
 
 
 

Coevolving on the Islands  
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New Species 

 
 

Develop isolated 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 



 
 
 

Speciation Via Niche Expansion 



 
 
 

Defining the Niche 

 
 

Describes the way of life of a species.     
How an organism or population responds                   
to the distribution of resources. 

Fundamental Niche:  The full range of 
environmental conditions and resources an 
organism can possibly occupy and use, when other 
biotic limiting factors are absent in its habitat. 

Realized Niche: The part of the fundamental niche   
that an organism occupies as a result of limiting 
factors (other species) present in its habitat. 
 
 



 
 
 

Fundamental / Realized Niche 

 
 

The niche is defined by the 
combination of various 
resources and environmental 
conditions needed to survive 
(but does not consider 
interactions with other species) 



 
 
 

Examples of Niche Expansion 

 
 

Weird Habits: 
 
 

The greater short-tailed 
bat Mystacina robusta,  
endemic to New Zealand, and 
presumed extinct since 1962 

The coconut crab is the largest 
land-living arthropod in the world 
with a body length of 40 cm (16 in) 
and a weight of 4.1 kg (9.0 lb). 



 
 
 

Adaptive Radiation  

Cladogenesis: 

 

 - many closely related species  

    arise from a single ancestor 

 

 - arising from access to   

   unexploited resources  

 

  or development of  

  new body types / niches 



 
 
 

Nearly  one-fourth  of  the  known species in  the 
family  Drosophilidae (fruit flies) found in Hawai’i. 
 
More  than  95% (484  of  509 species) are endemic 
 
Diversification driven by sympatric (sexual selection) 
allopatric (habitat fragmentation), and parapatric 
(niche diversification) isolation processes   
 
Evolved from one ancestor in about 8 million years 

Species Flocks – Highly Diverse Groups 

(Kaneshiro, 1988) 



 
 
 

Adaptive Radiation – the Theory 

Adaptive Landscapes (Fitness Landscapes): 

Visualize  relationship between genotypes and     

their replication rate (fitness), denoted by the  

"height" of the landscape (peaks or valleys)  

Gene frequency in the population 
(one locus) 

1 

2 

3 

How can population (A) 
move from the yellow 
peak (local maximum) 
to the red peak           
(global maximum) ? 
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Adaptive Radiation – the Theory 

Adaptive Landscapes (Fitness Landscapes): 

Gene frequency in the population 
(one locus) 

1 

2 

3 

Ball 1: Founder Effect - Sampling 
 of a small of colonizers 
 
Ball 2:  Drift (random shift) in a 
 small population   
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Example with 2 loci  



 
 
 

Adaptive Radiation – The Evidence 

Honeycreepers: 

(Lerner et al. 2011) 

                'I'iwi                      Maui Parrotbill                        Akiapolaau  
 
(Vestiaria coccinea)      (Pseudonestor xanthophrys)      (Hemignathus wilsoni) 
 

By reshaping the generic 
bill of an original seed-
eating finch-like ancestor… 
they developed amazing 
specialized tools 



 
 
 

Niche Packing 

 
 

The number of species in an 
ecosystem is influenced by  
the range of environmental 
conditions and the total 
amount of resources  

We can “pack” more 
species onto an island 
ecosystem in 3 ways:  



 
 
 

Co-evolution 

 
 
 

The change of a biological object triggered by the 
change of a related object  (Futuyma & Slatkin , 1983) 
 
Co-evolution involves as co-varying traits between 
different species in an environment.  
 
Parties in a co-evolutionary relationship exert  
selective pressures on each other, thus affecting  
each other's evolution.  
 
Co-evolution leads to narrower niches…  
 



 
 
 

Honeycreeper Pollinators 

 
 
 

(Smith et al. 1995) 

Maui Creeper 
(Paroreomyza montana) 

Amakihi  
(Hemianathus virens) 

I'iwi  
(Vestiaria coccinea) 

Three species show shifts for specialized foraging: 
- from a short straight bill to a long curved bill,  
- from a tongue adapted for insect feeding to one 

specialized for nectar,  
- from probing for insects to primarily nectarivorous 



 
 
 

Co-evolution Study – the Birds 

 
 
 

(Carothers 1982) 

Study performed in the Ko'olau Forest Reserve on the 
north slope of Haleakala volcano, Maui, December 1981. 
 
The study site was high elevation (2,000 m) rainforest, 
with canopy of ohias (Metrosideros collina) 13 m in height.  
 
Understory composed of six plant species (3 m in height): 
Pelea clusiaefolia, Styphelia tameiameiae, Myrsine lessertiana,              
Ilex anomola, Rubus hawaiiensis, Vaccinium calycinum 

Focal plant: corolla 
Straight tubular  
 
Vaccinium calycinum 
(ohelo)  



 
 
 

Results 

 
 
 

Curvature is the angle 
between the tangents           
of the base of the bill 
and the tip of the bill 

Amakihi 

I’iwi 

Creeper 

Three nectar feeding 
generalist honeycreepers 
that live in same forests 



 
 
 

Methods 

 
 
 

Birds timed from start to end of foraging or until 
interrupted by movement to another part of the bush.  
 
Number of flowers visited during the foraging interval            
and interval duration recorded.  

Pale green tubular  
corollas average  
15 mm in length  
and in 5 mm width. 



 
 
 

Results 

 
 
 

Significant differences  
(P < 0.001)  exist among birds  
with respect to foraging rates  
on these flowers.  
 
The I’iwi, with its greatly  
curved bill feeds the quickest  
(2.09 s / flower)  
 
The Maui Creeper, with its  
rather straight bill feeds the  
slowest (3.87 s/flower) 



 
 
 

Implications 

 
 
 

Even dealing with generic 
straight-corolla flower, 
the I’iwi (nectivorous 
specialist) showed the 
best foraging efficiency 
 
This results from other  
adaptations, beyond the 
bill length and curvature: 
 
- Tongue length / shape 

 
- Foraging behavior 



 
 
 

 
 
 

(Carpenter 1976) 

Mauna Loa Population:  
 
The  predominant  red flower  color  in  the population,  
the  dimensions of  floral parts, and copious nectar 
secretion adapt this species to  bird pollination. 

Objective: Determine degree of  
specialization  in  pollination ecology 
of Ohia (Metrosideros collina). 

Co-evolution Study – the Plants 



 
 
 

Methods 

 
 
 

(Carpenter 1976) 

Excluded birds and / or insects from flowers and 
collected seeds produced. 
 
NO BIRDS     NO INSECTS    NO BIRDS OR INSECTS 
 
Fruit-set  higher  when  birds  allowed  to feed at 
inflorescences  than  when  only  insects  allowed.   
 
This  is  caused  by partial  self-incompatibility,  such  
that  maximal  fruit-set  occurs  only  with  outbreeding. 
  
The  birds are the primary  agents  of  outbreeding. 



 
 
 

Results 

 
 
 

(Carpenter 1976) 

amakihi apapane i’iwi 
White-eye 

Pollen Loads on Birds: 
 
Native Species 
 
 
 
Introduced Species 



 
 
 

Implications 

 
 
 

 

Introduced generalist birds disrupt the pollination  
co-evolution via the following mechanisms: 
 
Reproductive failure:  Unsuccessful pollination by 
introduced birds leads to poor native plant reproduction 
 
Nectar robbing:  Unsuccessful pollination by introduced 
birds renders flowers uneconomical for  native birds 
 
Changing directional selection:  Successful pollination by 
introduced birds decouples flower – native bird co-evolution 



 
 
 

Japanese White-Eye 

 
 
 

Distribution - Introduced in O’ahu in 1929,  
rapidly expanded. Found on every island of Hawai’i. 
 

Feeding - The species is omnivorous, living on a diet of 
fruit, insects, and nectar at all levels of foliage. 
 
Pollination - Competes with native passerines such as 
the amakihi, for nectar and fruit.  Observed visiting 
native plants coevolved with endemic nectarivorous birds. 
 
Evidence of visitation by the White-eye, along with the 
disappearance of endemic nectarivorous passerine bird 
species, suggests that the White-eye is outcompeting  
those endemic species for the floral resources (nectar).    
 

(Larosa et al. 1985, Lammers et al. 1987)  
 



 
 
 

Implication of Co-evolution 

 
 
 

 

The success of pollination requires tight specialization: 
to avoid waste and hybridization 
 

Co-evolution allows specialization and diversification  
 
 
 

(Snyder Sachs 2012) 



 
 
 

Implication of Co-evolution 
Co-evolution allows specialization and diversification 
 
Awesome example:  Native Hawaiian Mountain ‘Ohe Naupaka 
(Scaevola glabra) flowers from Alakai Swamp, Kauai, Hawaii 
 
 

This rare species, with beautiful yellow 
tubular half flowers, lives on mountain 
slopes .  Endemic to O'ahu and Kauai. 



 
 
 

Ongoing Co-evolution 

 
 
 

I'iwi (Vestiaria coccinea) now feed mainly   
on open, nontubular corolla flowers of the  
ohia tree (Metrosideros polymorpha). 
 
 
However, early Hawaiian avifaunal  
accounts (Peale 1848; Perkins 1903)  
reported that this bird, which has a  
long curved bill, preferred flowers of 
native Lobelioideae (Campanulaceae),  
with long curved corollas 

(Smith et al. 1995) 



 
 
 

 
 
 

Eliminated inter-island variation by making all 
comparisons with individuals from Island of Hawaii.  
 
Museum specimens collected before 1902 ("old" 
specimens) compared to live specimens measured 
between 1988 and 1991 ("recent" specimens) at the Pua 
Akala portion of the Hakalau Forest National Wildlife 
Refuge, a site where lobelioids are very rare.  
 
To test for geographic variation within the island, which 
might have biased results, compared the character   
means of old specimens collected from the two principal 
volcanoes on the island, Mauna Loa and Mauna Kea. 

Methods 

(Smith et al. 1995) 



 
 
 

Results 

 
 
 

Tested hypothesis that shift in i'iwi's diet from the long 
corolla lobeliold flowers to ohia flowers which lack a corolla 
resulted in directional selection for shorter bill length. 

Evaluated hypothesis by 
comparing morphological 
characters of “old” 
museum specimens from 
the island of Hawaii 
with “recent specimens” 
from Hakalau National 
Wildlife Refuge, Hawaii 

Results show that bill length is 
shorter in recent specimens 
 
 
 

(Smith et al. 1995) 



 
 
 

Implications 

 
 
 

Longer bills decreased in frequency 
 
Change in i'iwi bill morphology over 
past 100 years has implications for  
evolutionary and conservation biology.  
 
This is a 1.78 % decline 
 
It took about 100 generations  
 
(I’iwi reach maturity in 1 year) 

(Smith et al. 1995) 

Recent 

Old 

Change 



 
 
 

Implications 

 
 
 

Could bill length change result from genetic drift ? 
 
 
 
 
 
Discuss results in light of the radiation of Hawaiian  
honeycreeper and their conservation. 

(Smith et al. 1995) 

Spline suggests that directional selection acted primarily 
on individuals with the longest bills. This suggests that 
selection favored shorter and possibly straighter bills.  
 

Rapid evolutionary shifts can occur in response to human-
induced extinctions and declines of native species.  

I'iwi in large numbers - continuous band around Mauna 
Kea and attain densities as high as 3200 birds/km 2.  
 

Furthermore, if drift caused shift in upper mandible 
length, expect other characteristics to have changed.  



 
 
 

But…  
Why don’t I’iwi feed on native Lobelioideae   
 
 
 Loss of native species ?  
 
 
 
 
 
Introduction of competitors ?   
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