
Marine habitat dynamics & Climate: 

an inconvenient truth  
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Niche theory:  Hutchinson, G. E. 1957. Concluding Remarks. Cold Spring Harbor Symposia on 

Quantitative Biology 22:415-442. 
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Niche theory:  Hutchinson, G. E. 1957. Concluding Remarks. Cold Spring Harbor Symposia on 

Quantitative Biology 22:415-442. 
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Niche theory:  Hutchinson, G. E. 1957. Concluding Remarks. Cold Spring Harbor Symposia on 

Quantitative Biology 22:415-442. 
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on Sep, 22 & Oct 21 2001 
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Habitat distribution => niche projected onto environmental variation 

in space & time 

Species distributions reflect birth, death & movement process 

through filter of dynamic habitat distributions  
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Niches are multi-dimensional 

Birth rate ≥ Death rate 

Add refuge: 

   from predation & 

   drag (i.e. energy) 
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Niches are multi-dimensional 

Defined by environmental features affecting birth & death 

In sea most niche/habitat dimensions directly/indirectly related to fluid 

Birth rate ≥ Death rate 

Add refuge: 

   from predation & 

   drag (i.e. energy) 



1) What does habitat mean?  

2) Simulated effects of changes in temperature  

on habitat dynamics & population dynamics  

for a structure oriented site attached fish 



 

Cusk/Tusk 

Brosme brosme 

“Preferred” depths (70-500M) 

highly site attached 

Climate impacts on habitat for cusk 



Bathymetric barriers promoting genetic structure in the
deepwater demersal fish tusk (Brosme brosme)
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Abstract

Population structuring in the North Atlantic deepwater demersal fish tusk (Brosme

brosme) was studied wi th microsatel l i te DNA analyses. Screening eight samples from

across the range of the species for seven loci revealed low but signi f icant genetic

heterogenei ty (FST = 0.0014). Spatial genetic variabi l i ty was only weakly related to

geographical (Eucl idean) distance between study si tes or separation of study si tes along

the path of major ocean currents. Instead, we found a signi f icant effect of habi tat,

indicated by signi f icant di f ferentiation between relatively closely spaced si tes: Rockal l ,

which is surrounded by very deep water (>1000 m), and the M id-Atlantic Ridge, which is

separated from the European slope by a deep ocean basin, were di f ferentiated from

relatively homogeneous si tes across the Nordic Seas. Limi ted adul t migration across

bathymetric barriers in combination wi th l imi ted intersi te exchange of pelagic eggs and

larvae due to si te-speci f ic ci rculatory retention or poor survival during dri f t phases across

deep basins may be reducing gene f low. We regard these l imi tations to gene f low as the

most l ikely mechanisms for the observed population structure in this demersal species.

The resul ts underscore the importance of habi tat boundaries in marine species.

Keywords: bathymetric, brosme brosme, habitat boundaries, population structure
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Introduction

Genetic structure among natural populations reflects

the interplay between multiple evolutionary mecha-

nisms, and gaining insight into the relative signifi-

cance of these different processes is essential to

understand the evolution of biodiversity. Established

physical boundaries or vicariances are the most obvi-

ous mechanisms restricting gene flow, but in marine

ecosystems, cryptic genetic structure evolves in highly

mobile species in the absence of obvious boundaries

(e.g. Hoezel 1994; Jørgensen et al. 2005). This has been

attributed to local habitat dependence (e.g. Natoli

et al. 2005), larval retention (Knutsen et al. 2007a) and

the presence of oceanographical boundaries such as

hydrographical fronts (e.g. Naciri et al. 1999; Perez-

Losada et al. 2002).

Demersal (benthic and benthopelagic) marine fish

species occur at all depths from the shoreline to the

abyss and even in the deepest trenches of the oceans.

Many have immense geographical ranges, but most dis-

play more or less species-specific depth ranges (e.g.

Haedrich & Merrett 1988). This means that the geo-

graphical distribution area of a depth-limited species

may be split up to varying degrees by bathymetric fea-

tures. Over time this mosaic of habitable subareas of

varying quality may facilitate population structuring. In

essence, while a shallow ridge may constitute a barrier

to dispersal for a very deep-living species, deep troughs

or deep ocean basins could have the same restrictive

effect on a shallow-living species. Many species appear
Correspondence: Halvor Knutsen, Fax: +4737059050 ⁄

+4737059001; E-mail: halvor.knutsen@imr.no
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Bathymetric Barriers Promoting Genetic Structure 

 in the Deepwater Demersal Fish Tusk (Brosme Brosme) 

At Atlantic basin scale 

Cusk have spatially subdivided-metapopulation structure 

Portfolio effect & potential subpopulation rescue 
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Simple dynamic habitat model for Cusk: 

Simulate effects of temperature change on habitat distributions 

Complex dynamics & 

habitat velocities: 

 

Changing co-distribution 

of optimal temperatures 

 & rocks 
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So what? Emergent effects of habitat loss & fragmentation on population 

 Lande metapopulation model- portfolio effects + subpopulation rescue 
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               Growth, survival,  

           reproduction, dispersal 

Ecophysiology 
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Seabed 

complexity 

Temporal scale 

+ Environmental variability 
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Temporal scale 

Fluid properties/processes regulate habitat dynamics: motion & rates of evolution 

Ecophysiology 

 

= Habitat dynamics + Environmental variability 

Seabed 

complexity 
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Temporal scale 

Fluid properties regulate habitat dynamics: rates motion & evolution 

 “velocities” of different habitat dimensions produce 

complex nonlinear habitat dynamics & emergent spatial population dynamics 

Ecophysiology 

 

= Habitat dynamics + Environmental variability 

Seabed 

complexity 
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Temporal scale 

Fluid properties regulate habitat dynamics: rates of motion & devolution 

differences “velocities” of habitat dimensions produce 

    nonlinearities & complex spatial habitat & emergent population dynamics 

Marine habitat dynamics strongly coupled to atmospheric forcing & climate 

    because ocean dynamics largely controlled by atmospheric forcing 

Ecophysiology 

 

= Habitat dynamics + Environmental variability 

Seabed 

complexity 



3) Potential climate drivers of habitat dynamics 

in the MAB shelf break ecosystem 
 

2) Simple simulation of possible climate  

impacts on habitat dynamics & population  

dynamics of a highly structure oriented benthic 

fish 

1) What does habitat mean?  

  



Take ecosystem/habitat centric view 

Spawning grounds 

Overwintering 

Nurseries 

Connectivity 

Larvae 

Adults 

MAB shelf break: Overwintering habitat. Longfin squid, Butterfish, Mackerel,  Scup, Bluefish,  

Fluke, Black seabass, Dogfish, Silver Hake, Spotted Hake, Red Hake, White Hake......... 

Swordfish, Tuna’s, Marine mammals, Birds...... Year round residents: John Dory, Tilefish, Lobster 
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Fluke, Black seabass, Dogfish, Silver Hake, Spotted Hake, Red Hake, White Hake......... 

Swordfish, Tuna’s, Marine mammals, Birds...... Year round residents: John Dory, Tilefish, Lobster 



20

25

6

15

10
6

8

543210
2

4

Niches are multi-dimensional 

Birth rate ≥ Death rate 



Large scale forcing:  

Atmospheric & Oceanographic 

Atmosphere: jet stream 

Ocean: regional sea scale flows 

Fine scale forcing:  

frontal passages & winds 

Tides & internal waves 

Many animals share thermal envelope 

with temperature peaks ~ 14C 



Where can I meet my temperature dependent 

metabolic demand without meeting 

somebody else’s? 

Physical 

mixing 

Nutrient 

enrichment 

Productivity 

Concentration 

Feeding & Growth 



Complex physical dynamics around canyons  



Forcing: 

density differences  

shelf & slope water  

 

gulfstream eddies  

& meanders,  

 

passages of atmospheric 

fronts & wind 

internal waves 

Upwelling strongly seasonal 

but within seasons 

Episodic & transient dynamics 

Upwelling 



Chlorophyll 

variability higher than mean 

Episodic &  

Transient dynamics 

related to upwelling dynamics 

 



Complex hydrodynamic processes driving thermal regime,  

upwelling & primary productivity 

Land: Geophysics & 
 microbial activity 

Sea: Hydrodynamics & 
 microbial activity 

Fundamental process 
Nutrient enrichment 



Physical 

mixing 

Nutrient 

enrichment 

Productivity 

Concentration 

Feeding & Growth Predation mortality 

Structure of seabed & water column. 

Spatial & temporal habitat partitioning 

Where can I meet my temperature dependent 

metabolic demand without meeting 

somebody else’s? 



Ocean & Atmosphere 

Physical Drivers 

Shelf break dynamics 

Regional habitat dynamics 

(Thermal habitat & metabolic demand) 

Local habitat processes (upwelling, fronts, etc.)  

Phytoplankton & food web dynamics 

Rates of growth, development, survival 

  

Intrinsic population growth of 

forage species & other species 

 

Coupled human ecological system (including socio-economic drivers) 

Fratantoni and Pickart. (2007)  



The inconvenient truth: 

Vital rates of marine organisms & therefor their habitats are coupled to 

ocean fluid 

 more than organisms & habitats on land are to the atmospheric fluid) 

Sorte et al 2010: 129 marine species  

(plants to birds) show range shifts 

               75% shifts poleward 
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- Population & ecosystem dynamics emerge 

from interactions between species life 

history traits & constraints and habitat 

processes & dynamics  



- Population & ecosystem dynamics emerge 
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-  To forecast future you have to understand 

 mechanistic effects of habitat  process & 

 dynamics on birth & death rates  



- Population & ecosystem dynamics emerge 

from interactions between species life 

history traits & constraints and habitat 

processes & dynamics  

-  To forecast future you have to understand 

 mechanistic effects of habitat  process & 

 dynamics on birth & death rates  

-  Fish live in the water & most important 

 processes underlying habitat dynamics are 

 hydrodynamic & not stationary & forced by 

 atmospheric & planetary forcing 



3) Drivers of habitat dynamics in the MAB  

    shelf break ecosystem 
 

1) What does habitat mean?  

   

2) Simulated effects of changes in temperature  

on habitat & population dynamics for a structure  

oriented site attached fish 

4) With all that complexity can you make  

 something useful 



Model Complexity
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Models & the problem of complexity 

With all this complexity  

can we make something 

you can use? 



Fisherman: Operate at habitat scales  

See climate impacts firsthand first 

Cooperative Research  
Combine fishermen & scientists’ 

knowledge in Operational Ocean 

Observing System :  

 

Develop products capturing 

ecosystem dynamics & key 

driving processes at space-time 

scales of the natural system 



Model to calculate how much habitat stock  

assessment surveys actually sampled dynamically 

Can we actually make a useful product? 

Habitat Suitability Index 

HSI 
Good habitat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Poor habitat 
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1973-1998: % habitat sampled 

= 66%-76% , 1992-2012 = 63%-81%  

Habitat model based estimate of availability (ρ)  

of butterfish to fall NEFSC survey   

Estimates changes in availability (ρ) over time.  

 

Thermal habitat based ρ accounts for shifts in species  

distributions associated with climate impacts  

on ocean temperatures 

Consensus bounds 

Habitat model bounds 



“Comparison of marine & terrestrial 

dynamics has more than theoretical interest. 

..imposition of terrestrial standards for 

marine problems may produce too strict or 

too lax criteria -- or most likely quite 

inappropriate ones”  

Steele JH (1991) Can ecological theory cross the land-sea boundary?  

 Journal of Theoretical Biology 153:425-436 

 

Particularly true with climate change since habitat 

dynamics in sea primarily defined by fluid properties 

& processes with strong atmospheric/climate forcing  


