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ABSTRACT

Midway Atoll in the Northwestern Hawaiian Islands supports the largest breeding colony of
Laysan albatross (Phoebastria immutabilis) in the world and is a proposed site for the
translocation of endangered Northwestern Hawaiian Island passerine birds such as the Nihoa
finch (Telespiza ultima), Nihoa millerbird (Acrocephalus familiaris kingf), or Laysan finch
(Telespiza cantans). On the main Hawaiian Islands, introduced mosquito-borne avian malaria
(Plasmodium relictum) and avian pox (Avipoxvirus) have contributed to the extinction and
decline of native Hawaiian avifauna. The mosquito vector (Culex quinquerasciatus) is present on
Sand Island, Midway Atoll, where epizootics of Avipoxvirus have been reported among nestling
Laysan albatross, black-footed albatross (Phoebastria nigripes), and red-tailed tropicbirds
(Phaethon rubricauda) since 1963. Two introduced passerines, the common canary (Serinus
canarid) and the common myna (Acridotheres tristis), are also present on Sand Island and may
serve as reservoirs of mosquito-borne pathogens. Assessing disease prevalence and
transmission potential at Midway Atoll National Wildlife Refuge (NWR) is a critical first step to
translocation of Nihoa endemic passerines. In May 2010 and April 2012 we surveyed Midway
Atoll NWR for mosquitoes and evidence of mosquito-borne disease. Although we did not
observe active pox infections on albatross nestlings in May 2010, active infections were
prevalent on albatross nestlings in April 2012. Presumptive diagnosis of Avipoxvirus was
confirmed by PCR amplification of the Avijpoxvirus 4b core protein gene from lesions collected
from 10 albatross nestlings. Products were sequenced and compared to 4b core protein
sequences from 28 Avijpoxvirus isolates from the Hawaiian Islands and other parts of the world.
Sequences from all Midway isolates were identical and formed a clade with other Avipoxvirus
isolates from seabirds that was distinct from other Avijpoxvirus isolates from the Hawaiian
Islands. Tissue from three presumptive avian pox lesions from common canaries tested
negative for Avipoxvirus. Blood samples from 124 canaries and 61 mynas tested negative for
Plasmodium by one or more diagnostic tests based on microscopy, serology, or PCR diagnostics.
Prevalence of Avipoxvirus infection was highest among albatross nestlings (94.6%) in the
vicinity of the septic tanks where adult C. guinquefasciatus reached their highest densities, and
data from all sites suggest a positive correlation between mosquito abundance and Avipoxvirus
prevalence. Adult C. quinquefasciatus were also locally abundant around fishless, constructed
wetlands. Since 1996, infrastructure removal and source reduction efforts by the refuge have
greatly reduced the availability of underground and container habitats for larval mosquitoes on
Sand Island. However, the creation of artificial wetlands and a central septic system on Sand
Island has resulted in new, highly productive larval mosquito habitat for C. quinquefasciatus.
Despite the presence of endemic Avipoxvirus in albatross nestlings and the introduction of
mosquito vectors and two susceptible passerine species in the last century, we found no
evidence of the avian malaria Plasmodium relictum or a passerine-infecting Avijpoxvirus on
Midway Atoll NWR that would interfere with the successful translocation of endemic
Northwestern Hawaiian Island passerines. Without eradication of mosquitoes from Midway Atoll,
however, periodic epizootics of Avipoxvirus among nestling seabirds will likely continue, and
the introduction of malaria and passerine strains of Avipoxvirus from migratory birds will
remain a long-term threat to passerine restoration programs.

INTRODUCTION

Midway Atoll National Wildlife Refuge (NWR) encompasses the largest island in the



Northwestern Hawaiian Islands and supports the world’s largest breeding colony of Laysan
albatross (Phoebastria immutabilis). 1t is also the site of a recently translocated population of
the endangered Laysan duck (Anas laysanensis, Reynolds et al. 2008, 2013) and a proposed
site for the translocation of endangered Northwestern Hawaiian Island passerine birds such as
Nihoa finch (7elespiza ultima), Nihoa millerbird (Acrocephalus familiaris kingi), or Laysan finch
(Telespiza cantans, USFWS 1984, Morin and Conant 2007). Introduced mosquito-borne avian
malaria (Plasmodium relictum) and avian pox (Avipoxvirus) have been incriminated as key
limiting factors in the extinction and population declines of the Hawaiian avifauna. Hawaiian
honeycreepers (Drepanidinae), including the Laysan finch, are particularly susceptible to both
diseases and suffer high rates of mortality due to infection (Warner 1968, van Riper et al.
1986). Although avian malaria and avian pox are prevalent among forest passerine birds on the
main Hawaiian Islands, neither disease has been reported from passerine birds inhabiting the
Northwestern Hawaiian Islands where mosquito vectors are largely absent. Introduced
mosquitoes, however, do occur on Midway Atoll along with two introduced passerine birds and
AVipoxvirus.

No mosquitoes were present on Midway Atoll in 1902 when W. A. Bryan (1906) visited the atoll
but the vector of avian malaria, the southern house mosquito (Culex quinquefasciatus), was
recorded from Midway Atoll as early as 1937 and the Asian tiger mosquito (Aedes albopictus)
was well-established on Sand Island by 1955 (Joyce 1961). There were no passerine birds on
Midway Atoll prior to the introduction of Laysan finch in 1905 and common canaries (Serinus
canaria) in 1910 by staff of the Commercial Pacific Cable Company (Bryan 1912). Laysan
finches were extirpated from Midway Atoll after the arrival of the black rat (Rattus rattus) in
1943, but canaries survived in low abundance (Fisher 1949). Rats were eradicated from Midway
Atoll in 1997, and canary populations increased dramatically (Pyle and Pyle 2009). In 1971, the
common myna (Acridotheres tristis) was first reported on Sand Island, and the population has
increased steadily (Pyle and Pyle 2009). Both birds are abundant on Sand Island today and are
known hosts of P. relictum and Avipoxvirus elsewhere (Valkilinas 2004, van Riper and Forrester
2007).

Outbreaks of avian pox among seabirds have been reported on Sand Island, Midway Atoll, since
1963 when Avipoxvirus was first isolated from nestling red-tailed tropicbirds (Phaethon
rubricauda; Locke et al. 1965). Cutaneous avian pox is characterized by proliferative lesions or
wart-like masses on exposed, featherless skin and can be mechanically transmitted by biting
arthropods. These cutaneous infections, though often dramatic in appearance, are usually self-
limiting (Tripathy 1993). However, in Hawaiian passerine birds, cutaneous avian pox may lead
to debilitating injuries or death from interactions with concurrent avian malaria infections (Jarvi
et al. 2008). On Midway Atoll, avian pox occurs as extensive lesions on the periorbital and
perioral skin and mandible and as smaller nodules on the feet and wing web of nestling
albatross and red-tailed tropicbirds. Notable outbreaks among Laysan albatross and red-tailed
tropicbirds have occurred in 1963 (Locke et al. 1965), 1978 (Friend 1978), 1983 (Hansen and
Sileo 1983), 1996 (LaPointe 1999), and 2005 (JLK, personal observations) and have been linked
to local mosquito abundance.

Although avian pox infections in Hawaiian seabird nestlings do not appear to contribute
significantly to nestling mortality or fledging success of Laysan albatross (Sileo et a/. 1990,
Young and VanderWerf 2008), endemicity of avian pox on Sand Island may pose a significant
obstacle to the translocation of Northwestern Hawaiian Islands passerines to Midway Atoll NWR.
The present study to assess avian disease risk at Midway Atoll NWR is a critical first step to



translocation of Nihoa endemic passerines (Morin and Conant 2007). To determine the
prevalence of mosquito-borne avian disease at Midway Atoll NWR we made visual examinations
of nestling albatross for pox lesions and performed standard diagnostic assays on blood and
lesion tissue samples collected from albatross nestlings, common canaries, and common myna
on Sand Island. We also trapped adult mosquitoes and surveyed the refuge for larval mosquito
habitat to assess the local risk of transmission.

METHODS

Study Area

Midway Atoll NWR (28°12'N, 177°21'W) lies approximately 1930 km northwest of Honolulu,
Hawai'i, and is the largest land mass in the Northwestern Hawaiian Islands. The refuge
encompasses 594 ha of land on Sand, Eastern, and Spit Islands and the surrounding reef and
lagoon (Figure 1) and is part of the larger Papahanaumokuakea Marine National Monument.
Sand Island and, to a lesser extent, Eastern Island were built up as a naval air station just prior
to World War 11 (WWII). Paved runways cover much of the islands’ surface, and dozens of
structures were built on Sand Island. Since its conversion to a National Wildlife Refuge in 1996
much of the military infrastructure has been removed. Structures dating back to the WWII era
and earlier remain as part of the Battle of Midway National Historic Landmark, and on Sand
Island critical infrastructure to support refuge operations and the Henderson Field emergency
landing strip remain as well (Reynolds et a/. 2012).

Sections of the Sand Island interior are heavily wooded with introduced ironwood (Casuarina
equisetifolia) while dune and strand vegetation remain predominately native with coconut palm
(Coco nucifera), seagrape (Coccoloba uvifera), tree heliotrope ( Tournefortia argentea), beach
naupaka (Scaevola sericea), beach morning glory (/pomea pes-caprae), and bunch grass
(Eragrostis variabilis, Klavitter 2006, Starr et a/. 2008). Introduced ornamentals are common
around existing structures. The invasive composite, golden crown-beard (Verbesina
encelioides), covered much of the disturbed interior of Sand and Eastern Islands until the
successful management of this invasive weed in 2012. Eastern Island is currently dominated by
non-native grasses, native puncture vine (7ribulus cistoides), and beach naupaka.

Continuous removal of non-essential and non-historical structures and ironwood stands, out-
plantings of native vegetation, and the impact of storm surges and a tsunami in recent years
keep the landscape of Midway Atoll NWR dynamic. Natural wetlands are limited on Midway Atoll
but a large concrete-lined catchment pond, underground cisterns, and four game bird guzzlers
provide freshwater to the human and wildlife population. In 2004 three intermittent, palustrine
wetlands were enhanced, and ten freshwater wetlands (seven on Sand Island, three on Eastern
Island) were constructed to provide open water habitat for a translocated population of Laysan
ducks (Reynolds and Klavitter 2006, Work et a/. 2010). Laysan albatross nest throughout the
atoll, while the common canary and common myna are most abundant in the developed area of
Sand Island and absent from Eastern Island. Other seabirds that occur or nest on Midway Atoll
include: black-footed albatross (Phoebastria nigripes), short-tailed albatross (Phoebastria
albatrus), Bonin petrel (Pterodroma hypoleuca), wedge-tailed shearwater (Puffinus pacificus),
Christmas shearwater (Puffinus nativitatis), red-tailed tropicbird (Phaethon rubricauda
rubricauda), white-tailed tropicbird (Phaethon lepturus dorotheae), masked booby (Su/a
dactylatra personata), brown booby (Sula leucogaster plotus), red-footed booby (Sula sula
rubripes), great frigatebird (Fregata minor palmerston)), little tern (Sterna albifrons sinensis),
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Figure 1. Geographical position of the Hawaiian Islands, including the Northwestern Hawaiian
Islands, and an aerial view of Midway Atoll National Wildlife Refuge.

gray-backed tern (Onychoprion lunatus), sooty tern (Onychoprion fuscata oahuensis), brown
noddy (Anous stolidus pileatus), black noddy (Anous minutus marcusi), and white tern (Gygis
alba candida; Reynolds et al. 2012).

Sampling for Disease Prevalence

We visited Midway Atoll from 20 May—01 June 2010 and again from 09-16 April 2012. At that
time, we made visual examinations for presumptive pox lesions and collected blood and lesion
tissue samples from Laysan albatross nestlings (between 10 and 17 weeks old), common
canaries, and common mynas on Sand Island. We also made visual examinations for
presumptive pox lesions on albatross and other seabird species on Eastern Island and Sand
Island as encountered. Since Laysan albatross nestlings and black-footed albatross nestlings are
nearly indistinguishable, we refer to sampled birds as albatross nestlings with the understanding
that a small proportion of these birds may have been black-footed albatross. Surveys and
sampling of albatross nestlings were focused on six sites on Sand Island selected for varying
relative abundance of mosquitoes (Figure 2). In 2010, we focused our albatross sampling in the
vicinity of the septic tanks at the intersection of Henderson Road and N-S runway, an area
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Figure 2. Study sites (in bold lettering) and wetlands on Sand Island, Midway Atoll National
Wildlife Refuge.

known among refuge staff as Pox Alley for the high prevalence of pox observed here. We also
sampled albatross nestlings from the vicinity of the Cable Houses, where high densities of
mosquitoes had been historically reported, and from the wind-swept peninsula of Bulky Dump
on the east side of the island, where pox infections have never been observed. In 2012, we did
not sample nestlings in the Cable House area as shade cloth had been installed to prevent
nestlings from ingesting lead-contaminated paint, and few birds had nested on the new surface.
Instead we sampled nestlings in the vicinity of the U.S. Fish and Wildlife Service (USFWS)
Office, Ball Field Seep, and Aviary Bunker.

A visual inspection of albatross nestlings was made by observing the bill and featherless skin
around the bill and eyes as the nestlings turned to confront the observer. The dorsal surface of
the feet and legs of each nestling was also examined as the nestlings typically rose to confront
the approaching observer. Visual inspections were made from a distance not greater than 1 m.
Pox lesions were scored as (1) no lesion, (2) probable healed lesion, and (3) active lesion
(Figure 3). Tissue samples were taken from nestlings with active lesions at Pox Alley by
carefully removing a portion of a lesion scab and associated tissue with Adson tissue forceps.
The tissue was transferred to a cryovial without lysis buffer and kept cool on wet ice for no
more than 3 hr until frozen at -20°C. Forceps were disinfected between samples with a full-



Figure 3. (A) Presumptive, healed Avijpoxvirus lesion. Note scabbing and edematous eyelids.
(B) Active pox lesions on the eyelids and base of the bill.

strength chlorhexidine disinfectant solution (Nolvasan® 2% chlorhexidine diacetate, Fort Dodge
Animal Health, Fort Dodge, 1A).

We mist-netted canaries at two sites on Sand Island, in the immediate area of the Clipper
House and in the vicinity of the septic tanks at Pox Alley (Figure 2). We operated two to five,
9-m nets set on 3-m metal poles between the Clipper House and the surrounding ironwood
trees and along the edge of the ironwood forest in the Pox Alley area. In 2010, we set out
shallow bowls of water to attract birds to the nets in Pox Alley. We did not mist-net at our Pox
Alley site in 2012 as canaries were too scarce. Captured canaries at Pox Alley were banded with
a single white plastic band while Clipper House birds were banded with two unique color bands
to identify recaptured birds. In 2012, Clipper House birds were banded with nhumbered
aluminum leg bands and colored plastic leg bands to identify recaptured birds. Each bird was
weighed, and the bill, tarsus, wing chord, and rectrice lengths were measured and recorded.
Birds were sexed by presence or absence of a cloacal protuberance or brood patch and scored
for molt and furculum fat.

We also caught common mynas using Potter walk-in traps baited with ripe papaya and/or
refuse food from the dining hall. Traps were initially set at the Cable Houses, USFWS Office,
end of the main runway, and the landfill where common mynas were often observed. Traps
were shaded and inspected every 1-2 hr. Morphometric, molting, or sexing observations were
not made on mynas.

While in hand, each bird was examined for pox lesions and ectoparasites and bled. Presumptive
pox lesions and scabs were excised with a sterile surgical blade, stored in cryovials without lysis
buffer and kept cool on wet ice until frozen at -20°C. Voucher specimens of ectoparasites were
preserved in 70% ethanol for later identification. Blood samples (<0.2 cc) were taken from the
jugular vein with a heparinized syringe and stored on wet ice until processing. Blood smears
were made immediately after blood collection and fixed in methanol. Remaining whole blood
was transferred into microhematocrit tubes and spun in a microhematocrit centrifuge for
separation of plasma for serological diagnostic assays and packed red blood cells for PCR
diagnostic assays. Packed red blood cells were placed in lysis buffer and both plasma and



packed blood cells were frozen at -20°C immediately after processing. Blood samples were
shipped frozen on wet ice to the U.S. Geological Survey, Pacific Island Ecosystems Research
Center, Kilauea Field Station, Avian Disease Laboratory at Hawai'i Volcanoes National Park,
Hawai'i, where the samples were stored at -70°C until diagnostic screening was performed.

Malarial Diagnostics

Microscopy

Blood smears were stained with phosphate buffered (pH 7.0) 2% Giemsa for one hour, rinsed
with tap water, dried, and examined by microscopy to detect intraerythrocytic stages of
Plasmodium. We screened each smear for 10 min at 400X (40X objective and 10X eyepieces)
and estimate that we examined approximately 20,000-30,000 erythrocytes. Smears were
scored as positive for malaria if we observed at least one infected erythrocyte.

Serology

Plasma samples from canaries and mynas were analyzed using a modification of an ELISA
(enzyme-linked immunosorbent assay) protocol described by Graczyk et al. (1993) that used a
crude erythrocyte extract of P. relictum as antigen. The antigen was prepared from parasitized
erythrocytes from Pekin ducklings (Anas platyrhynchos) experimentally infected with a Hawaiian
isolate of A. relictum (KV115) from an ‘apapane (Himatione sanguinea). Infected erythrocytes
were lysed with 0.15% saponin, washed extensively with PBS (phosphate buffered saline) to
remove hemoglobin, and pelleted by centrifugation. The pellet containing intact parasites and
erythrocyte ghosts was sonicated in 0.05 M carbonate buffer, pH 9.6, transferred to dialysis
tubing and dialysed for 24 hr in 0.05 M carbonate buffer, pH 9.6. The material was removed
from dialysis tubing and centrifuged at 40,000 g for 15 min to pellet cellular debris. Protein
concentration in the supernatant was quantified with a BioRad DC Protein Assay Kit (BioRad,
Hercules, CA), diluted to a concentration of 10 pg/ml with 0.05 M carbonate buffer, pH 9.6, and
used to coat ELISA plates. The ELISA procedure followed Graczyk et al. (1993) and used an
affinity purified rabbit anti-chicken IgY alkaline phosphatase conjugate (catalog #A9171, Sigma-
Aldrich Chemicals, St. Louis, MO) that binds IgY from a wide range of avian species to detect
bound antibody from test plasma. Samples were tested in duplicate, and absorbance values
were expressed as a percent ELISA value (%EV) of positive and negative Pekin duckling plasma
controls that were run on each plate. The %EV was calculated as: (the mean absorbance of
duplicate samples — the mean absorbance of triplicate negative controls) / (mean absorbance of
triplicate positive controls — mean absorbance of triplicate negative controls) x 100.

Since we did not know an accurate cut-off value for classifying ELISA results as positive or
negative, we tested all samples with a %EV that exceeded 13.2 by immunoblotting to verify
that they were negative for antibodies to P. relictum using procedures described in detail by
Atkinson et al. (2001). We used plasma from an experimentally infected canary as a positive
control in the procedure and included a secondary antibody control that omitted the test plasma
to validate method specificity.

Polymerase chain reaction (PCR) analysis

Purified DNA for PCR analysis was extracted from packed blood cells, albatross pox lesions, and
a culture of Fowlpox virus in Muscovy duck (Carrina moschata) fibroblasts (Jarvi et al. 2008)
using DNeasy tissue extraction kits (Qiagen Inc., Valencia, CA) according to manufacturer’s
protocols, but we increased the initial incubation times with Proteinase K to overnight to
increase yield of DNA. DNA was recovered from extraction columns with Tris-EDTA
(ethylenediaminetetraacetic acid) buffer, measured by spectrophotometry with a Nanodrop



spectrophotometer to assess purity and determine DNA concentration, and stored frozen until
use in PCR reactions.

We used published PCR primers that amplify parasite ribosomal genes for detecting infection
with Plasmodium (Fallon et al. 2003). The primers were used in a nested protocol with an initial
amplification of host DNA (100 ng/reaction) with primers 292F/631R followed by a second
amplification with primers 343F/496R that used 1 pl of a 1:10 dilution of template from the first
reaction. Polymerase chain reactions with primers 292F/631R were run in 25 pl volumes
containing the following components in the reaction mix: 2.0 mM MgCl,, 0.2 mM each
deoxynucleoside triphosphate (dNTP), 0.4 uM each primer, and 0.5 units of Promega GoTaq
polymerase (Promega North America, Madison, WI). Polymerase chain reactions with primers
343F/496R were run in 25 pl volumes containing the following components in the reaction mix:
2.5 mM MgCl;, 0.2 mM each dNTP, 0.5 pM each primer, and 0.25 units of Promega GoTaq
polymerase. Cycling conditions for the original flanking primer pair (292F/631R) followed a hot-
start, touch-down protocol: 2 min at 94°C, followed by 20 cycles with 1-min denaturation at
94°C, 1-min annealing at 52—-42°C, and elongation at 72°C for 1 min and 10 sec. After 20 cycles,
a final elongation step followed at 72°C for 3 min. The final assay primer pair (343F and 496R)
was run at 2 min at 94°C, followed by 35 cycles with 1-min denaturation at 94°C, 1-min
annealing at 57°C, and elongation at 72°C for 1 min and 10 sec, with a final elongation step at
72°C for 3 min. Polymerase chain reaction products from the second reaction were resolved on
1.5% agarose gels to determine presence or absence of an expected 142 bp band. All PCR
reactions were run with a positive control consisting of DNA extracted from a Pekin duckling
with an intense experimental infection with P. relictum and a negative control that substituted
water for DNA. Positive samples were re-extracted and rerun as a safeguard against
contamination error.

Detection, Sequencing, and Identification of Midway Avipoxvirus

We used primers P1 and P2 (Lee and Lee 1997) that amplify a 580 bp fragment of the gene
encoding the Avijpoxvirus 4b core protein to verify presence of pox virus in albatross lesions.
Approximately 100 ng of DNA was used in 25 pl PCR reactions containing 1x reaction buffer
(Promega), 0.2 mM of each dNTP, 1.25 units of Promega GoTaq polymerase, 2 mM MgCl,, and
0.8 UM of each primer. Samples were subjected to an initial denaturation step of 4 min at 94°C,
followed by 40 cycles of denaturation for 30 sec at 94°C, annealing for 1 min at 53°C, and
extension for 1 min at 72°C. Positive controls included DNA extracted from a culture of Fowlpox
virus and a negative control that substituted water for DNA template. Products from the PCR
were visualized by electrophoresis on a 1.5% agarose gel. Polymerase chain reaction products
from albatross and the positive control Fowlpox culture were sequenced in both directions on
an ABI 3730XL capillary DNA sequencer (Sequetech, Mountain View, CA). All sequences were
proofed and analyzed using Sequencher (GeneCodes Corp., Ann Arbor, MI). We assessed the
relationship of sequences we generated with 28 other Avijpoxvirus sequences from the Hawaiian
Islands (Jarvi et al. 2008) and elsewhere by constructing a neighbor-joining tree (Saitou and
Nei 1987) with MEGA 5.0 (Kumar et a/. 2000).

Adult Mosquito Sampling

In 2010, we captured adult mosquitoes using CDC (Center for Disease Control) gravid traps
(Model #1712, J. W. Hock Company, Gainesville, FL) baited with a five-day-old grass infusion
and CDC miniature light traps (Model #512, J. W. Hock Company, Gainesville, FL) modified by
removing the light bulb and fitted with a CO, attractant delivery system (ABC Model TRAPKIT3,
Clarke Mosquito Control, Roselle, IL). These CO,-baited traps were suspended from tree limbs



2-3 m off the ground, and CO, was supplied from compressed gas cylinders at a flow rate of
500 ml/min. Both traps were operated from 1400-0900 hr. Traps were inspected each morning,
and mosquitoes were collected, identified, and enumerated. Gravid traps were operated at Pox
Alley, Cable House, USFWS Office, Aviary Bunker, Ball Field Seep, and Bulky Dump. Carbon
dioxide-baited traps were operated at Pox Alley, Cable House, USFWS Office, Midway Mall,
Boneyard, and Bulky Dump (Figure 2). Trap sites were selected based on pox prevalence,
recorded mosquito abundance, or proximity to suspected larval habitat. Individual whole
mosquitoes were killed by freezing, then stored by site, species, and sex, and individually
preserved in 100% molecular grade ethanol. Specimens in vials were kept frozen at -20°C
except during shipping. These specimens were archived for later identification of Wolbachia
pipientis strains. In 2012, we operated gravid traps at Pox Alley, Cable House, USFWS Office,
Aviary Bunker, Ball Field Seep, Midway Mall, and Bulky Dump. Between the two sample years,
trap locations may have been moved <50 m to accommodate changes to the local environment.

Larval Mosquito Surveys

We surveyed the brackish pond, catchment pond, and constructed and enhanced wetlands on
Sand and Eastern Islands for larval mosquitoes. Using 250 ml standard mosquito dippers
(Clarke Mosquito Control, Roselle, IL), a minimum of 100 dips were taken around the entire
perimeter of each wetland focusing on the shallow weedy margins. We recorded the presence
of larvae as the percentage of dips with larvae. We also recorded the absence or presence of
the mosquitofish, Gambusia affinis, and other invertebrates based on the total sample of 100
dips and estimated the relative cover of surface algal mats and emergent vegetation along the
wetland margins. In 2010, we sampled all wetlands except the catchment pond on Sand Island
and Sunset Seep on Eastern Island. All wetlands were sampled in 2012. We also qualitatively
sampled, by dipper or turkey baster, potential larval mosquito habitat when encountered and
revisited a number of larval mosquito sites initially identified in an earlier mosquito survey
conducted in 1996. For these sites we recorded the absence or presence of mosquito larvae.

RESULTS

Avipoxvirus in Albatross Nestlings

In May 2010, we did not observe active avian pox infections on any species of seabird or water
bird that was examined in hand or observed at close range. Commonly observed species
included white tern, brown noddy, red-tailed tropicbird, Bonin petrels, Laysan albatross, black-
footed albatross, Laysan duck, and, on Eastern Island, sooty tern, grey-backed tern, red-footed
booby, and greater frigate bird. We did observe probable signs of recently healed pox lesions
such as edematous eyelids and slight scabbing on the periorbital skin of albatross nestlings
(Figure 3A) at two sites. At Pox Alley only 2% of nestlings showed signs of possible pox
infection. These birds were in the immediate area of the septic tanks. We found only 0.3% of
nestlings with signs of possible pox infection at the Cable House site. We did not observe any
sign of possible pox infection in the 974 nestlings examined at Bulky Dump. In April 2012, we
observed active and healed pox lesions on albatross nestlings at various locations around Sand
Island but did not observe pox lesions on albatross nestlings on Eastern Island. We did not
observe pox lesions on any other commonly encountered seabird, water birds (listed above), or
shorebirds (ruddy turnstone, Arenaria interpres). Severity of active infections ranged from
individual nodules on the foot web, bill, or eyelid to coalesced, ulcerated lesions that occluded
the eyes and deformed bills. Prevalence of pox lesions was variable among the four sites
examined ranging from 0% at Bulky Dump to 94.6% at Pox Alley (Table 1). Tissue samples



Table 1. Prevalence of Avipoxvirus in albatross nestlings on Sand Island, Midway Atoll NWR.

25-30 May 2010* 11-15 April 2012
AVipoxvirus Infected/total Avipoxvirus Infected/total

Site prevalence (%) examined prevalence (%) examined
Pox Alley 2 11/525 94.6 473/500
Cable House 0.3 2/693 - -
Ball Field Seep - - 62 311/500
Aviary Bunker - - 5 25/500
Bulky Dump 0 0/974 0 0/500

*Presumptive pox based on appearance of healed lesions.

from 10 presumptive pox lesions collected in 2012 and the positive control Fowlpox culture all
tested positive for Avipoxvirus by PCR diagnostic assay based on visualization of a PCR product
of the expected size on agarose gels. Polymerase chain reaction products were successfully
purified from agarose gels with a Qiagen PCR Clean Up Kit (Qiagen, Valencia, CA) and
sequenced in both directions using primers P1 and P2. Sequences obtained from albatross
lesions were 100% identical and distinctly different from the sequence obtained from the
positive control Fowlpox culture. Subsequent analysis using 28 published pox sequences
including isolates from domestic fowl, canaries, Hawaiian forest birds, Laysan albatross, black-
browed albatross ( Thalassarche melanophrys) and Magellanic penguin (Spheniscus
magellanicus) clearly place Midway albatross pox among isolates from seabirds and not
passerines (Figure 4).

Disease in Introduced Midway Passerine Birds

We conducted 153 net-hours mist-netting canaries at two sites on Sand Island during two,
week-long visits in May 2010 and April 2012 (Appendix I). In 2010, we captured and bled 62
canaries from our two sites. At that time, 44% of the total numbers of birds examined were
molting and 45% of the total numbers of birds were in breeding condition. In 2012, we
captured and bled 66 canaries from the Clipper House site including 4 recaptures from 2010.
Approximately 23% of birds were molting (primaries and rectrices) and 96% were in breeding
condition. Male birds dominated captures (45343:179%). During our two visits to Midway Atoll
NWR we captured a total of 61 common mynas in approximately 75 trap-hours effort. The
majority of the birds (7 = 57) were captured at the landfill and nearby runway traps in 2012.
Attempts to mist-net mynas around roosting trees failed, but we found that Potter traps baited
with food refuse were very effective for live capture. We also captured two ruddy turnstones at
the Clipper House nets in 2012.

In 2010, three canaries from the Clipper House had suspect pox lesions on the mandible and
wing (Figure 5). We were able to collect tissue samples from only two lesions, and both tested
negative for Avipoxvirus by PCR. One male canary captured at the Clipper House site in 2012
had a small, suspected pox lesion on the upper mandible. This lesion tested negative for
Avipoxvirus by PCR as well. None of the common mynas we examined had pox lesions. In
2012, we observed heavy infestations of the analgoid feather mite Analges passerinus in
contour feathers found at the base of the rectrices in 44% (17/39) of the canaries examined
(Figure 6). Identification of A. passerinus was confirmed by Dr. Sergey V. Mitonov (Zoological
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Figure 4. Phylogenetic analysis of Avipoxvirus isolated from Midway Atoll Laysan albatross and
birds from the main Hawaiian Islands and elsewhere (based on the 4b core protein). A
neighbor-joining tree (Kimura 2-parameter corrected distances) with bootstrap values (NJ/ME)
indicated at nodes (1000 replications). GenBank 538 bp sequences included for comparison are
AY30309 Canary, AY30308 House Sparrow, AY530303 Pigeon, AY30310 Stone Curlew,
AY530304 Turkey, AY530305 Ostrich, AY530311 Love Bird, M25781 Fowlpox, AY530302
Fowlpox, AJ005164 Fowlpox, and sequences EF568377—-EF568404 assigned to a number of
Hawaiian isolates (Jarvi ef al. 2008). Abbreviations are as follows for species: HAAM (Hawai'i
‘amakihi), APAP (‘Apapane), ALAL (Alala), 1IWI (T'iwi), PALI (Palila), LAAL (Laysan albatross),
HSFN (House finch), CNRY (Canary), and CHKN (Chicken). Numerical isolate designations are
followed by island of origin abbreviation (HI, Hawai'i; MA, Maui; MO, Moloka'i; OA, O'ahu) and
year of sample collection.
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Figure 5. Common canaries with suspect Avjpoxvirus lesions (A) on the upper mandible and (B)
on the wing from Sand Island, Midway Atoll NWR, in May 2010.

Figure 6. The analgoid mite Analges passerinus, (A) male and (B) female, present on common
canaries from Sand Island, Midway Atoll NWR, in April 2012.
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Institute, Russian Academy of Sciences, Universitetskaya Embankment 1, Saint Petersburg,
Russia). No ectoparasites were observed on common mynas.

We tested 128 blood samples collected from 124 individual canaries and 61 blood samples from
61 common mynas for Plasmodium using our PCR diagnostic assay. We detected possible
Plasmodium infections from a canary captured at Clipper House and a myna captured at the
landfill in 2012 that were based on the expected size of the PCR product during the initial
screening of the blood samples, but we were not able to replicate these results when the PCR
reactions were repeated. We re-extracted DNA from fresh aliquots of these two blood samples
to help rule out the possibility of laboratory contamination and tested each re-extracted sample
a total of 12 times by PCR. Results from the second extraction were consistently negative,
suggesting that the two initial positive tests were from laboratory contamination during set up
of the PCR reactions. None of the remaining canary and myna samples or the two samples we
collected from ruddy turnstones tested positive by PCR. Similarly, all blood smears were
negative for hematozoan parasites.

We were able to successfully collect plasma samples from 119 of the 128 canaries and 59 of 61
mynas that we sampled. ELISA values for plasma samples from canaries ranged from -3.601 to
23.633 (X = 2.562, SD = 4.448, n = 119) with a median value of 1.083. By contrast ELISA
values from mynas were slightly higher, ranging from 0.211 to 30.317 (X = 10.056, SD =
6.475, n = 59) with a median of 8.457 (Figure 7). Since only a few individual birds had high
ELISA values that might indicate presence of antibody to Plasmodium, we screened 16 samples
with the highest ELISA values by immunoblotting (%EV > 13.2; Figure 7) to look for antibody
that typically develops in response to specific malarial antigens during the course of acute and
chronic malarial infections (Atkinson et a/. 2001). All 16 samples (2 canary and 14 myna) were
negative, and we were unable to find evidence of past exposure to Plasmodium in the plasma
samples that were tested.

Adult Mosquito Abundance

Adult mosquito relative abundance was low at most sites sampled on Midway Atoll NWR, but
capture rates varied greatly from year to year and site to site (Table 2). Culex quinquefasciatus
females made up most of the trap catch although a small number of A. albopictus were
captured during each sample period. Gravid traps out-performed CO,-baited traps at all paired
sites in 2010, although CO,-baited traps at the Boneyard and USFWS Office (Native
Greenhouse) were more effective in the capture of A. albopictus. In May 2010, the relative
abundance of C. quinquefasciatus ranged from a mean of 104 + 95 females/trap-night at Pox
Alley to a mean of 0.33 £ 0.8 females/trap-night at the Aviary Bunker. No mosquitoes were
captured at Bulky Dump in 2010. In April 2012, the relative abundance of C. quinquefasciatus
increased by a magnitude and more at some sites. At the Pox Alley site, a mean of 4395.2 +
2111.5 females/trap-night were captured over the six-night period. Male mosquitoes were also
captured at the Pox Alley site. Culex quinquefasciatus females were present at all other sites
and ranged in abundance from 102.3 * 52.4 females/trap-night at the Midway Mall to 4.2 + 2.6
females at Bulky Dump. Mosquito captures increased daily in 2012.

Larval Surveys

Culex quinquefasciatus larvae were present in 5 of the 15 wetlands on Midway Atoll NWR
during the time of our surveys (Table 3). Wetlands supporting mosquito larvae were all
constructed or enhanced wetlands without introduced mosquitofish (Gambusia affinis; Appendix
I, P and Q). No mosquito larvae or Gambusia were present in the three constructed wetlands
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Figure 7. Dot histogram of %ELISA values (%EV) for plasma from common mynas (COMY) and
common canaries (COCA) that were captured in 2010 and 2012. Mean values for both canaries
and mynas are less than 10, suggesting that antibodies specific for Plasmodium are not present.
When screened by immunoblotting, plasma from birds with the highest percentage (%EV >
13.2) was also negative for evidence of infection with Plasmodium.

on Eastern lIsland. Ostracoda (seed shrimp), Cladocera (water fleas), chironomid (midge) larvae
(Polypedilum nubiferum), and globe skimmer dragonfly nymphs (Pantala flavescens) were also
associated with constructed and enhanced wetlands. Invertebrate diversity was highest in
fishless wetlands. Cladocera were the rarest invertebrates and were only detected in one Sand
Island (Sunrise) and one Eastern Island (Monument) wetland. No mosquito larvae or other
aquatic invertebrates were detected in the Brackish Pond, Catchment Pond, or the four recently
installed bird guzzlers (Appendix Il, R). Gambusia affinis were present in the Catchment Pond.

We also surveyed man-made larval mosquito habitat as encountered and revisited sites first
identified in 1996 (LaPointe 1999; Table 4). Considerable changes had been made to Sand
Island infrastructure since the 1996 survey, including the demolition and removal of several
buildings. We noted several efforts by the refuge to reduce or eliminate previously recognized
larval mosquito habitat. During our 1996 survey, underground sewer, electrical, and drainage
conduit (UC) made up 28% of the available larval mosquito habitat on Sand Island (LaPointe
1999). Since then, many of these underground sites have been filled in with sand and all
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Table 2. Summary of adult mosquito captures in two types of traps at Sand Island, Midway Atoll
NWR, in 2010 and 2012.

Mean = SD captures/trap night (number of trap/nights)

25-30 May 2010 11-15 April 2012
Culex Aedes Culex Aedes
Site Trap quinquefasciatus  albopictus quinquefasciatus  albopictus
Pox Alley CO, 8.3+ 4.5 (3) 03 - -
Gravid 104 £ 95 (6) 0 (6) 4395.2 + 2111.5 0 (5)
(5)
Cable House CO, 0@ 0@4) -
Gravid 3.17 = 1.6 (6) 1+1.1(6) 40.6+40.1(5) 0(5)
Ball Field CO, - - -
Seep Gravid 1.8+ 1.6 (5) 08+x13(5) 80.7x728(13) 0(3)
Aviary CO, - - -
Bunker Gravid 0.33 + 0.8 (6) 0 (6) 60 + 21.34 (3) 0(3)
USFWS CO; 0 (4) 0 (4) -
Office Gravid 4.17 £ 4.4 (6) 1.5+1.4(6) 253+£396(3) 0(3)
Midway Mall CO, 0(2) 0(2) -
Gravid - - 102.3 £52.4(3) 0.33%£0.6
(3)
Boneyard CO, 0@ 35+34(4) - -
Gravid - - - -
Bulky Dump CO, 0 (5) 0 (5) - -
Gravid 0 (5) 0 (5) 42+ 26 (5) 0 (5)

manholes are now screened with heavy shade cloth to prevent ingress by mosquitoes
(Appendix Il, A and B). In 1996, mosquito larvae were also abundant in the many tarpaulins
and refuse paint buckets associated with on-going environmental mitigation efforts and
construction on Sand Island. Tarpaulins were not observed during the 2010-2012 surveys, and
buckets, while still common in town, were generally not left in the open to collect rainwater.
Artificial containers with larval mosquitoes, however, were still found at the All Hands Club patio
(Appendix Il, C), the Water Shop Buildings (Appendix Il, D and E), the Inner Harbor Boathouse
(Appendix Il, F), and the Boneyard. In the Boneyard, refuse tires once made up most of the
larval mosquito habitat, but in the 2010-2012 survey most refuse tires were properly stored in
a covered cargo container (Appendix Il, G and H). However, during the 2010-2012 survey
many other artificial containers harboring A. albopictus and C. quinquefasciatus larvae were
present in the Boneyard; from derelict landing craft (Appendix I, 1) and heavy construction
equipment (Appendix 11, J) to 5-gallon pails (Appendix 11, K) and kitchen sinks (Appendix 11, L).
The Sand Island sewage system culminates at a series of septic tanks (6 x 11 m) located in the
Pox Alley area just south of the western end of Henderson Avenue. These tanks were not
present during our original 1996 mosquito survey. The tank hatches were covered with shade
cloth and no larval or adult mosquitoes were observed inside the tank (Appendix I, M and N).
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Table 3. Presence of Culex quinquefasciatus larvae and other aquatic invertebrates in wetlands at Midway Atoll National Wildlife
Refuge. Sampling occurred May 2010 and April 2012 with 20 to 200 dips per site dependent on site perimeter.

Dimensions % of dips with % of edge Gambusia Algae
Wetland/seep (feet) Culex (n) with veg presence % cover Other invertebrates
Sand Island
Brackish Pond 150x70 0 (160) 0 No
150x70 0 (100) 0 No <10 None
Sunrise 50x25 2.5 (120) 0 No Ostracoda, Cladocera, Odonata
75x30 0 (100) 0 No <10 Ostracoda, Chironomidae, Odanata
Communication 40x20 0 (130) 100 Yes
57x33 0 (100) 0 Yes 0 Ostracoda, Chironomidae, Odanata
Parade 50x25 0 (100) 50 Yes
63x42 0 (100) 40 Yes 0 Chironomidae
Aviary 40x25 0 (100) 50 Yes
47x33 0 (100) 75 Yes 20 None
Mauka-Makai 120x50 0 (120) 25 Yes >50
149x47 0 (100) 0 Yes <10 None
Rusty Bucket 50x30 0 (100) 0 Yes
69x 42 0 (100) 100 Yes 60 Chironomidae, Odanata
Radar Hilll 50x25 20 (125) 50 No Ostracoda, Chironomidae, Odonata
109x47 43 (136) 100 No 20 Ostracoda, Odanata
Radar Hill 2 40x25 4 (100) 25 No Ostracoda, Chironomidae, Odonata
90x49 24 (100) 100 No 50 Ostracoda, Chironomidae, Odonata
Little Ball Field 40x40 36 (100) 75 No Ostracoda, Chironomidae, Odonata
51x49 36 (100) 100 No 50 Ostracoda, Chironomidae
Big Ball Field 100x30 39 (100) 75 No >50 Chironomidae, Odanata
119x50 49 (100) 100 No 40 Ostracoda, Chironomidae
Catchment 250x250 0 (200) 0 Yes <10 None
Guzzler 1 6x4 0 (40) 0 No 0 None
Eastern Island
Monument 25x20 0 (100) 100 No Ostracoda, Cladocera, Chironomidae
41x21 0 (100) <10 No 10 Ostracoda, Cladocera, Chironomidae, Odanata
Redondo 25x20 0 (100) 0 No Ostracoda
44x21 0 (100) 0 No 10 Ostracoda
Sunset 69x33 0 (100) 0 No <10 Ostracoda
Guzzler 2 5x3 0 (20) 0 No 0 None
Guzzler 3 5x3 0 (20) 0 No 0 None
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Table 4. Comparison of larval mosquito (Culex quinquefasciatus and Aedes albopictus) habitat on Midway Atoll National Wildlife
Refuge, observed during December 1996, May 2010, and April 2012 surveys.

Habitat Mosquito larvae presence
Area Location (1996 survey #) type* 1996 2010 and 2012 Comments
Inner Harbor Tug Boat Pier (10) TY Aedes None Tires were drilled to drain.

Boat House IM Not observed None Cement fuel containment area. Covered with shade
cloth.

Boat House AC Not observed Culex Large cargo container holding water.

Boneyard (11) TY, AC Aedes, Culex  Aedes, Culex Large tire piles removed. Some tires remain, some
covered. Derelict heavy equipment and boats
collecting rainwater. Scrap metal sinks, tub, pots,
and pails collecting rainwater.

Landfill (12) AC Aedes None Only burnable trash present.

Town Central Water Tank (14) EP Aedes Aedes Perimeter fence pipe holding water.

Clipper House (16) BU Aedes, Culex None Buckets cleaned up.

CPO Club (17) TP Aedes, Culex None Tarpaulins removed.

Marine Barracks/Bunkers (18) BU Aedes, Culex None Buckets cleaned up.

Water Shop Bldg. 3501 (30) AC Aedes, Culex Culex Chafing dish holding water in garden.

Electrical Manhole G3 (47) us Aedes None Manhole cover screened with shade cloth.

Open Sewer Junction Box (41) US Culex None Filled in with sand.

Bldg. 347 AC Not observed  Aedes, Culex Chafing dish & pail holding water in garden.

All Hands Club AC Not observed  Aedes Trash can, pails, & barbeque cover holding water.

Native Greenhouse BU Not observed  Aedes, Culex Most buckets stored upside down.

Hydroponics Greenhouse AC Not observed None Some Aedes adults present; no larvae observed.

Pox Alley Sewage Lift Station (20) us None None Manhole screened, but adult Cu/ex in building.

Open Junction Box (22) us Aedes None Limit access but no larvae observable.

Contaminated Soils (23) TP Aedes, Culex None Soils & tarpaulins removed.

Septic Tanks us Not observed None Abundant psychodid larvae, Psychoda williamsi.

*AC = Artificial container, BU = Buckets, EP = Exposed pipe end, IM = Impoundment, TP = Tarpaulins, TY = Tires, US = Underground structures
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However, we did find abundant psychodid larvae (moth fly, Psychoda williamsi Quate 1954) in
the tank water and resting adult female mosquitoes in the nearby lift station building (Appendix
I, O0).

DI1SCUSSION

Avipoxvirus in Albatross Nestlings and the Threat to Translocated Passerines
Frequent epizootics of Avipoxvirus among albatross and red-tailed tropicbirds have been
reported at Midway Atoll since 1963. These epizootics have been linked to localized abundance
of introduced, vector mosquitoes or synanthrophic flies (Calliphoridae; Locke et a/. 1965, Friend
1978, Hansen and Sileo 1983). We documented an epizootic of Avipoxvirus among albatross
nestlings in April 2012, where prevalence was positively correlated to the relative abundance of
C. quinquefasciatus (Table 2). This relationship provides further evidence that the primary
route of pox transmission on Midway Atoll is by C. guinquefasciatus, and that annual
fluctuations in vector abundance likely drive epizootics. Similar observations were made by U.S.
Geological Survey, National Wildlife Health Center researchers during an epizootic in 1983
(Hansen and Sileo 1983). Although we made no quantitative measurement of lesion severity or
mortality, other research on Midway Atoll and O'ahu indicates that Avipoxvirus infection in
nestling albatross does not decrease fledging rates or post-fledging survivorship (JLK personal
observations; Young and VanderWerf 2008). Endemic Avijpoxvirus among albatross nestlings
on Midway Atoll, however, could serve as a source of infection for other species including
proposed translocated populations of endangered Northwestern Hawaiian Island endemic
passerine birds.

While active Avijpoxvirus infections were prevalent among albatross nestlings in 2012, we did
not find pox lesions on any passerine, shorebird, or other seabird species examined, and
atypical lesions observed on a few canaries did not test positive for Avipoxvirus by our PCR
diagnostic assay. Furthermore with the exception of albatross and red-tailed tropicbird
nestlings, avian pox has never been reported from any other birds nesting on or inhabiting
Midway Atoll NWR (Locke et a/. 1965, Friend 1978, Hansen and Sileo 1983) including
translocated Laysan duck (M. H. Reynolds personal communication). Although Avipoxvirus
isolated from Laysan albatross nestlings on O‘ahu show close homology with canary and
Hawaiian forest bird Avijpoxvirus (Jarvi et al. 2008), our phylogenetic analysis clearly shows
2012 Avipoxvirus isolates from Midway Atoll albatross cluster with other seabird isolates,
including a 1983 Laysan albatross Avijpoxvirus isolate from Midway Atoll (Gyuranecz et al.
2013). These field and laboratory results strongly suggest that the Avijpoxvirus endemic among
albatross and red-tailed tropicbirds on Midway Atoll is not infective to the common canaries or
common myna inhabiting Midway Atoll, and, therefore, not likely infective to potentially
translocated passerine birds such as Nihoa millerbird, Nihoa finch, or Laysan finch. However,
only cross-susceptibility studies with Midway Laysan albatross Avipoxvirus and these island
endemics can conclusively rule out these birds’ susceptibility to this isolate.

Current Status and Potential Risks of Pathogens and Ectoparasites of Introduced
Passerines at Midway Atoll NWR

The absence of Plasmodium relictum in canaries on Midway Atoll is perhaps not surprising
given the timeline of Hawaiian Islands introductions. Although the original canaries released on
Midway Atoll in 1910 were imported from Honolulu (Pyle and Pyle 2009), P. relictum had not
yet been reported in the Hawaiian Islands. Malaria in wild birds in Hawai'i was not detected
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until the 1930s (Atkinson and LaPointe 2009). Furthermore, in the unlikely scenario that the
original birds were infected with P. relictum, the vector of avian malaria, C. quinquerasciatus,
was not established on Midway Atoll until the 1930s (Joyce 1961), thereby postponing local
transmission well beyond the average lifespan of the founding birds. Later releases of canaries
and the introduction of common myna to Sand Island in 1971 (Pyle and Pyle 2009), however,
reopened the possibility of 2. relictum introduction to Midway Atoll. Both van Riper and van
Riper (1985) and Ishtiaq et al. (2006) found AP. relictum to be present in mynas in the Hawaiian
Islands, but the low prevalence of P. relictum (10%) and the small number of founders greatly
reduced the likelihood of introduction to Midway Atoll. Still, the possibility of a passerine
Avipoxvirus or P. relictum introduction to Midway Atoll remains as long as a competent vector
is present on the island and infected hosts can arrive as migratory vagrants or stowaways on
supply ships. The common redpoll (Carduelis flammea), house sparrow (Passer domesticus),
and house finch (Haemorhous mexicanus) are all reported hosts of Avipoxvirus and/or P.
relictum (Valkiunas 2004, van Riper and Forrester 2007), and all three species are documented
vagrants to Midway Atoll (Pyle and Pyle 2009).

The analgoid feather mites found on common canaries on Sand Island pose little health risk to
potentially introduced passerines. These mites are common symbionts of passerine birds
worldwide and are generally considered benign as they are not known to feed on host tissues
(Proctor 2003). Goff (1980) reported a new species of Analges from the native thrush ‘oma‘o
(Myadestes obscurus) and honeycreepers (‘i'iwi [ Vestiaria coccineal, ‘apapane [Himatione
sanguinea), and Hawali'i ‘amakihi [ Hemignathus virens]), and mites of the genus Analges have
also been recovered from Nihoa finch (van Riper and van Riper 1985). While Analges passerinus
mites have likely been associated with this population since the original release in 1910, this is
the first time A. passerinus has been reported from a free-living passerine bird in the Hawaiian
Islands (Nishida 2002).

Monitoring Adult Vectors and Changes in Mosquito Diversity

The lower efficacy of CO,-baited traps compared to gravid traps observed in 2010 was likely
due to attractant competition between CO,-baited traps and an abundance of live hosts
(albatross). Considering the expense of purchasing and shipping CO, cylinders to Midway Atoll
and their poor performance, any future mosquito monitoring on Midway Atoll should rely on
gravid or other non-CO,-baited traps. We found A. albopictus adults to be relatively scarce and
restricted to the developed area of Sand Island. During our earlier survey (LaPointe 1999), we
found A. albopictus to be fairly abundant and more widespread. At that time, small container
habitats—predominately buckets and tarpaulins—were abundant, and there was access to
underground larval mosquito habitat associated with flooded electrical conduit. Subsequent
removal of small container habitats and the filling-in of conduit and screening of manholes by
refuge staff has greatly reduced the abundance of A. albopictus on Sand Island. Although A.
albopictus is not a vector of P. relictum, it is a potential vector of Avipoxvirus and, perhaps
more significantly, a competent vector of dengue virus among humans. Dengue viruses are
endemic throughout the tropical Pacific region and Southeast Asia, and small outbreaks have
occurred on the main Hawaiian Islands in the last decade (Effler et a/. 2005). While A.
albopictus populations on Sand Island appear to have declined, C. quinquefasciatus have
become more abundant and widespread on Sand Island. In 1996, C. quinquefasciatus adults
were common around the developed areas on Sand Island where their larvae were often
associated with the same container habitats as A. albopictus (LaPointe 1999). In 2010 and 2012
we still found C. guinquefasciatus adults present in the town area but found their highest
densities in more remote areas of Sand Island where new larval habitat has been constructed.
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Changing Availability of Larval Mosquito Habitat at Midway Atoll NWR

Since 1996 two major changes have occurred that may account for the wider distribution and
increased abundance of C. gquinquefasciatus. First, in 1997 the main sewer line that emptied
onto the reef beyond West Beach was capped, and sewage was diverted to septic tanks
constructed south of the Henderson Street Lift Station. In 2012, adult C. quinquefasciatus were
exceedingly abundant at our Pox Alley site in the vicinity of these septic tanks, including large
numbers of male mosquitoes, suggesting that an emergence site was nearby. Although the
tanks were capped and screened with shade cloth and we were unable to find larval or adult
mosquitoes within the septic system, we found no other water body in the vicinity of the septic
tanks to account for local adult mosquito abundance. Furthermore, we observed large numbers
of psychodid larvae in the septic tanks and adult mosquitoes in the lift station building
suggesting that some ingress and egress was available to small flies. Despite our unsuccessful
detection of mosquitoes within the septic system, we suspect these septic tanks and other
components of the sewage system are the main larval habitat for C. quinquefasciatus on Sand
Island. Hansen and Sileo (1983) made similar observations that C. quinquefasciatus females
and males were most abundant in the vicinity of exposed sewer lines during the 1983
Avipoxvirus outbreak on Sand Island. The association between C. quinquefasciatus larvae and
sewage-enhanced habitats is well-documented in the literature (Subra 1981, Calhoun et al.
2007).

The second change influencing C. quinquefasciatus populations at Midway Atoll NWR was the
creation of 10 artificial wetlands and enhancement of 3 natural wetlands as habitat for a
translocated population of Laysan duck (Reynolds and Klavitter 2006; Reynolds et a/. 2008,
2013). Although these wetlands may represent suboptimal larval habitat for C.
quinquefasciatus, we found larvae present in all fishless wetlands. Our observations suggest
Gambusia limit larval mosquito populations in these wetlands. However, Gambusia also appear
to reduce the diversity of other aquatic invertebrates, which may be a significant component of
the Laysan duck diet (Reynolds et a/. 2006, Pyke 2008). The aquatic insect species found in
these wetlands were present on Midway Atoll before the construction and enhancement of
wetlands in 2004 and are considered adventive species (Nishida and Beardsley 2002). However,
no freshwater Cladocera or Ostracoda have been previously reported from Midway Atoll
(Nishida 2002). Future mosquito control efforts directed at wetlands on Midway Atoll NWR
should consider the fate of these associated aquatic invertebrates and their significance in the
diet of Laysan duck.

The availability of larval mosquito habitat at Midway Atoll NWR is very dynamic as artificial
freshwater resources on the refuge come and go. In 2009 and 2011 wildlife or bird guzzlers
were installed on Sand and Eastern Islands as supplemental habitat, while in 2013 a number of
the constructed wetlands were filled in an attempt to control avian botulism outbreaks among
Laysan ducks (Work et al. 2010). Although we did not observe mosquito larvae in guzzlers in
2012, we did observe a higher prevalence of pox lesions in albatross nestlings in the immediate
area of the USFWS Office guzzler. Guzzlers that are fouled by bird excrement or vegetative
debris will likely become favorable habitat for C. quinquefasciatus and will need to be flushed
regularly. Future modifications of freshwater resources and management of wastewater should
be made with consideration of the impacts on mosquito productivity and, subsequently,
mosquito-borne avian disease.

Conclusions
Despite the presence of endemic Avijpoxvirus in albatross nestlings and the introduction of
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mosquito vectors and two susceptible passerine species in the last century, we found no
evidence of the avian malaria Plasmodium relictum or a passerine-infecting Avipoxvirus at
Midway Atoll NWR that would interfere with the successful translocation of endemic
Northwestern Hawaiian Island passerine birds. Infrastructure removal and source reduction
efforts on the part of the refuge have greatly reduced the availability of underground and
container habitats for larval mosquitoes on Sand Island. However, the creation of wetlands and
a central septic system on Sand Island has resulted in new, highly productive larval mosquito
habitat for C. quinquefasciatus. Without eradication or additional mosquito control efforts,
periodic epizootics of albatross Avipoxvirus will likely continue in the Pox Alley area and in
nesting areas adjacent to fishless wetlands. Furthermore, as long as C. quinquefasciatus
persists on Midway Atoll NWR, the risk for introduction of Avipoxvirus and P. relictum from
stowaways or migratory vagrants from the main Hawaiian Islands and continental North
America will remain. Future research efforts should consider cross susceptibility studies with
Midway Avipoxvirus and endemic Northwestern Hawaiian Island passerine birds and novel
approaches to vector control or eradication.
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APPENDIX I: BANDING AND MORPHOMETRIC DATA ON COMMON CANARIES MIST-NETTED ON SAND ISLAND, MIDWAY ATOLL
NATIONAL WILDLIFE REFUGE (NWR), MAY 2010 AND APRIL 2012

LOCATION DATE TIME BAND LL RL CSTAT  SEX BP CP_ WEIGHT  WING BILL  TARSUS TAIL PM TM BM FAT BLD# POX ECT
PoxAlley 5.24.2010 1500 W 1 u N N 17 65 9.4 17.2 Y N N 3 1 N
PoxAlley 5.24.2010 1500 w 1 u N N 14.5 60 9.6 18.2 Y N N 3 2 N Y
PoxAlley 5.24.2010 1500 W 1 u N N 16 70 9.9 18.4 Y N N 2 3 N
PoxAlley 5.24.2010 1500 w 1 u N N 155 71 9.6 17.8 Y N N 3 4 N
PoxAlley 5.24.2010 1630 W 1 u N N 15 67 9.6 18.9 Y N N 2 5 N
PoxAlley 5.24.2010 1630 w 1 u N N 14.5 69 10.2 17.8 Y N N 2 6 N
PoxAlley 5.24.2010 1630 W 1 F Y N 18 70 10.3 18.1 Y N N 3 7 N
PoxAlley 5.24.2010 1630 w 1 M N Y 15 75 10.5 18.2 Y N N 3 8 N
PoxAlley 5.24.2010 1630 W 1 M N Y 145 73 10.5 19.7 Y N N 1 9 N
PoxAlley 5.25.2010 0700 w 1 u N N 16 69 10.2 18.1 Y Y Y 1 10 N
PoxAlley 5.25.2010 0830 W 1 u N N 155 75 10 18 Y N N 4 11 N
PoxAlley 5.25.2010 0900 w 1 u N N 15 68 9.9 17.5 Y Y Y 4 12 N
PoxAlley 5.25.2010 0930 W 1 u N N 15 70 10.2 17.3 Y N Y 0 13 N
PoxAlley 5.25.2010 0930 w 1 F Y N 17 70 10.1 17.7 N N N 2 14 N
PoxAlley 5.25.2010 1030 W 1 M N Y 16 75 10.5 18.4 Y N N 1 15 N
PoxAlley 5.25.2010 1030 w 1 F Y N 17 71 9.6 17.3 Y N N 3 16 N
PoxAlley 5.26.2010 0730 W 1 u N N 14 72 9.6 18.2 N N N 1 17 N
PoxAlley 5.26.2010 0930 w 1 u N N 14 71 10.6 17.5 N N N 2 18 N
PoxAlley 5.26.2010 0930 W 1 u N N 15 MD 10 17.7 Y N N 1 19 N
PoxAlley 5.26.2010 1030 w 1 M N Y 19 73 9.8 18.2 N N N 3 20 N
Clipper 5.26.2010 1600 PU R 1 u N N 175 74 9.3 18.5 N N N 2 21 N
Clipper 5.26.2010 1610 PU PU 1 M N Y 14 72 9.6 18.3 N N N 1 22 N
Clipper 5.26.2010 1617 PU G 1 F Y N 20 66 10.2 171 N N N 4 23 N
Clipper 5.26.2010 1624 PU w 1 M N Y 15 71 9.9 18.3 N N N 0 24 N
Clipper 5.27.2010 0606 PU Y 1 M N Y 14 68 10.9 18.4 N N N 2 25 N
Clipper 5.27.2010 0611 R 1 U N N 14.5 71 9.7 19.8 N N N 3 26 N
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Banding and morphometric data on common canaries mist-netted on Sand Island, Midway Atoll NWR, May 2010 and April 2012 (continued).

LOCATION DATE TIME BAND LL RL CSTAT SEX BP CP_ WEIGHT  WING BILL  TARSUS TAIL PM TM BM FAT BLD# POX ECT
Clipper 5.27.2010 0615 R PU 1 M N Y 15 72 9.8 18.8 Y N N 2 27 N
Clipper 5.27.2010 0624 R G 1 u N N 15.5 71 10.2 19 Y N N 1 28 N
Clipper 5.27.2010 0720 R 1 M N Y 14 72 9.9 19.2 N N N 1 29 N
Clipper 5.27.2010 0745 R Y 1 F Y N 16 64 9.9 17.8 N N N 2 30 N
Clipper 5.27.2010 0750 G PU 1 F Y N 20 68 9.9 17.2 N N N 1 31 N
Clipper 5.27.2010 0916 G R 1 F Y N 8 68 10.2 18.4 N N N 2 32 Y bill
Clipper 5.27.2010 1130 G G 1 u N N 14 74 9.4 18.3 Y N N 1 33 N
Clipper 5.27.2010 1145 G W 1 u N N 15 73 10.3 17.8 Y Y Y 1 34 Y wing
Clipper 5.27.2010 1200 G Y 1 u N N 15 70 9.7 17.9 Y N N 1 35 N
Clipper 5.27.2010 1200 W W 1 u N N 15 70 9.9 17.9 Y Y Y 1 36 N
Clipper 5.27.2010 1200 w Y 1 u N N 16 73 9.9 17.6 N N N 4 37 N
Clipper 5.27.2010 1200 W PU 1 M N Y 14 75 10.2 17.1 Y N N 1 38 N
Clipper 5.27.2010 1812 G w 1 u N N 15 72 8.6 18.8 N N N 1 39 N
Clipper 5.27.2010 1825 G Y 1 u N N 15 70 8.7 19.7 N N N 1 40 N
Clipper 5.27.2010 1830 w w 1 u N N 155 70 8.9 18.3 N N N 1 41 N
Clipper 5.28.2010 0630 W Y 1 u N N 13 74 9.1 17.2 N N N 1 42 N
Clipper 5.28.2010 0641 w PU 1 u N N 14 71 9.1 171 N N N MD 43 MD
Clipper 5.28.2010 0650 W 1 M N Y 17 71 9.1 18.3 N N N 2 44 N
Clipper 5.28.2010 0705 w G 1 u N N 14 73 9.1 19.1 N N Y 2 45 N
Clipper 5.28.2010 0710 Y Y 1 M N Y 15 72 10 17.2 N N N 1 46 N
Clipper 5.28.2010 0750 Y PU 1 u N N 14 58 8.5 175 N Y Y 1 47 N
Clipper 5.28.2010 0850 Y R 1 u N N 17 72 9.2 16.6 N N N 2 48 N
Clipper 5.28.2010 0900 Y G 1 M N Y 14 68 9.2 17.4 N N N 2 49 N
PoxAlley 5.29.2010 1600 W 1 M N Y 15.5 10.2 16.5 Y N N 1 50 N
PoxAlley 5.29.2010 1600 w 1 M N Y 17 71 9.2 17.3 N N N 4 51 N
PoxAlley 5.29.2010 1600 W 1 M N Y 16 68 9.9 17.1 Y Y Y 2 52 N
PoxAlley 5.29.2010 1600 w 1 M N Y 15 72 9.4 17.5 Y N N 1 53 N
PoxAlley 5.29.2010 1600 W 1 u N N 15 72 9.1 16.2 N N N 4 54 N
Clipper 5.30.2010 Y w 1 U N N 14.5 73 9.9 17.3 N N N 1 55 N
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Banding and morphometric data on common canaries mist-netted on Sand Island, Midway Atoll NWR, May 2010 and April 2012 (continued).

LOCATION DATE TIME BAND LL RL CSTAT SEX BP CP  WEIGHT  WING BILL  TARSUS TAIL PM T™ BM FAT BLD# POX ECT
Clipper 5.30.2010 PU PU/PU 1 u N N 15 67 8.7 17 N Y N 1 56 N
Clipper 5.30.2010 PU/PU 1 u N N 14 72 9.1 16.5 N N N 1 57 N
Clipper 5.30.2010 G PU/PU 1 F Y N 18 68 8.8 17.2 N N N 1 58 N
Clipper 5.30.2010 W p/P 1 u N N 18 71 8.9 16.9 N N N 3 59 Y neck
PoxAlley 5.30.2010 w 1 M N Y 15 71 9.5 17 N N N 2 60 N
PoxAlley 5.30.2010 W 1 M N Y 15 71 8.9 18.6 N N N 1 61 N
Clipper 5.31.2010 Y PU/PU 1 F Y N 18 69 10 16.7 N N N 4 62 N
Clipper 4.11.2012 0700 500 BL AL 1 M N Y 14 73 10 19 60 N N N 1 N
Clipper 4.11.2012 0700 499 BL/Y AL 1 M N Y 13 72 9.7 18.4 63 N Y N 1 N
Clipper 4.11.2012 0700 498 BL/G AL 1 M N Y 15 73 10 20 61 N N N 0 Y
Clipper 4.11.2012 0700 497 BL/O AL 1 M N Y 16 73 10 20 63 N Y N 1 N
Clipper 4.11.2012 0730 496 BL/BL AL 1 M N Y 16 73 9.0 19 61 N N N 1 N
Clipper 4.11.2012 0730 495 BL/PK AL 1 M N Y 14 68 9.5 18 55 N N N 1 N
Clipper 4.11.2012 0730 494 BL/W AL 1 F Y N 16 70 9.0 17 60 N N N 3 N
Clipper 4.11.2012 0730 493 R Y/AL R F Y N 18 64 10 19 60 N N N 1 N
Clipper 4.11.2012 0730 492 BL/R AL 1 F Y N 16 72 9.5 19.1 62 N N N 2 N
Clipper 4.11.2012 0730 491 BL/PU AL 1 F Y N 17 65 9.0 20 67 N N N 2 N
Clipper 4.11.2012 0800 490 BL/BK AL 1 F Y N 14 75 9.0 19 62 Y N N 0 N
Clipper 4.11.2012 0800 489 W/BL AL 1 F Y N 16 71 9.5 19 57 N N N 0 N
Clipper 4.11.2012 0845 488 W7y AL 1 u N N 14 72 9.0 20 59 N N N 0 N
Clipper 4.12.2012 0700 487 PK AL 1 M N Y 14 70 9.5 19.7 58 Y Y MD 0 N
Clipper 4.12.2012 0700 486 PK/W AL 1 F Y N 16 70 10 20 61 N N N 3 N
Clipper 4.12.2012 0700 485 PK/BL AL 1 M N Y 15 73 9.7 18.5 60 N N N 0 N
Clipper 4.12.2012 0700 484 PK/G AL 1 F Y N 14 68 9.5 18.7 57 N N N 2 N
Clipper 4.12.2012 0700 483 PK/Y AL 1 M N Y 16 73 9.6 18.9 63 Y N N 0 N
Clipper 4.12.2012 0700 482 PK/PU AL 1 M N Y 14 73 9.5 18.8 63 N N N 0 N
Clipper 4.12.2012 0700 481 PK/PK AL 1 M N Y 15 75 9.0 19.5 62 N N N 0 N
Clipper 4.12.2012 0700 480 PK/BK AL 1 M N Y 15 64 9.8 18.4 54 N N N 0 N
Clipper 4.12.2012 0700 479 PK/O AL 1 M N Y 14 70 9.8 19.2 60 N N N 0 N
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Banding and morphometric data on common canaries mist-netted on Sand Island, Midway Atoll NWR, May 2010 and April 2012 (continued).

LOCATION DATE TIME BAND LL RL CSTAT  SEX BP CP_ WEIGHT  WING BILL  TARSUS TAIL PM TM BM FAT BLD# POX ECT
Clipper 4.12.2012 0700 478 PK/R AL 1 M N Y 15 74 9.2 18.9 62 N N N 0 N

Clipper 4.12.2012 0845 477 0] AL 1 u N N 13 69 9.1 17.2 50 N N N 0 N

Clipper 4.12.2012 0845 476 Oo/W Al 1 F Y N 17 65 10 18.9 53 N N N 4 N

Clipper 4.12.2012 0845 475 O/BK Al 1 M N Y 14 70 9.4 18.9 48 Y N N 0 N

Clipper 4.12.2012 0845 474 O/PK AL 1 M N Y 15 72 9.6 18.9 61 N N N 0 N

Clipper 4.12.2012 0845 473 ory AL 1 M N Y 15 73 9.6 18.2 61 N N N 1 N Y
Clipper 4.12.2012 0845 472 0/G AL 1 M N Y 15 72 9.9 18.1 58 Y N N 0 N Y
Clipper 4.12.2012 0845 471 Y W/AL R M N Y 15 72 9.4 18.9 60 N N N 0 N N
Clipper 4.12.2012 0845 470 O/BL AL 1 M N Y 14 72 9.5 18.6 58 N N N 0 N Y
Clipper 4.12.2012 0915 469 O/R AL 1 M N Y 15 72 10 18.7 58 N N N 0 N Y
Clipper 4.12.2012 0915 468 O/PU AL 1 M N Y 14 71 9.4 18.2 62 Y N N 0 N N
Clipper 4.12.2012 0915 467 R AL 1 F Y N 16 70 9.9 18.1 58 N N N 2 N Y
Clipper 4.12.2012 0915 466 R/R AL 1 M N Y 15 73 9.8 18.1 60 N N N 0 N N
Clipper 4.12.2012 0915 465 R/O AL 1 M N Y 15 72 9.7 18.1 61 N N N 0 N N
Clipper 4.12.2012 1000 464 R/BK AL 1 F Y N 15 64 9.3 18.4 56 N N N 0 N N
Clipper 4.12.2012 1000 463 R/PK AL 1 M N Y 15 72 9.7 18.6 60 N N N 0 N Y
Clipper 4.12.2012 1000 462 R/W AL 1 M N Y 16 73 9.7 18.5 62 Y N N 0 N N
Clipper 4.12.2012 1000 461 R/BL AL 1 M N Y 15 70 9.6 18 56 N N N 0 N N
Clipper 4.12.2012 1000 460 PU AL/PU R M N Y 15 73 10.4 20 62 N N N 0 N Y
Clipper 4.12.2012 1000 459 R/PU AL 1 M N Y 15 72 9.7 18 64 N N N 0 N N
Clipper 4.12.2012 1045 458 R/Y AL 1 M N Y 16 72 9.4 18.5 62 N N N 0 N N
Clipper 4.12.2012 1045 457 R/G AL 1 M N Y 16 71 9.5 18.8 60 Y N N 1 N Y
Clipper 4.13.2012 0630 456 G AL 1 M N Y 15 74 9 18.4 63 N N N 0 N N
Clipper 4.13.2012 0630 455 G/G AL 1 M N Y 14 70 9.5 18.1 59 Y N N 0 N N
Clipper 4.13.2012 0630 454 G/W AL 1 M N Y 16 74 9.6 18.4 64 Y N N 0 N N
Clipper 4.13.2012 0630 453 G/O AL 1 M N Y 16 74 9.5 19 63 Y N N 1 N Y
Clipper 4.13.2012 0700 452 G/R AL 1 M N Y 14 74 9.2 18.6 62 N N N 0 N Y
Clipper 4.13.2012 0700 451 G/PK AL 1 M N Y MD 72 9.5 18 56 N N N 1 N Y
Clipper 4.13.2012 0700 450 G/Y AL 1 M N Y 14 74 10 18.9 54 N N N 0 N Y
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Banding and morphometric data on common canaries mist-netted on Sand Island, Midway Atoll NWR, May 2010 and April 2012 (continued).

LOCATION DATE TIME BAND LL RL CSTAT  SEX BP CP_ WEIGHT  WING BILL  TARSUS TAIL PM TM BM FAT BLD# POX ECT
Clipper 4.13.2012 0730 449 G/BL AL 1 F Y N 17 65 9.6 18.8 58 N N N 4 N N
Clipper 4.13.2012 0730 448 G/PU AL 1 F Y N 15 70 10 18.1 63 N N N 4 N N
Clipper 4.13.2012 0730 447 G/BK AL 1 F Y N 16 67 9.9 18.3 55 Y N N 4 N Y
Clipper 4.13.2012 0730 446 BK AL 1 F Y N 17 70 9.4 18 63 N N N 4 N Y
Clipper 4.13.2012 0730 445 BK/BK AL 1 M N Y 15 73 9.7 18.7 60 N N N 2 N Y
Clipper 4.13.2012 0730 444 BK/W AL 1 M N Y 14 75 9.2 18.2 62 N N N 1 N N
Clipper 4.13.2012 0815 443 BK/O AL 1 M N Y 14 73 10 18 65 N N N 0 N N
Clipper 4.13.2012 0815 442 BK/Y AL 1 M N Y 15 75 10 19.3 64 N N N 0 N Y
Clipper 4.14.2012 0700 441 BK/R AL 1 M N Y 14 74 9.5 18.9 57 N N N 0 N

Clipper 4.14.2012 0700 440 BK/G AL 1 M N Y 16 71 9.8 18.8 59 N N N 2 N

Clipper 4.14.2012 0700 439 BK/BL AL 1 F Y N 18 67 9 18.6 59 Y N N 3 N

Clipper 4.14.2012 0700 438 BK/PU AL 1 u N N 13 71 9.4 17.8 60 N N N 0 N

Clipper 4.14.2012 0700 437 BK/PK AL 1 M N Y 14 72 9.4 17.7 62 N N N 0 N

Clipper 4.14.2012 0700 436 PU/G AL 1 M N Y 16 73 9.8 17.2 62 N N N 1 N

Clipper 4.16.2012 0720 435 PU W/AL R M N Y 15 73 9.3 19.6 53 N N N 1 N

LL=left leg; RL=right leg; Band colors: AL=aluminum, G=green, R=red, W=white, Y=yellow, O=orange, BK=black, BL=blue, PK=pink, PU=purple; MD=missing data;
CSTAT=capture status: 1=first capture, R=any recapture; BP=brood patch; CP=cloacal protuberance; Weight measured in grams; Morphometrics in mm,;
PM=primary molt; TM=tail molt; BM=body molt; FAT scores: 0=no fat, 1=trace fat, 2=some fat, 3=full fat, 4=bulging fat; BLD#=blood sample reference
number; POX=pox lesions; ECT=Ectoparasites: N=no, Y=yes
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APPENDIX II: LARVAL MOSQUITO HABITAT ON SAND ISLAND, MIDWAY ATOLL NATIONAL
WILDLIFE REFUGE, MAY 2010

Assorted containers, Building #347, Town Bottom of cargo tub, Inner Boat Harbor
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Larval mosquito habitat on Sand Island, Midway Atoll NWR, May 2010 (Continued).

{-H

Heavy equipment stabilizer pad, Boneyard

Uncovered 5-gallon pails, Boneyard The kitchen sink, Boneyard
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Larval mosquito habitat on Sand Island, Midway Atoll NWR, May 2010 (Continued).

Ball Field Seep, Town Bird guzzler, USFWS Office, Town
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