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Abstract Marine reserves are the primary management
tool for Guam’s reef fish fishery. While a build-up of
fish biomass has occurred inside reserve boundaries, it is
unknown whether reserve size matches the scale of move-
ment of target species. Using passive acoustic telemetry, we
quantified movement patterns and home range size of two
heavily exploited unicornfish Naso unicornis and Naso
lituratus. Fifteen fish (N. unicornis: n = 7; N. lituratus:
n = 4 male, n = 4 female) were fitted with internal acoustic
tags and tracked continuously over four months within a
remote acoustic receiver array located in a decade-old
marine reserve. This approach provided robust estimates of
unicornfish movement patterns and home range size. The
mean home range of 3.2 ha for N. unicornis was almost ten
times larger than that previously recorded from a three-week
tracking study of the species in Hawaii. While N. lituratus
were smaller in body size, their mean home range (6.8 ha)
was over twice that of N. unicornis. Both species displayed
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strong site fidelity, particularly during nocturnal and cre-
puscular periods. Although there was some overlap, indi-
vidual movement patterns and home range size were highly
variable within species and between sexes. N. unicornis
home range increased with body size, and only the three
largest fish home ranges extended into the deeper outer reef
slope beyond the shallow reef flat. Both Naso species
favoured habitat dominated by corals. Some individuals
made predictable daily crepuscular migrations between
different locations or habitat types. There was no evidence of
significant spillover from the marine reserve into adjacent
fished areas. Strong site fidelity coupled with negligible
spillover suggests that small-scale reserves, with natural
habitat boundaries to emigration, are effective in protecting
localized unicornfish populations.

Keywords Acoustic telemetry - Home range -
Movement patterns - Marine reserves - Acanthuridae -
Guam

Introduction

Marine reserves are being employed more frequently as the
principal tool for fishery management, particularly in
tropical countries that lack the resources necessary for a
more traditional approach (Roberts and Polunin 1991). The
effectiveness of a reserve will, however, depend on its
placement and size, as well as matching the scale to the
movement patterns of target species (Gell and Roberts
2003; Bartholomew et al. 2008). Equally important to
reserve size is the length of time since closure in protecting
exploited fish stocks (Claudet et al. 2008). As movement is
species-specific, the influence of a reserve affects species
differently (Botsford et al. 2003) and should be designed
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with targeted species in mind (Sale et al. 2005). For
example, a mobile species with a large home range and
high rates of movement likely spend more time outside the
reserve boundary, thereby increasing its exposure to
exploitation (Bartholomew et al. 2008) and making a
greater contribution to spillover (Chapman and Kramer
2000; Russ 2002; Palumbi 2004). If spillover is excessive,
however, the benefits of the reserve are negated (Halpern
and Warner 2003). To overcome this problem, reserve size
can be increased and would, therefore, protect a greater
proportion of mobile fish with large home ranges (Claudet
et al. 2008).

The shape and size of reef fish home ranges are highly
variable between and within species and can be influenced
by habitat heterogeneity, territoriality, resource availabil-
ity, competitor density and body size (Kramer and Chap-
man 1999). While it seems logical that large mobile reef
fishes might not benefit from small protected areas, bio-
mass build-up does occur for some species of parrotfish,
grouper and snapper in marine reserves less than 1 km?
(Russ and Alcala 1996; Roberts and Hawkins 1997). Such
build-up is attributed to intra-specific differences in site
fidelity, whereas only a proportion of the population is
mobile with the remainder sedentary (Gell and Roberts
2003). For example, in Jamaica, highly variable movement
patterns were observed for the stoplight parrotfish, Spari-
soma viride. Some individuals were recaptured repeatedly
at the same site (within 100 s m) whilst others were caught
more than 10 kms away (Munro 2000). While the syner-
gistic effects of home range size and mobility, fishing
pressure and marine reserve characteristics have the greatest
influence on how a species responds to protection (Palumbi
2004), fish mobility is rarely reported in the marine reserve
literature (Claudet et al. 2008).

Quantifying movement of reef fishes has benefited from
the rapid evolution of acoustic telemetry (Heupel et al.
2006). Before the development of this technology, mark-
release-recapture (MRR), using externally visible tags, was
the principal method for assessing fish movement (Kramer
and Chapman 1999; Samoilys 1997). However, tagging
studies can be affected by high tag-loss rates that underes-
timate total population size, while interpretation of move-
ments is typically limited to a straight-line distance from
the point of capture to the point of recapture or resighting
(Zeller 1999). In contrast, acoustic telemetry can provide
detailed information on movement and behavioural ecology
(e.g., home range size, seasonality of behaviour, preferred
spawning or foraging areas) measured over multiple
temporal and spatial scales (Hocutt et al. 1994; Chateau and
Wantiez 2009). The recent move towards using remote
hydrophones that passively monitor fish behaviour over
months-to-years has brought into question the results of
short-term active tracking using boat-based hydrophones,
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which underestimate the full extent of a fishes movement
and residency times (Palumbi 2004; Meyer et al. 2010). The
number of studies utilizing this remote method has increased
significantly due to recent developments in the technology,
affordability and increased funding opportunities (e.g.,
Parsons et al. 2003; Meyer and Honebrink 2005; Chateau
and Wantiez 2007; Meyer et al. 2007a, b, 2010; Rhodes and
Tupper 2008). To date, the majority of published studies
focus on large-bodied species with high conservation or
commercial interest (e.g., sharks, groupers and tuna).
Despite being numerically abundant and contributing to the
bulk of the fish biomass on coral reefs, studies on the
movement of small and medium-bodied reef fish species are
rare (but see Meyer et al. 2010 and Claisse et al. 2011).

Since the 1970s, Guam’s inshore coral reef fisheries
have been heavily overfished and the reef habitat degraded
from uncontrolled pollution and natural disturbance events
(Hensley and Sherwood 1993). A recent reestimate of
the official fish landing data for Guam reported that the
total catch of coral reef fishes has declined 86% from
1950-2002 (Zeller et al. 2007). The bluespine unicornfish
Naso unicornis (maximum length 70 cm, Randall 2001),
and orangespine unicornfish Naso lituratus (maximum
length 46 cm, Randall 2001), are major components of reef
fisheries throughout much of the Pacific (Gillett and Moy
2006). Both species are heavily targeted by fishers in Guam
(Hensley and Sherwood 1993) and in other parts of
Micronesia (Rhodes and Tupper 2008).

Marine reserves are the primary management tool for
Guam’s reef fish fishery. However, their effectiveness as a
management strategy for Naso is unknown without a clearer
understanding of movement patterns and home range size.
Therefore, the aim of this study was to use passive acoustic
telemetry to determine movement patterns and home range
size among individuals (<30 cm maximum length) of
N. lituratus and N. unicornis within a marine reserve in
Guam that has been closed to fishing for ten years.

Materials and methods
Study site

Guam 1is the largest and southernmost of the Mariana
Islands, located in the north-west Pacific Ocean. This study
was conducted between August and December 2008, at Piti
Bomb Holes Marine Preserve (13°28'20”N, 144°42'10"E;
hereafter, Piti), on the central-west coast of Guam
(Fig. 1a). Piti is a semi-enclosed bay, with a total area of
340 ha, encompassing a fringing reef with an extensive
shallow (<10 m depth) reef flat of approximately 150 ha
(Fig. 1b). Habitats within Piti include shallow seagrass
beds, macroalgal and turf covered pavement, expansive
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Fig. 1 a The location of Piti Bomb Holes Marine Preserve (black
rectangle) on the central-western coast of Guam. b The remote
acoustic receiver array on the western side of Piti. Receiver positions
are indicated by coloured markers (shapes indicate receiver habitat
type: circle = reef flat coral, diamond = reef flat turf, square = reef
slope coral). The two receivers located outside Piti boundaries are
indicated by white triangles (W = West, E = East). ¢ Receivers of
the array within major habitat types. The major habitat types are
delineated by colour and labelled; receiver markers are coded by

colonies of hard and soft corals, natural and artificial
channels, and numerous sink (‘bomb’) holes, with sandy
bottoms (Fig. 1b, c; Burdick 2006). Piti was established in
1997, but regulations prohibiting the removal of marine life
were not fully enforced until 2001. Limited seasonal shore
fishing of a few culturally important reef fish species is
allowed within Piti, but harvesting of N. lituratus and
N. unicornis is prohibited.

Acoustic tagging

Passive acoustic telemetry was used to quantify N. lituratus
and N. unicornis home range size and examine movement
patterns. The western reef flat of Piti was identified through
preliminary surveys as a site of high abundance of both
target unicornfish species. In August 2008, N. lituratus and
N. unicornis individuals were captured for tagging over
three nights (Fig. 1c). The unicornfish were captured from
refuge holes by hand or with nets on snorkel. Captured
individuals were held in containers of aerated seawater and

144°41°20°E 144°41'30"E

habitat type. The black star indicates the centre of the unicornfish
capture-and-release site. d Receiver positions with average detectable
range of transmitters indicated by circles around each receiver
(Receivers 1-8: red inner circle = 60-m radius, black outer
circle = 100-m radius; Receivers 9-12: red inner circle = 100-m
radius, black outer circle = 120-m radius). The black star indicates
the centre of the unicornfish capture-and-release site. Bathymetric
profiles are provided in the legend

later transported to 10,000-L holding tanks (University of
Guam Marine Laboratory). All fish were allowed to
acclimate to the tanks and monitored for signs of stress or
poor health prior to the surgical tag implantation.

Twenty N. lituratus (ten male and ten female) and ten
N. unicornis were surgically implanted with individually
coded acoustic transmitters (V7-4L®, 90 s. delay, 197-day
battery life, Vemco, Nova Scotia, Canada). The sex of
tagged N. lituratus individuals was determined by the
presence (male) or absence (female) of trailing caudal fin
filaments (Randall 2001). The accuracy of this technique
was later confirmed by histological gonad assessment in a
separate study. As there is no evidence of similar sexual
dimorphism in N. unicornis, tagged individuals of this
species were not assigned a sex. The captured unicornfish,
while much smaller than the recorded maximum for these
species, were representative of the most abundant and
reproductively mature size classes on Guam.

Prior to surgery, individuals were anesthetizedina 1.1 gL ™"
solution of seawater and tricane methanesulfonate, weighed
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(total weight, nearest g), and measured (fork length [FL]
nearest mm). A sterile transmitter was then surgically placed
into the gut cavity through a 1.5-cm incision along the edge of
the abdominal wall. The incision was closed with a sterile
surgical stapler (3—4 staples) and covered with topical anti-
biotic cream (Neosporin®). Individuals were also externally
tagged between the dorsal pterigiophores with a uniquely
numbered T-bar anchor tag (Floy Tag & Mfg Inc., Seattle,
WA, USA) imprinted with a phone contact. In addition to
topical antibiotic, all fish were an injected with oxy-tetracy-
cline (50 mg kg~ body weight) to prevent infection. Tagged
individuals were returned to the holding tanks and monitored
for 10 days prior to release at their capture site. Surgical
wounds were monitored, and fish were considered healthy
when feeding on macroalgae (Sargassum spp.) resumed.

Acoustic tracking

The functional range of acoustic tags was measured by
conducting in situ range tests among depths and habitats.
A V7-4L°® equivalent range-test transmitter was strategi-
cally placed in stationary positions within the array for
fixed periods and also moved gradually away from
receivers at fixed distances and times. Detection ranges
within the shallow reef flat and shallow reef slope averaged
ca. 60 m, with a maximum range of ca. 100 m. In contrast,
tag detection in deeper reef slope environments averaged
ca. 100 m to a maximum of ca. 120 m (Fig. 1d).

To examine fish habitat use and movement, an array of
Vemco VR2 W® omnidirectional acoustic receivers was
placed within Piti prior to releasing tagged fish. Data collected
in the first week post-release were excluded during analyses to
ensure fish behaviour had returned to normal. Twelve
receivers were deployed throughout the western end of Piti
that included reef flat and reef slope habitats (Fig. lc, d).
In addition, individual receivers were positioned on the reef
slope outside each of the eastern and western Piti boundaries
to monitor potential spillover (Fig. 1b). The receivers recor-
ded the presence and timing of all tagged fish within range,
assuming that the signal was unobstructed. Shallow-water
receivers were attached antenna-up, to rebar cemented in a
concrete block. In contrast, deep-water (outer fringing reef)
receivers were moored to the reef with 3/16” stainless steel
cable and suspended in the water column at 3-m depth,
antenna-down. Where possible, the receivers were positioned
to allow overlap in detection ranges and increase the accuracy
of recorded unicornfish positions (Fig. 1d). All receivers
were retrieved and downloaded monthly.

In addition, active tracking was conducted biweekly
using a portable Vemco VR100® receiver and omnidirec-
tional hydrophone. Active tracking allowed systematic
searches in areas not covered by the array, in an effort to
relocate fish that were not detected regularly after release.
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Data analysis
Home range size estimation

Minimum convex polygons (MCPs) and kernel utilization
distributions (KUDs) based on centre of activity (COA)
locations were used to quantify the home range size of
unicornfish. The MCP method quantifies the extent of the
animal’s range, while the KUD estimates the intensity of
area use, as a two-dimensional relative frequency distri-
bution of an animal’s location over time (Worton 1987).

COA locations were estimated for each individual using
the mean position algorithm described by Simpfendorfer
et al. (2002). A script was created using the R statistical
computing language (R Development Core Team 2009) to
calculate COA locations as the mean latitude and longitude
of all detections within each sequential two-hour interval
during the study period. These COAs were used for all
consequent analyses of spatial and temporal unicornfish
movement. Receiver locations were collected in WGS84
geographic coordinates, while all spatial analysis was
conducted in an Albers equal-area projection.

Home range size and shape for each individual was
estimated using both MCPs and KUDs. Both measures
were calculated with the adehabitat module for R (Calenge
2006), using the mcp function for MCPs and the kernelUD
function for KUDs. The MCPs fitted 95% of COA loca-
tions, excluding outlying points by the harmonic mean
method. In calculating the KUDs, the ad hoc method was
used for specifying the smoothing parameter in a 1000 by
1000 cell grid (cells were 1.7 m on a side). Areas where the
MCP or KUD isopleths crossed over land were subtracted
from home range estimates. We estimated 95% confidence
intervals for the KUD and MCP home range estimates
using 1000-iteration bootstrapping, sampling from the
aggregated COAs (Kern et al. 2003).

Analysis of home range size estimates

Home range analyses were performed with log-transformed
95% KUD home range estimates. To investigate the pos-
sibility of an ontogenetic shift in home range size, a linear
regression model was fitted for each species to test for a
relationship between size (FL) and home range size. For
N. lituratus, a model was also fitted for the same variables
but separated by sex.

Patterns of movement

To investigate spatial and temporal patterns of movement
during the study period, scatter plots (modified from
Meyer et al. 2010) of detections of individual fish coded by
receiver location were examined. Examined patterns included
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(1) short-term and long-term movement patterns, (2) home
range shifts, (3) spillover, (4) species-, size- and sex-
specific differences, and (5) daily movement patterns:
foraying, commuting, or a mixture of both (Meyer and
Holland 2005).

Results
Acoustic tagging

There were no pre-release mortalities among the 30
acoustically tagged unicornfish, and fish were observed
feeding within two days of tagging. Tagged N. lituratus
females ranged from 165- to 198-mm FL (n = 10; x =
188 mm), and males from 181- to 204-mm FL (n = 10;
X = 196 mm). The size range for N. unicornis sizes was
from 228- to 282-mm FL (n = 10; x = 251 mm).

Acoustic tracking

Between 30 August and 31 December 2008, 15 of the 30
acoustically tagged unicornfish were successfully tracked
within the remote receiver array (Table 1; N. wunicor-
nis = 7, N. lituratus = 43, 4%). None of the remaining 15
tagged individuals were relocated using systematic sear-
ches of Piti and adjacent areas throughout the study period
and were omitted from analyses.

During passive tracking, we monitored individual
N. lituratus for periods of 101 to 124 days and N. unicornis
for 103 to 124 days (Table 1). The majority (73%) of fish (V.
lituratus 72 £+ 8.1%; N. unicornis 62 + 11.7%; mean =+
SE) were detected during >50% of days monitored, with the
number of detections unrelated to body size (fork length vs.
logit-transformed % presence: N. lituratus: F; ) = 0.919,
P = 0.133, P =0.375; N. unicornis: Fs5 = 1.969,
r* =0.283, P= 0.219) or species (¢ test, t;3 = 0.647,
P = 0.529) or sex (¢ test, tg = 0.239, P = 0.819).

Home range area estimates

The 95% KUD home range area estimates were significantly
larger than the 95% MCP home range area estimates for each
fish (paired ¢ test: P = 0.013, df = 14). On average, the
difference was approximately 3.57 ha (0.88-6.26 ha; 95%
CI). Mean home range areas were not statistically signifi-
cantly different between species or between N. lituratus
males and females. The mean 95% KUD home range area
was 3.21 £ 1.53 hafor N. unicornis and 6.84 & 2.77 ha for
N. lituratus. The mean 95% KUD home range area of
N. lituratus females was 9.62 & 4.79 ha and 4.06 +

2.76 ha for males. Several fish had 95% MCP home range
area estimates of zero if all detections were from only one
(NLMO02, NUO1 and NUO2) or two (NLMOI1, NUO03)
receivers within the array (Table 1, Fig. 2).

The home range areas of all unicornfish were largely
overlapping on the reef flat (Fig. 2). However, for N. uni-
cornis, there was an ontogenetic expansion in home range
area indicated by a significant positive correlation between
home range size (log-transformed 95% KUD) and fork
length (Fig. 3, r* = 0.82, P = 0.0052, df = 5). The home
range areas of the three largest N. wnicornis included
deeper, more exposed areas of the reef slope in addition to
shallow sheltered areas of the reef flat. No such relationship
was observed for N. lituratus (all: I 0.080, P = 0.498,
df = 6, females: P = 0.696, df = 2; males: P = 0.480,
daf = 2).

Movement patterns and habitat use

Unicornfish displayed strong site fidelity, spending most of
their recorded time at few locations within the array
(Fig. 2). Overall, unicornfish favoured shallow, sheltered,
and structurally complex reef flat coral habitat, with 77.3%
of all N. lituratus detections and 98% of all N. unicornis
detections recorded by the receivers (n = 3) located there.
The receiver at the centre of the capture (and release)
location (Fig. Ic, d) recorded 76.82% of all N. lituratus
detections and 97.6% of all N. unicornis detections. The
receiver located approximately 240 m away in turf habitat
(Fig. 1c, d), recorded the second highest number of all
detections (15.19%) of N. lituratus individuals.

Home range area estimates among the eight N. lituratus
tracked ranged extensively from 0.0032 to 23.75 ha (95%
KUD, Table 1). Most N. lituratus individuals had over-
lapping home ranges on the shallow, sheltered reef flat.
Only one female N. lituratus had a home range that
extended onto the outer reef slope (NLF02, Fig. 2i). Within
the reef flat, the majority of N. lituratus detections (77.3%)
were in areas of high coral cover, followed by pavement
turf (22.6%) habitats.

Home range area estimates among the seven tracked
N. unicornis individuals ranged widely from 0.005 to
10.82 ha (95% KUD, Table 1), with shallow reef flat
receivers recording 98% of all N. unicornis detections.
Larger individuals utilized more of the reef flat area, but
also ventured, albeit rarely (<1% of the total), onto the
deeper reef slope (Fig. 2e-g).

Daily movement patterns

The activity (presented as total number of detections) of
both species peaked during daily crepuscular periods
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Table 1 Summary detection data and home range area (hectares)
estimates (50 and 95% kernel utilization density [KUD], and 95%
minimum convex polygon [MCP]) for four male Naso lituratus

(NLM), four female Naso lituratus (NLF) and seven Naso unicornis
(NU) tracked within Piti Bomb Holes Marine Preserve from 30
August 2008 until 31 December 2008 (124 days)

MCP 95% home
range area (95% CI)

KUD 50% home
range area (95% CI)

KUD 95% home
range area (95% CI)

Fish ID  Fork Sex  Detection Total days  Total
length Span (days)  detected detections
(mm)
NLMO1 197 M 123 46 89
NLMO2 199 M 123 87 1,072
NLMO3 203 M 101 80 967
NLMO04 204 M 124 105 10,063
NLFO1 188 F 118 97 1,204
NLFO02 188 F 103 36 97
NLFO03 193 F 124 97 2,476
NLF04 193 F 124 78 402
NUO1 228 - 124 104 5,347
NU02 230 - 103 92 780
NUO03 244 - 124 95 1,888
NU04 251 - 107 22 33
NUO05 262 - 104 25 52
NU06 280 - 118 57 219
NU07 282 - 124 78 469

0
0

4.04 (3.15-4.04)
1.28 (0.01-1.28)
0.28 (0.06-0.52)
5.18 (3.72-5.18)
3.02 (1.84-3.02)
0.52 (0.04-0.52)
0

0

0

0.67 (0-0.67)
1.1 (0-3.01)
0.67 (0-1.77)
6.88 (3.85-6.88)

0.21 (0.12-0.33)
0.0005 (0-0.0016)
2.28 (2.06-2.46)
0.55 (0.52-0.58)
0.41 (0.28-0.56)
5.17 (2.6-6.95)
0.59 (0.47-0.73)
1.74 (1.35-2.08)
0.001 (0-0.0025)
0.001 (0-0.0038)
0.016 (0.009-0.023)
0.35 (0.10-0.81)
0.84 (0.34-1.52)
0.28 (0.13-0.53)
1.38 (0.89-2.02)

1.15 (0.71-1.52)
0.0032 (0-0.0083)
12.13 (10.73-13.05)
2.94 (2.82-3.04)
3.25 (2.18-4.26)
23.75 (17.32-27.78)
4.12 (3.54-4.64)
7.35 (6.30-8.43)
0.005 (0-0.011)
0.006 (0-0.018)
0.104 (0.051-0.16)
2.67 (0.76-3.61)
6.28 (2.60-8.51)
2.58 (1.14-4.23)
10.82 (7.39-13.84)

Using 1000-iteration bootstrapping, 95% confidence intervals (CI) are presented next to each home range estimate in brackets

(Figs. 4, 5). Most activity occurred during the morning
(0601-1000 h; 27.2% of detections) and evening
(1801-2200 h; 22.4% of detections), while 16.6% of
detections occurred in the afternoon (1401-1800 h). Late-
night (0201-0600 h, 12.4%), midday (1001-1400 h, 11.1%),
and midnight (2200-0200 h, 10.5%) detections were
relatively fewer. The peak number of daily detections fol-
lowed sunrise and sunset (Figs. 4, 5).

In Piti, three broad daily movement patterns first
described in the study by Meyer and Holland (2005)
were observed as follows: (1) commuting, (2) foraying
and (3) mixed. ‘Commuters’ showed crepuscular shifts in
habitat or location between diurnal and nocturnal periods.
For example, NLMO04 (Fig. 4a) and NLFO1 (Fig. 4c)
made daily crepuscular migrations of ca. 240 m from
coral habitat (day) to pavement-turf habitat (night).
NLMO02, NLFO3 (Fig. 4b), NLF04 and NUO6 are also
examples of ‘commuters’, with detections inside the
array only during crepuscular and nocturnal periods
before the fish ‘commuted’ outside the array diurnally.
‘Forayers’ occupied the same locations between day and
night. For example, NUO1 (Fig. 5a), NUO3 (Fig. 5b) and
NUO2 (Fig. 5¢) were detected primarily at the capture/
release receiver. Some fish showed a mixture of com-
muter and forayer movement patterns, while for a few
individuals, the number of detections was insufficient to
discern behaviour patterns.
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Spillover and reserve use

Home range area of N. lituratus individuals averaged
3.79 £ 1.54% (range = 0.002-13.2%) of the total reef area
<5 m deep in Piti (180.2 ha) while N. unicornis utilized
only 1.78 £ 0.85% (range = 0.003-6.0%) of the total.
Only one of the fifteen fish (N. unicornis, NU06, 280 mm
FL) was recorded outside the Piti boundary and only on a
single occasion. That fish was recorded ca. 600 m from the
centre of its home range 15 days after release. The same
individual utilized a variety of habitats and was only
detected by receivers on 52% of the monitoring days.

Discussion

This study is the first to quantify long-term home range
area and movement patterns of N. lituratus and N. uni-
cornis within a marine reserve in the central Pacific. While
the current study supports previous findings of relatively
small home range sizes for N. unicornis at other locations
(Meyer and Holland 2005; Hardman et al. 2010), we add to
the understanding of the species by presenting evidence of
increasing home range area with body size of individuals
less than 30-cm FL. During diurnal and crepuscular peri-
ods, both species primarily utilized sheltered, shallow coral
habitats, while N. lituratus mainly utilized flat pavement
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Fig. 2 Depth-related individual home range area estimates of Naso
unicornis (a—g) and Naso lituratus (females: h—k; males: I-0). Pink
bubble contour represents 95% kernel utilization density (KUD),

1 Log,,(home range size + 1) = 33.489log,(FL+1) - 76.969

2 _ =
10 1 r°=0.82,p=0.0052 °

0.1+

0.0014

Home range size (95% KUD, ha)

228 239 250 262 274 287
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Fig. 3 The relationship between home range size (95% kernel
utilization density, ha) and fork length (mm) of Naso unicornis
(n="1

green bubble contour represents 50% KUD, and blue line represents
95% minimum convex polygon (MCP). Bathymetric profiles are
shown in the legend

algal-turf habitats at night. Overall, most individuals
demonstrated strong site fidelity and a preference for rug-
ose habitats that provide protection from predators. Pred-
ator avoidance may also have been a factor in the observed
activity patterns concentrated around crepuscular periods.
Similar to other studies, our findings provide support for
the use of small-scale marine reserves for effective man-
agement of reef fishes, within the size range of the species
examined.

The average body size of unicornfish tagged in this
study (N. lituratus X = 192 mm; N. unicornis = 251 mm)
is smaller than the maximum lengths recorded for these
species (Randall 2001). However, the average size of tag-
ged unicornfish is representative of the most abundant size
classes of these species found on Guam, from both fishery-
dependent and fishery-independent data (A. Marshell pers.
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Fig. 4 Daily detections of Naso lituratus individuals for a NLM04
(204 mm male, n = 10,063), b NLF0O3 (193-mm female, n = 2,476),
and ¢ NLFO1 (188-mm female, n = 1,204). The horizontal stripes of
grey shading indicate nocturnal periods. Coloured symbols on the

obs.). The tagged unicornfish in this study are also repre-
sentative of reproductively mature size classes on Guam,
where these species mature at a size considerably smaller
than elsewhere (A. Marshell pers. obs.). Therefore, Piti is
likely protecting reproductively mature unicornfish, with
the potential to enhance adjacent fisheries.

During the study period, systematic searches for tagged
unicornfish (using a portable receiver and hydrophone from
a small boat) were conducted biweekly throughout Piti and
adjacent areas. In addition to extensive active tracking
searches, underwater visual census surveys were also
conducted in Piti and adjacent areas. Furthermore, external
tags offered a reward for the return of any fish captured by
local fishers. Despite these extensive searches and the offer
of a reward, fifteen unicornfish (50% of tagged fish) dis-
appeared and were not relocated after their initial release.
Their disappearance could possibly be explained by
migration (distant relocation), premature transmitter failure
or natural/fishing mortality, although it is not possible to
definitively attribute disappearance to any of these causes.
Tag-induced mortality cannot be ruled out; however, it is
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scatter plots correspond to receiver locations (top right of figure). The
black star indicates the centre of the unicornfish capture-and-release
site

considered unlikely due to the long captive recovery period
of 10 days, which allowed near-complete healing of the
surgical wounds. Future movement studies of these species
on larger spatial and temporal scales may help to explain
the reasons behind the local disappearance of tagged uni-
cornfish in this study.

Home range area estimates

Home ranges have been documented for a variety of coral
reef fishes (e.g., Bolden 2001; Meyer and Holland 2005;
Hutchinson and Rhodes 2010; review see Kramer and
Chapman 1999); however, few have quantified home range
size of medium-sized benthic species (Eristhee and Oxen-
ford 2001; but see Claisse et al. 2011). For N. unicornis and
N. lituratus, home range areas within Piti varied consid-
erably between individuals. Individual variability in home
range size has previously been shown for N. unicornis in
both Hawaiian (Meyer and Holland 2005) and Rodrigues Is
(Indian Ocean) marine reserves (Hardman et al. 2010). For
coral reef fishes, home range size and shape are known to
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Fig. 5 Daily detections of Naso unicornis individuals for a NUO1
(228 mm, n = 5,347) b NU0O3 (244 mm, n = 1,888) and ¢ NU02
(230 mm, n = 780). The horizontal stripes of grey shading indicate

vary in response to environmental and biological factors
(Kramer and Chapman 1999). For small, territorial reef
fishes, resource availability and competitor density are
often primary factors controlling home range area. In
comparison, fish with undefended and overlapping home
range areas can be influenced by seasonality, sex and
habitat availability and composition (Eristhee and Oxen-
ford 2001; Lowe et al. 2003). For N. lituratus, the observed
variability in individual home range was not shown to be
sex-specific. Likewise, the overlap in home range areas
does not support influences from fish density or resource
availability. A more likely influence on unicornfish
movement patterns and home range size is habitat avail-
ability and composition. The limited temporal nature of the
survey did not provide for an assessment of seasonal
influences on home range.

A significant relationship was found between home
range area and body size for N. unicornis, as has been
documented for other coral reef fish (Kramer and Chapman
1999; Nanami and Yamada 2008, 2009). A correlation
between home range size and body size can be driven by

' a5
8 15 22 29
December

nocturnal periods. Coloured symbols on the scatter plots correspond
to receiver locations (fop right of figure). The black star indicates the
centre of the unicornfish capture-and-release site

underlying ecological processes, such as ontogenetic shifts
in habitat preference (Light and Jones 1997; Dahlgren and
Eggleston 2000; Nakamura and Tsuchiya 2008). In Hawaii,
the size distribution of N. unicornis differed among habi-
tats, indicating an ontogenetic habitat shift from shallow,
sheltered areas of the reef to deeper, more exposed habitats
(Meyer and Holland 2005). In Guam, larger N. unicornis
used deeper, more exposed reef slope habitat as well as the
shallow, sheltered reef flat, resulting in relatively larger
home range areas than for the smaller individuals. This
expanded home range area could be a behavioural response
to foraging optimization in association with reduced pre-
dation risk with increased body size (Dahlgren and
Eggleston 2000).

Movement patterns and habitat use
Habitat preference appeared to have a strong influence on
unicornfish movement patterns within Piti, as both species

were mostly detected within coral habitat of the shallow,
sheltered reef flat throughout the 4-month tracking period.
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While these results suggest that unicornfish are relatively
sedentary and highly site-attached, extensive movements
outside the daily home range from individuals of both
species were also recorded. For example, NUO6 was
recorded up to 1 km from its typical daily home range,
while NLFO1 moved up to 700 m beyond its home range.
N. lituratus has previously been recorded with movements
of up to 10.9 km beyond its home range (Meyer et al.
2010). Some unicornfish displayed stronger site fidelity
than others, although individuals with large variability in
daily activity spaces periodically returned to previously
occupied habitats. Earlier studies have confirmed that some
acanthurids are strongly site-attached (Robertson 1983;
Robertson and Gaines 1986; Meyer and Holland 2005), but
that home range size and habitat may change with ontog-
eny. Unicornfish were undetected within the array for an
average of 51 out of a total 124 monitoring days, and the
degree of site fidelity varied greatly between individuals.
Further studies are needed to test the long-term (annual,
inter-annual) site fidelity of unicornfish using a larger array
of overlapping receivers to increase spatial coverage and
the numbers of days detected during the monitoring period.

Daily movement patterns

Both unicornfish species displayed the daily movement
patterns (commuting, foraying and mixed) first described
by Meyer and Holland (2005) for N. unicornis in Hawaii.
In this study, several individuals made daily crepuscular
shifts in habitat or location, presumably ‘commuting’
between different sites used to either feed or rest, while
‘foraying’ fish occupied the same locations between day
and night, presumably to stay in proximity of their refuge
holes. Many coral reef fish species demonstrate daily cre-
puscular movement between habitats, with the magnitude
of movement varying (metres—kilometres) relative to spe-
cies and body size (e.g., Holland et al. 1993, 1996; Zeller
1997; Meyer and Holland 2005; Meyer and Honebrink
2005; Meyer et al. 2000, 2007a,b, 2010; Claisse et al.
2011). Unicornfish movements were concentrated around
crepuscular periods, but lagged slightly after sunrise and
sunset. Based on our results and those from previous
studies, these behaviours may be a response to increased
predation risk during crepuscular periods (e.g., McFarland
et al. 1999; Danilowicz and Sale 1999; Rickel and Genin
2005).

Spillover and reserve use
To effectively protect target species, a marine reserve
should ideally be an order of magnitude larger than the

daily movements of its most wide-ranging residents (Lowe
et al. 2003). The home range estimates for N. lituratus and

@ Springer

N. unicornis were small in relation to the available area of
Piti (average of 3.58 and 1.68%, respectively). Addition-
ally, only one fish moved briefly beyond the Piti boundary
on a single occasion. Assuming unicornfish tracked in this
study are representative of these species, then Piti seems
effective in protecting local unicornfish populations. Larger
individuals of N. unicornis in Hawaii also appeared to have
the same level of protection and movement within a small-
scale (0.2 kmz) reserve, with the reserve area several times
larger than observed home ranges.

Piti is a semi-enclosed bay with narrow reef flat margins
that may limit emigration and short- and long-term move-
ments, as shown in previous studies (e.g., Chapman and
Kramer 2000). Additional studies in more open environ-
ments may be warranted to verify the utility of small-scale
reserves across variable physical settings. Whenever possi-
ble, natural habitat boundaries should be considered in
designing reserve boundaries and minimizing the exposure
of protected fishes to adjacent fisheries (Chapman and
Kramer 2000). It is noteworthy that some unicornfish made
regular daily migrations of up to 300 metres and that the
second largest N. unicornis was recorded at receivers located
over a kilometre apart within just a few days. It is possible
that larger-scale movements of these fish were undetected
due to the limited area of our array coverage. Further studies,
with increased spatial coverage, are needed to determine
home range and movement patterns of larger N. unicornis
(>30 cm FL) and to establish whether Piti is effective in
protecting larger adults of this species.

Management and the use of acoustic telemetry

Information on home range size and movement patterns
of target species is an important aspect of applied ecology,
fisheries and fisheries management and for providing
guidance to locally effective marine reserve design and
assessment (Bolden 2001). The efficacy of marine reserves
as a coral reef fisheries management tool worldwide can be
determined by whether they are effective in providing
protection for target species (i.e., there is an increase in
biomass within reserves), while minimizing negative
impacts to local fisheries (Zeller 1997). Consistent with our
findings, the movement of target species across reserve
boundaries appears to be influenced by reef topography and
reserve size, relative to the normal movement patterns and
home ranges of target species (Holland et al. 1993, 1996;
Meyer and Holland 2005). In this study, passive acoustic
telemetry was demonstrated to be a suitable tool for
investigating home ranges and movements of small and
medium-sized reef fishes on shallow reef flats. However,
limitations of this technique have been identified in
environments that are structurally complex (Claisse et al.
2011).



Coral Reefs (2011) 30:631-642

641

On Guam, spillover is highest in areas joined by con-
tinuous fringing reef and lowest where headland barriers
separate adjacent reefs (Tupper 2007). This study provides
further support that reserve boundaries should be placed
along natural borders between discrete habitat areas rather
than dividing regions of continuous habitat (Chapman and
Kramer 2000; Meyer and Holland 2005). Additionally, the
large variability in movement observed between individual
unicornfish highlights the need to identify general factors
that favour or inhibit fish movement and then incorporate
these factors into reserve design and assessment. Knowl-
edge of fish home range size and movement patterns pro-
vides a basis for assessing the design and effectiveness of
marine reserves and will help to achieve effective man-
agement of coral reef fisheries throughout the Pacific.

Acknowledgments This project was funded by US Fish and
Wildlife Service Sport Fish Restoration Program Grant Number: F14-
R1. We would like to thank students and associates of the Mcllwain
lab for their help in the field, but especially Mark Priest for his large
contribution of assistance throughout this project. We are grateful for
the logistical support provided by the UOG Marine Laboratory
Technicians. We also appreciate comments and suggestions from two
anonymous reviewers that helped improve this manuscript.

References

Bartholomew A, Bohnsack JA, Smith SG, Ault JS, Harper DE,
McClellan DB (2008) Influence of marine reserve size and
boundary length on the initial response of exploited reef fishes in
the Florida Keys National Marine Sanctuary, USA. Landsc Ecol
23:55-65

Bolden SK (2001) Using ultrasonic telemetry to determine home
range of a coral reef fish. In: Sibert JR, Nielsen JL (eds)
Electronic tagging and tracking in marine fisheries. Kluwer, The
Netherlands, pp 167-188

Botsford LW, Micheli F, Hastings A (2003) Principles for the design
of marine reserves. Ecol Appl 13(Supplement):S25-S31

Burdick DR (2006) Guam Coastal Atlas. University of Guam
Marine Laboratory, Multimedia Publication No. 4. http://www.
guammarinelab.com/coastal.atlas/index.htm

Calenge C (2006) The package “adehabitat” for the R software: a tool
for the analysis of space and habitat use by animals. Ecol Model
197:516-519

Chapman MR, Kramer DL (2000) Movements of fishes within and
among fringing coral reefs in Barbados. Environ Biol Fish
57:11-24

Chateau O, Wantiez L (2007) Site fidelity and activity patterns of a
humphead wrasse, Cheilinus undulatus (Labridae), as deter-
mined by acoustic telemetry. Environ Biol Fish 80:503-508

Chateau O, Wantiez L (2009) Movement patterns of four coral reef
fish species in a fragmented habitat in New Caledonia: impli-
cations for the design of marine protected area networks. ICES J
Mar Sci 66:50-55

Claisse JT, Clark TB, Schumacher BD, McTee SA, Bushnell ME,
Callan CK, Laidley CW, Parrish JD (2011) Conventional tagging
and acoustic telemetry of a small surgeonfish, Zebrasoma
flavescens, in a structurally complex coral reef environment.
Environ Biol Fish. doi: 10.1007/s10641-011-9771-9

Claudet J, Osenberg CW, Benedetti-Cecchi L, Domenici P, Garcia-
Charton J, Pérez-Ruzafa A, Badalamenti F, Bayle-Sempere J,
Brito A, Bulleri F, Culioli J, Dimech M, Falcon JM, Guala I,
Milazzo M, Séanchez-Meca J, Somerfield PJ, Stobart B, Van-
deperre F, Valle C, Planes S (2008) Marine reserves: size and
age do matter. Ecol Lett 11:481-489

Dahlgren CP, Eggleston DB (2000) Ecological processes underlying
ontogenetic habitat shifts in a coral reef fish. Ecology 81:
2227-2240

Danilowicz BS, Sale PF (1999) Relative intensity of predation on the
French grunt, Haemulon flavolineatum, during diurnal, dusk, and
nocturnal periods on a coral reef. Mar Biol 133:337-343

Eristhee N, Oxenford H (2001) Home range size and use of space by
Bermuda chub Kyphosus sectatrix (L.) in two marine reserves in
the Soufriere Marine Management Area, St Lucia, West Indies.
J Fish Biol 59:129-151

Gell FR, Roberts CM (2003) Benefits beyond boundaries: the fishery
effects of marine reserves. Trends Ecol Evol 18:448-455

Gillett R, Moy W (2006) Spearfishing in the Pacific Islands. Current
status and management issues. FAO/FishCode Review. No. 19.
FAO, Romes, p72 http://www.fao.org/fishery/publications/2006/en

Halpern BS, Warner RR (2003) Matching marine reserve design to
reserve objectives. Proc R Soc Lond B 270:1871-1878

Hardman E, Green JM, Desiré S, Perrine S (2010) Movement of
sonically tagged bluespine unicornfish, Naso unicornis, in
relation to marine reserve boundaries in Rodrigues, western
Indian Ocean. Aquat Conserv 20:357-361

Hensley RA, Sherwood TS (1993) An overview of Guam’s inshore
fisheries. Mar Fish Rev 55:129-138

Heupel MR, Semmens JM, Hobday AJ (2006) Automated acoustic
tracking of aquatic animals: scales, design and deployment of
listening station arrays. Mar Freshw Res 57:1-13

Hocutt CH, Seibold SE, Jesien RV (1994) Potential use of biotelem-
etry in tropical continental waters. Rev Hydrobiol Trop 27:77-95

Holland KN, Peterson JD, Lowe CG, Wetherbee BM (1993)
Movements, distribution and growth rates of the white goatfish
Mulloides flavolineatus in a fisheries conservation zone. Bull
Mar Sci 52:982-992

Holland KN, Lowe CG, Wetherbee BM (1996) Movements and
dispersal patterns of blue trevally (Caranx melampygus) in a
fisheries conservation zone. Fish Res 25:279-292

Hutchinson N, Rhodes KL (2010) Home range estimates for squaretail
coralgrouper, Plectropomus areolatus (Ruppell 1830). Coral
Reefs 29:511-519

Kern JW, McDonald T, Amstrup SC, Durner GM, Erickson WP
(2003) Using the bootstrap and fast Fourier transform to estimate
confidence intervals of 2D kernel densities. Environ Ecol Stat
10:405-418

Kramer DL, Chapman MR (1999) Implications of fish home range
size and relocation for marine reserve function. Environ Biol
Fish 55:65-79

Light PR, Jones GP (1997) Habitat preference in newly settled coral trout
(Plectropomus leopardus, Serranidae). Coral Reefs 16:117-126

Lowe CG, Topping DT, Cartamil DP, Papastamatiou YP (2003)
Movement patterns, home range, and habitat utilization of adult
kelp bass Paralabrax clathratus in a temperate no-take marine
reserve. Mar Ecol Prog Ser 256:205-216

McFarland WN, Wahl C, Suchaneck T, McLary F (1999) The
behaviour of animals around twilight with emphasis on coral reef
communities. In: Archer S, Djamgoz MB, Loew E, Partridge JC,
Vallerga S (eds) The adaptive mechanisms in the ecology of
vision. Kluwer Academic, London, pp 583-628

Meyer CG, Holland KN (2005) Movement patterns, home range size
and habitat utilisation of the bluespine unicornfish, Naso
unicornis (Acanthuridae) in a Hawaiian marine reserve. Environ
Biol Fish 73:201-210

@ Springer


http://www.guammarinelab.com/coastal.atlas/index.htm
http://www.guammarinelab.com/coastal.atlas/index.htm
http://dx.doi.org/10.1007/s10641-011-9771-9
http://www.fao.org/fishery/publications/2006/en

642

Coral Reefs (2011) 30:631-642

Meyer CG, Honebrink R (2005) Retention of surgically implanted
transmitters by bluefin trevally (Caranx melampygus). Implica-
tions for long-term movement studies. Trans Am Fish Soc
134:602-606

Meyer CG, Holland KN, Wetherbee BM, Lowe CG (2000) Movement
patterns, habitat utilization, home range size and site fidelity of
whitesaddle goatfish, Parupeneus porphyreus, in a marine
reserve. Environ Biol Fish 59:235-242

Meyer CG, Papastamatiou YP, Holland KN (2007a) Seasonal, diel
and tidal movements of green jobfish (Aprion virescens,
Lutjanidae) at remote Hawaiian atolls: implications for marine
protected area design. Mar Biol 151:2133-2143

Meyer CG, Holland KN, Papastamatiou YP (2007b) Seasonal and diel
movements of giant trevally (Caranx ignobilis) at remote
Hawaiian atolls: implications for the design of Marine Protected
Areas. Mar Ecol Prog Ser 333:13-25

Meyer CG, Papastamatiou YP, Clark TB (2010) Differential move-
ment patterns and site fidelity among trophic groups of reef
fishes in a Hawaiian marine protected area. Mar Biol 157:
1499-1511

Munro JL (2000) Outmigration and movement of tagged coral reef
fish in a marine fishery reserve in Jamaica. Proc Gulf Caribb Fish
Inst 51:557-568

Nakamura Y, Tsuchiya M (2008) Spatial and temporal patterns of
seagrass habitat use by fishes at the Ryukyu Islands, Japan.
Estuar Coast Shelf Sci 76:345-356

Nanami A, Yamada H (2008) Size and spatial arrangement of home
range of checkered snapper Lutjanus decussatus (Lutjanidae) in
an Okinawan coral reef determined using a portable GPS
receiver. Mar Biol 153:1103-1111

Nanami A, Yamada H (2009) Site fidelity, size, and spatial
arrangement of daytime home range of thumbprint emperor
Lethrinus harak (Lethrinidae). Fish Sci 75:1109-1116

Palumbi SR (2004) Marine reserves and ocean neighbourhoods: the
spatial scale of marine populations and their management. Annu
Rev Environ Resour 29:31-68

Parsons DM, Babcock RC, Hankin RKS, Willis TJ, Aitken JP, O’Dor
RK, Jackson GD (2003) Snapper Pagrus auratus (Sparidae)
home range dynamics: acoustic tagging studies in a marine
reserve. Mar Ecol Prog Ser 262:253-265

R Development Core Team R (2009) A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria

Randall JE (2001) Surgeonfishes of Hawaii and the world. Mutual
Publishing and Bishop Museum Press, Hawaii, p 123

Rhodes KL, Tupper MH (2008) The vulnerability of reproductively
active squaretail coralgrouper (Plectropomus areolatus) to
fishing. Fish Bull 106:194-203

@ Springer

Rickel S, Genin A (2005) Twilight transitions in coral reef fish: the
input of light-induced changes in foraging behaviour. Anim
Behav 70:133-144

Roberts CM, Hawkins JP (1997) How small can a marine reserve be
and still be effective? Coral Reefs 16:150

Roberts CM, Polunin NVC (1991) Are marine reserves effective in
management of reef fisheries? Rev Fish Biol Fish 1:65-91

Robertson DR (1983) On the spawning behaviour and spawning
cycles of eight surgeonfishes (Acanthuridae) from the Indo-
Pacific. Environ Biol Fish 9:193-223

Robertson DR, Gaines SD (1986) Interference competition structures
habitat use in a local assemblage of coral reef surgeonfishes.
Ecology 67:1372-1383

Russ GR (2002) Yet another review of marine reserves as reef
fisheries management tools. In: Sale PF (ed) Coral reef fishes:
dynamics and diversity in a complex ecosystem. Academic
Press, San Diego, pp 421-443

Russ GR, Alcala AC (1996) Do marine reserves export adult fish
biomass? Evidence from Apo Island, central Philippines. Mar
Ecol Prog Ser 132:1-9

Sale PF, Cowen RK, Danilowicz BS, Jones GP, Kritzer JP, Lindeman
KC, Planes S, Poulin NVC, Russ GR, Sadovy YJ, Steneck RS
(2005) Critical science gaps impede use of no-take fishery
reserves. Trends Ecol Evol 20:74-80

Samoilys MA (1997) Movement in a large predatory fish: coral trout,
Plectropomus leopardus (Pisces: Serranidae), on the Heron reef,
Australia. Coral Reefs 16:151-158

Simpfendorfer CA, Heupel MR, Hueter RE (2002) Estimation of
short-term centres of activity from an array of omnidirectional
hydrophones and its use in studying animal movements. Can J
Fish Aquat Sci 59:23-32

Tupper M (2007) Spillover of commercially valuable reef fishes from
marine protected areas in Guam, Micronesia. Fish Bull 105:
527-537

Worton BJ (1987) Kernel methods for estimating the utilization
distribution in home-range studies. Ecology 70:164-168

Zeller DC (1997) Home range and activity patterns of the coral trout
Plectropomus leopardus (Serranidae). Mar Ecol Prog Ser 154:
65-77

Zeller DC (1999) Ultrasonic telemetry: its application to coral reef
fisheries research. Fish Bull 97:1058-1065

Zeller DC, Booth S, Davis G, Pauly D (2007) Re-estimation of small-
scale fishery catches for U.S. flag-associated island areas in the
western Pacific: the last 50 years. Fish Bull 105:266-277



	Passive acoustic telemetry reveals highly variable home range and movement patterns among unicornfish within a marine reserve
	Abstract
	Introduction
	Materials and methods
	Study site
	Acoustic tagging
	Acoustic tracking
	Data analysis
	Home range size estimation
	Analysis of home range size estimates
	Patterns of movement


	Results
	Acoustic tagging
	Acoustic tracking
	Home range area estimates
	Movement patterns and habitat use
	Daily movement patterns

	Spillover and reserve use

	Discussion
	Home range area estimates
	Movement patterns and habitat use
	Daily movement patterns

	Spillover and reserve use
	Management and the use of acoustic telemetry

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


