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Objectives 

For this class 
 
- Learn definitions of key terminology 

 
- Understand the processes that influence species 

adaptation, diversification and speciation 
 

- Be familiar with examples of Hawaiian fauna / flora     
    adaptation, diversification and speciation 
  



 
 
 

Motivation 
BIG PICTURE 
 
Another classic  
problem in  
biogeography is  
to explain  how  
large numbers of  
endemic species  
originate on  
islands, given  
few instances  
of colonization  
 

(Lerner et al. 2011) 



 
 
 

Implications for native honey creepers 

• Phylogenetic tree 
showing divergence 
ages of different 
species based on DNA, 
along with island ages 

 

• Honeycreeper lineage 
is older than Kauai 

 

• Some species endemic 
to specific islands, 
diverged from more 
closely related species 
before island formed (Lerner et al., 2011) 

 



 
 
 

• The Maui Nui 
complex (Maui 
Moloka’i, Lana’i, 
and Kahoolawe) 
made up a single 
large island - 
even larger           
than Hawai’i  
 
– Before erosion 

 
– During low sea 

level stands 

The Story of Maui Nui 



 
 
 

• Diminished in size 
due to subsidence 
and erosion 

 

• Largest at  about 
1.2 mya 

 

• Divided during 
interglacials 
around 0.6 mya  

 

• Reconnected 
during sea level 
low stands   
(glacial periods) 

Changes in Maui Nui during 0.2 mya intervals 
Black (land during sea level high stands) 
Grey (land during sea level low stands) 



 
 
 

• Between Maui & 
Lanai there are: 
–  wave protected 

lagoons and reefs 

– Remains of land 
bridges 

– Drowned basins 

Land Bridges: 
 
(a) -82 m: 14 KYBP 
(b) -63m: 12 KYBP 
(c) -37m: 10 KYBP 
(d) -18m: 8 KYBP  



 
 
 

Native Honey Creepers 

 

• Some species occur in 
all islands (e.g., Iiwi) 

 

• Some species endemic 
to single island                
(e.g. Creepers)  

 

• Some species 
diversified – by island 
(e.g., Amakihi) 

 

• Maui Nui had high 
species richness (Lerner et al., 2011) 

 



 
 
 

Chance vs Determinism 

Islands also provide ecological insights into the relative 
importance of chance and determinism in evolution. 

Dispersal Filter 

Chance: 
 
- Species pool 
- Dispersal filter 
- Arrival timing 

Determinism: 
 
- Dispersal constraints 
- Island constraints 
- Ecological interactions 

Source (mainland)                                  Destination (island) 



 
 
 

Stages of Biological Colonization 

What traits make an organism a good colonizer ? 

Total  
Species 

On 
Island 

Time 

Depends on the Timing of Arrival 

Species 
Accumulation 

Species  
Replacement  

 

Phase I                                             Phase II 



 

 
 

r-strategists k-strategists 
Density-independent Density-dependent 

Exponential growth curve Logistic growth curve 

Opportunistic species type Equilibrium species type 

Many offspring produced Few offspring produced 

Little Investment per Offspring Much Investment per Offspring 

Little parental care Much parental care 

Type III survivorship curve Type I survivorship curve 

Short time to reach maturity Long time until maturity 

Adapted for dispersal Adapted for competition 

 

r-selected / K-selected Continuum 



 
 
 

Case Study - Gulf of California  

(Polis and Hurd, 1995)  

Islands in Gulf of California support high spider densities.  
 
Spider density negatively correlated with island size; small 
islands support 50-200 spiders per m3 of cactus habitat.  
 
Energy for these spiders comes from the ocean and not 
from in situ productivity by land plants.  
 
Although productivity sets maximal potential spider 
densities, predation (by scorpions) limits spider abundance.  
 
Thus, prey availability and predation act together to set 
island spider abundance. 



 
 
 

Lessons for Hawai’i 

(Polis and Hurd, 1995)  

- Colonization filter sets the stage: 
 

 spiders 
 scorpions 
          lizards 
 
- Energy imported from  
    ocean and land plants 
 
- Ecological interactions  
     important, after  
     colonization: 
  
 predation  
 competition  



 
 
 

 
 

Some endemic island species experience a loss of defenses…                
 
others completely change their life-styles. 

Patterns of Island Adaptation 



 
 
 

Examples of Island Adaptation 

 
 

Insular Gigantism: 
 
 

Extinct 
Mediterranean 
rabbits (26 lbs) 

NO Trees: 
 
- giant daisies 

 
- annuals become perennials 
 

NO Mammals: 
 
- giant reptiles 

 
-   giant insects 



 
 
 

Examples of Island Adaptation 

 
 

Insular Dwarfism: 
 
 

Extinct 
Mediterranean 
elephant (1 m tall) 

Island Kitt Fox, 
Channel islands 
(1 and 2.8 kg;               
2.2 and 6.2 lb) 

Cuban bee 
hummingbird 
(2.5 inches or 6.2 
cm length and 1.6 
grams or 0.06 oz) 



 
 
 

 
 

The loss of defenses: 
 

Examples of Island Adaptation 

Mamaki 
Hawaiian Stingless Nettle  
(Pipturus albidus) 
 
 
 
 
 
 
Hawaiian Mintless Mint  
(Phyllostegia glabra) 
 

Lo'ulu Palm  
(Pritchardia  thurstonii) 



 
 
 

Islands – Evolutionary Laboratories  
Because many islands are young 
and have relatively few species, 
evolutionary adaptation and 
species proliferation are obvious 
and easy to study.  
 
In addition, the isolation of many 
islands has allowed evolution to 
take its own course, resulting in 
unusual  faunas and floras, often 
unlike those anywhere else.  
 
For these reasons, islands provide 
valuable insights into speciation 
and adaptive radiation. 



 
 
 

Misconceptions About Evolution 

Teleology:  

the idea that evolution  
is goal-oriented, or             
that organisms have 
goals and desires 

There is no ending point or 
destination to evolution. 
 
Extant species are evolving 
along  parallel lines. 



 
 
 

Natural Selection 

 
 

The non-random process by which biological traits become 
more or less common in a population as a function of the 
differential survival and reproduction of their bearers.  



 
 
 

Three Types of Selection 

 
 

 

directional selection 
selection for/against one phenotype 
change in environment (peppered moth) 
 

 

disruptive selection 
favors two extreme phenotypes 
bimodal traits (finch beak size) 
 
 

stabilizing (“purifying”) selection 
selection for “average” or heterozygote 
birth weights of human babies 



 
 
 

 
 

Real-Life Selection: Conflicting Directions 

• Selection 
depends on 
environmental 
conditions 

  
• The type and 

strength of 
selection can 
change yearly 
– if conditions 
change  

   (e.g., rain) 



 
 
 

 
 

(a) Similarity between different species 

(b) Diversity within single species 

The Challenge of 
Defining Species 

 

• Biological 

 

• Morphological 

• Ecological  

• Phylogenetic 

 



 
 
 

The Biological Species Concept 

 
 

I. Biological 

Definition: population(s) of organisms which 
interbreed in nature to produce “fit” (viable, fertile) 
offspring (potential for gene flow) 

 

Advantage: direct measure of gene flow 

 

Disadvantage: does not work in many cases                
(asexual species, fossils, disjunct species, hybrids)  

 

Consider barriers to successful reproduction: 

Before mating 

After mating 



 
 
 

Biological Concept 

 
 

+                    =                    

Hybrids: 

Sometimes                       
“do better” than             
the parents (F1)   



 
 
 

Expanding Species Concept 

 
 

II. Morphological:  
population(s) with a distinct phenotype 
 

Concept Expanded: Paleontological (for fossils) 
morphological traits observable in fossils 

  
III. Ecological: for living species 

population(s) with different niches / habits 
(migration patterns, dialects, diets) 
 

IV. Phylogenetic:  
represent single branch on phylogenetic tree                      
(shared evolutionary history based on genetics, 
morphology, ecology) 



 
 
 

Speciation 

 
 

Appearance of new species requires: 
 

(1) reproductive isolation 
 

prezygotic barriers 
habitat 

time 

behavior 

mechanics 

gametes 

 

post-zygotic barriers 
hybrids do not survive well or are sterile 

hybrid offspring do not survive well or are sterile 

 



 
 
 

Speciation 

 
 

Appearance of new species also requires: 
 

(2) genetic divergence 
 

mutations: localized changes in the genome  
  (e.g., species recognition traits)  
  
genetic drift: random changes without selection 
  (e.g., hemoglobin) 
 
natural selection: different directional selection  
  in different environments  
  (e.g., beak sizes, body mass)  



 
 
      
 

Speciation – Two Generic Processes 

 
 

allopatric speciation             sympatric speciation 



 
 
 

Allopatric Speciation – Colonization 

 
 

Colonization causes speciation in 3 ways:  

 
founder effect (via genetic drift) 

 

local adaptation (via natural selection) 

 

adaptive radiation (by expanding into new niches) 

 



 
 
 

Allopatric Speciation – Fragmentation 

 
 

Habitat fragmentation promotes speciation: 
 

- restricted gene flow 

- mutation, sexual selection, genetic drift 

(Price and  
Clague 2002) 

Mechanisms of habitat fragmentation? 
 

     Depends on organism’s dispersal capacity 
 
Maui Nui complex                            Lava Flows 



 
 
 

Habitat Fragmentation - Kipukas 

 
 

`Akiapola`au, an endangered 
honeycreeper, inhabits mature, 
forested kipuka on Mauna Loa 

A mature, closed-canopy Hawaiian 
forest takes 300 - 3,000 years to 
develop on new lava flows.  
 
~ 40 percent of surface of Mauna Loa 
covered by lava flows every 1,000 yrs.  
 
A small fraction of forested kipuka             
on Mauna Loa likely to reach maturity 
before being inundated by lava.  
 
In fact, some kipuka on northeast 
flank are thought to be 3,500 yrs old. 
 
Some plants and animals make a living 
in these isolated habitat patches. 



 
 
 

Habitat Fragmentation - Kipuka 

 
 

Ongoing research of population genetics of plants and 
insects in different kipukas.  
 
One example:  On Saddle Road above Hilo, between  
mile markers 17 and 23, kipuka stand out as mounds of 
dense forest amongst sparsely vegetated lava flows.  
 



 
 
 

 
 

Genetic isolation has to occur despite high potential 
for gene flow in coexisting species: 

 
mutation 

polyploidy in plants 

 
mating behavior 

species recognition in “crowded” habitats 
coloration, calls / displays, timing 
 

ecology 
segregation: habitat / timing / migration  
coevolution with local conditions (specialization) 

 

Sympatric Speciation 



 
 
 

Hypothetical ancestry of Silversword alliance (2n = 28): 

Kyhosia bolanderi          &    Carlquistia muirii 
(2n = 12, n = 6)      (2n = 16, n = 8) 

1. polyploidy of Kyhosia sp. (2n = 12,      n = 12) 

hybridiziation with Carlquistia sp. (2n = 12+8 = 20) 

polyploidy (n=20) , hybridization with Carlquistia (2n = 20+8) 

2. Allotetraploid – of closely-related species (n = 7)  

Sympatric Speciation – Genetics 



 
 
 

Triploid zygote 

Tetraploid parent (4n) Diploid parent (2n) 

Diploid gametes (2n) Haploid gametes (1n) 

Meiosis 

Meiosis 

Mating 

(Two copies  

of  each 

chromosome) 

(Four copies  

of  each  

chromosome) 

(Three copies of  

each chromosome) 

(One copy of each chromosome) (Two copies of each chromosome) 

When these gametes combine, most offspring 

have incorrect number of chromosomes. 

Reminder: Mutation and Hybridization 



 
 
 

Sympatric Speciation – Recognition 



 
 
 

Sympatric Speciation – Recognition 

“With their often  
bizarre courtship  
patterns, Hawaiian   
Drosophila  are the  
birds-of-paradise of  
the insect world” 
 

Sexually-selected  
traits include: 
 
 - wing patterns 
 
 - leg hairs 
 
Dances?  Songs?  Smells? (Kaneshiro, 1988) 



 
 
 

Secondary traits: 
Condition dependence, 
multiple sexual signals, 
and immunocompetence 

in peacocks  

(Moller & Petrie 2002) 

Symmetry:  Dance reveals symmetry, 
 especially in young men   

   (Brown et al. 2005) 

Sympatric Speciation – Sexual Selection 



 
 
 

Sympatric Speciation – Ecology 

(Kaneshiro, 1988) 

Species are segregated by: 
 
 size, substrate, feeding 

Mouth 
parts 



 
 
 

Developing New Species 

 
 

Need to develop populations of organisms which            
do not interbreed  in nature to produce “fit”              
(viable, fertile) offspring (potential for gene flow) 

 

 

Two generic barriers to successful reproduction: 

 

Before mating: pre-zygotic 

 

After mating: post-zygotic 



 
 
 

Habitat Isolation Temporal Isolation 

Barriers to Gene Flow: Prezygotic 
Behavioral Isolation 

Mating 
attempt 

(f) (e) (c) (a) 

(b) 

(d) 

Individuals  
of  

different  
species 



 
 
 

Mating 
attempt 

(f) (e) (c) 

(a) 

(b) 

(d) 

Barriers to Gene Flow: Prezygotic 

Fertilization Individuals of 
Different species 

Gametic Isolation Mechanical Isolation 



 
 
 

Fertilization 

Reduced Hybrid Viability Hybrid Infertility Hybrid Breakdown 

Viable, 
fertile 

offspring 

(g) (h) (i) 

(j) 

(l) 

(k) 

Barriers to Gene Flow: Postzygotic 
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