
Figure 1  A non-native haplotype invades wetlands 
with community and ecosystem level effects. Figures 

courtesy of (a) Saltonstall K. 2002. PNAS 99: 2445-2449; (b) 
Howard RJ et al. 2008. Biological Invasions 10:369-379; (c) 
Meyerson LA et al. 2000. Wetlands Ecology and Mgmt 8: 89-103; 
(d) Windham L & Meyerson LA, 2003. Estuaries 26:452-464. 

 

Figure 2  Somatic point mutations have led to 
herbicide resistance in Hydrilla (Hydrilla 
verticillata) causing numerous lakes in Florida to 
experience community and ecosystem-level 
changes.  Figures courtesy of (a) South Carolina Dept of Nat 

Res: www.dnr.sc.gov/invasiveweeds/hydrilla.html; (b, c, d) 
Michel A et al. 2004. Molecular Ecology 13:3229-3237; (e) 
adapted from Richard DI et al. 1983. Hydrobiologia 123:97-
108.  
 

Figure 3  The level of serotiny in lodgepole pine (Pinus 
contorta) stands is influenced by elevation and seed 
predators, and in turn affects forest productivity, 
community composition and dependent species 
evolution. Figures courtesy of (a) Tinker DB & Romme WH 1994. 

Canadian Journal of Forest Research 24:897-903; (b) after Benkman 
CW & Siepielski AM 2004. Ecology 85:2082-87; (c) after Turner MG 
et al. 2003. Frontiers in Ecology and the Environment 1:351-358; (d) 
after Turner MG et al. 1997. Ecological Monographs 67:411-433; (e) 
Smith CC 1970. Ecological Monographs 40:349-371 
  

 Table 1.  Four Community Genetics Postulates to 
establish a causal relationship between genes and 
their community and ecosystem consequences: 
  
1.  A target species must have a significant effect on 
the community and ecosystem. 
2.  The trait in question must be genetically based and 
heritable. 
3.  Different genotypes must have quantifiable 
different effects on the community and ecosystem 
processes. 
4.  When the gene(s) of interest or its expression is 
manipulated, a predictable effect on the community 
and ecosystem must occur. 
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Introduction 
• Genetic differences among individuals within a 

species can lead to differences in associated 
community composition and ecosystem 
processes. 

• A community genetics perspective on interacting 
foundation species, exotics, and pollution can 
broaden our understanding of the unexpected 
consequences of the genetics of foundation 
species and the complex connections in natural 
and exotic systems. 

• Genes-to-Ecosystem Concept: the study of 
genetic interactions between species and the 
abiotic environment within a context of a 
community or ecosystem.1, 2 

• Genes-to-Ecosystem Framework Principles: 
             1. Genotypes have traditional community and 
                       ecosystem phenotypes. 
             2. Community and ecosystem phenotypes can 
                       be heritable. 
             3. Community and ecosystem phenotypes can  
                       result in feedbacks, affecting the fitness 
                       of individual genotypes of the foundation 
                       species.3, 4, 5 

             4. Community and ecosystem phenotypes are 
                       likely to be most important when 
                       expressed in a foundation species. 
• The major goal of our investigation was to explore 

how this concept applies to systems for which this 
approach has not been explicitly applied, yet are 
sufficiently developed to explore broader basic and 
applied issues. 

Community Genetics 
Postulates 
• We developed four postulates that provide a 

framework for developing a casual relationship 
between genes and their ecosystem 
consequences. 

• These postulates are similar to Koch’s Postulates 
for demonstrating a casual relationship between 
a microbe and a disease. 

• We reviewed the literature and selected several 
studies, which illustrate the genes-to-ecosystem 
concept that have received little attention from 
community geneticists.  These  examples were 
then tested against our four postulates. 

Genes, invasions and competition 
• Common reed (Phragmites australis) historically had a sparse, yet 

widespread, distribution  until the  past 150-200 years, when it expanded 
to became a dominant wetland species (Fig.1a) 

• This expansion is largely attributed to an “aggressive” exotic genotype 

(haplotype M), which has a higher growth  (Fig. 1b) and survival rate than 
native haplotypes. 

• Marsh communities dominated by common reed have reduced 
biodiversity (Fig. 1c) and higher aboveground standing stocks of N (Fig. 1d). 

• Fulfills postulates 1 and 3.  Further research must be conducted to 
determine the heritability of the increased growth rate, and confirm that 
this haplotype is responsible for the plant’s increased competitive ability. 

Mutation, resistance, and ecosystem consequence 
• Hydrilla verticillata (Fig. 2a) is an invasive aquatic plant in FL. 
• After years of treatment with fluridone, mutations were discovered at 

codon 301 (Fig. 2b), which can reduce sensitivity to this pesticide (Fig. 2c). 
• Lakes with abundant hydrilla become stratified, and have reduced 

dissolved oxygen, phosphorus, and pH (Fig. 2d). 
• Community diversity is changed as a result (Fig. 2e). 
• Fulfills postulates 1, 2, and 3. The 4th postulate could easily be met by 

propagating the three biotypes and observing them. 

Heritable traits, pine cones and climate 
• Because elevation affects climate and fire regimes, more lodgepole pines  

have serotinous cones (a heritable trait) at low elevations (Fig. 3a).   
• Furthermore, the presence of seed predators (red squirrels) decreases 

serotiny, as they feed on stored seeds (Fig. 3b). 
• Stands with more serotinous cones before a fire have a higher seedling 

density after a fire (Fig. 3c).  These levels also affected post-fire community 
composition (Fig. 3d). 

• More serotiny induces squirrels to evolve heavier/stronger jaws (Fig. 3e). 
• Fulfills postulates 1, 2, and 3.  The 4th could be fulfilled through more 

research the serotiny gene itself and/or common garden experiments with 
both phenotypes. 

Gene expression, fish and pollution 
• Pollutants such as 17β-ethinylestradiol (EE2) can change the expression of 

genes in fish (Fig. 4a), which can affect development and lead to 
feminization of males (Fig. 4b). 

• Altered development of individuals may lead to a reduction in viable eggs 
(Fig. 4c), sperm release (Fig. 4d), and choice of superior mates (Fig. 4e). 

• Lower reproductive success decreases population size (Fig.4f) 
• Decreased population size may contribute to a loss of economically-

valuable fish (Fig. 4g), disrupt community structure through trophic 
interactions (Fig. 4h), and affect nutrient availability to aquatic and 
terrestrial plants (Fig. 4i). 

• Approximately fulfills all postulates. 

Figure 4  Pollution has been shown to affect gene 
expression in fish, inducing population-level 
changes.  Modified figures courtesy of (a) Lange A et al. 

2009. Environmental Science and Technology 43:1219-1225; 
(b) Jobling S et al. 2006. Environmental Health Perspectives 
114:32-39; (c) Nash JP et al. 2004. Environmental Health 
Perspectives 112:1725-33; (d) Saaristo M et al. 2009. 
Hormones and Behavior 55:530-37; (e) Jobling S et al. 2002. 
Biology of Reproduction 66:272-281; (f) Kidd KA et al. 2007. 
Proceedings of the National Academy of Sciences, USA 
104:8897-8901; (g) ICES 2008, ICES Advice, 2008 Book 10; (h) 
Frank KT et al. 2005. Science 308:1621-1623; (i) Naiman RJ et 
al. 2000. Ecosystems 5:3229-37. 

Discussion 
• A focus on foundation species provides a way to study networks in ecosystems without being overwhelmed by their 

complexity, as they are community ‘drivers’ such that the analysis of genetic effects for one or a few species can 
reveal surprisingly strong and predictable impacts on communities and ecosystems.1, 2, 6, 7 

• By adding a single species to an ecological analysis, the outcome of interactions can fundamentally change (referred 
to as a ‘switch’).8  It appears that only with a system-wide approach that crosses scales and incorporates biotic and 
abiotic interactions of foundation species are we likely to understand these complexities and avoid costly economic 
and conservation mistakes that may be impossible to reverse. 

• A genes-to-environment approach may be used to understand and prevent problems concerning human health.  For 
example, because toxicological studies in humans necessarily involve a correlative evidence, this approach may be 
used to better identify underlying causative evidence. 

• Advantages to the Genes-to-Environment approach: 1.) Incorporating a genetic-based model places community, 
ecosystem ecology in an evolutionary framework subject to natural selection; 2.) It is more realistic and less likely to 
result in management errors compared to a single-species approach; 3.) It can reveal important interspecific indirect 
genetic effects, generating meaningful applications for management of biodiversity, restoration of damaged 
environments, and policy implementation associated with pollution and climate change. 
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