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What is biodiversity?

• “The diversity of life on earth, consisting of 
genetic diversity, species diversity and 
ecosystem diversity” (Nelson education)

• Several, similar definitions exist
• Most definitions take account of both within-

species (genetic) variation and among-
species variation

• The latter is probably what most people 
would think of when they hear or use the term 
biodiversity

Presenter
Presentation Notes
Searching the net for a definition of biodiversity I came across this one: Siter. Although most people think of species richness when they hear the term biodiversity, I think it is important to include within-species variation as is done here.



Can it be measured, if so - how?

• Species diversity or “richness”: 
– count the number of species within a 

geographic area
• Several diversity indices etc statistics exist

• Genetic diversity: 
– map the genome of the various species in 

an ecosystem or
– Observe how changes in genotypes 

translates into changes in phenotypes

Presenter
Presentation Notes
To be used for anything the concept of biodivesity must be measurable and possible to translate into metrics that can be assessed and compared in time and space. There are a lot of metrics describing species diversity
Genetic diversity is more tricky. With novel methods the gene itself can be mapped, more feasible is perhaps to observe phenotypic changes and infer genotypic changes from those. I will return to the question in a few minutes. 



Not a constant characteristic

• Biodiversity changes
– Over time

• Long-term changes (no dinosaurs nowadays)
• Short-term fluctuations

– Between areas

– Driven by environmental factors
– Driven by anthropogenic factors

• Not a constant property of an ecosystem

Presenter
Presentation Notes
I think it is a misconception that biodiversity is or should be constant. Fossils show that life on earth has changed to a certain degree – there are few dinosaurs around. Phenomenons like glacial periods have lead to local species extinction and recolonization of areas, and some of the changes observed in areas like the Barents Sea today could be linked to the last ice age 10 000 years ago. Even small changes in sea temperature on centenary or decadal scale might cause temporal changes in species distributions.
The drivers for such changes are mostly of natural origin but anthropogenic  influence like for instance habitat destruction might be important in some cases.
In any case: The biodiversity is not a constant property of any ecosystem



Difficult to monitor

• Biodiversity changes are difficult to 
measure and to oversee
– Because the present biodiversity is only 

partly known, and the past biodiversity is 
hardly known at all

– This is true for species diversity but even 
more true for genetic diversity within 
species

Presenter
Presentation Notes
Given the sampling problem in marine ecosystems, any estimates of species richness are underestimates. Rare species might or might not end up in our sampling gears. The more we sample the more species will be collected, but a constant species diversity index might well indicate a real decrease in biodiversity. Changes in genetic diversity are even more difficult to document



Reversible - irreversible

• Biodiversity changes on a global scale 
are irreversible, since this implies 
species extinction (on the species level) 
or loss of genetic information (on the 
genetic level)

• Biodiversity changes on a local scale or 
ecosystem scale are reversible

Presenter
Presentation Notes
We should distinguish between global and local species extinction, since the latter does not imply permanent loss of a species. Although it might imply permanent loss of genetic information.



Indicator of health

• Biodiversity is used as a an indicator of 
ecosystem health: when the biodiversity 
is high the ecosystem is healthy, if it is 
low the ecosystem is unhealthy
– But the usefulness of this practice may be 

challenged
– Perhaps a changing biodiversity is an 

inherent quality of all natural ecosystems, 
and not necessarily a sign of degradation 
or recovery?

Presenter
Presentation Notes
Various biodiversity indices are commonly used as indicators of ecosystem health. In my view, this is not necessarily good practice when comparisons are made across widely different ecosystems. It might be true that more complicated and diverse ecosystems are less vulnerable to environmental changes or human exploitation than less diverse systems. But a “simple” ecosystem like for instance the Barents Sea may be in perfect shape and produce millions of tons of valuable fish food for the society on a sustaibable manner.



Biodiversity of fish

• Numerous papers in high-profile 
scientific journals in recent years claim 
that the biodiversity of harvested fish 
populations are degraded over the 
years, and that the harvesting is the 
main reason for these changes

Presenter
Presentation Notes
Read from slide



Effects of harvesting

• Harvesting from an ecosystem 
inevitably changes the ecosystem in 
various ways

• This is true whether the harvesting is 
done in a sustainable manner or not

Presenter
Presentation Notes
Harvesting induce changes, that is for sure. Even when harvesting is made in a sustainable way



Effects of harvesting

• The fish stock being harvested will 
undergo changes
– The stock size will be reduced
– Mean size and mean age will be reduced
– The natural mortality will be reduced
– Individual growth will increase
– The production will increase

Presenter
Presentation Notes
Read from slide



Effects of harvesting

• The ecosystem the stock is a part of will 
also undergo changes
– Prey species might get lower natural mortality
– Predator species might get less food
– Stocks at the same trophic level might get less 

competition
– The fishing operation might affect bottom 

habitat and un-commercial bycatch species
– The structure and functioning of the 

ecosystem might be changed

Presenter
Presentation Notes
Read from slide



Fish extinction

• Despite the 1,550,000 hits on a google-
search with the keywords “marine fish” 
and “extinction” there are few examples 
of extinction of marine fish

• Dulvey et al 2003, list 53 species of 
marine fish as extinct, but only 3 of 
those are extinct on a global scale:
– The green wrasse (Mauritius)
– The Galapagos damsel
– The New Zealand greyling

Presenter
Presentation Notes
I made an internet search with marine fish and extinction as search criteria and got almost 1.6 mill hits. But in fact, there are very few examples of real extinction in marine fish. In a very informative paper from 2003 Dulvey and collaborators lists three globally extinct species: the Mauritius green wrasse, the Galapagos damsel and the Newzealand greyling. 



Extinct marine fishes

• For the local extinct species, Dulvey et 
al. 2003 claim that about 55% were due 
to exploitation, and 37% to habitat 
loss/degradation. 

• Other causes included invasive species, 
climate change, pollution, and disease 

Presenter
Presentation Notes
Read from slide



Extinct species in the Arctic?

• The Norwegian Biodiversity Information 
Centre NBIC in 2006 published a red list 
of endangered species, based on IUCN-
criteria. Of marine fish:
– 0 species were regionally extinct (re)
– 2 were critically endangered (cr)
– 0 were endangered (en)
– 5 were vulnerable (vu)
– 6 were near threatened (nt)
– 21 were “data deficient species” (dd)

Presenter
Presentation Notes
Turning to our own area, the Norwegian Biodiversity Information Centre or ”Artsdatabanken” in 2006 published a red list of endangered species, including marine fish. Their assessments were based on the IUCN criteria, which use in the assessment of marine fish has recently been challenged by ICES. Anyway, they found that (read from slide)
The two critically endangered species were the eel and the spiny dogfish, which are not living in arctic areas



Red-list species in the Barents

• Two of the vulnerable species are found 
in the Barents and Norwegian Seas, the 
deep-sea or golden redfish (Sebastes 
marinus) and the beaked redfish 
(Sebastes mentella)

• Both species has been commercially 
exploited for a long period, and 
overexploitation was probably a major 
reason for the stock decline

Presenter
Presentation Notes
Read from slide



Presenter
Presentation Notes

Here we see the catch histories for the golden redfish in the Norwegian Sea/Barents Sea area from 1908 till 2008, and we see that the landings have fluctuated much during these 100 years of exploitation, but declined since World War II. And here we see the catch history for the beaked redfish. Also in this case the catches dwindled in the 1980s. In both cases the stocks declined to low levels and the catches has been low due to severe regulations. These are both slow growing deep water species with long generation time and low reproduction rate. They are more vulnerable to harvesting than most other species. The fishery is strongly regulated. They will need maximum protection in the near future to be able to rebuild to historic high levels.



Within-species diversity

• Harvesting affects the species
– Age/length at maturity

• Selection pressure towards early maturation
– Behavior

• Selection pressure to avoid gears used
– Size

• Large individuals removed
– Growth

• Less competition – higher growth

Presenter
Presentation Notes
Turning now to the within-species diversity, which is affected by harvesting. Since the fishery is normally targeting large individuals, there is a selection pressure towards early maturation. When large individuals are removed, the remaining will at average be smaller, although they will grow faster. But also behavior may be affected: If the fishery goes on for many decades with the same fishing gear, for instance trawl, those individuals with a behavior implying escapement from that gear will become more dominant in the stock.



Within-species diversity

– Controversy: phenotypic plasticity vs 
irreversible genetic change (so called 
evolution)

• Some claim that the observed changes are 
genetic and irreversible

• Others that they are genetic but reversible
• And some claim that the rate of genetic change 

is so slow that it is in either case negligible 
compared to phenotypic plasticity

Presenter
Presentation Notes
The within-species diversity might come from phenotypic plasticity or from genetic change, and these are difficult to discern among. There are at present at least two schools of thought about what are the major mechanisms. Read sub-bullet-points.



Within-species diversity

• Whatever the reason for the observed 
changes, are they harmful to the stock 
and should be avoided?
– Positive effects

• Increased individual growth and production
– Negative effects

• Parental effects on offspring survival: young, 
small parents – low survival of eggs and larvae

• Changes in trophic structure
• Lower utilization of original food base

Presenter
Presentation Notes
And we may ask: are the changes harmful to the stock in any way? There is no doubt the changes will lead to higher individual growth and therefore to higher production but, the reproduction could be affected negatively, since a broad range of spawner sizes, including large females, are preferable to larval survival. There could also be unfavorable changes at the ecosystem level.



Summing up

• Both inter- and intra-specific biodiversity
• Varies in the wild, but may be amplified 

by anthropogenic effects
• No examples of extinction of 

commercially exploited fish species in 
the Arctic, but some are vulnerable and 
need protection

• All exploited species undergo changes 
that involves loss of intraspecific 
variation

Presenter
Presentation Notes
Summing up:
Both inter- and intra-specific biodiversity should be considered when studying commercial fish species
Biodiversity is not constant over time in any ecosystem, but anthropogenic effects may amplify natural changes or induce other changes
There are no examples of commercially exploited fish species in the Arctic that has become extinct, but some species with low growth and reproduction rates are vulnerable and need protection
At the intra-specific level, exploitation will inevitably induce changes to any species, which involves loss of phenotypic or genotypic variation. These changes may be both negative and positive from a human standpoint, but should be further studied.



Thank you for your attention
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