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Reading: Sverdrup et al., 8th edition--Biodiversity in the Oceans, p. 369.  14.2 Groups of Organisms pp. 359-360.  

Biodiversity, or biological diversity, is defined as the number of species or life forms and their genes found in a defined area such as a habitat or ecosystem. To be precise about the measurements used to estimate biodiversity, it is necessary to consider three basic hierarchical levels of biological organization: genes, species, and ecosystems.  

I.  Genetic Diversity is the heritable genetic variability within and among populations of a species. The average genetic allelic variation of characters or genotypic variation of nucleic acids (DNA or RNA) within a component of the genome is estimated from population samples.   

A. Diversity at this level is necessary for long-term survival.  In order to survive, species need to adapt to a changing environment.  Adaptation to new environments depends on the process of natural selection.  The raw materials for natural selection are differences among individuals based on the expression of their respective genotypes.    

B. How is genetic diversity maintained?  Some important mechanisms for maintaining genetic variability are: sexual mating systems that allow recombination of characters and many differences among individuals, fluctuating patterns of birth and death in response to environmental change, and patterns of population abundance in spatially heterogeneous environments.  Species that have been on earth a very long time are likely to be characterized by high genetic variability.  Small populations of species, such as those of some marine mammals, usually have a low genetic variability.  Species with a low genetic variability are less adaptable and may become extinct during major, unpredictable, widespread changes in the environment.   

C. In the history of the earth there was a long period of diverse animal life in the ocean before any animals or plants colonized land approximately 400 million years ago.  Lineages of some species from this early period of oceanic life have gradually evolved so that present day representatives appear like living fossils.   

II. Species Diversity  This is the number of different species in a geographic place.  

A. Measurement

One measure is the number of species determined by extensive collection throughout a defined area over a long period of time.  This area can be a habitat or a whole ecosystem.  A habitat is defined by the overlapping distributions of an assemblage of species.  The area of an ecosystem is defined as the interacting living and nonliving parts of a large self-sustaining functional unit.  Organic molecules are produced independently of other ecosystems and the spatial boundaries are relatively obvious.  Because most areas of the oceans are poorly sampled the number of species is seldom used as a measure of biodiversity and estimates are made from samples.  

Species diversity is calculated from the number of species and their patterns of relative abundance.  The most commonly used measure is derived from information theory.  For each species the number of individuals collected is divided by the total number of individuals of all species collected.  This frequency of occurrence of each species (pi , i = 1,2,3,...N where N is the total number of species) in the collection is multiplied times the natural logarithm of itself (ln pi) and summed over all species (Species diversity Index H = Sum pi ln pi).   If an index is used, great care must be taken in designing the pattern of sampling.

When a very large number of samples can be taken, another approach is a collector's curve, plotting species vs. individuals or samples collected.  If a site is well-sampled--species increase with each sample added until most of the species are collected and the rate of addition of species with individuals levels off.  Unfortunately, it has not been possible to process enough samples from highly diverse marine communities to use this method.  
Number of species and relative abundance of species are used to estimate diversity in samples. 

· You have two unequal sized samples.  One with 50 individuals and 10 species and the other with 100 individuals and 10 species.  Which is more diverse?  

· You are comparing two sites.  At one site you have a sample of 50 individuals and 5 species with the species equally abundant -- each with 10 individuals.  At a second site you have another 50 individuals and the same 5 species. One species has 46 individuals and each of the other four is represented by a single individual.  Which of these two samples is more diverse?  

B. Spatial scales of diversity

-alpha diversity = local diversity, within-habitat diversity

-beta diversity = rate of turnover of species in space, between-habitat diversity

-gamma diversity = total diversity of a large area, regional diversity, includes alpha and beta components

C. Diversity of higher taxa.

The highest taxonomic division within the animal kingdom is the Phylum (see Sverdrup et al. p. 369): Phyla are the major divisions of life and, of the 29 animal Phyla, all are known to have lived in the ocean.  About half of these (15) live exclusively in the ocean.  Only Chordata and the Arthropoda are much more successful on land than in the ocean.  Why might this be so?
D.  How is species diversity maintained?
 

There is seldom one cause.  Features of the environment that result in high species diversity are:

1. Diversity of food or habitat resources increases the number of species that can coexist.

2. Intermediate disturbance.  Environmental changes that result in mortality can increase species diversity by preventing any one species from monopolizing all the space.  

Following a disturbance, the size of the disturbed area, distance from source populations, and differences in dispersal ability among species result in patchy distributions.  In highly diverse communities, only a small subset of potential competitors or predators are likely to co-occur in any single patch.  Widespread frequent disturbance leads to a reduction of species diversity.  No disturbance leads to competitive exclusion of all but a very few species.  

3. Predation. Predators near the top of the food chain can also increase diversity by preventing one species from monopolizing most of the space and preventing settlement of other species.  If the disturbance is too frequent, survival to maturity is severely affected and the number of species that can be maintained is reduced.  

4. Large Area: Large areas are likely to contain greater diversity of food or habitat resources and thus, more species.

E.  What sorts of natural changes reduce species diversity?

1. Frequent catastrophic events, especially events that homogenize habitat

2. A homogenous, readily-available source of one kind of food

E.  Geographic patterns (with a few exceptions like penguins, or algae on rocky shores) 

1. latitudinal gradient--more species with decreasing latitude, e.g. species diversity increases from the poles to the equator 

2. depth--more species at deeper depths 

3. anthropogenic effects, pollution--fewer species in polluted and highly disturbed environments

F. Poorly known groups of marine organisms:

Algae

Bacteria 

Archaea

Fungi

Protozoa

Viruses

III. Habitat Diversity.  

>Habitat diversity= refers to the overlapping boundaries of assemblages of species responding to a characteristic environment.  If the environmental features controlling patterns of distribution of species are well known, habitat diversity can be defined by measurements of the physical environment.  Since this level of diversity has relatively clear spatial boundaries it is the level at which ecosystems are managed.  It is sometimes called ecosystem diversity since this is the level at which major functional properties of ecological systems, such as primary productivity, trophic relationships, and the cycling of nutrients are studied.  Although it is sometimes possible to identify species that are especially important in primary productivity or transfer of nutrients, the relationship between species diversity and ecosystem function is not well known and is an area of very active research.  Changes in important functional groups of organisms can often be related to major changes in ecosystems and at least local reductions in species diversity.  

Examples include:

1. The interaction of otters, sea urchins, and kelp in kelp beds off California

2.  Fish, sea urchins, corals, and algae on coral reefs in the Caribbean.  The latter example will be discussed in next Tuesday=s lecture on coral reefs.

IV.  Biodiversity and conservation:

To many conservation biologists the maintenance of biodiversity and conservation are synonymous.  For example, the book edited by Norse with the subtitle "A Strategy for Building Conservation into Decision Making" has the title, "Global Marine Biological Diversity"; a general conservation text by Noss and Cooperrider (1994) is called "Saving Nature's Legacy, Protecting and Restoring Biodiversity".  What is the basis for this linkage?  In setting priorities for marine conservation there are two classes of criteria:  

1. Human values: moral considerations, aesthetic considerations, and biophylia, 

2. Economic values: useful compounds, useful genes (biotechnology), fishing, boating, swimming, and ecotourism.  

Do measures of biodiversity encompass these values?  

Threats to biodiversity:

1. Loss of habitats, especially marshes, sea grass beds, mangroves, and coral reefs.

2. Overfishing and its effects on ecosystem characteristics.

3. Continued increases in pollutants, especially in marine sediments. 

4.  Excess nutrients leading to harmful algal blooms and/or low oxygen environments.

5.  Spread of non-native species 

6.  Increase in disease.

V. Census of Marine Life

This is an international program to determine what life did live in the ocean, does live in the ocean, and will live in the ocean.
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