Mnemiopsis leidyi · 52 

Moby-Dick · 7 

Mola mola · 187 

Mollusca · 29 

Molluscs · 16 

Molly · 129 

Monacanthidae · 122 

Mooring buoy · 115 

Mopsella · 185 

Moray · 125 

Moray eel · 108 

Moss animal · 22 

Mugilidae · 199 

Muraenidae · 108 

Mussel · 16 

Myliobatidae · 121 

Myxicola infundibulum · 86 

N 

Narinari Aetobatus · 121 

Natator depressus · 132 

Natura 2000 · 56, 72 

Nematodes · 26 

Nemertea · 22 

Neofibularia nolitangere · 127 

Nephrops norvegicus · 11 

Neptune Grass · 94 

NOAA · 73, 156 

North-East Atlantic · 78 

Northern Elephant seal · 146 

Norway lobster · 11 

Norwegian fjord · 83 

O 

Ocean soup · 61 

Ocean surgeonfish · 121 

Océanopolis · 90 

Octocorallia · 84, 96 

Octopus · 16, 29 

Octopus oculifer · 186 

Odobenus rosmarus · 58, 195 

Oil · 60 

Oligometra serripinna · 113 

Oosterschelde · 48 

Orca · 148 

Oreaster reticulatus · 127 

Ostraciidae · 125 

Ostrea edulis · 88 

Over fishing · 54 

Overfishing · 88 

Oxyjulis californica · 142 

Oyster · 16 

P 

Pachycerianthus multiplicatus · 83 

Pacific coast · 140 

Pacific harbour seal · 144 

Padinia pavonica · 95 

Palinurus vulgaris · 128 

Parablennius gattorugine · 82 

Parazoanthus axinellae · 100 

Parc d'Iroise · 89 

Parrot fish · 123 

Parrotfish · 41 

Patella vulgata · 39 

Peacock’s tail · 95 

Perca fluviatilis · 15 

Perch, European · 15 

Perciformes · 15 

PERSGA · 114 

Petromyzontida · 16 

Phoca hispida · 193 

Phoca vitulina · 144 

Phyla · 10 

Physeter macrocephalus · 148 

Pinna · 94 

Pipefish · 83 

Plankton · 19 

Plantae · 16, 21 

Plants · 21 

Plastic · 61 

Platichthys flesus · 199 

Platycephalidae · 107 

Platyhelminthes · 26 

Plymouth Marine Laboratory · 90 
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Poecilia · 129 

Polar bear · 58 

pollution · 72 

Pollution · 59 

Polyp · 23 

Polyplacophora · 150 

Pomacanthus maculosus · 107 

Pomacanthus paru · 123 

Pomacentridae · 143 

Porifera · 22, 110 

Port Cros · 99 

Portuguese man o’ war · 25 

Posidonia oceanica · 71 

Posidonia Oceanica · 94 

Pout · 86 

Prawn · 11, 28 

prokaryotes · 12 

Prokaryotes · 18 

Prostheceraeus giesbrechtii · 96 

Protoctista · 16, 20 

protogynous · 124 

Pteria aegyptiaca · 112 

Pufferfish · 125 

Pycnopodia helianthoides · 149 

Q 

Queen angelfish · 123 

R 

Ragworms · 27 

Ras Mohammed · 116 

Ray · 16 

Ray, John · 9 

Rays · 32 

Red Sea · 93, 101 

Redspotted hawkfish · 124 

Reteporella beaniana · 82 

Rhincodon typus · 49 

Rhinecanthus assasi · 106 

Rías · 83 

Ribbon worms · 22 

Ringed seal · 193 

Rock beauty · 123 

Rockfish · 142 

Roundworms · 26 

RSEC · 116 

S 

Sabellasarte sanctijosephi · 112 

Sabellidae · 111 

Sally Lightfoot crab · 186 

Salmon · 155, 199 

Salp · 153 

Samadai reef · 115 

Sand dollar · 151 

Sarcopterygii · 16 

Sargassum fluitans · 20 

Sargassum natans · 20 

Sargassum weed · 20, 21 

Scallop fishing · 88 

Scampi · 11 

Scaridae · 41 

Scombridae · 14 

Scorpion Fish · 142 

Scottish loch · 83 

Scrawled filefish · 122 

Scyliorhinus canicula · 86 

Scyphozoa · 23 

Sea anemone · 16 

Sea anemones · 24 

Sea angel · 194 

Sea butterfly · 194 

Sea cucumber · 16, 30, 94, 127; 

Cookie dough · 128 

Sea gooseberries · 26 

Sea otter · 143, 154 

Sea pen · 83 

Sea spider · 194 

Sea squirt · 82, 128 

Sea star · 127; Red cushion · 127 

Sea urchin · 16, 30, 94, 127 

Sea walnut · 52 

seagrass · 83 

Seagrass · 94 

Seahorse · 83 

Seal: Bearded · 193 

Seashepherd · 71 

Seawrack · 83 

Sebastidae · 142 

Sediment · 197 

Semibalanus balanoides · 39 

Señorita · 142 

Sepia officinalis · 48 

Sergeant major · 122 

Serpula reef · 86 

Serpulidae · 112 

Serranidae · 106 

Sessilia · 39 

Shark · 16; Basking · 86; Galápagos 

· 187; Great white · 146, 153; 

Hammerhead · 187; Nurse · 

121; whale · 187, 190 

Sharks · 32 

Snakes · 32 

Snapper · 106; Red reef · 106 

Sound · 60 

Spanish dancer · 104 

Species · 10 

Spheniscus mendiculus · 188 

Sphyraena barracuda · 125 

Sphyrna lewini · 187 

Spiny lobster · 128 

Spirobranchus giganteus · 112 

Spitsbergen · 192 

Sponge · 82, 110; Bath · 100 

Sponge crab · 100 

Sponges · 16, 22 

Spongia officinalis · 100 

Spotted eagle ray · 121 

Sprat · 199 

Sprattus sprattus · 199 

Squid · 29 

St Abbs · 89 

Starfish · 16, 30 

Stinapa · 133 

Sting mussel · 94 

Straits of Gibraltar · 91 

Sturgeon · 16 

Suez Canal · 93, 98 

Sunfish · 187 

Sunflower star · 149 

Surgeonfish · 121 

Svalbard · 192 

Swallowtail seaperch · 105 

Symbiosis · 25 

Syngnathus typhle · 83 

T 

Tambja mullineri · 186 

Tangle · 81 

Tardigrada · 22 

Taxon · 13 

Taxonomy · 8 

Testudines · 129 

Tetra · 16 

Tetraodontidae · 125 

Tetrodotoxin · 125 

Thaliacea · 153 

Thermohaline circulation’ · 43 

Thorny skate · 194 

Thunnus albacares · 14 

Thunnus maccoyii · 14 

Thunnus obesus · 14 

Thunnus orientalis · 14 

Thunnus thynnus · 13 

Thysanozoon brocchii · 96 

Torrey Canyon · 60 
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Touch-me-not-sponge · 127 

Triceratops · 11 

Tridacna gigas · 112 

Triggerfish · 122 

Tubastrea · 95 

Tubastrea coccinea · 185 

Tuna, Atlantic bluefin · 13 

Turtle: Flatback sea · 132; Green · 

132; green sea · 188; Hawksbill · 

132; Kemp's ridley sea · 132; 

Leatherback sea · 131; 

Loggerhead · 132; Olive ridley 

sea · 132 

Turtles · 32 

Tyrannosaurus · 11 

U 

Udotea · 95 

UNFCCC · 55 

Urchin: Black sea · 127; Slate 

pencil · 127 

V 

Verrucaria maura · 38 

Vertebrata · 31 

W 

Wallace, Alfred Russel · 10 

Walrus · 195 

Warty comb jelly · 52 

Water bear · 22 

WCED · 54 

Whale: Baleen · 110; Blue · 147; 

Fin · 148; Gray · 147; Humpback 

· 148; Killer · 148; Minke · 148; 

Sperm · 148 

Whale shark · 49 

Whales: Beluga · 193 

Whitespotted filefish · 122 

WIDECAST · 134 

Worms · 16 

Wrass · 124 

Wrasse · 86 

Wreck · 109 

Y 

Ytre Hvaler park · 90 

Z 

Zalophus californianus · 144 

Zalophus wollebackii · 189 

Zeus faber · 86 

Zooxanthellae · 103 

Zostera marina · 83 
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