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Abstract—The movements of cul-
tured (n=18) and wild (n=28) juve-
nile crimson jobfish (Pristipomoides
filamentosus) are reported for a
known nursery off windward Oahu,
Hawaii. The 2 batches of fish were
tagged with acoustic transmitters
in separate years (2006, 2007) and
monitored with a receiver array for
up to 10 weeks. Of the cultured fish,
75% left the nursery within 3 days,
more than twice the exit rate for
wild fish tagged the following year.
The number of wild fish detected
peaked during daylight hours, indi-
cating that the fish were diurnally
active. Tidally driven changes in bot-
tom temperature did not explain the
behavioral patterns of the wild fish
that remained in the nursery for
multiple weeks. Additional receiv-
ers deployed on the slope adjacent
to the nursery detected that two-
thirds of the wild fish departed from
the nursery after a short period
(mean: 1.2 days [SD 1.69]), by cross-
ing areas with soft substrate similar
to that of the nursery. In contrast,
the fish that exited by rock ledges
stayed near the rock ledges longer
(mean: 13.3 days [SD 20.9]). These
movement patterns provide insight
into the early life history of this
deepwater snapper and a glimpse
at some of the challenges for future
stock enhancement efforts.
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Eteline snappers compose an impor-
tant, high-value component of tropi-
cal insular fisheries throughout the
Pacific and Indian Oceans, and catch
of sizeable portions is exported from
their country or archipelago of origin.
The crimson jobfish (Pristipomoides
filamentosus), also known as the
pink snapper, composes more than a
quarter of the commercial landings
by weight of the Hawaiian bottom-
fish fishery (Brodziak et al., 2011).
In addition, this species is thought
to account for roughly the same per-
centage of bottomfish recreational
landings, which, when added to com-
mercial landings, would increase
the overall catch of this snapper by
a factor of 2-3 (Zeller et al., 2008).
Because of the high market value
of crimson jobfish, scientists of the
University of Hawaii spent a consid-
erable effort during 1997-2006 at-
tempting to breed this species in cap-
tivity for potential use in aquaculture
and stock enhancement. They were
successful at maintaining broodstock,
producing larvae, and rearing fish to
20-24 cm in fork length (FL) (C. Kel-
ley, unpubl. data), which is similar

to the size of juveniles that occur in
nearshore nursery habitats.

Culturing large numbers of juve-
niles is not yet possible, but if it is
achieved, they hypothetically could
be grown for harvest in oceanic cages
or used to enhance wild populations
through releases to known nursery
grounds as is done with other fish-
eries species (Bell et al., 2008). Al-
though these types of enhancement
activities have been undertaken for
freshwater and anadromous species,
their use in marine systems is more
recent. Notable examples in Hawaii
include hatchery releases of striped
mullet (Mugil cephalus) (Leber and
Arce, 1996) and Pacific threadfin
(Polydactylus sexfilis) (Friedlander
and Ziemann, 2003).

In order to release cultured fish
into the wild for the purposes of
stock enhancement, researchers will
need to know where to deploy the
fish and how they will behave. Ide-
ally, cultured juvenile fish would be
released in a place suitable for that
stage of its life history. Larvae of
eteline lutjanid snappers are known
to reside in the plankton until they
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reach a length of 5-6 cm FL (Leis, 1987; Leis and Lee,
1994). Crimson jobfish settle and form loose schools
over featureless soft-bottom habitat at depths of 80—
100 m (Parrish, 1989). While in their nursery they
feed on benthic and, to a lesser extent, a mix of plank-
tonic invertebrates and small nektonic fishes (DeMar-
tini et al., 1996; Schumacher, 2011). Survey results
indicate that slope areas close to sources of coastal
discharge (e.g., draining embayments or reef chan-
nels) tend to support greater numbers of juveniles and
serve as premium habitat or nursery grounds (Parrish
et al., 1997). These nurseries are important gateways
in the life history of the crimson jobfish and provide
a window to understanding and predicting year-class
fluctuations.

The most studied nursery ground for crimson jobfish
in Hawaii is the offshore area of Kaneohe Bay, Oahu.
Monthly sampling of the juvenile population in this
area has revealed seasonal patterns in the distribution
of fish sizes consistent with an annual progression of
a year class through its recruitment, growth, and emi-
gration to adult habitats (Moffitt and Parrish, 1996).
Fish at sizes of 7-10 cm FL appear in this nursery
habitat in the fall and stay there for a period of 6-7
months until they reach 20-30 cm FL (Moffitt and Par-
rish, 1996). Otolith features of juvenile crimson jobfish
indicate ages of ~6 months for 10.5-cm-FL fish, about
a year for 18.5-cm-FL fish, and 2 and 3 years, respec-
tively, for 28.0- and 36.0-cm-FL fish (DeMartini et al.,
1994; Andrews et al., 2012). At 2-3 years of age, fish
begin to emigrate offshore to deeper habitats used by
subadults (Okamoto!) and adults (Haight et al., 1993a).
Because only 2 wild juvenile crimson jobfish had been
tagged and tracked in the Kaneohe nursery (Moffitt
and Parrish, 1996) before our study, there has been
insufficient understanding of juvenile crimson jobfish
movements and how they might compare with those of
crimson jobfish raised in captivity.

In this study, we report new observations of 2 batch-
es of juvenile crimson jobfish that were implanted with
acoustic tags and released in separate years to the
nursery habitat off windward Oahu. In the first year
(2006) of this study, a batch of cultured fish were tagged
and released, followed by a second year (2007) in which
wild fish were collected from the nursery, tagged, held
for observation, and then released. We investigated the
hypotheses that cultured juvenile fish released to a
known nursery site would linger and make use of the
nursery habitat or move directly off to other locations.
Similarly, we investigated whether the wild fish taken
from the site, tagged, and released back to the nursery
would behave differently from the cultured fish.

1 Okamoto, H. Y. 1993. Project to develop opakapaka (pink
snapper) tagging technique to assess movement behavior.
Final Report of the Hawaii Department of Land and Natu-
ral Resources to NOAA, 18 p. NOAA Award No. NA90OAA-
D-1J466. [Available from Division of Aquatic Resources,
Hawaii Department of Land and Natural Resources, 1151
Punchbowl Street, Room 330, Honolulu, HI 96813-3088.]

Materials and methods
Study area

The Kaneohe Bay nursery (Fig. 1) is a submerged ter-
race, 70-100 m deep, roughly 8 km2 in area, and is
separated from the nearest known aggregation of adult
crimson jobfish by more than 5 km. Video surveys
(Parrish et al., 1997), backscatter data collected with
a multibeam sonar (Dartnell and Gardner?), and side-
scan sonar data (C. Kelley, unpubl. data) indicate that
the bottom at this nursery site is “soft” (unconsolidated
sediment) and generally featureless. Two isolated, ex-
posed rock ledges identified on the slope adjacent to
the nursery were hypothesized to be potential transi-
tion habitats for juveniles when they leave the nursery
to emigrate to deeper, hardbottom adult habitat.

Receivers

We monitored the nursery ground with two VR23 pas-
sive underwater receivers (VEMCO, Bedford, Canada),
deployed in 2006 approximately 800 m apart at a depth
of 75-80 m. Subsurface floats suspended the receivers
5 m above the bottom to maximize reception of signals
from tagged fish. This configuration reduced acoustic
effects on signal reception from the thermocline (Sid-
erius et al., 2007). Weighted with a concrete anchor,
the receivers were fitted with an ORE Offshore SWR
acoustic release transponder (EdgeTech, West Ware-
ham, MA) that detached and allowed the receivers to
float to the surface when a coded acoustic signal was
transmitted. In 2007, 4 additional receivers were de-
ployed at a depth of 140 m at sites on the adjacent
slope (2 north and 2 south of the nursery), and each
pair was split between soft bottom (sites 2 and 4) and
rock ledge (sites 1 and 3) habitats (Fig. 1). The receiv-
ers on the slope were separated from other receivers by
distances ranging from 1200 to 2500 m. Attached to the
bottom of each receiver mooring, a temperature data
logger recorded temperatures on an hourly basis to
track tidal effects of a cold bottom layer that had been
identified at the Kaneohe nursery in previous studies
(Moffitt and Parrish, 1996).

Tagging of juvenile fish

Cultured juveniles were raised in captivity from eggs
spawned from broodstock held at the Hawaii Institute
of Marine Biology (HIMB), a marine research center
of the University of Hawaii at Manoa located on Co-

2 Dartnell, P., and J. V. Gardner. 1999. Sea-floor images and
data from multibeam surveys in San Francisco Bay, South-
ern California, Hawaii, the Gulf of Mexico, and Lake Tahoe,
California-Nevada. U.S. Geological Survey Digital Data Se-
ries DDS-55, vers. 1.0. [Online version of interactive CD-
ROM. Available at Website.]

3 Mention of trade names or commercial companies is for iden-
tification purposes only and does not imply endorsement by
the National Marine Fisheries Service, NOAA.


http://pubs.er.usgs.gov/publication/ds55
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Figure 1

Map of the study area off windward Oahu, showing the deployment sites
of 6 receivers with their 400-m radiuses of detection. The gray rectangle
in the inset map indicates the position of the study area off the island of
Oahu. Two receivers, the locations of which are indicated by the circles filled
with diagonal lines, monitored movements of tagged juvenile crimson jobfish
(Pristipomoides filamentosus) in the snapper nursery on a terrace outside of
Kaneohe Bay where tagged cultured and wild crimson jobfish were released
in 2006 and 2007, respectively. Open circles indicate the sites (numbered
1-4) where additional receivers were deployed in 2007 to monitor the use
by the tagged wild fish of rock ledge (sites 1 and 4) and soft bottom (sites
2 and 4) habitats on the slope adjacent to the nursery. Lines indicate depth

contours in meters.

conut Island in Kaneohe Bay. Broodstock juveniles
were originally captured from the Kaneohe nursery
and raised through sexual maturity in floating pens.
Spawned eggs were collected from the broodstock pens
and transferred to tanks in a fish hatchery facility at
HIMB. Larvae were raised in tanks for 4 months, then
transferred to floating pens where rearing continued
until they were 8 months of age and had grown to
20-24 cm FL, a considerably faster growth rate than
those reported for wild fish and based on otolith analy-
ses (DeMartini et al., 1994; Andrews et al., 2012). The
acoustic tags were surgically implanted, and the fish
were held in a floating pen for 4 days to verify that
they continued to swim and feed actively.

Wild juveniles (17-30 cm FL) were collected from
the Kaneohe nursery by hook and line, verified as crim-
son jobfish (Uchida and Uchiyama, 1986), implanted
with acoustic tags, and observed in a floating holding
pen for 10 days until ocean conditions permitted trans-
port of fish to the nursery site for release. Two fish
died, the first within an hour of surgery and the second

that evening. All other fish schooled and fed normally
during days of observation.

The tags were V9 transmitters (VEMCO; 69 kHz,
9 by 21 mm), each of which had a unique code, was
sterilized with alcohol, and inserted into the ventral
abdominal cavity of a fish through a 1-cm incision
while that fish was anesthetized in a bath of tricaine
methanesulfonate (Finquel MS-222, Argent Chemical
Laboratories, Redmond, WA). Iodine and binding tis-
sue adhesive were applied to the wound, and it was
closed with a square knot suture made with a 2.0 sur-
gical needle. To minimize handling, the lengths of both
cultured and wild fish were measured in the water and
the percentage of tag weight to body weight was esti-
mated by using a published length-weight relationship
for juvenile crimson jobfish (n=125) collected from the
study area (Moffitt and Parrish, 1996). In the sample
of fish tagged, the tags never exceeded 4% of the body
weight (Brown et al., 1999).

On the day of release, we used a receiver to confirm
that the tag in each fish was functioning and transmit-
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ting a signal. At the Kaneohe nursery, the fish were
split equally into 2 batches and released at the surface
over each of the 2 receiver moorings. A snorkeler ob-
served that all fish swam down (to a depth of ~30 m)
and disappeared from sight within a minute. Tags had
an expected life of 95 days and emitted a signal with a
pseudorandom delay at an average of 100 s. Cultured
fish were released on 23 June 2006 and monitored for
58 days; wild fish were released on 10 July 2007 and
monitored for 76 days.

Data analysis

We assumed a detection radius of 400 m for the re-
ceivers that was based on the results from the manu-
facturer’s range calculator (Website) when we used
the inputs of the tag power (151 db) and using the
average windward Oahu wind speed (15-20 kt). Wind
speed affects sea-surface conditions and introduces
background noise that impacts the travel of trans-
mitter signals underwater. Simultaneous detections
were rare and only occurred between the 2 receivers
deployed on the nursery site; they were the receivers
closest to each other and monitored approximately
half the area of the nursery habitat. The rest of the
receivers allowed us to monitor habitat on the slope
and were spaced far enough apart to avoid overlap-
ping detections. It was necessary to discern signals
from a tag on a resident, live fish from signals from
a tag that was still transmitting but lost on the bot-
tom for various reasons (e.g., tag expulsion or death of
fish). For the purposes of this study, signals were as-
sumed to be emitted from dead fish if 1) they had an
inordinately high number of detections (e.g., >15,000)
consistent with the detection of the continuous trans-
mitting of a tag lost on the bottom for the full dura-
tion of the surveillance period and 2) they were de-
tected by only 1 receiver.

Because prior tracking (Moffitt and Parrish, 1996)
indicated that movement patterns of fish in the nurs-
ery differed between day and night, the detections
of the fish in our study were binned in 6-h intervals
for analysis (2400-0559, 0600-1159, 1200-1759, and
1800-2359). Initially, the density of tagged fish (and
the risk of signal collisions) was high; therefore, we re-
quired 2 or more successive signals detected within 1
h to provide greater temporal resolution for the first
3 days. We defined a signal as “successive” if it was
a repeat signal detected within 5 min of the previous
signal—a time period adequate enough for 2 detections
given the cycle of the tag’s delay between transmis-
sions. After 3 days, when most of the fish had departed,
the risk of signal collisions that create false detections
was reduced; therefore, multiple (>2) isolated detec-
tions (spaced more than 5 min apart) were accepted as
long as they fell within the 6-h time interval. Combin-
ing successive detections binned by time intervals in-
creased confidence that the fish were actually present
(94.5% confidence intervals binned by hour, 97.9% by 6
h) and rendered insignificant the effect on our analysis

of erroneous detections from signal collisions of mul-
tiple tags (see Pincock?).

We used the data from the 2 nursery receivers to
look at patterns of time spent in the nursery, of in-
fluences of temperature, and of fish body length. Data
recorded by the 4 slope receivers were used to exam-
ine patterns of habitat use by wild fish as they trav-
elled away from the nursery. The sample size of fish
was suitable for detecting large effect sizes at a power
of 0.80 with an alpha of 0.10 (Cohen, 1988). All sta-
tistical analyses were performed in IBM SPSS, vers.
22 (IBM, Armonk, NY). Normalized data fitted to a
negative exponential distribution showed how close
the decline in fish detections was to a constant rate.
In other comparisons, analysis of variance (ANOVA),
correlation, and standard nonparametric tests (e.g.,
Mann-Whitney [MW] and Kruskal-Wallis [KW]) were
used to analyze patterns in fish movements over time
and in relation to body size and habitat (Siegel and
Castellan, 1988).

Results
Tag detections in the nursery

Movements documented through tag detections indi-
cated that 18 cultured fish and 28 wild fish were alive
and suitable for inclusion in the analysis (Table 1).
Seven other fish were excluded, including 2 wild fish
that went undetected, 2 wild fish that were present
only briefly (<10 signals), and 2 cultured and 1 wild
fish whose tags emitted continuous signals recorded by
1 receiver (an indication that the tags were immobile
and lying on the bottom because of tag expulsion or
the death of a fish). Detections of tags lost on the bot-
tom were unaffected by daily tidal changes in the tem-
perature cycle, indicating that there was little effect
from the thermocline on the reception of the receivers.
Almost all (97%) of the tagged fish (cultured and wild)
used in the analysis moved back and forth between
the 2 nursery receivers, indicating that the fish were
active.

The signals of both cultured and wild fish declined
exponentially to a low and variable level of presence
by the end of the surveillance period in each year.
Within 3 days of release, the portion of released cul-
tured fish that were detected in the nursery area
dropped to less than 20% in a pattern that closely fit-
ted an inverse exponential curve (adjusted coefficient
of multiple determination, R2=0.821). In contrast,
75% of wild fish persisted in the nursery for 3 days,
reducing the fit to the curve (adjusted R2=0.205) and,
therefore, indicating that the decline was not as con-
tinuous as the drop observed for cultured fish (Fig. 2).

4 Pincock, D. G. 2012. False detections: what they are and
how to remove them from detection data. Application note.
AMIRIX Systems Inc. DOC-004691-03, 11 p. [Available at
Website.]


http://vemco.com/range-calculator/
http://vemco.com/wp-content/uploads/2012/11/false_detections.pdf
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Table 1
Fish tag number, fish type, and fork length (FL) in centimeters of juvenile crimson jobfish
(Pristipomoides filamentosus), as well as the number of days they were detected during this
study off windward Oahu in 2006 and 2007, number of receivers in the nursery that detected
them, and number of receivers on the adjacent slope that detected these fish. The right column
lists the figure numbers in this article in which each fish is plotted. NA=not applicable.

Number of Number of

Duration nursery slope Figure
Fish tag Fish type FL (cm) (days) receivers receivers number(s)
691 Cultured 23 1 2 NA 2
692 Cultured 23 52 2 NA 2
693 Cultured 23 2 2 NA 2
695 Cultured 23 2 2 NA 2
696 Cultured 24 1 2 NA 2
697 Cultured 22 1 2 NA 2
698 Cultured 20 1 2 NA 2
699 Cultured 24 2 2 NA 2
700 Cultured 21 1 1 NA 2
701 Cultured 23 50 2 NA 2
702 Cultured 23 1 2 NA 2
703 Cultured 24 49 2 NA 2
704 Cultured 24 1 2 NA 2
705 Cultured 23 2 2 NA 2
706 Cultured 24 2 2 NA 2
708 Cultured 23 3 2 NA 2
709 Cultured 22 53 2 NA 2
710 Cultured 23 3 2 NA 2
1830 Wild 27 48 2 2 2,3
1831 Wild 30 75 2 2 2,3
1832 Wild 22 4 2 1 2,3
1833 Wild 22 28 2 2 2,3
1834 Wild 22 29 2 1 2,3,5
1835 Wild 19 75 2 0 2,3,5
1838 Wild 30 4 2 1 2,3
1839 Wild 18 49 2 1 2,3
1840 Wild 19 61 2 2 2,3
1841 Wild 30 9 2 1 2,3
1842 Wild 23 75 1 1 2,3
1843 Wild 18 9 2 1 2,3
1844 Wild 22 44 2 0 2,3,5
1847 Wild 17 5 1 1 2,3
1848 Wwild 26 5 2 1 2,3
1849 Wild 30 74 2 2 2,3
1850 Wild 18 60 2 2 2,3,5
1856 Wild 30 10 2 2 2,3
1857 Wild 28 9 2 3 2,3
1858 Wild 19 5 1 3 2,3
1859 Wild 20 65 2 1 2,3
1860 Wild 23 20 2 1 2,3
1862 Wild 20 9 2 0 2,3
1863 Wild 18 4 2 1 2,3
1864 Wild 23 24 2 1 2,3
1866 Wild 30 17 2 3 2,3
1867 Wild 20 12 0 1 2,3
1869 Wild 23 2 2 0 2,3
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The tidally driven cycle of bottom
temperature in the nursery is an-
other variable that potentially could
influence fish behavior. Prior work
has shown that high tides pushed
a cooler, bottom-associated lens of
water (~2°C colder) into the nursery
(Moffitt and Parrish, 1996). Our data
loggers on the bottom confirmed this
tidal influx of cold water for both
years with the temperature cycle
ranging between 22.0°C and 25.5°C
(Fig. 4). This prominent environmen-
tal feature is present interannually,
but the cyclical change in tempera-
ture did not appear to control the
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Figure 2

Percentage of cultured and wild juvenile crimson jobfish (Pristipomoides
filamentosus) detected with acoustic telemetry over time after their release
in the nursery offshore of Kaneohe Bay, windward Oahu, in 2006 and 2007,

respectively, to observe their movements.

72 behavior of the fish in our study.
Tag detections indicate that 4 of the
wild crimson jobfish (18-22 ¢cm FL)
stayed at the nursery for multiple
weeks, and, during that time, they
showed no behavioral change attrib-
utable to the temperature cycle (Fig.
5). One of those wild fish (tag 1835)
moved from the range of one receiver
on the terrace to the other receiver

The mean fork lengths of the 2 groups were similar
(cultured: 22.3 ecm [SD 1.0]; wild: 23.1 ¢cm [SD 4.5]),
but the range was greater for wild fish. However, even
in an analysis where the sample of wild fish was lim-
ited in relation to fish in the narrower size
range of cultured fish (20-24 ¢cm FL), the

and then adopted a pattern of being

present during the day and absent at
night. Movements of the other 3 fish (tags 1834, 1850,
and 1844) showed that they remained continuously
within the range of detection for large portions of the
period regardless of changes in temperature.

wild fish still persisted in the nursery sig-
nificantly longer than cultured fish (MW:
Z=-2.6, P<0.01). Comparison of the body
lengths of all wild fish according to time
spent in the nursery showed that bigger
fish left sooner (coefficient of correlation,
r=-0.39, n=28, P<0.05).

Light and temperature

The wild fish lingered in the nursery for 3
days after release, and documented move-
ments indicate a bimodal pattern of higher
numbers of the wild fish in the nursery dur-
ing the day than during the night, indicat-
ing that the fish were diurnally active (Fig.
3). The inflection point in the pattern of data
for high and low fish numbers was most ob-
vious around dawn and dusk and the larger
daytime numbers were statistically signifi-
cant (ANOVA: F=23.7, P<0.001). In the eve-
ning, when detections in the nursery were

Number of fish detected

30 q

25 1

6 12 18 24 30 36 42 48 54 60 66 72 78
Hours since release

Figure 3

lower, there was no corresponding increase
in the number of fish detected at the re-
ceivers on the slope adjacent to the nursery
(t=-0.57, P=0.572)

Bimodal pattern in the numbers of wild juvenile crimson jobfish
(Pristipomoides filamentosus) detected by hour for the first 3 days
after release in 2007 of fish in the nursery offshore of Kaneohe Bay,
windward Oahu. The gray bars represent hours of night.
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Wild fish movements on the slope
26 -
One or more of the 4 slope receivers was
visited by 85% of the wild fish. Some fish
passed them briefly, as they emigrated 25
away from the nursery into deeper wa-
ters, and others chose to linger on the
slope for a while before moving deeper. All
the receivers were visited, but more than
half the tagged fish visited the slope re-
ceiver closest to the nursery (located at
site 2 north of the nursery; Fig. 1) (Table
2). There was no significant difference in
the number of fish visiting soft bottom 2 — 2006
versus rock ledge habitats (MW: Z=-1.3, el
P=0.21). The number of days the fish lin-
gered at the slope sites varied widely be-
cause of their habitat type and distance
from the nursery; however, a mixed-effects Date
model showed that the longest stays were

at the sites with rock ledges (sites 1 and Bottom & ; o d Celsi ded th
3, Flg 1) (F=499, P=0012) The range Of ottom temperatures 1n degrees elsius recorded over e same

. Lo period at the sites off windward Oahu where crimson jobfish (Pris-
fish lengths (18-30 cm FL) did not signifi- tipomoides filamentosus) were released in 2006 (cultured fish) and
cantly differ between substrate types (MW:

in 2007 (wild fish), showing similar tidally driven fluctuations be-
Z=-0.172, P=0.88). Temperatures at the 4 tween 22.0°C and 25.5°C in both years.

slope receivers were on average 2°C cooler
(Table 2) than the temperatures at the 2
receivers in the nursery. Only at slope site
3, located to the south of the nursery close to the fish with the longest stays on the slope (28-61 days).

24

23 A

Temperature (°C)

21 T T T 1
7114 7122 7/30 8/7 8/14

Figure 4

head of a deep canyon, were average temperatures The fourth fish had the maximum stay (8 days) near
nearly 1 C cooler than the average temperatures at the receivers deployed in soft bottom habitats (sites
the locations of other slope receivers (KW: y2=633, 2 and 4), after it had spent 23 days at the northern

P<0.001). The receiver at site 3 recorded 3 of the 4 rock ledge habitat (site 1).

25.5
245
o
[} 3
3 235 +Tag 1834
g - L] mTag 1835
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Date
Figure 5

The diverse set of presence and absence patterns for 4 individual juvenile crimson
jobfish (Pristipomoides filamentosus). Detections of their tags were binned by peri-
ods of 6 h, that persisted at the nursery offshore of Kaneohe Bay, windward Oahu,
for a 15-day period in 2007. The gray bars represent hours of night, and the gray
line is the bottom temperature in degrees Celsius.
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Discussion
Time in the nursery

It is unknown why the signals of cultured fish released
in the first year of this study disappeared faster than
wild fish in the second year. This release is the first one
of a deepwater fish species raised in captivity. There
are many potential factors, such as depth, light levels,
and temperature, that likely influenced the behavior
of the released cultured fish. Cultured fish reared in
the warm surface water of a bay cage had none of the
familiarity with the nursery habitat that the wild fish
had. The released wild fish lingered because they knew
the site, they had not yet matured enough to emigrate,
or there were significant environmental differences be-
tween years that influenced fish behavior.

Environmental effects, including freshwater dis-
charge, have been reported to influence the behavior
of tagged marine species in coastal estuaries during
their early life history (Manderson et al., 2014). The
Kaneohe nursery differs from nurseries in estuarine
habitats, because it is located deep, at the edge of an
oceanic slope, where the substrate, temperature (Mof-
fitt and Parrish, 1996), and nutrients (Parrish et al.,
1997) have been found to be consistent between years
in prior studies. The temperature records from both
tagging years in this study were similar, and there
is no clear association between temperature and be-
havior of the crimson jobfish. The original plan was to
conduct a simultaneous release of cultured and wild
fish in 2007 to compare their behavior, but the funding
for the culture program was unexpectedly cut. Future
studies are needed to distinguish whether interannual
environmental effects are indeed a concern or whether
the observed fish behavior is due to the inability (or a
lack of need) for cultured juvenile fish to integrate into
an assemblage of wild juveniles.

Potential tagging effects

Surgical implantation of acoustic tags in small fish
has the potential to add significant weight and affect
the fish’s buoyancy and behavior. Prior studies (Mec-
Cleave and Stred, 1975; Adams et al., 1998) recom-
mended that tags should be no more than 2% of fish
body weight. The V9 tags exceeded this percentage for
8 of our fish; 1 tag in 1 fish accounted for as high as
3.3% of estimated body weight. However, all the fish
fell well within the percentage of tag weight identified
by Brown et al. (1999), who showed success with the
use of tags that were 6-12% of body mass of juvenile
salmon (smolt). Our observations of fish actively swim-
ming in the holding pen for days before release and
documented movement between receivers after release
indicate that there was little behavioral effect from the
size of the tags used.

Having endured the stress of tagging, release, and
descent through the water column, most of the released
fish successfully reached the bottom where they were

repeatedly detected for a day or more by the nursery
receivers. A single 20-cm fish (tag 1867) was not de-
tected by either of the nursery receivers after it was
released, but it appeared 9 days later at site 3 on the
adjacent slope (Fig 1). It stayed there for 2 days be-
fore disappearing from the study. The disappearance
of tag signals is either the result of the fish emigrat-
ing outside the receiver surveillance area or of it being
consumed by a predator that leaves the area. The fea-
tureless mud bottom of the nursery supports few other
fish (DeMartini et al., 1996) that would be resident
predators of the crimson jobfish; therefore, predation
loss was likely from larger, transient fishes that passed
through the nursery. Loss of tagged fish to predation
is expected, although we have no way to evaluate the
degree of this impact.

Movement of wild fish

There have been few studies of tagged deepwater snap-
pers and most of them have been of adult fish. The
most recent work (Weng, 2013) looked at movements of
tagged adult eteline red snappers and found that ruby
snapper (Etelis carbunculus) showed more fidelity to
the area of their release than did tagged flame snapper
(Etelis coruscans). A separate study of 18 tagged adult
crimson jobfish (40—-60 cm FL) showed that 75% of fish
remained in the monitored release area (Ziemann and
Kelley®). Because those mature fish had already immi-
grated to their adult habitat, we might expect greater
fidelity for them than for the juvenile fish in our study.
In contrast, we examined the temporary use of nurs-
ery habitat by juveniles before they moved to the next
stage in their life history.

The time spent in the nursery varied from a few
days to multiple weeks. For many of the fish tagged
in our study, diurnal movements were detected in and
out of the range of receivers in the nursery. The study
on tagged adult crimson jobfish found that they aggre-
gated during the day and ranged over a wider area
at night (Ziemann and Kelley®). The movements of the
juveniles in our study were much more limited. The
receivers deployed on the slope adjacent to the nurs-
ery did not detect a greater number of juvenile crim-
son jobfish during evening hours than during daytime
hours; an increase would be expected if the fish were
engaged in wide-ranging movements. It is possible
that the juveniles could have moved inshore to shal-
lower depths; however, data from a previous study that
conducted boat-based tracking of 2 juveniles indicated
that the fish would move deeper (Moffitt and Parrish,
1996). The individual tracks of both fish showed cre-
puscular movements, the fish stayed in shallower wa-

5 Ziemann, D., and C. Kelley. 2004. Detection and documen-
tation of bottomfish spillover from the Kaho‘olawe Island Re-
serve. Final report submitted to the Kaho‘olawe Island Re-
serve Commission for Study I. [Available from Kaho‘olawe
Island Reserve Commission, 811 Kolo St., Ste. 201, Wailuku,
HI 96793.]
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Table 2

The identification number and substrate type of the 4 sites on the windward Oahu slope where receivers
were deployed in 2007. Also shown is the distance in kilometers of each receiver from the nursery, num-
ber of tagged juvenile crimson jobfish (Pristipomoides filamentosus) that were detected, mean number
of days when those fish were present at each site, and mean bottom temperature at each site. For “Days
present” the mean, standard deviation (SD), and range are given for each site. There were 2 substrate

types: rock ledge and soft bottom.

Days present Temp. (°C)

Receiver  Substrate Nursery (km) No. fish Mean (SD) Range Mean (SD)
1 Rock 4.0 5 6.0 (9.9) 0.25-23.5 21.8(1.0)

2 Soft 1.5 17 1.5(2.0) 0.25-8.3 21.8 (1.0)

3 Rock 1.8 8 17.8 (25.2) 0.25-61.0 21.0 (1.0)

4 Soft 3.3 8 0.6 (0.4) 0.25-2.0 21.8(1.0)

ter during the day and in deeper water at night, shift-
ing between adjacent areas (<300 m separation) that
differed slightly in depth (~10 m). For both tracks, the
area of daytime activity was twice the size of the area
of activity at night.

This commuting behavior could explain the bimodal
pattern seen for the tagged fish in our study before
they left the nursery. If these fish also shifted deeper
at night, some of them would be out of detection range
until morning when they returned to the shallower
portion of their home range and were more active.
Looking at the patterns in the movements of the 4 wild
fish that persisted in the nursery for multiple weeks, 2
fish (tags 1834 and 1850) appeared to have both their
areas of activity during day and night mostly inside
the detection area of the receivers in the nursery (Fig.
5). In contrast, the pattern of a third fish (tag 1835)
indicates that the area of activity during the day was
within the detection range of the receiver and the area
of nighttime activity was outside that range. Some drift
in the home range of individual fish can occur, as was
observed for the fourth wild fish (tag 1844) that stayed
at the nursery for multiple weeks, but the extent to
which the size or location of home ranges are subject
to change over time is unknown.

As the wild fish departed the nursery and ranged
farther out on the slope, they used both soft bottom
and rock ledge habitats before emigrating away. Al-
though the size of the fish at the sites on the slope did
not statistically differ by habitat type of sites, a few
of the larger fish (mean: 25.5 cm FL [SD 5.4]) clearly
persisted for more than a month at sites with rock
ledges. Crimson jobfish at this size are at the lower
end of the size range of subadults documented to ag-
gregate around relief features (Okamotol). Presumably,
this shift in habitat use occurs because the fish grow
to a size where they need to change their diet or for-
aging strategy. Studies of stomach contents of crimson
jobfish have shown a transition from a juvenile diet of
mostly benthic invertebrates (DeMartini et al., 1996)

to an adult diet of mostly large plankton, including
jellies and salps (Haight et al., 1993b). Maturing and
adult fish use high-relief habitat more than juveniles
do—they exploit the increased water flow around relief
features to improve their level of success in encounter-
ing and feeding on drifting plankton over their level of
success at low-relief habitats. Future tagging work in
the Kaneohe nursery should include receivers deployed
in nearby locations with adult crimson jobfish assem-
blages to see if some of the emigrating juveniles make
a direct transition to adult habitat.

Considerations for stock enhancement

Although we have no explanation for the behavioral dif-
ference seen between the 2 batches of tagged fish, the
patterns observed for wild and cultured fish are similar
to findings from other marine fish studies. Simultane-
ous releases of tagged cultured and wild individuals
generally have shown that cultured fish tend to move
away sooner and farther than wild fish (D’Anna et al.,
2004; Yokota et al., 2007; Fairchild et al., 2009; Lino et
al., 2009). Future studies with releases of tagged juve-
nile crimson jobfish might include a staged release pro-
cess (Fairchild et al., 2010) that would give fish time
to acclimate to the nursery and, therefore, make them
more likely to use the habitat like wild fish. However,
if cultured fish were to continue to leave the nursery
directly, and there were no means to verify their sur-
vivorship after they have left, the use of larger fish
(230 ¢cm FL) that are old enough to skip the nursery
stage and join subadults or adults should be considered
for enhancement efforts. Stock enhancement studies on
shallower Hawaiian species have shown that the size
of release is an important variable in the success of
stocking efforts (Leber, 1995; Leber et al., 1998; Leber
et al., 2005). Finally, it is possible that being reared, or
even just being held for a time in captivity and fed, can
accelerate the ontogentic shift from the nursery stage
to subadult phase in the life history of the crimson job-
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fish. For example, the type or amount of food is likely
to be better calorically in captivity than in the wild
(Alasalvar et al., 2002; Gregorakis et al., 2002; Hande-
land et al., 2003; Periago et al., 2005; Benetti et al.,
2010), and it could accelerate the development of the
reserves a fish needs to graduate to the next habitat
during its life history.

Within 3 days of release, the majority of tagged fish
in both years departed from the nursery, although cul-
tured fish exited at twice the rate of wild fish. There
were no obvious environmental differences seen be-
tween years that could explain the different behavior
patterns. For the batch of wild fish, higher numbers
were detected during daylight hours than at night, and
the movement of fish that stayed in the nursery for
multiple weeks did not correspond with tidally driven
changes in bottom temperature. Larger juveniles (>25
cm FL) emigrated away from the nursery earlier; two-
thirds of these juveniles traveled across soft bottom
habitats (mean: 1.2 days [SD 1.69]) and the rest lin-
gered in areas with rock ledges (mean: 13.3 days [SD
20.9]). Our research indicates that juvenile crimson
jobfish cultured in the laboratory or pulled from the
wild will quickly emigrate even if released in a viable
nursery habitat. This behavior prompts a number of
ontogenetic, behavioral, and survivorship questions for
future study that are particularly relevant for aqua-
culture as a means to enhance the stock of deep-slope
fish species.
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