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Scaling up demography – How climate and species interactions shape the population 
dynamics and management of the invasive herb Plantago lanceolata 

 

1. Conceptual background 
Understanding population processes is critical to predicting the distribution and abundance 

of organisms in space and time. Recent increases in anthropogenic impacts on natural systems – 
encompassing global climate change, disturbance, and the introduction of exotic species – have 
altered population processes in many species, pushing some to extinction while facilitating 
explosive growth in others. Key to understanding population- and species-level changes is their 
dependence on the aggregation of individual responses; put another way, our ability to predict 
future changes rests on our understanding of the processes that alter individual performance and 
how these individual responses scale up to higher levels of biological organization. 

Although tools to predict population growth rate (λ) from measurements of individual-level 
population processes have developed considerably since the 18th century (1), we understand little 
about how spatial or temporal variation in population processes affect population dynamics. 
Individual performance – and by extension population dynamics – depends heavily on 
environmental conditions that vary over both space and time, especially in sessile organisms, as 
they do not have the ability to migrate to more benign regions. Such variation is the rule rather 
than the exception in natural settings, and can manifest in complex ways when abiotic and biotic 
drivers of performance interact (2). Most studies of population dynamics fail to capture the full 
range of conditions an organism experiences; population studies in a database encompassing 932 
plant species (COMPADRE 3.0) are typically short in duration (median=4.5, >90% are less than 
12 years) and are poorly replicated in space (median=3.5, max=15 populations). Failure to 
sample demographic processes across the range of abiotic and biotic environments a species 
experiences not only hinders our ability to predict biological responses to ongoing anthropogenic 
change, but also confounds the widespread use of population models for conserving rare species 
(3) and managing invasives (4). 

Adequate spatial and temporal replication is a colossal task for a single researcher to attempt, 
especially for wide-ranging invasive species. A growing movement in ecology resolves this 
barrier by establishing a network of globally-distributed collaborators, each contributing funding 
and data to meet the larger project objectives (see the International Tundra Experiment (5) and 
Nutrient Network (6) as examples). The distributed design also encourages both collaboration 
between junior and senior scientsts and participant-developed add-on projects that leverage the 
existing design and collaborative network to answer other important ecological questions. 
PlantPopNet (http://plantpopnet.wordpress.com) is a budding globally-distributed experiment 
that seeks to bridge gaps in our understanding of how climatic variation alters species traits and 
population dynamics using a widespread invasive plant as a model system. This proposal seeks 
to answer two questions: 

1) How does spatially variable climate affect individual performance and population 
dynamics? 

2) Do interactions with symbiotic species modulate the impacts of climate? 
 

2. Study system 
Plantago lanceolata (Plantaginaceae) is a short-lived perennial herb native to northern 

Europe that now occurs in 76 countries across every continent (7). Within California, Plantago 
has invaded 49 of 58 counties (8) and 13 of 39 UC Reserves (9). The worldwide invasion of 
Plantago places it as a model system for understanding invasion and naturalization processes. 
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Stymied efforts to control its spread are likely in part due to its rapid maturation, prodigious seed 
production and dispersal, and resilience to disturbance (10). 

Plantago grows across a large range of climate regimes, making it an ideal candidate 
species to address questions involving spatial heterogeneity. Within California, it grows over a 
4.6-fold gradient in mean annual temperature and a 36.4-fold gradient in mean annual 
precipitation (Fig. 1). This wide range of climate regimes provides an unparalleled opportunity to 
test the hypothesis that spatial variation in climate alters population processes and dynamics, and 
to understand which processes may be the best regional targets for invasive management. 

Plantago frequently interacts with root-associated arbuscular mycorrhizal fungi (AMF), a 
pervasive symbiosis common to >80% of all plant species and many important invasives (11). 
AMF symbionts generally improve host plant performance in stressful environments by 
provisioning nutrients and water in exchange for carbon from the host; however, the benefits of 
the interaction for host plants may not outweigh costs in response to other stressors or in benign 
environments (11). Specifically for Plantago, plants hosting AMF grow better in poor soil and 
have higher concentrations of anti-herbivore compounds (12), but carbon allocation to AMF 
slows plant regrowth after grazing (13). As such, the effect of species interactions on individual 
performance and population dynamics may be contingent on environmental context.  
 

3. Proposed methodology 
The methodology outlined 

here will allow for data collection 
at 9 Plantago populations across 
their invasive range in California 
and provides an avenue for my 
collaboration with the global 
PlantPopNet network. I will add 
to this project an experimental 
design – replicable anywhere – 
that contrasts abiotic and biotic 
environmental drivers of Plantago 
population dynamics. I will use a 
coordinated set of UC-NRS 
Reserves (see letters of support) 
and nearby (<50km) public lands 
to advance these scientific and 
professional goals. 
 

3.1 Demographic modeling (core 
PlantPopNet objective) 

At each study population, I 
will mark 100 individual Plantago 
plants using small tags along a ca. 10 m long, 1 m wide transect. Where plant density is low, I 
will extend or replicate this transect design. I will mark transect ends using wood stakes and 
georeference them for precise relocation. I will measure annual rates of growth, survival, 
reproductive effort, and recruitment on these individuals and build integral projection models 
(IPMs) parameterized with the field data (14). I will use Life Table Response Experiment 
(LTRE) analyses – analogous to ANOVA – to understand how differences in plant performance 

Fig. 1 (L) “Climate space” occupied by Plantago lanceolata in 
California expressed in mean annual temperature (°C) and precipitation 
(mm). Proposed study populations are shown in blue by treatment (see 
text for details; brackets indicate sites not requiring use of a Reserve). 
Plantago collection records (dark gray points) span more than 50% of 
the climate space of California (light gray polygon). Data sources: 
Climate – PRISM Climate Group; Plantago collections – Consortium 
of California Herbaria. (R) Proposed sites are shown in geographic 
space with numbers corresponding to L figure. 
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among populations scale up to drive differences in population dynamics and link these to 
climatic differences among sites derived from nearby weather stations (15). 
 

3.2 Experimental manipulation of species interactions (novel add-on) 
Interactions with other species – in addition to the abiotic environment – can have profound 

impacts on individual performance, and by extension, population dynamics. I will explore the 
consequences of the close association of Plantago with symbiotic AMF contrasted against 
climatic variation by experimentally manipulating AMF colonization at a subset of study sites 
(Fig. 1). This component represents a novel contribution to the broader PlantPopNet 
collaboration that will be offered to project participants as a means to extend the inference of my 
research beyond California. At this early stage, one participant has already agreed to replicate 
this protocol at several populations near Brisbane, Australia (R. Salguero-Gómez, pers. comm.). 

I will reduce AMF colonization by applying slow-release beads containing the fungicide 
iprodione at 2 g·m-2 to plants in a replicate transect every 60 days during the Plantago growing 
season (at most late March-early August; 10 m x 1 m transect treated = 20 g·application-1). This 
dose and application frequency effectively reduces AMF colonization (12). Moreover, iprodione 
has been shown to have low soil mobility and groundwater penetration (16), low toxicity to other 
organisms (17), and a short half-life in soil (14-30 days; 18). Given its low impact, iprodione is 
registered in California for a wide variety of anti-fungal applications in landscape-scale 
commercial settings as well as residential use. 

I will measure AMF colonization on both treated and control plants to ensure treatment 
efficacy. Finally, I will assess the demographic impact of interactions with AMF by building 
population models for fungicide-treated plants and comparing them to controls using the same 
methods used to build and compare population models across study sites. 
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