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OutlineOutline

•• Food websFood webs

•• Our Everglades food webOur Everglades food web

•• Observed effects of P on the food webObserved effects of P on the food web

•• Impact of methodology on interpreting Impact of methodology on interpreting 
food web datafood web data

•• Conclusions & future directionsConclusions & future directions



Food WebsFood Webs……

•• Combined effects of Combined effects of 
predation (predation (toptop--downdown) and ) and 
resource availability resource availability 
((bottombottom--upup) control:) control:

–– Distribution of biomass Distribution of biomass 
among trophic levelsamong trophic levels

Resource Resource 
availabilityavailability

PredationPredation



Food WebsFood Webs……

Chase & Ryberg (2004)

•• Combined effects of Combined effects of 
predation (toppredation (top--down) and down) and 
resource availability resource availability 
(bottom(bottom--up) control:up) control:

–– Distribution of biomass Distribution of biomass 
among trophic levelsamong trophic levels

–– Community structureCommunity structure
•• species richnessspecies richness
•• species diversityspecies diversity



Food WebsFood Webs……

•• Food qualityFood quality
–– EdibilityEdibility

–– GrazersGrazers

•• OmnivoryOmnivory

•• Habitat complexityHabitat complexity
–– Spatial pattern & scale of habitatSpatial pattern & scale of habitat

–– Connectivity, patches, refugesConnectivity, patches, refuges

–– Interactions with other variables Interactions with other variables 
(e.g. hydrology)(e.g. hydrology)

Additional factors:
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Morin (1999)

Indirect effect





Everglades Food WebEverglades Food Web
•• Unique distribution of biomassUnique distribution of biomass

–– High algal biomass + Low High algal biomass + Low 
consumer biomassconsumer biomass

Everglades
(Turner et al. 1999)

Fish

Kalf (2002)



Everglades Food WebEverglades Food Web
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•• Unique distribution of biomassUnique distribution of biomass

–– High algal biomass + Low High algal biomass + Low 
consumer biomassconsumer biomass

–– Extremely low biomass of Extremely low biomass of 
grazers relative to other grazers relative to other 
systemssystems

Cliff Ruehl, personal communication



Everglades Food WebEverglades Food Web
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Everglades Food WebEverglades Food Web

•• Physiological Limitations (Direct)Physiological Limitations (Direct)
–– maintain osmotic balance, construct shells, maintain osmotic balance, construct shells, 

skeletons, etc.skeletons, etc.
–– matmat--forming forming periphytonperiphyton

•• Cascading Trophic Effects (Indirect)Cascading Trophic Effects (Indirect)
–– CaCOCaCO33 in in periphytonperiphyton mats affects mats affects 

consumersconsumers
•• algae edibility, palatabilityalgae edibility, palatability
•• critical for detritus productioncritical for detritus production
•• important consumer habitatimportant consumer habitat

•• CaCOCaCO33 is responsible for this low is responsible for this low 
nutrient, Pnutrient, P--limited systemlimited system

ROLE OF CALCIUM CARBONATEROLE OF CALCIUM CARBONATE





Effects of P on food websEffects of P on food webs

•• Data suggest more herbivoresData suggest more herbivores

MACROINVERTEBRATESMACROINVERTEBRATES

(McCormick et al. 2004)

•• Shift in community structure with P enrichmentShift in community structure with P enrichment
–– Apparent at low levels of enrichmentApparent at low levels of enrichment
–– More More oligochaetesoligochaetes, more predators, more predators
–– Indicator species (esp. Indicator species (esp. ChironomidaeChironomidae))

FISHFISH

Effects on Community Structure:



Effects of P on food websEffects of P on food webs

•• Generally, INCREASE in Generally, INCREASE in 
fish (large & small) density fish (large & small) density 
and biomass with and biomass with 
enrichmentenrichment

(Turner et al. 1999) (Liston 2006)

(Rehage & Trexler 2006)

FISHFISH



Effects of P on food websEffects of P on food webs

•• Generally, INCREASE in Generally, INCREASE in 
fish (large & small) density fish (large & small) density 
and biomass with and biomass with 
enrichmentenrichment

•• May decrease at high P May decrease at high P 
levels (subsidylevels (subsidy--stress)stress)

FISHFISH

r2=0.49, F2,11=5.35, p=0.024
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Effects of P on food websEffects of P on food webs

•• MacroinvertebrateMacroinvertebrate density density 
& biomass responses to P & biomass responses to P 
enrichment are complexenrichment are complex……

MACROINVERTEBRATESMACROINVERTEBRATES Kendall et al. (2000) http://sofia.usgs.gov/publications/posters/lessons-everg



Effects of P on food websEffects of P on food webs

•• MacroinvertebrateMacroinvertebrate density density 
& biomass responses to P & biomass responses to P 
enrichment are complexenrichment are complex……

•• Driving factorsDriving factors
–– Higher Higher trophictrophic levels levels 

(cascade)(cascade)

MACROINVERTEBRATESMACROINVERTEBRATES

(Turner et al. 1999)



Effects of P on food websEffects of P on food webs

•• MacroinvertebrateMacroinvertebrate density density 
& biomass responses to P & biomass responses to P 
enrichment are complexenrichment are complex……

•• Driving factorsDriving factors
–– Higher Higher trophictrophic levels levels 

(cascade)(cascade)
–– Habitat structureHabitat structure

MACROINVERTEBRATESMACROINVERTEBRATES

(Turner et al. 1999)



Effects of P on food websEffects of P on food webs

•• MacroinvertebrateMacroinvertebrate density density 
& biomass responses to P & biomass responses to P 
enrichment are complexenrichment are complex……

•• Driving factorsDriving factors
–– Higher Higher trophictrophic levels levels 

(cascade)(cascade)
–– Habitat structureHabitat structure
–– HydroperiodHydroperiod

MACROINVERTEBRATESMACROINVERTEBRATES

( Liston 2006)



Effects of P on food websEffects of P on food webs

•• MacroinvertebrateMacroinvertebrate density density 
& biomass responses to P & biomass responses to P 
enrichment are complexenrichment are complex……

•• Driving factorsDriving factors
–– Higher Higher trophictrophic levels levels 

(cascade)(cascade)
–– Habitat structureHabitat structure
–– HydroperiodHydroperiod
–– Sample method vs. Sample method vs. 

microhabitat variationmicrohabitat variation

MACROINVERTEBRATESMACROINVERTEBRATES

McCormick et al. 2004



Effects of P on food websEffects of P on food webs

•• MacroinvertebrateMacroinvertebrate density density 
& biomass responses to P & biomass responses to P 
enrichment are complexenrichment are complex……

•• Driving factorsDriving factors
–– Higher Higher trophictrophic levels levels 

(cascade)(cascade)
–– Habitat structureHabitat structure
–– HydroperiodHydroperiod
–– Sample method vs. Sample method vs. 

microhabitat variationmicrohabitat variation

MACROINVERTEBRATESMACROINVERTEBRATES
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Effects of P on food websEffects of P on food webs

•• MacroinvertebrateMacroinvertebrate density density 
& biomass responses to P & biomass responses to P 
enrichment are complexenrichment are complex……

•• Driving factorsDriving factors
–– Higher Higher trophictrophic levels levels 

(cascade)(cascade)
–– Habitat structureHabitat structure
–– HydroperiodHydroperiod
–– Sample method vs. Sample method vs. 

microhabitat variationmicrohabitat variation
–– P rangeP range

MACROINVERTEBRATESMACROINVERTEBRATES
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r2=0.50, F2,11=5.57, p=0.021



Wading Bird Response to PWading Bird Response to P
• Greater overall abundance of wading birds at moderately 

enriched sites (WHIB, GREG, WOST, GBH)

• Preference for foraging in more openly-vegetated slough-like 
habitats (most typical of unenriched locations)

• Annual hydrologic conditions may greatly affect foraging 
locations:

- Wet years may increase foraging by wading birds in enriched areas

- Dry years may increase foraging by wading birds in unenriched areas



Eutrophic Conditions

Increased prey abundance

Increased habitat structure
reduces prey availability

Oligotrophic Conditions

Limited prey abundance

Less habitat structure
increases prey availability

Wading Bird Response to PWading Bird Response to P



SCALE



Assessing these effects is trickyAssessing these effects is tricky……

•• SPATIAL SCALESPATIAL SCALE
–– PatchinessPatchiness
–– LandscapeLandscape--level vs. level vs. mesocosmsmesocosms
–– Open vs. closed systems (oasis of enrichment)Open vs. closed systems (oasis of enrichment)

•• TEMPORAL SCALETEMPORAL SCALE
–– ShortShort--term vs. longterm vs. long--term dynamicsterm dynamics
–– Are we studying a system that is at equilibrium?Are we studying a system that is at equilibrium?
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ConclusionsConclusions
•• Everglades aquatic consumers are PEverglades aquatic consumers are P--limited and this limited and this 

limitation relaxes with P enrichmentlimitation relaxes with P enrichment

•• The Everglades food web is typical of The Everglades food web is typical of karstickarstic tropical tropical 
ecosystems; P enrichment alters the unique distribution of ecosystems; P enrichment alters the unique distribution of 
biomass characteristic of these systemsbiomass characteristic of these systems

•• Increased P influences Everglades aquatic consumer Increased P influences Everglades aquatic consumer 
communities through a combination of direct and indirect communities through a combination of direct and indirect 
factorsfactors
–– Disappearance of Disappearance of periphytonperiphyton mats results in habitat loss for many mats results in habitat loss for many 

macroinvertebratesmacroinvertebrates; prior to mat collapse, change in relative ; prior to mat collapse, change in relative 
abundance of algae in mats may make edible algae more available abundance of algae in mats may make edible algae more available 
to grazersto grazers

–– Increased Increased macrophytemacrophyte density with enrichment provides increased density with enrichment provides increased 
habitat for aquatic consumers (increased density of fish), but mhabitat for aquatic consumers (increased density of fish), but makes akes 
prey less available to wading birds prey less available to wading birds 



ConclusionsConclusions
•• Scale (spatial & temporal) is a critical consideration when Scale (spatial & temporal) is a critical consideration when 

designing experiments and interpreting data on food web designing experiments and interpreting data on food web 
effects of P enrichmenteffects of P enrichment

•• Future research is needed to understand the interaction of Future research is needed to understand the interaction of 
hydroperiodhydroperiod and P enrichment on Everglades food websand P enrichment on Everglades food webs
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