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The Azure-tailed Skink, Emoia impar, Remains Extant  
on Hawai‘i Island, USA
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The once common Hawaiian populations of Azure-tailed 
Skinks, Emoia impar, have exhibited drastic declines in these 
islands during the past 100 years (Fisher and Ineich 2012). In a 
detailed analysis of Hawaiian herpetofaunal surveys, literature, 
and museum specimen records, these authors documented 
nearly synchronous reduction of E. impar populations on all the 
major Hawaiian Islands. The last single specimen catalogued 
by Fisher and Ineich (2012) was from Kaua‘i in the 1960s, and 
they believed the species was likely extinct in the Hawaiian 
Archipelago. Subsequently Wood et al. (2013) reported a self-
sustaining population rediscovered in 2000 on the six-ha 
Mokapu Islet off Molokai Island. I report here that a sea-cliff-top 
population of E. impar is present at Ninole, Hawai‘i Island, based 
initially on a photograph (Fig. 1) taken on 8 January 2017 by Gary 
Miller.

Population and Habitat.—Mr. Miller and I visited the 
population site on 2 February 2017. Between 12–24 individual 
lizards were observed over a very small open area ca. 4 × 10 
m between a stand of dense Screwpine (Pandanus tectorius) 
dominated forest and the cliff edge above the ocean. Although 
the lizards were very abundant in this small space, on this day 
they were not observed at higher elevation within the dense P. 
tectorius grove or in the surrounding Guinea Grass (Megathyrsus 
maximus) or the landscaped residence properties along the 
coastal road. This isolated Pandanus grove was only about 10 × 
40 m or 0.04 ha in area. At the cliff edge, the lizards were actively 
moving among P. tectorius leaf litter between sun and shade and 
frequently interacting with each other in large numbers within 
small spots of direct sun (Fig. 2). In view of the large number of 
lizards observed in this local population at that time, a voucher E. 
impar specimen was collected for deposit at the Bishop Museum 
in Honolulu (BPBM 48583), and a tissue specimen was taken 
from it and frozen for genetic analysis. In consideration of the 
limited area in which lizards were observed, I am not reporting 
the precise location. A colleague, Grant Gerrish, and I returned 
to the site on 16 May 2019 and confirmed the population was 
still present. Although the day was again sunny there was a 
significant sea breeze. Emoia impar were not sighted at the cliff 
edge as before, but four adults and one juvenile were observed 

inside the Pandanus stand where shafts of sunlight penetrated 
to the forest floor and the leaf litter was sheltered from the wind. 
I returned to the site on 3 May 2020 and observed four adult 
E. impar again between the cliff edge and P. tectorius trees. In 
addition, I saw three invasive Gold Dust Day Geckos (Phelsuma 
laticauda) within the Pandanus stand.

The sea cliffs at Ninole are generally inaccessible from 
above and hazardous to explore (Fig. 3). Similar small groves of 
Pandanus tectorius are present along the cliffs of the Hamakua 
Coast, and more extensive stands are found further north and 
west along the coast of the Kohala Mountains. Whether the 
skinks are particularly associated with Pandanus forest habitat 
and whether additional populations of E. impar exist on Hawai‘i 
Island is not known. Pandanus tectorius is widely distributed 
over all the major Hawaiian Islands. It was cultivated by the 
Polynesians, but based on fossil evidence, its presence in Hawaii 
predates human settlement (Burney et al. 2001). Under the 
hypothesis that additional undiscovered skink populations 
may be associated with P. tectorius groves and with a rumored 

Fig. 1. An Azure-tailed Skink (Emoia impar) from Ninole, Hawaii, USA. 
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sighting of a “blue-tailed skink” in pandanus forest along the 
Kohala Mountains coast, I explored a number of these that 
are accessible from roads and trails. I found no evidence of 
additional populations of E. impar.

Potential Threats to the Population.—Fisher and Ineich 
(2012) proposed a number of hypotheses for Hawaiian E. impar 
declines. These include habitat destruction and increasing 
predation pressure from rats, cats, and the Mongoose 
(Herpestes javanicus) and possibly also the invasive Big-headed 
Ant (Pheidole megacephala). In addition, the possibility of 
competition with the Delicate Skink (Lampropholis delicata) 
was advanced. However, these authors noted that on other 
Pacific islands, E. impar co-exists with these mammal predators, 
and there is no clear evidence for a relationship between the 
rise of L. delicata populations and decline of other skinks on 
Pacific Islands (Fisher and Ineich 2012). Emoia impar at Ninole 
are likely confined to the cliff edge by habitat destruction and 
modification. East Hawai‘i Island along the Hamakua Coast 
has a history of large-scale sugar cane agriculture followed by 
residential and small farm development and fallow fields taken 
over by Guinea grass leaving only remnant stands of Pandanus 
tectorius. As these skinks appear to favor forest-edge habitats 
offering fine-grained sun and shade exposure on leaf litter, they 
could become restricted to the edge of the sea cliff. Potential 
mammalian predators are widespread through Hawai‘i Island 
agricultural and rural residential settings and have ready access 
to this cliff edge site. Although the Delicate Skink is common 
in lowland Hawai‘i Island habitats and easily observed when 
present, no L. delicata were observed in my visits to this Ninole 
site. The Phelsuma laticauda observed in the Pandanus grove 
represent a potential competitor for this population of E. impar 
and a possible predator on young skinks. Phelsuma laticauda 
were first reported present on Oahu in 1974, established there 
by 1979, and in subsequent years present on Hawai‘i Island 
(McKeown 1996) where I have observed them on the Kona Coast 
and then Hilo in the 1990s.

Another potential threat to this population is the Little Fire 
Ant (Wasmannia auropunctata). Wasmannia auropunctata is a 
potent invasive species with native origin in South America and 
now distributed to four other continents. They have colonized 
many islands, and were first observed on Hawai‘i Island in 1999 
(Conant and Hirayama 2000; Vanderwoude et al. 2015). Where 
present on Hawai’i Island, they are extremely abundant, and they 

are spreading north along the eastern coast of the island with 
a discontinuous distribution along the more northerly points 
of the Hamakua Coast (M. Montgomerie, pers. comm.). Once 
established, W. auropunctata through combined predation and 
competition produce a major alteration of small vertebrate and 
invertebrate communities with large losses of species diversity 
(Jourdan et al. 2001). No ants were found on a peanut butter 
baited card placed in the leaf litter during the 2-h visit on 16 May 
2019. On my return visit on 3 May 2020, I collected a bag of leaf 
litter for Berlese-funnel analysis to see which invertebrates were 
present. A dry leaf litter sample (309 g) yielded the following taxa 
with species number in parentheses: Hymenoptera (ants, 2), 
Neuroptera (1), Collembola (3), Coleoptera (7), Orthoptera (1), 
Annelida (1), Isopoda (1), Gastropoda (1), Acari (3), and Aranae 
(3). The ants in this sample included eight Strumigenes rogeri 
and 1155 W. auropunctata. The appearance of large numbers 
of W. auropunctata in this sample was surprising and of major 
concern because they were not observed on the peanut butter 
bait card a year earlier.

By all appearances, this population of E. impar and any other 
population similarly confined to edges of cliffs is vulnerable to 
local extinction. These skinks have contended with the current 
suite of ecological pressures and threats for a long time. There are 
other new and looming threats to cliff edge wildlife populations on 
Hawai‘i Island. Residential property development is proceeding 
apace along the Hamakua Coast sea-cliffs, and newer developers 
favor ocean views over small farms and set landscaped houses 
in close proximity to the edges of the sea cliffs. While E. impar 
yet persist on Hawai‘i Island, continuing ecological pressures 
point toward a pending high risk of demise of this very small and 
precariously situated population. 
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to Azure-tailed Skinks on Hawai‘i Island and for the use of photo-
graphs. Grant Gerrish assisted me in the field. The Hawaii Ant Lab 
staff, Michelle Montgomery, Jack Fields, and Alison Wagner, and 
Stacy Chun assisted with ant and other insect identification. Robert 
Fisher, Fred Kraus, and Brad Shaffer kindly reviewed early drafts of 
the manuscript. Collection of the specimen of Emoia impar for the 
Bishop Museum was made under a protocol approved by the Univer-
sity of Hawaii Institutional Animal Care and Use Committee.

Fig. 2. Seven Azure-tailed Skinks (Emoia impar) in a sun exposed 
spot at Ninole, Hawaii, USA. 
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Fig. 3. The sea cliffs at Ninole, Hawaii, USA. 
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Effective Camera Trap Snake Surveys at a Rarely  
Accessible Longleaf Pine Savanna

Global reptile population declines and extirpations have 
received increasing recognition over the last twenty years 
(Gibbons et al. 2000; Todd et al. 2010; Doherty et al. 2020), but 
quantitative data supporting most assertions have been slow 
to accumulate. This lack of data has led to uncertainty in the 
global status and distribution of many reptile populations 
as well as the potential causes of declines (Todd et al. 2010). 
Obstacles to determining the status of reptile populations 
include detectability factors related to the organism (e.g., 
cryptic coloration and behavior), the survey approach (e.g., 
method, season, daily timing, environmental conditions), and 
the scale of the assessment (e.g., local, regional, ecosystem-
wide). Most reptile decline concerns stem from perceived 
range-wide contractions of species’ distributions, and as such, 
status assessments of target reptile species frequently demand 
population data collected in methodologically or statistically 
comparable ways at regional to ecosystem scales. The time, 

resources, and collaboration required to collect sufficient data 
at such large spatial scales are rarely obtainable due to a lack 
of funding, problem-solving, and continued engagement by 
adequately trained and dedicated biologists (e.g., Fritts et al. 
2000). However, new survey and monitoring techniques can 
potentially reduce these resource demands for certain reptile 
species.

In particular, rare and secretive snake species with low 
occupancy and detection rates are expensive to monitor and 
study using traditional box traps with drift fences and other 
types of surveys (Kéry 2002; Burgdorf et al. 2005; Steen 2010; 
Adams et al. 2017). Active survey methods such as opportunistic 
surveys can be very effective, but have a high observer bias, 
while other survey methods, like road surveys, coverboards, or 
drift fence/traps or stand-alone funnel traps may be less biased, 
but situationally productive (Dorcas and Willson 2009). For rare 
snakes, all these methods are often labor intensive, with traps in 
particular requiring daily or every other day checking.

Recent research suggests that time-lapse-triggered camera 
traps combined with drift fencing can be more effective and 
efficient at detecting certain species of snakes than traditional 
monitoring approaches that use box traps with fencing (Neuharth 
et al. 2020). This effective survey technique has already decreased 
the cost of range-wide monitoring of the extremely rare, 
federally threatened Louisiana Pinesnake (Pituophis ruthveni) 
on public and private lands as well as military installations with 
limited access (Adams et al. 2017; Neuharth et al. 2020; unpubl. 
data). With limited conservation resources, more cost-effective 
camera trapping techniques can reduce competition between 
conservation objectives like searching for relictual populations 
(e.g., Anderson et al. 2020) or monitoring new populations from 
reintroduction programs (USFWS 2018), both of which require 
large survey efforts for a small number of individuals.

Additional benefits stemming from a more cost-effective 
design are that camera traps can be operational for longer 
periods than box traps are in most cases, including months 
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