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Objectives 

For this class 
 
- Learn definitions of key terminology 

 
- Understand the processes that influence dispersal  

 
- Be familiar with examples of Hawaiian fauna / flora     
    origin and dispersal  



 
 
 

Terminology - Native 

In biogeography, a species is defined as native 
(or indigenous) to a given region or ecosystem if its 
presence in that region is the result of only natural 
processes, with no human intervention.  
 
All natural organisms (not domesticated organisms) have          
their own natural ranges of distribution. 
 
Outside these native ranges, species may be introduced by 
human activity; they are then referred to as an introduced 
species within the regions where they were introduced. 



 
 
 

Terminology - Introduced 

In biogeography, an introduced, alien, exotic, non-
indigenous, or non-native species, is a species living outside 
of its native distributional range, which has arrived there 
by human activity, either deliberate or accidental. 

 
 
 
 

Canoe plants – brought 
by Polynesian voyagers 



 
 
 

Terminology - Endemism 

Endemism refers to the 
condition of being unique to 
a defined geographic 
location, such as an island, 
nation or other defined 
zone, or habitat type. 
 
Organisms indigenous to                
a place are not endemic                
to that place if they are 
also found elsewhere.    
 
But, endemic species             
are necessarily indigenous.  

High endemism, not 
colonizations, leads to high 

diversity in Hawai’i 



 
 
 

Endemism Rates 

Galapagos Hawaii 

50% of 436 flowering plants 
endemic 

88% of 1000+ plant species 
endemic (4600 introduced) 

81% of 26 land birds endemic 100% of 115+ species of 
forest birds endemic 

some reptiles, no amphibians only reptiles are sea turtles, 
no native amphibians 

only 2 mammal species on land 
(pinnipeds: fur seal / sea lion) 

only 2 mammals on land  

Example: finches Example: honeycreepers 



 
 
 

Motivation 
BIG PICTURE 
 
A classic problem in biogeography  
is to explain why terrestrial and  
freshwater taxa have disjunct  
distributions split by oceans 

Vicariance: disjunct               
geographic distribution 

For example, the breakup of  
Gondwanaland explains the  
distribution of marsupials 
 



 
 
 

History 

From Darwin’s time until the 1960s, disjunct distribution 
patterns were explained by invoking ‘oceanic dispersal’ 
 
Such a mechanism easy to imagine:  
 
small wind dispersed seeds  
and spores transported  
through the air, larger seeds  
carried by currents, some 
animals (crocodiles, elephants)  
swim moderate distances,  
winged animals can fly large  
distances, and most organisms  
could be carried on natural rafts  



 
 
 

1800s - 1960 
Experiments and Observations:  
 
Darwin and others supported the plausibility of oceanic 
dispersal through:  
 
(i) experiments demonstrating  
the survival of organisms  
(mostly plant seeds) left in  
seawater for weeks or months 
 
(2) sightings of flora and fauna  
riding on logs or mats of  
vegetation far out to sea 

(Monzón-Argüello et al. 2012) 



 
 
 

1800s - 1960 
Experiments with Seed Dispersal: 
"Therefore it would perhaps be safer to assume that 
the seeds of about 10/100 plants of a flora, after 
having been dried, could be floated across a space of 
sea 900 miles in width, and would then germinate." 

Darwin C (1859) The origin of 
species by means of natural 
selection. John Murray, London 

Germinating mangrove seeds Examples of oceanic seed dispersal  



 
 
 

What started happening  in 1960 ? 

Plate Tectonics:  During 1960s and 1970s, validation                
of plate-tectonics theory drastically reduced the 
perceived importance of oceanic dispersal.  
 
Proposals of Heezen, Hess, Dietz, Morley, Vine, Matthews 



 
 
 

1960s – 1970s 
 Vicariance: the splitting of a taxon's continuous range 
 
The first vicariance hypothesis envisions disjunct 
distribution patterns resulting from geological           
changes imposed on an originally continuous     
distribution (e.g., tectonic shifts or mountain-building) 
 
 
For example, the formation  
of the isthmus of Panama,  
5 mya, split the Atlantic  
and Pacific ocean basins,  
isolating their marine faunas  



 
 
 

1980s - present 

Long distance dispersal (LDD) of organisms offers a 
widely accepted third cause of  vicariant distribution 
patterns, despite posing problems of analysis  
      (Carlquist 1982)  

 Vicariance: the splitting of a taxon's continuous range 
 
The second vicariance hypothesis explains disjunct 
distributions by extinction of intervening populations 
 



 
 
 

New Evidence - 1980s - present 

Rafting frogs: Two mantellid frog species 
found on Mayotte, an island of the Comoros 
archipelago 300 km west of Madagascar.  
 
Morphology and DNA sequences indicate           
that the two Mayotte taxa are distinct new 
species and, therefore, island endemics. 
 
The Comoros are volcanic and have never  
been attached to another landmass. Thus, 
results imply natural overwater dispersal. 
 
Furthermore, the two species not closely 
related within the Mantellidae, indicating               
two independent dispersal events. 



 
 
 

Torpid lemurs:  Lemurs of Madagascar, are medium-sized 
terrestrial mammals considered poor oceanic dispersers. 
 
Molecular dating analyses suggest lemurs  
diverged from African mainland relatives  
after separation of Madagascar from Africa.  
 
Estimated divergence dates do not  
match hypothesized existence of a  
Cenozoic land bridge between Africa  
and Madagascar.  
 
Thus, lemurs reached Madagascar by  
oceanic dispersal, perhaps facilitated by  
their ability to go into torpor (hibernate). 

New Evidence - 1980s - present 



 
 
 

1980s – 1990s 
Support for long distance dispersal increasing  
driven by expanding use of genetic techniques  

 
 
 

(de Queiroz 2005) 



 
 
 

How many colonizers reached Hawai’i ? 

By grouping species evolved from a common ancestor 
since that ancestor arrived on the islands, biologists 
devised the minimum number of immigrants needed to 
account for the Hawaiian flora and fauna:  
 
272 flowering plants 
37 ferns 
233 insects 
22 land molluscs 
7 land birds  
     (Zimmerman 1948) 
 
This result suggests that colonizations are rare events 



 
 
 

Biogeographic Links of Hawai’i Flowering Plants 
(Angiosperms) 

Although other plant 
and animal groups 
probably have similar 
geographical sources, 
flowering plants, 
having the greatest 
number of presumed 
immigrants, 
demonstrate the 
contributions of          
the various source 
areas most clearly  



 
 
 

Scaveola genus – from Australia   
Scaevola, only genus of Goodeniaceae 
family with extensive radiation outside 
Australia, has dispersed throughout  
the Pacific Basin, with species reaching   
coasts of Atlantic and Indian Oceans.  
 
There have been at least six separate 
dispersal events  from Australia.  
 
Four resulted in single extra-Australian 
species. The remaining two followed by 
radiations that gave rise to large species 
groups, each including one of the widely 
distributed species:  
S. taccada and S. plumieri.  
 

(Howarth et al. 2003) 



 
 
 

Three separate arrivals: S. coriacea , S. glabra , S. taccada  
 
Remarkably, 3 of the 6 dispersals established species             
on Hawai’i, representing the largest number of      
colonizations  by any flowering plant genus to the islands.  
 
Currently, the Hawaiian Islands are home to 
ten Scaevola species,  nine of which are endemic.   
 
Eight of the ten indigenous species are the result of a 
single colonization event.  
 
NOTE: Some of the endemic species are of hybrid origin. 

(Howarth et al. 2003) 

Scaveola genus – to Hawai’i 



 
 
 

Naupaka   
species 

 
from 
sea 
to 

mountain 



 
 
 

Scaevola coriacea, the Dwarf Naupaka  
 

The small and fleshy naukapa  
seeds are extremely salt tolerant  
and can germinate after exposure  
to salt water for over a year.  
 

Bouyant fruits, easily dispersed by                                          
ocean currents, led to the wide                                                     
distribution of this species through                                                   
the tropical and subtropical                                                            
Pacific and Indian Oceans.  
 

Dwarf Naupaka exists only on Maui and two offshore          
islets.   Historically, it could be found on six  islands.  
 
The total population is less than 300 plants, making the 
Dwarf Naupaka an endangered species. 
 (Howarth et al. 2003) 



 
 
 

Silverswords – from California   

Some striking members of the 
sunflower family evolved on the 
Hawaiian Islands from an ancestral 
California tarweed (Hemizonia genus) 
that colonized these isolated Pacific 
islands millions of years ago.  
 
This group of plants, called the Silver 
Sword Alliance, includes 3 genera and 
about 31 endemic species. 
 
This group is an excellent example of 
adaptive radiation of colonizing species.  
 

(Carlquist et al. 2003) 



 
 
 

Silverswords – a single colonizer 
Chloroplast DNA nucleotide sequences provided first 
molecular evidence on the origin and relationships of the 
Hawaiian silversword alliance.  This is a monophyletic 
group derived from ancestors very similar to the extant 
Pacific coast tarweeds. 
 
 
Cladogram of the  
Silversword alliance: 
31 species in 3 genera  
(Argyroxiphium,  
Dubautia, Wilkesia).  
 

(Carlquist et al. 2003) 



 
 
 

Silverswords –  radiation / speciation 

Despite the extraordinary range of anatomical, 
morphological, and ecological adaptations, the  
species are closely related as judged by data                        
from biosystematics and molecular studies.  
 
 
 

(Carlquist et al. 2003) 



 
 
 

Silverswords – amazing adaptations 

One of the most amazing of all these 
Hawaiian endemics is the silver sword 
(Argyroxiphium sandwicense  
ssp. macrocephalum) that only grows  
in the cinders of Haleakala Crater  
on the island of Maui.  
 
 
 
The rosettes of sword-shaped leaves  
are covered with silvery hairs that  
reflect light and heat and provide  
insulation against the intense solar  
radiation and extreme aridity of this  
10,000 foot (3,000 m) volcanic mountain. 



 
 
 

Insights from Dispersal Studies 

Given enough time, 
many things that seem 

unlikely can happen. 

Yes… but are some species 
more likely to colonize an 
oceanic island than others ? 



 
 
 

Dispersal Methods of Hawai’i Flowering Plants 
(Angiosperms) 

Top Method:   
 
Fleshy fruits  
such as 
  
Vaccinium  
dentatum  
 
 
are often consumed by 
birds, which retain and later 
disperse (poop) the seeds, 
accounting for 38.9% of the 
272 arrivals hypothesized.  
 

Biologists believe that 
Hawaii's flowering plants  
were introduced by several 
modes of chance dispersal 
 



 
 
 

Dispersal Methods of Hawai’i Flowering Plants 
(Angiosperms) 

Bidens pilosa is typical of a number of  
barbed or bristly seeds or fruits that  
become attached to birds' feathers (12.8%) 
 
 
Lobelia cardinalis is an example of small seeds  
that adhere to the mud on birds' feet or  
lodge in crevices in their feathers (12.8%)  
 
 
Viscid seeds or fruits such as  
Pisonia umbellifera also  
adhere to birds’ feathers  (10.3%) 
 



 
 
 

Dispersal Methods of Hawai’i Flowering Plants 
(Angiosperms) 

Other methods of dispersal of Hawaiian flora are: 
 
- flotation in ocean currents (14.3%) 
 
- rare forms of ocean flotation such as rafting, or 
attachment to floating logs or vegetation (8.5%) 
 
- flotation in upper air cur rents (1.4%) 
 
 
Less important methods account for the remaining 1% 
 
(Percentages are from Carlquist 1974, in Carlquist 1981)  
 



 
 
 

Dispersal – Faunal Boundaries 

A leptocephalus  
("slim head") is the 
flat transparent  
larva of marine eels 

Leptocephali grow 
to large size          
(60 – 300 mm)              
and have long   
larval periods         
from 3 months               
to over 1  year. 

(Reece et al. 2010) 



 
 
 

Dispersal – Affects Endemism 

The number of larvae 
that are successfully 
transported between 
islands depends on: 
(a) number that "escape" 
the influence of the 
"parent" or donor island, 
(b) mortality of larvae 
during transport, and            
(c) chance that larvae 
that encounter an island 
survive to reproduce. 

Hawai’i has high 
species richness  
and endemism 
 
(Scheltema 1986) 



 
 
 

Dispersal – Highly Adapted Mechanisms 
Seeds of 9 plant species, 
including aliens, were detected 
on 16–32 % of seabirds.  
 
Seeds included those generally 
considered to be dispersed by 
wind or internally transported 
by birds in their guts.  
 
Seeds exposed to seawater  
for up to 8 h suffered little              
or no loss of viability.  
 
Positive relationships between 
the archipelago-wide 
distribution of some plants              
and seabirds. 
 
(Aoyama et al. 2012) 



 
 
 

Dispersal – A Moving Target 

How do islands evolve over time ? 
 
 Island size increases / decreases  over time 
 
 Island development (subsidence and erosion) 
 
 Island biota also adapts and diversifies over time 



 
 
 

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 
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Class Project - Scope 
Natural history is a practice and  
a body of knowledge. It can be both a 
personal path and a professional 
undertaking. It has been given many 
definitions and can be claimed by no     
single discipline or knowledge holder.  
 

And yet, there are consistent elements in definitions collected from                   
a wide range of practitioners, from poets to ecologists, geologists                         
to expeditionary artists, resource managers to science teachers:  
 
1. Attention to and representation of nature 
 
2. A focus on patterns observed at the organismal to landscape level 
 
3. An emphasis on the value of accuracy 
 
   
                                                        (http://naturalhistoriesproject.org) 
 



 
 
 

Class Project – Scope  
Revised Definition: Natural history tells the story 
of the living earth. It comprises the systematic 
observation, classification, interpretation, and 
description of the biosphere and its inhabitants. 
 
Natural history is a primary component of culture. 
Every society develops some system for 
classifying and interpreting animals, plants, and 
other natural phenomena. These systems shape 
our understanding of the world and our place in it. 
 

Natural history is field-based. It begins with direct observation and 
study of organisms in the conditions under which they actually live. 
 

Natural history is interdisciplinary. While grounded in the natural 
sciences, it engages the humanities, social sciences and the arts.            
It informs many technical fields such as medicine, agriculture and 
environmental management.               
                                                                  (http://naturalhistorynetwork.org) 



 
 
 

Class Project – Goals 
  

 Field–based Observations 

 Interdisciplinary:  Biology, Ecology, Geology…     

(biological and physical environment) 
 

 Requisites: 

o  Accurate: Grounded in Observation 

o  Quantification: Descriptive Statistics 

o  Patterns:  Sampling matches scales 



 
 
 

Class Project - Goals  

 Credit:  25% (Write-ups) & 15% (Presentation) 

o  2 – 3 students (form groups by week 4) 

o  topic selected by you and approved by me    
 

 Four write-ups: 

o  Proposal (5%) 

o  Outline (5%)  

o   Pilot Data Report (5%) 

o  Extended Abstract (10%)  

 



 
 
 

Class Project – Examples 
  

 How many organisms / species are there?  

 Which species occur where? 

 How do species partition resources / habitats? 

 How does diversity vary in time / space? 

 Are species associations tight / loose?  

 Do organisms have daily rhythms? 

 How do people interact with other organisms?    



 
 
 

Class Project – Suggestions 

Invasive species 

Sessile Organisms  
Easy to Identify Taxa 

Human – Wildlife Interactions 



 
 
 

Class Project – Resources 

 

  Create account; Post observations 

  Join “Hawai’i Biodiversity” Project 

 (www.inaturalist.org/) 
 
- Phone app 
- Web link 
 

http://www.inaturalist.org/


 
 
 

Class Project – Next Steps 
  

  By end of Wednesday – Feb 24th, email me  

                  (khyrenba@gmail.com) 

•  If you have a group (2 to 3 people): 

 Membership and two project ideas 

 (one sentence: what / where / how) 

 

•  If you are not in a group: 

 Individual top three taxa / ideas 

 (Ranked: 1 most favorite) 

mailto:khyrenba@gmail.com

