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Background and Justification  
 

1. Project Background  
 Forest ecosystems of the Hawaiian Islands have increasingly faced threats of species 
extinction and biological invasion, resulting in novel communities composed of native and non-
native species. Although many native Hawaiian plants rely on birds for seed dispersal, nearly all 
native frugivorous birds are extinct (all on Oahu). Introduced vertebrate species have the potential 
to substitute vacant roles in seed dispersal networks, but if they predate native seeds or consume 
and disperse non-native seeds more frequently than native seeds, their cumulative impact on native 
plant communities will be negative. To conserve Hawaiian forest ecosystems and secure 
populations of at-risk plant species, it is important to understand the role of non-native invasive, 
frugivorous species in seed dispersal of native and nonnative plants.  

In the last century, several game bird species (Galliformes) were introduced to the 
Hawaiian Islands for recreational hunting. On Oahu, the Kalij Pheasant (Lophura leucomelanos) 
and Erckel’s Francolin (Pternistis erckelii) occupy a large range of forested habitat varying in 
elevation and plant community composition. Both species are known to consume fruit, but their 
roles in seed dispersal networks have remained largely unknown. The Kalij Pheasant and Erckel’s 
Francolin are larger than any extant native forest bird, and their gape width and foraging behavior 
might suit dispersal of native seeds adapted for consumption and dispersal by extinct corvids or 
large flightless geese. On the other hand, anatomical differences, such as the powerful gizzards of 
gallinaceous birds, may impair viability of certain seeds. Furthermore, there is concern that these 
introduced game birds might predate endangered Oahu tree snails (Achatinella spp.).  

Our study of game birds began in January 2017. We are using a multidisciplinary effort 
involving advanced field techniques, experimentation, and predictive ecological modeling to 
comprehensively measure the ecological impacts of these game bird species on seed dispersal. Our 
project includes the following components: (1) Identification of diet; (2) Estimates of population 
abundance; (3) Movement of birds; (4) Gut passage experiments; and (5) Fruit preference trials. 
For (1) we are using game cameras and collecting fecal samples. From fecal samples, we will sort 
and identify whole seeds and seed fragments and use genetic sequencing to classify invertebrates 
in diet. For (2) we are using surveys of distribution and abundance at sites. For (3) we are live-
capturing game birds and attaching GPS transmitters to birds using harnesses. Transmitters are 
supplying movement data for up to three years. During captures, we are banding birds and taking 
morphological measurements. We are also recording fruiting phenology of plants at sites to 
identify optimal fruiting times for long-distance dispersal based on game bird movement patterns. 
We have tagged six birds thus far. For (4) and (5), we have collected live birds from the field and 
temporarily contained them in an aviary where we will conduct fruit preference trials and gut 
passage germination experiments starting in July 2018. Feeding trials will allow us to discern food 
preference and resource tracking from opportunistic foraging, and through gut passage 
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germination experiments, we are measuring the effects of the game bird digestive tract on seed 
germinability, germination rate, and viability for each plant species considered. This project is 
supplying DoD, DOFAW, OANRP, and other natural resource managers with important 
information concerning novel ecosystem interactions and native plant conservation.  

 
2. Preliminary Results 
Our preliminary results suggest that game birds are important seed dispersers (or predators) at 

our sites. Within Pahole Natural Area Reserve and Kahanahaiki, we are collecting fecal samples 
and deploying game cameras. We are also necropsying individuals collected by local hunters. So 
far, we’ve found that both Kalij Pheasants and Erckel’s Francolins are consuming seeds of native 
and non-native plants (Table 1).  
TABLE 1: Seeds consumed by game birds during 2017-2018 at Pahole Natural Area Reserve and 
Kahanhaiki.  
Kalij Pheasant (Lophura leucomelanos)  
Plant Species  Native Status  Endangered Species Status  
Delissea waianaeensis Native Federally listed 
Dianella sandwicensis Native Not listed 
Solanum sandwicense Native  Federally listed  
Rubus rosifolius Non-native  Not listed 
Psidium cattleyanum Non-native  Not listed 
Passiflora edulis flavicarpa Non-native  Not listed 
Clidemia hirta  Non-native  Not listed  
Erckel’s Francolin (Pternistis erckelii)  
Plant Species  Native Status  Endangered Species Status   
Delissea waianaeensis Native Federally listed  
Leptecophylla tameiameiae Native Not listed  
Cyanea grimesiana Native Federally listed  
Solanum sandwicense Native Not listed  
Psidium guajava Non-native Not listed  
Rubus rosifolius  Non-native Not listed  
Rubus argutus  Non-native Not listed  
Clidemia hirta  Non-native  Not listed  

 
We captured game birds for telemetry, banding, and morphological measurements. As a 

part of a larger study of seed dispersal in Hawaii, the Hawaii VINE Project has collected 
morphological data from common forest birds of Oahu. In comparing the morphology of game 
birds to introduced passerines (Figure 1), we found that game birds had the largest gape width and 
body mass in the current avian assemblage. This suggests that game birds may be capable of 
consuming larger seeds and more seeds compared to songbirds; they may also disperse seeds 
farther due to a longer digestive tract.  
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FIGURE 1: Comparative morphology of common frugivorous birds of Oahu. Data was collected 
by the Hawaii VINE Project from 2014-2017.  

 
3. Effects of Gut Passage on Seed Condition 
A common mode of seed dispersal, endozoochory, involves ingestion of fruit by frugivorous 

vertebrates. Following fruit consumption, seeds within fruit are dispersed away from parent plants 
with movement and gut passage of animals. Fruit-eating vertebrates disperse the majority of 
woody plant species worldwide, however each plant-animal species interaction is unique. The 
conditions within an animal’s gut have the potential to increase germinability of seeds by removing 
fruit pulp or scarifying seed surfaces. Alternatively, frugivores can depredate seeds during gut 
passage. The duration of time for a seed to pass through an animal’s gut is also species-specific. 
Importantly, gut passage time affects seed dispersal distance, since animals are expected to move 
farther distances with increased time intervals.   

 
4. Previous Research  
We are the first to study game bird ecology on Oahu. Previous studies have examined Kalij 

Pheasant diet, social behavior, and capture methods within Hawaii Volcanoes National Park, 
Hawaii. Other studies in Hawaii have surveyed game bird population distribution or examined 
them as vectors of parasites or disease. To our knowledge, we are the first to investigate diet of the 
Erckel’s Francolin in the Hawaiian Islands, as well as to collect long-term movement data on these 
two species. We will disseminate our findings through publication and presentation at state, 
national, and international conferences, including the annual Hawaii Conservation Conference. 
We would be enthusiastic to plan direct meetings with Department staff to discuss research results. 
Previous studies that share some similarities with this project are cited below.   
 
Cole, F. Russell, et al. "Conservation Implications of Introduced Game Birds in High‐Elevation 
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  Hawaiian Shrubland." Conservation Biology 9.2 (1995): 306-313. 
Lewin, Victor, and Geraldine Lewin. "The Kalij pheasant, a newly established game bird on the  

island of Hawaii." The Wilson Bulletin (1984): 634-646. 
Zeng, Lijin. "Social behavior and cooperative breeding of Kalij Pheasants (Lophura  

leucomelanos) in Hawai'i." (2014). 
 

5. Management Implications  
Kalij Pheasants and Erckel’s Francolins are well-established on Oahu and other major islands in 
Hawaii. We have evidenced that these birds are important in seed dispersal networks, but we are 
uncertain as to whether they are benefiting or impeding native plant conservation efforts. For the 
protection of at-risk native plant species of Hawaii, it will be critical to understand the overall 
impacts of game bird introductions, including effects of gut passage on seed condition. 
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