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The Bokikokiko (Acrocephalus aequinoctialis) 
is a small passerine bird in the family Acroce-
phalidae. It is endemic to the Northern Line 
Islands and currently occurs on Kiritimati 
(Christmas) Island and Teraina ( Washington) 
Island in the Republic of Kiribati. It formerly 
occurred on Tabuaeran (Fanning) Island 
(Tristram 1883a, Wetmore 1924) but was 
 extirpated sometime between 1924 and 1963 
(Bakus 1967, Clapp and King 1975). The  
I-Kiribati (Gilbertese) name sometimes has 
been written as Kokikokiko (Gallagher 1960, 
Clapp and King 1975), but Bokikokiko is the 
correct spelling. The most commonly used 
English name for the species is Christmas (or 
Kiritimati) Island Warbler (Birdlife Inter-
national 2014), but some references have re-
ferred to it as the Line Island Warbler (Clapp 
and King 1975).

The first mention of the species was 
by Captain James Cook, who landed on 
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 Kiritimati Island on 25 December 1777, nam-
ing the island for the occasion of his visit, and 
described a “small bird like a hedge sparrow” 
(King 1955, in litt.; Gallagher 1960). The 
warblers on Teraina and Tabuaeran Islands 
originally were described as a separate species 
[A. pistor (Tristram 1883b)] from that on Kiri-
timati Island and were treated that way for 
some time ( Wetmore 1925), but the birds 
from all three islands are now regarded as a 
single species with two subspecies, A. a. aequi
noctialis on Kiritimati Island and A. a. pistor on 
Teraina and Tabuaeran (Clapp and King 
1975). Higher-level taxonomy of this group 
of warblers also has changed. They were 
 temporarily placed in the genus Conopoderus 
( Wetmore 1925, Gallagher 1960), and the 
family Acrocephalidae was recently split from 
the larger family Sylviidae (Fregin et al. 2009). 
There is no consistent difference in plumage 
color among birds on the three islands, but 
the birds on Kiritimati Island are signifi-
cantly smaller than those on Washington and 
Fanning, and males on Tabuaeran tended to 
be slightly smaller than those on Teraina 
(Clapp and King 1975). There is thus a gradi-
ent of increasing body size with increasing 
latitude, following Bergmann’s rule (  Vander-
Werf 2011). Males are larger than females 
in average wing length, but there is some 
overlap (Clapp and King 1975).

The Bokikokiko is considered endangered 
by the International Union for the Con-
servation of Nature (Birdlife International 
2012). Primary threats to the species are 
 predation by nonnative black rats (Rattus 
 rattus), Pacific rats (R. exulans), and feral cats 
(Felis catus); habitat loss and degradation 
from human  development; clearing of land 
for coconut plantations; wildfires; sea-level 
rise; and the limited range and small popula-
tion size of the species (Birdlife International 
2012).

Black rats arrived recently on Kiritimati 
 Island, possibly involving multiple introduc-
tions in the past 35 yr (Pierce et al. 2013). 
Predation by black rats has caused the decline 
and extinction of many island birds (Atkinson 
1985, Blackburn et al. 2004, Steadman 2006, 
Trevino et al. 2007, VanderWerf 2009). The 
spread of black rats on Kiritimati Island has 

been surprisingly slow so far and they cur-
rently occur primarily in areas inhabited by 
people and along the coast on the north-
eastern side of the atoll (Pierce et al. 2013). 
Bokikokiko have disappeared from some areas 
in the northern part of the atoll where in-
creasing human settlement has altered the 
vegetation, but otherwise we have not seen 
any obvious decline in Bokikokiko. It is pos-
sible, however, that black rats could increase 
on the island quickly and cause rapid popu-
lation decline or even extirpation of the 
Bokikokiko. Introductions of black rats have 
had little effect on reed-warbler populations 
in the Marquesas and Tuamotu archipelagoes 
(Thibault et al. 2002, Cibois et al. 2009). 
However, the severity of the threat posed by 
rat predation may vary among and within 
 species based on various life history attributes 
and environmental factors, such as nest 
height, nest position within a tree, plant spe-
cies used for nesting, and distribution and 
availability of other rat food (Cibois et al. 
2008, VanderWerf 2012).

There is scant historical information about 
the distribution and abundance of the 
Bokikokiko. Clapp and King (1975) estimated 
the population on Kiritimati Island to be 
300 – 400 birds in the 1960s, and Schreiber 
(1979) suspected that estimate was still accu-
rate. Sherley (2001) reported that the popula-
tion was 400 birds. On Washington Island, 
Clapp and King (1975) reported that esti-
mates from five visits ranged from less than a 
hundred birds to perhaps 2,000, with a few 
hundred birds probably a reasonable assump-
tion. However, all of those estimates were 
based on anecdotal information and not on 
surveys, and the actual population sizes are 
unknown. There is no information about 
population trend, and no quantitative baseline 
against which to measure any changes in 
abundance.

In 2007, we began surveys of Bokikokiko 
on Kiritimati Island using point counts with 
playbacks in an effort to measure abundance 
and monitor for possible declines associated 
with the spread of black rats across the atoll 
(Pierce et al. 2007, VanderWerf and Young 
2007, Pierce et al. 2013). We also collected 
vegetation data at survey points to investi-
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gate habitat characteristics that influence 
Bokikokiko abundance.

materials and methods

We used point counts to measure abundance 
of Bokikokiko in different regions of Kiriti-
mati Island. During trials in June 2007, we 
conducted 3-min surveys with and without 
playbacks of recorded male Bokikokiko terri-
torial songs at 12 points to determine whether 
playbacks increased detection probability and 
survey efficiency. We used a paired t test to 
compare the numbers of birds detected with 
versus without playback. Playbacks increased 

the detection rate by 263% over passive sur-
veys (see Results). We therefore used play-
backs in all subsequent surveys.

We established 83 survey points at 200-m 
intervals along 12 transects in several regions 
in the northern half of the atoll (Figure 1). 
Transects varied in length depending on the 
distribution of suitable habitat. We surveyed 
some transects only once, in 2007, but other 
transects were surveyed again in 2009, 2010, 
and 2012. All surveys were conducted from 
April to June during the Bokikokiko breed-
ing season. At each point, we broadcast 
Bokikokiko vocalizations for 1 min using a 
hand-held speaker, then looked and listened 

Figure 1. Range of the Bokikokiko and survey locations on Kiritimati Island, Kiribati.
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for birds for an additional 2 min. All birds ob-
served during the 3-min count period were 
noted. The area effectively surveyed from 
each point varied depending on the vegeta-
tion density and height, but the same birds 
were only occasionally detected at consecu-
tive points. We estimated that the effective 
detection radius was about 75 m on average, 
in which case the area we surveyed at each 
point was about 1.77 ha. We calculated a pop-
ulation density estimate by dividing the num-
ber of birds detected by the area surveyed at 
each point. For transects that were surveyed 
more than once, we used data from 2007 to 
calculate baseline abundance, and we calcu-
lated abundance in subsequent years sepa-
rately to examine patterns over time.

We constructed a range map of the 
Bokikokiko based on the locations where we 
did and did not observe birds, supplemented 
with anecdotal observations made during 
the surveys and experience of the Kiritimati 
Island Wildlife Conservation Unit. In areas 
where there were no surveys or anecdotal ob-
servations, we used presence of suitable habi-
tat to determine whether an area should be 
included, based on either direct observation 
or inspection of Google Earth images. We 
calculated a rough estimate of the total popu-
lation by multiplying the average density of 
birds detected during surveys by the total 
range.

At each point we collected the following 
habitat data: maximum height of the two most 
common and tallest plant species (Scaevola tac
cada and Heliotropium foertherianum), percent-
age cover of all plant species, and percentage 
bare ground. We deliberately located tran-
sects in areas where Bokikokiko were known 
to occur or with dense habitat that appeared 
suitable for Bokikokiko, so the plant abun-
dances reported below are higher than aver-
age for the atoll as a whole. We recorded 
presence or absence of Cassytha filiformis in-
stead of percentage cover because this vine 
often grew on top of other plants. We investi-
gated habitat preferences of Bokikokiko with 
a multiple regression analysis, using number 
of Bokikokiko recorded at each point as the 
response variable and the previously listed 
habitat measures as predictive variables.

results

During trials in June 2007, we detected more 
birds during 3-min surveys at the same 12 
points with playbacks (2.42 ± 0.36) than dur-
ing 3-min passive surveys without playback 
(0.92 ± 0.26; t = 9.95, P < .001), resulting in a 
263% increase in detection rate. Bokikokiko 
usually responded quickly to the playbacks; 
the average time to the first response was 
20 ± 4 sec (range 2 – 50 sec). Often males and 
females, and sometimes family groups, re-
sponded together.

The average number of Bokikokiko we de-
tected at all points surveyed in 2007 (±1 SE) 
was 0.63 ± 0.11. This corresponded to an 
 average abundance of 0.36 ± 0.06 birds per 
hectare. Abundance varied among different 
regions of the island, and no birds were de-
tected in some areas with apparently suitable 
habitat (Table 1). The estimated range of the 
Bokikokiko encompassed an area of 14,180 ha 
(Figure 1), though we suspect that they actu-
ally occupied only about half of that area be-
cause it was fragmented by unsuitable habitat 
such as lagoons and bare ground. When the 
average density was extrapolated to half the 
area of the entire range, the total estimated 
population size was 2,550 ± 425 birds.

In regions that were surveyed in more than 
1 yr, abundance of Bokikokiko appeared 

TABLE 1

Bokikokiko Abundance on Kiritimati Island by Region

Region

No. of 
Survey 
Points

Detections 
(Birds/  
Point)

Abundance 
(Birds/ ha)

Bay of Wrecks 3 0 0
Boating Lagoon 10 0.20 ± 0.13 0.11 ± 0.07
Crystal Beach 1 10 0.50 ± 0.22 0.28 ± 0.12
Crystal Beach 2 10 0.70 ± 0.40 0.40 ± 0.23
Eastern Manulu 

Lagoon
5 0 0

Kammariki 10 1.63 ± 0.39 0.92 ± 0.22
Nenaomi 3 0 0
Poland 3 0.67 ± 0.33 0.38 ± 0.19
Tabwakea Village 5 0 0
Tabwakea East 9 0.11 ± 0.11 0.06 ± 0.06
Tanguoua 10 1.10 ± 0.28 0.62 ± 0.16
Y site 5 0.40 ± 0.40 0.23 ± 0.23
Total all regions 83 0.63 ± 0.11 0.36 ± 0.06
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 generally stable over time, though the small 
sample sizes and short time series prevented 
quantitative assessment (Figure 2). Abun-
dance was higher in 2012 at Kammariki and 
Crystal Beach 1 because more juveniles were 
detected that year.

The plant species with greatest cover in 
Bokikokiko habitat on Kiritimati Island were, 
in descending order, Scaevola taccada, grasses 

(including Lepturus repens, Digitaria setigera, 
and Eragrostis tenella), Heliotropium foerthe
rianum, Suriana maritima, and coconut  
(Table 2). All other plant species accounted 
for <2% of ground cover. Bare ground also 
was common, accounting for 20% of the land 
area.

Regression analysis showed that 
Bokikokiko abundance on Kiritimati Island 

TABLE 2

Habitat Measurements on Kiritimati Island at Survey Points for Bokikokiko, and Results of Multiple Regression 
Analysis Used to Investigate Habitat Preferences of Bokikokiko

Habitat Variables Mean ± SE
Regression 
Coefficient t Value P Level

Scaevola height (m) 1.6 ± 0.1 0.40 2.42 .02
Heliotropium height (m) 3.1 ± 0.1 0.19 2.14 .03
Scaevola cover (%) 22.4 ± 1.4 0.01 0.95 .35
Bare ground (%) 20.1 ± 1.3 −0.02 −2.62 .01
Grass cover (%) 17.1 ± 1.3 −0.02 −2.26 .03
Heliotropium cover (%) 10.2 ± 0.5 0.01 0.73 .47
Suriana cover (%) 10.0 ± 1.4 −0.01 −2.10 .04
Cocos cover (%) 9.7 ± 1.0 −0.01 −0.92 .36
Sesuvium cover (%) 2.4 ± 0.6  —  —  — 

Note: Positive regression coefficients indicate preference, negative regression coefficients indicate avoidance. Grasses included 
Lepturus repens, Digitaria setigera, and Eragrostis tenella.

Figure 2. Abundance of Bokikokiko over time in four regions of Kiritimati Island.
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was related to habitat (F = 3.56; df = 8, 145; 
P = .001). Significant predictors of Bokikokiko 
abundance included Scaevola height, Heliotro
pium height, grass cover, Suriana cover, and 
amount of bare ground (Table 2). Bokikokiko 
were more abundant in areas with taller He
liotropium and taller Scaevola, and less abun-
dant in areas with more Suriana, bare ground, 
and grass. The regression analysis did not 
 detect a relationship between abundance of 
Bokikokiko and coconut trees (Table 2), but 
Bokikokiko were found only in areas with 
low coconut abundance, no greater than 25% 
canopy cover; they were not found in dense 
coconut plantations.

discussion

This study provides the first large-scale data 
on abundance and distribution of the 
Bokikokiko. The average population density 
we found, 0.36 ± 0.06 birds per hectare, was 
somewhat lower than that found in a small 
area by Milder and Schreiber (1982), who re-
ported six pairs in a 20-ha area, or an average 
territory size of 3.3 ha and a population den-
sity of 0.61 birds per hectare. Birdlife Inter-
national (2012) reported the territory size to 
be 1.8 – 2.3 ha, but the source of that informa-
tion was not provided. Our results also showed 
that population density varied among differ-
ent regions of the atoll, and that birds were 
absent from some regions with apparently 
suitable habitat.

Our population estimate of 2,550 ± 425 
birds may be an overestimate and should be 
interpreted with caution. Our surveys did not 
include areas with unsuitable habitat and 
 deliberately were focused on areas where 
Bokikokiko were known or likely to occur, 
with the goal of monitoring abundance for 
any signs of decline (Pierce et al. 2013). 
Bokikokiko are thought to be sparsely distrib-
uted or absent in the southern half of the atoll, 
but more thorough searching might reveal 
some birds in that region.

The range of the Bokikokiko was geo-
graphically complex and fragmented by the 
large central lagoon, many smaller lagoons, 
and large areas of bare ground. Bokikokiko 

are sedentary and generally do not cross large 
gaps of open water or other unsuitable habi-
tat. They have crossed water gaps up to 200 m 
wide to recolonize small islets from which rats 
have been eradicated, but Cook Island, 2 km 
from the peninsulas on either side of the 
mouth of the central lagoon, is not occupied 
and contains suitable habitat. The effective 
population size therefore is smaller than the 
estimated population size because birds can-
not disperse freely among many parts of the 
range. The Bokikokiko could qualify for en-
dangered status under IUCN criteria based 
on the population estimate, the limited geo-
graphic range on just two small atolls, and the 
potential for declines in population size and 
range caused by predation by black rats and 
habitat degradation ( IUCN 2001).

The preference shown by Bokikokiko for 
taller Heliotropium and Scaevola is not sur-
prising given their ecology and behavior. All 
Bokikokiko nests found on Kiritimati Island 
have been in Heliotropium foertherianum trees, 
and always in a branch fork just below the 
crown, including 15 nests found by Schreiber 
(1979), one by Milder and Schreiber (1982), 
and three by E. VanderWerf and R. Pierce in 
June 2007 and June 2012 (Figure 3). Schrei-
ber (1979) speculated that this position in 
the tree and the large leaves of this plant 
helped to shield the nest from sun and rain. 
The average height of 15 nests found by 
 Schreiber (1979) was 5.3 m (range 1.8 – 8.2 m). 
Milder and Schreiber found a nest 2 m high 
in a 5-m-tall heliotrope. Schreiber (1979) and 
Milder and Schreiber (1982) both com mented 
that only large, mature heliotrope trees were 
used for nesting, and that the abundance of 
suitably large trees might limit the popula-
tion. Our results support this conclusion; the 
average height of nests found by Schreiber 
(1979; 5.3 m) was higher than the average 
height of Heliotropium trees in our study 
(3.1 m). Although Bokikokiko sometimes for-
age on the ground and use grass in making 
nests, they were less numerous in areas with 
more bare ground and grass. The shrub Suri
ana maritima also had a negative relation-
ship with Bokikokiko abundance, probably 
because it often grew in poor alkaline soil on 
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lagoon edges that supported only sparse 
 vegetation.

On Teraina Island, Bokikokiko have been 
observed foraging and nesting in different 
plant species that are rare or do not occur on 
Kiritimati Island. In September 2005, Alex 
Wegmann ( University of Hawai‘i) observed 
Bokikokiko foraging in Pisonia grandis and 
Neisosperma oppositifolium trees. Only a single 
inactive nest has been reported on Teraina 
 Island, which was found in September 2012 
by R. Bebe and was located in dense sedges 
(Cyperus javanicus) surrounding a freshwater 
lake (Figure 3). These observations demon-
strate that Bokikokiko can use a variety of 
plant species and probably are adaptable. 
 Additional observations on Teraina Island, 
where the habitat differs from and is wetter 
than that on Kiritimati Island, likely would 
reveal use of a wider variety of plants.

Warblers of the genus Acrocephalus exhibit 
considerable behavioral and ecological flexi-
bility, and this adaptability has allowed vari-
ous species to colonize some of the most 
 remote islands in the Pacific and Indian 
Oceans (Pratt et al. 1987, Cibois et al. 2011). 
Most Acrocephalus species in Eurasia, Africa, 

Australia, and the islands of Micronesia and 
Melanesia inhabit wetlands (del Hoyo et al. 
2006), leading to their common name of 
“reed-warblers.” In contrast, on Polynesian 
islands Acrocephalus warblers inhabit a variety 
of habitats, including humid forest in mon-
tane areas; shrubby vegetation in dry, lowland 
areas; secondary forests and cultivation in 
 valleys or along the shore; and even village 
gardens (Thibault and Cibois 2006, Cibois 
et al. 2007, 2008). Reed-warblers thus exhibit 
broader habitat use on remote islands than 
their continental counterparts (Cibois et al. 
2007), thereby illustrating a typical pattern of 
insular niche enlargement (Keast 1970).

The small population size of the Bokikokiko 
and its restricted distribution on two low- 
lying atolls, in addition to the potential spread 
of black rats on Kiritimati Island, are cause 
for concern about the persistence of the spe-
cies. In an effort to create rat-free refugia on 
Kiritimati Island, black rats and Pacific rats 
have been removed from 20 small islets within 
the lagoons, some of which have been colo-
nized by Bokikokiko (R. Pierce and Kiriti-
mati Wildlife Unit, unpubl. data). Protecting 
areas of preferred habitat consisting of tall 

Figure 3. Bokikokiko nests. Left, in Heliotropium foertherianum tree on Kiritimati Island, June 2007 (photo: E. Vander-
Werf ). Right, in Cyperus javanicus sedges on Teraina Island, September 2012 (photo: R. Bebe).
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Heliotropium and Scaevola from development 
and fire also would aid in the conservation of 
the species. The status and abundance of 
Bokikokiko on Teraina Island are poorly 
known; additional information about that 
population is needed. Establishing additional 
populations by translocation to rat-free is-
lands would  decrease extinction risk (Seddon 
et al. 2007, Seddon 2010). A second popula-
tion of a related species, the Millerbird (A. 
familiaris), was created recently by transloca-
tion from Nïhoa to Laysan in the Hawaiian 
Islands (Freifeld et al. 2016). Black rats were 
eradicated from Palmyra Atoll in 2011 ( Weg-
mann et al. 2012), which is located in the 
Northern Line Islands 640 km northwest of 
Kiritimati Island. Palmyra contains suitable 
habitat for Bokikokiko and supports higher 
densities of the preferred plant species 
(  VanderWerf 2014), and is now a suitable 
translocation site for the Bokikokiko. Within 
the Republic of Kiribati, rat eradications are 
planned on several atolls in the Phoenix Is-
lands Protected Area, of which Orona would 
be a good candidate for Bokikokiko transloca-
tion. Finally, eradication of rats from all of 
Kiritimati Island would greatly benefit the 
Bokikokiko but would be a complex under-
taking that would require considerable prepa-
ration. Translocation of Bokikokiko to other 
rat-free locations in the interim would help to 
secure the species in the short term.
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