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Life history 
and reproduction: 

 its all about  
timing and provisioning 



Life history - a response to environmental variation: 
investing in reproduction and provisioning offspring 

How to best allocate resources in 
order to ensure differential 

reproductive success over time 



What kinds of variations exist  in life history patterns? 

•  annuals                              (21 % North America) 
•  biennials                            (2 % North America) 
•  perennials                          (77 % North America) 

•  age to first reproduction 
•  sexual versus asexual reproduction (clones) 
•  seed dimorphism 
•  seed provisioning 
•  frequency of reproduction 

 iteroparous - reproducing more than once 
 semilparous - reproduce once and die - “big bang” 

Life expectancy 

Reproduction 



Eriogonum inflatum (desert trumpet) 
annual, bienniel, and perennial forms 

Verbascum thapsus (mullein) 
bienniel 

Biennial plants occur on disturbed sites 

Found in all USA states 



Verbascum thapsus (mullein) 
bienniel 
 
not all individuals survive from year 1 to year 2 

Found in all USA states 

Verbascum at end of year 1 
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Variations in the life expectancy occur based on the probability  
that an adult survives from one year to the next 

With increasing environmental harshness, the abundance of annuals increases 

environmental predictability 

% of the species 
that are annuals 

•  deserts 
•  grazing 

low 

low 

high 

high 



Age to first reproduction often involves a tradeoff between 
 

 rapid growth 
 successful establishment 

Fecundity schedules in annuals often reflect predictability 
of the end of the growing season 
 
predictable  -  reproductive delayed until end of season 
       (main meristem transformed into reproductive tissue) 
 
unpredictable  -  reproduction begins as soon as plants have attained 
                           some minimal size (often axillary) 

(Recall reproduction in annuals from previous lecture) 



Carbon and nutrient allocation 
considerations in seed production 

•  How many versus how big ? 
•  How is the seed provisioned for establishment ? 
•  How is the seed dispersed and how far ? 
•  Is germination delayed following maturation ? 
•  Is the seed protected from predators ? 

There is variation in the provisioning, dispersal, protection, and germination 
characteristics of seeds.  This variation occur at interspecific and intraspecific levels. 

Environmental categorizations: 
 • Predictable vs unpredictable 
 • Unidisturbed vs. disturbed 
 • Homogeneous vs. heterogeneous 
 • Competitive vs. non-competitive 
 • Low- vs. high predation 



How is the seed provisioned for establishment? 

•  large versus small carbon (energy) reserve 
 
•  carbohydrates 
 
•  lipids 

greater caloric content per gram (~3,500 Kcal/g vs 2,500 Kcal/g) 

more rapid energy availability (fewer metabolic steps) 



How is the seed dispersed? 

•  physical dispersal structures such as wings and barbs 
•  attractants such as odors and colors 
•  fleshy fruit attractants 
•  protection from pre-mature ingestion 
•  protection from ingestion injury 



How far is the seed dispersed? 

• dispersed versus retained  
• aboveground versus belowground dispersal 
• short-distance versus long-distance dispersal 

(safe-site considerations) 

Chorizanthe rigida, Death Valley 



Heterotheca subaxillaris (camphorweed) 
highly invasive annual with dimorphic seeds 

Disk flowers –  
rapid germination 
 
Ray flowers –  
requires dormancy before germination 

How is germination delayed following seed maturation? 



Heterotheca subaxillaris (camphorweed) 
highly invasive annual with dimorphic seeds 

Disk flowers –  
rapid germination 
 
Ray flowers –  
requires dormancy before germination 

Ray 
flower 

Disk flower 

Receptacle Involucral bract 



Every environment calls for a set of compromises among the above 
mentioned characteristics, resulting in variations in both reproductive 
output and seed characteristics 

Given limited resources to allocate to reproduction, there is a seed – size compromise 

large seeds 
shorter dispersal 
more competitive 
fewer produced 

small seeds 
longer dispersal 
less competitive 
more produced 

Seedling establishment 
is often directly related 
to initial provisioning 

Lupinus polyphyllus 



How many versus how big ? 

seedling 
height 

seedling mass 

Given a tradeoff between seed mass and number, provisioning more C into a seed allows the 
seedling to develop more, in a light competitive habitat 



Seed dimorphism permits multiple life - history adaptations 

Seed polymorphisms occur in a variety of characters and are 
often produced by different flowers on the same plant 

•  size and shape 
•  seed coat thickness 
•  germination behavior 
•  storage compound provisioning 
   (lipids versus carbohydrates) 
•  dispersal structure/distance 
•  adhesive mechanism 
 
•  elaiosomes 

 “bet hedging”  common in highly variable environments 



Salicornia, a common annual near the Great Salt Lake 



Atriplex 



Let’s explore life history, reproduction, 
and provisioning in a case example 

Consider mistletoes. 
Some are hemi-parasites; 
others are holo-parasites. 



Mistletoes - hemiparasites on higher plants 
 
tapping xylem 
and not phloem 





mistletoe seeds 



Mistletoe (Phoradendron juniperinum) 
sinkers are NOT aggressive, 
but reflect the year of penetration 



Factors influencing mistletoe fitness and life history : 
 
Seed 

1)  Probability of seed germination 
 Is germination a function of age or seed size? 

 
2) Probability of seedling establishment 

• resource allocation and radical extension length 
 
Established plant 

3) Probability of survival to reproductive age 
 • reproductive versus vegetative allocation  
 • seed provisioning as a function of maternal age 

 
4) Probability of year-to-year survival 

• drought as a contributing factor 
• shade as a contributing factor 
• winter minimum as a contributing factor 



Phorodendron juniperinum, 
a common hemi-parasite on 
Juniperus osteosperma 

dioecious 

Although junipers live for more than 100 years, 
mistletoes live less than 20 years. Why? 

Mistletoes begin reproducing early in life, increasing RE with age. 



Mistletoe radical emerges upon germination . . . 
                                  . . . growing towards a crack in stem for establishment 

the maximum extent of radical 
growth is a function of reserves 





Summary 
 
1.  Variations in life history describe genetically and environmentally-induced  

differences in plant life expectancy and in reproduction. 
2.  Plants can be classified as annual, biennial, and perennial, reflecting both 

differences in the age to first reproduction and year-to-year survival probabilities. 
3.  As environmental harshness and year-to-year variability in moisture increase, so do 

the fraction of the flora that are annual. 
4.  Fecundity schedules reflect the predictability of the end of the growing season. 
5.  Reproductive efforts reflect a balance between seed size and number. 
6.  Seed differences appear in several ways, reflecting the potential for increased 

probability of establishment: energy provisioning, dispersal, germination delay. 
7.  Plants often produce heteromorphic seeds, as a form of bet hedging, especially in 

environments with high year-to-year variability. 
8.  Variations in seed provisioning reflect allocation to storage as lipids versus 

carbohydrates. 
9.  Delayed germination (a form of heteromorphic seeds) is associated with differences 

in seed coat thickness. 
10.  There are both hemi-parasitic and holo-parasitic mistletoes. Hemi-parasites are 

autotrophic and attach to host-plant’s xylem; holo-parasites attach to both the host’s 
xylem and phloem. 

11.  Mistletoe life expectancy is determined by unpredictable environmental factors: very 
cold winters and/or drought. This results in a tendency for mistletoe reproduction at 
an early age. 

12.  Mistletoe reproductive effort and seed fitness increases with age of the parent, 
reflecting increases in the provisioning of seeds. 
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