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Hawaii tropical                     
moist forests 
 
Location:  
On windward (wet) side 
and at mid elevations              
(~1000 m to ~2000 m) 
 
Description: 
Two Indicator Taxa: 
  
 Metrosideros spp.                
 (O'hia lehua)  
  
          Acacia koa (koa) 
 
 
 

  

Hawaiian Terrestrial Biomes 



 
 
 

Hawaii tropical            
low shrublands 
 
Location:  
Restricted to low 
elevation on the 
leeward (dry) side            
of the islands 
 
Description:  
Grasses, shrubs and 
small trees (legumes) 
 
Many invasive species 

Hawaiian Terrestrial Biomes 



 
 
 

Hawaii tropical  
dry forests 
 
Location: On leeward 
(dry) side, range   
from sea level to high 
elevation (~ 2000m) 
 
Description: 
Two Indicator Species:  
 
 Metrosideros spp.                
 (O'hia lehua)  
 
 Acacia koa (koa) 
 
 
 

Hawaiian Terrestrial Biomes 



 
 
 

Dry Hawaiian Slopes 
 
  
Dry broadleaf forest ecoregion in the Hawaiian Islands 
 
Annual rainfall less than 127 cm (50 in) and may be as low 
as 25 cm (9.8 in). Rainy season from November to March 
 
Occur on leeward side of the main islands and on the 
summits of Niʻihau and Kahoʻolawe 
 
Plants either seasonal (deciduous – leaf loss) or  
sclerophyllous (maintaining small hard leaves year round)  
 
Sclerophyll is a type of vegetation with hard leaves and 
short internodes (distance between leaves along stem). 
Word comes from Greek: sclero (hard) and phyllon (leaf) 



 
 
 

Dry Hawaiian Slopes 
 
  
Dominant tree species include: 
 
 koa (Acacia koa) & koaiʻa (A. koaia) 
 ʻōhiʻa lehua (Metrosideros polymorpha) 
 
           wiliwili                                            ʻiliahi 
(Erythrina sandwicensis)                     (Santalum spp.) 
 
 
 
 



 
 
 

Dry Forest Flora 
Highly diverse vegetation 
 
Plants species inhabit wide  
elevation range, but take on 
 different growth forms 
  
Prime Example:  Naio  
(Myoporum sandvicense) 
 
- bushes (near the coast)  
- 40-foot trees at high  
   elevation (6 – 7,000 feet) 
  



 
 
 

 
  
Other species restricted to this habitat: 
 
  
loulu (Pritchardia glabrata).  
Can grow to 5m in height 
Endemic to moist forest on Lāna'i  
and dry slopes on west Maui,  
between 300 - 900m elevation. 
 
 
Palila (Loxioides bailleui):  
A critically endangered finch-billed  
species of Hawaiian honeycreeper.  
Bird endangered due to destruction  
of its native dry forests habitat.  

Dry Forest Fauna 



 
 
 

Dry Hawaiian Slopes 
 
  
Palila range from 6,500 to 9,500 feet in mamane and naio 
forests on slopes of Mauna Kea on the island of Hawai’i 
 
māmane (Sophora chrysophylla)  
 
 
 
 
 
 
māmane-naio (Myoporum sandwicense) 
 



 
 
 

Dry Hawaiian Slopes 
 
  
Palila has close ecological relationship with māmane tree 
 
Diet of palila almost exclusively  
immature seeds of māmane, which  
contain bad-tasting phenolic  
Compounds in seed coat and lethal  
quinolizidine alkaloids in embryos 
 
By some undetermined means,  
adult palila cope with a dose 
of these toxins that would kill 
other small animals in minutes 



 
 
 

Dry Hawaiian Slopes Under Threat 
 
  
273 plants and 44 animals listed as threatened or 
endangered by US Fish and Wildlife Service including        
the state bird, the nene goose (Branta sandvicensis). 



 
 
 

Dry Forest Vegetation Under Threat 

Endemic Hawaiian vetch  
(Vicia menziesii )   
 
Slope of Mauna Kea,  
discovered - 1794 
 
Impacted by grazing  
and invasive plants 
 
Thought extinct.  Re-discovered - 1974 
  
Restricted range:  
Ohia – Koa mesic forest, 5,000 – 6,300 ft elevation 
 
First Hawaiian Plant in ESA listing - 1978 
  



 
 
 

Endemic legume Vicia menziesii    
A liana which climbs 
surrounding trees,  
reaching maximum  
length of 20 meters.  
 

It spreads on ground  
for few meters before 
climbing into canopy. 
 

Leaves have tendrils  
 
 
Produces inflorescences with curving corollas up to 3 cm 
long. Yellow flowers turn pink with maturity and purple.  
 

Shape and color of flowers suggest they are  pollinated 
by birds. Visited by the ʻIʻiwi and Amakihi.  (Ralph et al. 1980) 



 
 
 

Endemic legume Vicia menziesii    
 
 
  

(Lassetter and Gunn 1979) 

V. menziesii          
is closely 
related to  
V. gigantea           
of North 
America and 
V. nigricans  
of South 
America 

Five species in this same genus:  
2 in Europe, 2 in America, 1 in Hawaii 



 
 
 

Hawaiian Mints 
 
  

Hawaii's native mints are a 
paradoxical group of plants 
which do not look, or even smell 
anything like other mints 
 
 
 
 
 
Some botanists theorize that 
the absence of predators in 
Hawaii caused these mints to 
gradually lose the aromatic 
defenses of their ancestors 
 



 
 
 

Hawaiian Mints 
Endemic mints constitute a major radiation, displaying 
great diversity of floral, fruit, and vegetative features.  
 
Three genera involved:   
 

- Haplostachys and Phyllostegia  
    have flowers associated with  
    insect pollination 

 
- Stenogyne has flowers typical  
    of bird pollination 

 
The three Hawaiian genera characterized by polyploidy 
hybridization – which pre-dates dispersal to the islands. 
 
  

(Lindqvist & Albert 2002) 



 
 
 

Hawaiian Mint Cladogenesis 
Evaluated origins of Hawaiian mints using phylogenetic 
analyses of DNA sequence.  Genera are Monophyletic. 
 
Closely related to temperate North American Stachys 
from Pacific coast, suggesting single colonization event. 
 
Separate lineages with either: 
 

insect-pollinated flowers          bird-pollination  flowers 
  
 



 
 
 

Hawaiian Mint Cladogenesis 
Hawaiian endemic mints, comprising 58 species, represent          
a major island radiation originated from polyploid hybrid 
ancestors in temperate North American Stachys lineage 
 
Resolution of most Stenogyne  
species into a monophyletic  
group with a recent origin on  
O’ahu (⩽3.0 My) or Maui Nui  
island complex (⩽2.2 My) 
 
Subsequent diversification  
involved multiple inter-island  
dispersal and hybridization events  

(Lindqvist et al. 2003) 



 
 
 

Hawaiian Mints Threatened 
There are 32 Hawaiian species in the genus  
Phyllostegia, plus one each in Tahiti and Tonga 
 
Found only in wet forests at elevations of  
2,300–4,200 feet (700–1,300 m) on Molokaʻi 
 
Only 10 specimens found between 1910 and 1996 
 
Thought to be extinct in 1997, but 2 seedlings found 
at Kamakou Preserve in 2005 
 
Since 2007, 24 wild plants discovered. A total of 238  
plants are known to currently exist 
 
P. hispida classified as endangered by U.S.F.W.S.  in 2009  
  



 
 
 

Cloudlands & Drylands 

Windward                                   Leeward  

Mt. Ka’ala  
(O’ahu)   

 
4,025 feet  
(1,227 m) 



 
 
 

Rainforest Habitats – Low Islands 

Characteristic structure consists 
of several "layers" or growth levels: 
  
One or more canopies (trees, bushes) 
Understory (ferns, sedges) 
Ground cover (mosses, liverworts) 
 
 
Four main rainforest types (on short islands): 
- 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 



 
 
 

Hawaiian Bogs – Low Islands 

Mt. Ka'ala (1200 m) is the  
highest peak in the Waianae  
range, above all of O'ahu 

The caldera at the top of 
Kaua'i's shield volcano is              
10-12 miles across. The local 
conditions (high rainfall, 
limited drainage, no porous 
soil) filled in the caldera and 
created the Alakai Swamp 



 
 
 

Hawaiian bogs 

The rain and fog drip that 
accumulates in depressions,  
creates the bogs – inundated 
areas of unique flora 
 
The dominant plant life in 
bogs is grasses and sedges, 
with abundant mosses, ferns  
and lots of fungi 
 
Some trees and shrubs can 
grow in this environment, but 
they are slower-growing and 
often stunted (dwarfed)  
 
 
 



 
 
 

Hawaiian bogs – Unique Flora 

Acid soil may contribute to 
this stunting of the plants 
 
'Ohi'a maka noe, on the top, 
illustrates the dwarfing of 
larger plants in the bog 
environment. It grows to  
three feet in height 
 
'Ohelo, on the bottom, 
relkated to cranberries, 
also grows smaller in bogs 
than in other environments 



 
 
 

Hawaiian bogs – Refuges 
Argyroxiphium caliginis, the bog 
silversword, is a rare endemic plant 
found only on West Maui 
 

Reproduction mostly by vegetative 
growth – due to lack of pollinators  
  
Of 5 known species in endemic 
flightless fly genus Emperoptera, 
only one survives on Mt. Ka`ala 
 

Other four species of Emperoptera 
gone extinct due introduction of 
predaceous ants and damage to 
their fragile forest habitat by pigs  



 
 
 

Hawaiian bogs – Under Threat 

Under attack in different ways 
 
Bogs on top of Mount Ka'ala in the 
Wai'anae on O'ahu and in Koke'e on 
Kaua'i, invaded by blackberry, 
carried by hikers, pigs and birds 
 
 
Hikers also damage bogs by merely 
walking through them. Boardwalks 
help to alleviate this problem 
 
Damage by feral pig activity is 
reduced by fencing areas 



 
 
 

Vegetation Zones on High Islands 
Cross section of a high island (Maui, Hawai'i) showing 
variety of moisture and vegetation conditions present: 
  

 alpine and subalpine areas 
 montane (wet / mesic / dry) 
 lowland (wet / mesic / dry)  
 coastal areas 



 
 
 

Vegetation Zones On High Islands 

5600 
feet 

Mesic Forest   
(Koa - Dominated)  

Rainforest 
(Ohia - Dominated) 

9000 
feet 

Alpine Heath Zone  

1500 - 1700 
meters 

2500 - 2700 
meters 

Windward                           Leeward  



 
 
 

The Cloud Zones On High Islands 

Haleakala 

Kahoolawe 
 



 
 
 

The Cloud Zones On High Islands 

Mauna Kea   
and  
Mauna Loa   
surrounded  
by clouds  

Cloud band  
surrounds  
entire island 



 
 
 

Hawaii tropical 
high shrublands  

Location:  
Only on high islands 
(Maui and Hawai’i) and 
at higher elevations         
(> ~ 2000m)  
 
Description:  
Bushes and scattered 
trees (in ravines) 
Eventually, transitions 
into alpine biome 

Hawaiian Terrestrial Biomes 

http://www.cas.vanderbilt.edu/bioimages/species/metro.htm


 
 
 

Flagship Cloudlands Fauna 
 
  
The Nene or Hawaiian Goose, (Branta sandvicensis) 
exclusively found on Maui, Kauaʻi and Hawaiʻi islands 
 
Historically, inhabited Kahoʻolawe, Lānaʻi and Molokaʻi 
 
Medium-sized: 41 cm (16 in) tall 
 
Females: 1.5–2.5 kg (3.4 – 5.6 lb) 
Males: 1.7–3.0 kg (3.7–6.7 lb) 
 
Although they spend most of  
their time on the ground, they  
are capable of flight 



 
 
 

Nene – the Hawaiian Geese 
 
  
The Nene is the world's rarest goose. Once common,           
with approximately 25,000 Hawaiian Geese living in            
Hawaiʻi when Captain James Cook arrived in 1778 
 
Hunting and introduced predators, such as mongooses, pigs 
and cats, reduced the population to 30 birds by 1952 
 



 
 
 

Nene – the Hawaiian Geese 
 
  
The nature reserve WWT Slimbridge, in England, was 
instrumental in successful breeding of Nene in captivity 
 
Under direction of conservationist Peter Scott, it was 
bred back from the brink of extinction during the 1950s 
for later re-introduction into the wild in Hawaiʻi 
 



 
 
 

Hawaiian Geese Evolution 
 
  
The Nene evolved from the Canada Goose (Branta 
canadensis), which migrated to the Hawaiian islands 
500,000 years ago, shortly after Hawaiʻi Island formed 
 
Two other species:  
 
* Nene Nui (Branta hylobadistes) larger than the Nene, 
varied from flightless to flighted, and inhabited Maui. 
Similar fossils on Oʻahu and Kauaʻi may be same species 
 
* Underscribed (flightless) giant Nene 



 
 
 

Other Hawaiian Geese 
 
  
The Giant Hawaiʻi Goose restricted to the island of 
Hawaiʻi and measured 1.2 metres (3.9 ft) in length with  
mass of 8.6 kg (19 lb): over 4 times larger than the Nene 
 
The herbivorous Giant Hawaiʻi Goose occupied the 
same ecological niche as the goose-like ducks known 
as moa-nalo, which were not present on the Big Island 
 
The moa-nalo are group of extinct aberrant, 
goose-like ducks from Hawaiian Islands, 
except Hawaiʻi Island 
 
Major herbivores for last 3 million years,  
until extinct after human settlement 
 



 
 
 

Hawaiian Geese Fossils 
 
  

Map of main Hawaiian 
Islands with skulls of  
two moa-nalos and three 
Hawaiian geese evaluated in 
this study [B. sandvicensis 
(nene), B. hylobadistes 
(nene-nui), and undescribed 
giant Hawaii goose].  

Fossils of giant Hawaii goose found only on the island of 
Hawaii. Moa-nalos were found only on the older islands 
from Maui to Kauai. Arrows show that the nene, B. 
sandvicensis, and nene-like (B. hylobadistes and relatives) 
geese were widely distributed among the main islands. 
 
 



 
 
 

Hawaiian Geese Fossils 
 
  

Skulls and mandibles in lateral view. (a) B. canadensis maxima 
(USNM 555497); (b) giant Hawaii goose (BPBM 179440); (c) B. 
hylobadistes (BPBM PPBH7); (d) B. sandvicensis (USNM 557998). 
The length of the giant Hawaii goose skull (b) is 127.6 mm. 
 



 
 
 

Hawaiian Geese Phylogeny 
 
  

Paxinos E E et al. PNAS 2002;99:1399-1404 



 
 
 

Hawaiian Geese Fossils 
 
  

Left ulna  
and tibiotarsus  

Left ulna and 
tibiotarsus.  
 
(a) B. canadensis 

maxima 
 

(b) giant  
Hawaii goose  
 
(c) Nene Nui 
(B. hylobadistes)  
 
 
(d) Nene  
(B. sandvicensis) 



 
 
 

Geese Morphology 

 
  

Principal component scores derived from osteological 
measurements for Branta species and subspecies 



 
 
 

Hawaiian Geese Radiation 
 
  

Conclusions 
 

Hawaiian lineage of Canada geese diverged into at 
least three species that differ in body size, body 
proportions, and flight ability 
 

One fossil species, limited to the island of Hawaii, 
was related closely to the nene but was over four 
times larger, flightless, heavy-bodied and had a much 
more robust cranium 
 

Application of a rate calibration to DNA divergence 
suggests that this species evolved on the island of 
Hawaii in less than 500,000 years. Consistent with 
the potassium/argon-based age of the island of 
Hawaii of 430,000–500,000 years 



 
 
 

Convergence Evolution 
 
  
The giant Hawaii goose resembles the moa-nalos, a group 
of massive, extinct, flightless ducks that lived on older 
Hawaiian Islands 
 
Nene and Moa-Nalo provide an example of convergent 
evolution of similar morphologies in island ecosystems 
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