
 
 
 

Rainforests in Transition 



 
 
 

Rainforests in Transition 

Greatly diminished in the  
last two centuries 
 
Yet, remain the least  
disturbed land ecosystem 
 
High elevation terrain  
with moisture-laden wind  
and elevated annual  
precipitation > 120 inches 
 
Currently restricted to summits of low islands  
(O’ahu, Kaua’i, Moloka’i), the windward shores of Maui and 
the slopes of Mauna Kea and Mauna Loa (up to 5,000 feet)  



 
 
 

Rainforest Vegetation 

Characteristic structure of rain forests 
consists of many "layers" or growth levels:  
 
starting with tallest trees  
emerging from the canopy 
 
a second canopy of shorter  
trees below that  
 
understory composed of tall 
and short shrubs, epiphytes  
(grow on other plants), vines 
 
small ferns and herbaceous  
(non-woody) plants on floor 
 



 
 
 

Rainforest Canopy 

Consists of several dozens of tree and plant species,  
many very valuable for their durable and precious wood 

Koa  
(Acacia koa)  

A large tree, up to     
15–25 m in height  

‘Iliahi  
(Santalum freycinetianum) 
From a 3 foot tall shrub          

to a 40 foot tree 



 
 
 

Rainforest Understory 

Typified by several dozens of tree and plant species,            
while diversity is 100s of species – some island endemics 

'Ohia lehua  
(Metrosideros polymorpha) 
Ranges from a prostrate 
shrub to a 100 foot tree 

 

The tree fern Cibotium 
glaucum (hãpu'u pulu)  
is 6 to 10 feet tall, but  
it can reach 25 feet 



 
 
 

Rainforest Groundcover 

Lowest level of rainforest  
is covered with mosses  
and herbaceous plants  
like this Peperomia,  
called 'ala'ala wai nui 

Mosses and liverworts 



 
 
 

Tree Gaps and Vines 

na'ena'e 
(Dubatia laxa) 'ie'ie 

(Freycinetia 
arborea) 

pi'oi 
(Smilax 

melastomifolia) 

  Understory plants             Vines – climbing in search 
      in tree gaps                                  of the light  



 
 
 

Four types of rainforest habitats 

The height (and species composition) of the 
vegetation layers making up the forest vary 
depending on elevation and precipitation:  
 
- Coastal mesic forests found from sea level to 300 m 
 

- Mixed mesic forests from 750 to 1,250 m 
 
- Wet forests (rainforests) from 1,250 to 1,500 m  
 
- Moist bogs exist on montane plateaus and depressions 



 
 
 

Lobelioids (bellflower family) 

Hawaiian lobelioids are a group of 
flowering plants in the bellflower  
family, Campanulaceae, all of which 
are endemic to the Hawaiian Islands 
 
This is the largest plant radiation  
in Hawai’i, with over 125 species 
 
Exceptionally species rich and 
exhibiting striking diversity in 
habitat, growth form, pollination 
biology and seed dispersal 
 
Their origins and diversification 
pattern shrouded in mystery 



 
 
 

Lobelioid Radiation 
Molecular data confirm that Hawaiian lobeliads are 
product of one single immigration event  
 
Largest plant clade on  
any oceanic archipelago 
 
Their common ancestor  
arrived about 13 Myr ago 
 
Ancestor most likely  
woody, wind-dispersed,  
bird-pollinated plant and  
adapted to open habitats 
at mid-elevations 

(Givnish et al. 2009) 



 
 
 

Lobelioid Radiation 
Invasion of tropical forests by  
genus Cyanea, associated with  
evolution of colorful fleshy fruits 
 
Limited seed dispersal accelerated  
Cyanea speciation and led to parallel  
adaptive radiations, with most  
species restricted to single islands 
 
Cyanea diversity reflects hierarchical 
adaptive radiation in habitat, then  
elevation and then flower-tube length 
 
Co-evolution with bird pollinators  



 
 
 

Rainforest Insects 
• Colonization “filter”:  
 

- 11 orders of flying insects 
 

- Good dispersers (spiders) and  
   fliers (Dragonfly/Damselfly),  
   but no native ants     
     

- 10 orders have evolved     
“flightless” species 

 
 
• Diversification of colonizers:  
  

~10,000 species, high endemism 
 

Radiation: Fruit fly (Drosohila)  
 species flock (~ 1000) 

 

11 flightless  
flies (Order 
Diptera) in  
two families: 
Limoniidae 
(crane-flies)   
and 
Dolichopodidae 
(long-legged 
flies) 



 
 
 

Unusual Insect Life Styles 

 
• Crane flies (family Tulipidae)  
 
have aquatic larvae, but one 
species has evolved a leaf miner 
 
 
• Hyposmocoma  (new species)  

 
Common name:  
Case-Making  
Aquatic Moth.  
Larvae graze  
on stream rocks 



 
 
 

Unusual Insect Life Styles 

• Eupithecia rhodopyra 
 
moth caterpillar is a carnivorous ambush predator that 
feeds on Hawaiian fruitflies, on Mount Ka’ala, O’ahu 
 



 
 
 

Rainforests as Wildlife Refuges 

24,000 species of land snails 
worldwide and 3% occur in Hawai’i 
 
There are ~ 900 Hawaiian land snail 
species (in 10 families), exhibiting 
extremely high endemism (>99%) 
 
For instance, family Amastridae, is  
the most species-rich (325 species),  
but all are probably extinct 
 
Family Achatinellidae (213 endemic 
species) is second most species-rich  
family and includes 41 species listed  
under US Endangered Species Act 

http://explorebiodiversity.com/main/video/oahutreesnail.html


 
 
 

Threats to Hawaiian Snails 
Primary causes for the population decline of land snails 
are habitat destruction and predation/competition with 
non-native alien species (e.g. snails and rats) 
 
Euglandina rosea, the "rosy wolfsnail"  
or the "cannibal snail", is a species  
of medium-sized to large predatory 
land snail from South America 
 
About 900 species (71%) of about 1,263 historically 
described species of Hawaiian land snails are extinct 
 
Additional extinct species are abundant in 
archaeological sites and limestone sinkholes  
 
 



 
 
 

Rainforests as Wildlife Refuges 

Newell’s Shearwater or 'A'o 
(Puffinus newelli) once abundant 
on all main Hawaiian islands 
 
Today, it nests in mountainous 
terrain (500 - 2,300 feet high) 
 
Introduction of mongoose, cat, 
black rat, and Norway rat may 
played primary role in reduction 
of ground nesting seabirds 



 
 
 

(Eggert et al. 2008) 

                'I'iwi                      Apapane                                 Amakihi  
 
(Vestiaria coccinea)        (Himatione sanguinea)          (Hemignathus virens) 

Rainforests as Wildlife Refuges 

Terrestrial birds – including remaining honeycreepers – 
inhabit rainforests and bogs at high elevation   
 
Threatened by predation, competition and disease 



 
 
 

Invasive Plants 

Clidemia hirta  
Koster's Curse 

Psidium cattleianum  
Strawbery guava 

Rain forest environments are important watershed areas  
 
Introduced plants trees (Eucalyptus), bushes (Strawberry 
guava), and ground-covering plants (Clidemia) reduce water 
absorption into the soil. Some use more water themselves 



 
 
 

Invasive Animals 
The small Polynesian pig did not range to more than 3,000 
feet and did not cause great damage. However, when the 
larger domestic pig ran wild after its introduction by 
Europeans, the two hybridized.  The resulting larger feral 
pig ranges higher and does much more damage 



 
 
 

Invasive Mosquitoes 
None of several hundred species of mosquitoes, native to 
Hawai’i. Six biting species naturalized since 1820s 
 

Four known vectors of human and animal diseases 
 

Mosquito species have become established in Hawai‘i in 
1826, 1892, 1896, 1962, 1981 and 2004.  More than  
forty species intercepted by State quarantine officers 
 
 

State Department of Health detected two new species: 
in 2003 Anopheles punctipennis, a human malaria vector, 
was detected in Honolulu but did not establish permanent 
breeding populations; in 2004 Aedes japonicus japonius, 
was found and widespread on windward  Hawai‘i island 

http://hawaiiconservation.org/files/content/resources/ 
publications/position_papers/mosquitos.pdf 



 
 
 

Mosquito Species and Disease 
Most ubiquitous species in Hawai’i is 
the  Southern House Mosquito,  
Culex quinquefasciatus, established  
by 1826 and a vector for avian  
malaria and avian pox. Occurs on  
all islands in residential, agricultural 
and forested areas, from the  
coast to 1,800 meters elevation 

In wet forests, larvae often found in the rain-filled tree 
fern cavities created by the feeding habits of feral pigs  
 

They may also be found in natural and artificial containers 
as well as ditches, ponds and stream edges  
 

http://hawaiiconservation.org/files/content/resources/ 
publications/position_papers/mosquitos.pdf 



 
 
 

Mosquitoes as Vectors – Malaria 

Two habitats 
Mesic:  Wet (ML)      Xeric: Dry (MK) 

One native species – naïve to malaria 

(van Riper et al. 1986) 



 
 
 

Mosquitoes as Vectors – Malaria 
3 native and 2  
introduced species  
from mesic malaria 
-free  habitat (ML) 
 
1 of the native  
species (amakihi)  
also sampled from  
xeric habitat (MK) 
 

Bird abundance 
with changing 
elevation at two 
different sites 

ML                               MK 
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Mosquitoes as Vectors – Malaria 
Different bird 
species vary  
in  resistance 
and survivorship 
to infection 

Native birds:           NO resistance      Low survivorship 
Introduced Birds:   100% Resistance   100% Survivorship 
 
 Did the 

hypothesis 
Work out? 
 

YES 
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Mosquitoes as Vectors – Malaria 

Parasite incidence and  
abundance with changing 
elevation at two sites 

ML                               MK 

ML                               MK 

Influenced by abundance of 
native and introduced birds 
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Mosquitoes as Vectors – Malaria 

What are the 
best vectors? 
 
Introduced 
birds resistant 
to disease        
(not sick, but 
carry parasite) 

What causes 
malarial hotspot? 
 
Overlap of native 
birds (get sick 
and die) and 
introduced birds 
(carry parasite) 



 
 
 

Evolving Disease Resistance 
Introduced avian malaria 
(Plasmodium relictum)  
has devastated low-
elevation populations of 
native birds in Hawai’i 
 
At least one species 
(amakihi), that was  
greatly reduced at 
elevations below about 
1000 m, tolerates malaria 
and has initiated a 
remarkable recovery 
 

(Foster et al. 2007) 



 
 
 

Evolving Disease Resistance 
Assessed mitochondrial and nuclear DNA markers  
from amakihi and two other Hawaiian honeycreepers: 
apapane and I’iwi 
 
Surveyed nine study sites from 
2001 to 2003 to determine the  
source of re-establishing birds 
 
 
Obtained amakihi museum  
study skins (1898, 1948–49)  
to assess temporal changes  
in allele distributions  



 
 
 

Evolving Disease Resistance 
Amakihi in lowland areas are, 
and have historically been, 
differentiated from birds  
at high elevations and had 
unique alleles through time 
 
Their genetic signature was  
not a subset of the genetic  
variation at higher elevations 
 
 
Results suggest that high disease pressure rapidly 
selected for resistance to malaria at low elevation, 
leaving small pockets of resistant birds, and this 
resistance spread from scattered remnant populations 



 
 
 

Evolving Disease Resistance 

Persistence of Hawaiian honeycreepers (Drepanidinae) 
threatened by introduction of exotic pathogens and  
their vector, the mosquito Culex quinquefasciatus 
 
Historically, land bird species such as the amakihi 
(Hemignathus virens), the apapane (Himatione sanguinea), 
and the I’iwi (Vestiaria coccinea) found from coastal 
lowlands to high elevation forests 
 
By the late 1800's they had become extremely rare in  
low elevation habitats (below 900 m) 
 
Recently, however, populations of amakihi have been 
observed in low elevation habitats 

(Eggert et al. 2008) 



 
 
 

Evolving Disease Resistance 

Used 12 polymorphic micro 
satellite loci to investigate 
patterns of genetic structure 
 
Infer responses of these species 
to introduced avian malaria along 
an elevational gradient on eastern 
flanks of Mauna Loa and Kilauea 
volcanoes on the island of Hawaii 
 
Detected very few apapane and 
no i’iwi in low-elevation habitats 
 
Amakihi occurred at low elevation 



 
 
 

Evolving Disease Resistance 
Amakihi have genetically  
distinct and spatially  
structured populations  
separated by altitude 
 
On the other hand, genetic analyses reveal only minimal 
differentiation in i’iwi and apapane at different altitudes 
 
Results suggest that the amakihi population at low 
elevation has not been recolonized by individuals from 
mid or high elevation refuges 
 
After generations of strong selection for pathogen 
resistance, amakihi have rebounded and become common 
in low elevation regions where previously rare or absent 



 
 
 

Important Co-evolutionary Links 
Species losses can lead to cascading effects on 
communities, including the disruption of ecological 
processes such as pollination and seed dispersal.  
 
 

Largest remaining  
species of native  
forest bird 
 

Once common in mesic  
and dry forests on the  
Big Island, but today  
exists only in captivity 
 
Population = 61 birds 

(Culliney et al. 2012) 

Endangered ‘Alala  
(Corvus hawaiiensis) 
 



 
 
 

Fossil remains indicate that it was relatively abundant on 
all main islands, along with 4 other extinct crow species 
 
Crow species known 
for strong flying  
ability and  
resourcefulness 
 
Reasons for  
extinction are not 
fully understood 
 
Introduced diseases, includingToxoplasma gondii, avian 
malaria, and fowlpox significant in the species' decline 

Alala Ecology And Natural History 



 
 
 

Species found only in the western and southeastern parts 
of Hawai’i Island. Inhabited dry and mesic forests on 
slopes of Mauna Loa and Hualālai between 300–2,500 m 
 
Ōhiʻa lehua and koa are important tree species in its 
habitat.  Extensive understory cover necessary to protect 
the 'alala from predation byʻio hawk (Buteo solitarius) 
 
Nesting sites very wet: receive  
600 – 2,500 millimeters  
(24 – 98 inches) annual rainfall 

Alala Ecology And Natural History 



 
 
 

 
 
- fed captive ‘Alala a  
variety of native fruits 

 
- documented behaviors  
relating to seed dispersal 

 
- measured germination  
success of seeds passed  
through gut of ‘Alala  
relative to control seeds 

Study of Seed Dispersal / Germination 



 
 
 

Study in Captivity: Trials included 57 ‘Alala  
 
13 juvenile male 
9 juvenile female  
16 adult male 
19 adult female 

Methods  



 
 
 

‘Alala ate and carried 14 native fruits  
 
 

Results - Dispersal 

Model-averaged 
estimates (+/-SE) 
of probability of 
observing ‘Alala 
seed carrying 
behavior for 13 
native Hawaiian 
plant species  
(loulu  appears 
twice: black / 
green fruits), 
separated by bird 
age and sex class. 
The number of 
times each bird 
was given each 
plant varied, as 
indicated by 
sample size (n) 



 
 
 

‘Alala provided germination benefits to several  
species (shown in red) by ingesting their seeds  

Results – Germination   

Model-averaged estimates (+/-SE) of the proportion of seeds 
germinated for three treatments: seeds cleaned by hand 
(CL), ‘Alala-ingested seeds from fecal droppings (FEC), pellets 
(PELL), and seeds in whole fruits (WH) for six plant species.  



 
 
 

‘Alala evolved tight relationships with native plants,                
and assisted in their seed dispersal 
 
Prior to its extirpation, ‘Alala helped to establish and 
maintain native Hawaiian forest communities by 
dispersing seeds of a wide variety of native plants 
 
In its absence, the structure and composition of Hawai‘i’s 
forests may be changing, and some large-fruited plants 
may be dispersal limited, persisting primarily as 
ecological anachronisms (outside of their time) 
 

Broken Co-evolutionary Links 
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Manoa Cliff Field Trip – Sunday 17th 
 
 

Depart HPU at 8.00           Return by 14:00  
 
Park at the Round Top Drive parking  
area where the Mānoa Cliff Trail  
intersects Round Top Drive 
 

On google map:  
 

Manoa Cliff Trailhead & Parking 
Round Top Dr 
Honolulu, HI 96822 

https://manoacliffreforestation.wordpress.com/volunteering/ 



 
 
 

Manoa Cliff Field Trip – Sunday 17th 
 
It takes ~ 45 minutes 
to hike into the site. 
 
We will work on  
weeding or planting,  
until 12 pm.   
 
At 12, break for lunch. 
 
 
Volunteers should be prepared:  
 
bring your own water, snacks, and appropriate clothing - 
long pants and long-sleeve shirts (for working off-trail), 
rain gear, warm clothing and work gloves if you have them.  
 



 
 
 

Manoa Cliff Restoration Site 
 
 Mount Tantalus, leeward O’ahu 

 
1800 - 1920 feet elevation  

Annual Total Rainfall:  
 
160 inches (400 cm)   



 
 
 

Manoa Cliff Restoration Site 
 
 Rainfall:  

 
Annual Total:  
  
Min:  
       204 mm   
 
Max:  
 
     10271  mm 
 
 
 
  
 

http://rainfall.geography.hawaii.edu
/interactivemap.html 



 
 
 

Manoa Cliff Restoration Site 
 
 Our story begins with the post 
rejuvenation eruptions of 
Ko’olau Volcano, including 
Punchbowl and Diamondhead.  
 
Somewhere around 60,000+ 
years ago, the cinder cones             
of Tantalus and Pu’u Kakea  
became active.  
 
Because of this, the soils on 
Pu’u ‘Ohia are much younger 
than the surrounding area.  
 
 ‘Ohia lehua (Metrosideros spp.)  



 
 
 

Manoa Cliff Restoration Site 
 
 
Lowland mesic forest developed, dominated by various 
‘Ohia lehua (Metrosideros spp.) and Koa (Acacia koa).  
 
Other common trees included: 
 
Kopiko (Psychotria mariniana),  
Kalia (Elaeocarpus bifidus),  
Kokio ke’o ke’o (Hibiscus arnottianus)  
and Hame (Antidesma platyphyllum).  
 
 

Understorey covered with:  
 
Hawaiian lobeliads  
(Cyanea & Clermontia ssp.),  
tree ferns (Cibotium & Sadleria ssp.)  
and ‘Ie’ie (Frycinetia arborea). 

 
 

Koa (Acacia koa)  

Cibotium glaucum (Tree Fern)  



 
 
 

Manoa Cliff Restoration Site 
 
 

 
Vegetation – Mesic to Wet Forest 
 
Ferns, mountain naupaka, koa,  
ohia, bromeliads, native hibiscus, 
and lobelioids  



 
 
 

Manoa Cliff Restoration Site 
 
 

The Worst Invasive Plant Species  
 
• Cinnamon (Cinnamomum burmannii)  
• Koka (Bischofia javanica)  
• Bamboo (Phylostachys nigra)  
• Palm grass (Setaria palmifolia) 

Strawberry 
Guava 
 
 
 
 
 
Ginger 



 
 
 

Manoa Cliff Restoration Site 
 
 

Introduction Video on Vimeo:   https://vimeo.com/44834000 


