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Food Webs	




Relatively few species ���
 (discounting the controversy over the number of microbes)	


Yet:	

1)  High diversity in terms of trophic 

mode, e.g., herbivory, carnivory, 
mixotrophy, omnivory 	


2)  Trophic level changes with 
developmental phase (egg to 
adult) within a species	


3)  Prey selection based on size, but 
not necessarily at a ratio of 1:10, 
especially for raptorial/direct 
interception consumers	


4)  Behaviors lead to niche 
partitioning, even though 
environment relatively uniform, 
e.g., diel vertical migration	


Given this background, how 
would we expect food webs 

to look?	




Integrating Classical and Microbial Loop 
Food Webs	


modified from Lalli & Parsons 1997	


carnivores/omnivores	
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Comparison of food web structures	

oligotrophic	


eutrophic	


Lalli & Parsons 1997	




NW Atlantic Food Web	


Phytoplankton (1)	


Copepods (2 - 4*)	


Ctenophores/ 
Chaetognaths (3 - 5)	


Small fish (4 - 6)	


Squid (5 - 8)	


Whales/porpoises/	

birds (6 - 9)	


Humans (7 - 10)	


Bigger fish (4 - 7)	


Link, 2002	




Historical Observations of Seasonal Cycles	


•  Using net tows, catch diatoms, large 
dinoflagellates and zooplankton	


•  From these catches, infer food web relations 
and seasonal cycles	


•  Did use in situ chlorophyll measurements 
around the world’s seas to generate maps	


(note: didn’t have large scale, synoptic maps 
such as we have today with satellites)	




Spring blooms	


This is the general view of three of the ocean ecosystems on the planet...	


biomass, not production	




North Atlantic Bloom	

1)  Phytoplankton low through the winter: 	


light limited, nutrients sufficient	

deep winter mixing	


2)  Spring Bloom	

	
reduced winds, stratification near surface	

	
increased light, nutrients sufficient 	


3)  Summer:  Low phyto biomass	

	
 grazers consume the	

	
 	
phytoplankton 	

	
 nutrients depleted and not	

	
 	
renewed 	




End of North Atlantic Bloom	

4)    Fall: Second bloom	

         Fewer grazers: non-feeding stage	

         Intermittent storms	

         Inject nutrients, but still stratified	

         Light sufficient	

5)  Early winter:	

       Storm mixing	

       Re-supply of nutrients to surface	

       Set for next Spring Bloom	


In places where phytoplankton cycles are strongly different (most of the rest of the 
world’s oceans!), they are usually discussed in contrast to the spring bloom cycle. 	




An ecosystem change?���
Jellyfish in the North Atlantic	


Hot topic -- Hydrobiologia special issue in 2009 	

Usual top predator: Cod or other fish species	

Observation:	


Jellyfish increasing 
in frequency in 
North Sea	


Data from 
Continuous 
Plankton Recorder	

(towed monthly behind 
merchant ships at 6.5 m -- 
records presence/absence 
of nematocysts)	


Attrill et al. 2007	




Bad years for herring = good years for jellyfish?	


Lynam et al. 2005 	


Data set from a 15 year survey 
(1971-1986), with jellyfish as by-catch	
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Why? Natural 
Environmental Variability 

(NAO) and/or effect of 
overfishing	


Jellyfish (medusoid Scyphozoa) eat larval 
herring and also compete with them for 
their zooplankton prey	


Adult finfish and jellyfish also compete for 
prey	


Reduced larval herring stocks, and 
therefore adult herring, further allow 
jellyfish to outcompete them	


Attrill et al. 2007	




Southern Ocean Phytoplankton Blooms	


high chlorophyll	


low chlorophyll	


Mitchell et al., SIO	


Mean Chl a composite, SeaWIFS, January 1998/1999	
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Antarctic: Southern Ocean���
Krill as a Keystone Species	


Kaiser, Box 11.3	




Antarctic Sea Ice Community	


Kaiser, Fig. 11.8	




Krill Swarms under the Sea Ice 	


Kaiser, Box 11.3	




Krill vs. Salps	

•  Changing Ecosystem -- may 

be due to decline in sea ice 	

–  Since 1926, decline in krill 

populations (38 - 75%) and an 
increase in salps (>66%)	


–  krill need sea ice algae 
nutrition prior to spawning & 
for juvenile stages in winter 
and feed on Spring bloom 
phytoplankton	


–  salps can survive in warmer 
water and at lower 
phytoplankton concentrations 
and do not feed on sea ice	
 Atkinson et al. 2004	




SubTropical Ecosystems	

DSR II 1996 Vol 43	

DSR II 2001 Vol 48	


DSR II 2006 Brix et al.	

Vol 53:698-717	


HOTS Site: 22°45’N, 158°W	

BATS Site: 31°40’N, 64°10’W	


1988 to present	




Ecosystem Structure in Gyres	

Multi-level, start out with small primary 
producers (picoplankton)...	


how many trophic levels?	




HOTS -- Primary 
Production	


summer usually sees the 
highest phytoplankton 
biomass/production	


D. Karl 1999 Ecosystems 2:181-214	




Steinberg et al. 2001 DSR II, 48, 1405-1447	


BATS -- 
Primary 

Production	


Spring bloom 	

(not summer like 

HOTS)	




Data Comparison	




Mesozooplankton Biomass,���
HOT site	


Timing of maximum is the most 
puzzling:	

In the summer, when the water 
column is the most stratified	

(as opposed to the spring, after 
winter mixing)	


Coincides with blooms of N2 
fixers, such as Trichodesmium	






HOT/BATS MesoZP comparison	


Roman et al. 2002, DSR II, 49: 175-192	
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Why the difference?  Don’t know for sure, 
but...	


•  Salps and sarcodines at BATS -- not quantified 
well with net tows (grazers and mixotrophs)	


•  Mesoscale eddies at BATS leading to episodic 
nutrient enrichments -- uncoupling of 1° 
producers and consumers	


www.pbs.org	


L. Madin, WHOI	




On the relationships between primary, net community, and export 
production in subtropical gyres, 2006, Deep-Sea Res. II, 53:698-717, 
Holger Brix, Nicolas Gruber, David M. Karl and Nicholas R. Bates 

•   Export POC/Net Primary Production 	

	
If ratio high, then “export pathway” ecosystem 
	
 	
(larger phytoplankton)	

	
If ratio low, then “regeneration” ecosystem	

	
 	
(microbial loop organisms dominate)	


•   Switch between these states by addition of increased 
	
 	
nutrients	


•   10 year data set at HOTS and BATS: 	

	
BATS: Export pathway in Spring, Regeneration 
	
 	
Pathway in Summer, Fall	

	
HOTS: Regeneration pathway all year round	




Aside: Modern Primary Production 
Measurements vs. Historical	


Subtropical Gyres: 111 - 1039 mg C/m2/d 	


	
 	
(~40 - 380 g C/m2/y)	


	
 	
historical: <100 g C/m2/y	


Note that fisheries oceanographers still use the lower numbers, 
along with lower estimates of trophic levels leading to fish --	


the combined effect of these opposing trends may luckily end up 
with fisheries yields that aren’t too far off...	




Dominant Pathways are determined by 
physical processes	


  Small cells are more efficient in competing for low N (high 
surface area:volume)	


  General size hierarchy of consumers based on energetic 
considerations, i.e., for like organisms, reduced size and 
biomass of prey makes the environment more suitable for 
smaller consumers	


  Energetic reasons why small primary consumers are favored in 
oligotrophic open ocean systems (subtropical gyres):	

  reduced [phyto]	
 	
 	
I declines for given Fmax	

  decreased phyto size 	
    	
Fmax declines for 	

	
 	
 	
 	
 	
consumer of given size	


  increased T°C 	
 	
higher I is required for maintenance 
or to sustain a given level of growth	




Diatoms :  “dynamic” component in the food web	

Diatoms are responsive to high nutrient conditions 

and can escape “control” of grazers. 	


In the absence of “external energy” to stimulate diatom 
blooms, a eutrophic system shifts to oligotrophic system	

- seasonally, e.g., spring to summer in temperate systems	

- spatially, e.g., distance from upwelling source	


Diatoms decrease in relative abundance from:	

– Eutrophic Systems 	
 	
 	
Oligotrophic Systems	

– High Latitude 	
 	
 	
Low Latitude	

– Spring Season 	
 	
 	
Summer Season	

– Upwelling Source 	
 	
 	
Distance from Upwelling	
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Low Energy Stable Systems	


Low nutrients	

(oligotrophic)	


Small Phytoplankton	

(high surface:volume ratio)	


Long food chains	

(small consumers at base)	


Low energy 	
 	
Lack of nutrient re-supply	


Relatively stable	

system (high recycling)	




High Energy Unstable Systems	


High nutrients	

(eutrophic)	


Large Phytoplankton	

(small, too)	


High energy 	

(storm activity, eddy 

action, upwelling, etc.)	


Unstable (dynamic)	

 system	


(High “new” production)	


Short food chain (dynamic)	

(superimposed on stable long food chain)	


Composite Spring Picture	

Mean Chlorophyll (µg/l) at the surface	




K. Selph, OCN 621 Spring 2011	


Summary:���
Why are marine ecosystems so different?	

Why does the North Atlantic bloom so dramatically?	

Why doesn’t the North Pacific?	

Why aren’t there ever blooms in the vast open ocean regions?	


All systems have microbial organisms, as well as the larger	

phytoplankton and consumers, but physical processes force	

the system towards dominance of one ecosystem over another.	


Extraordinarily Simplistic Answer	



