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Introduction
arks, like many species of fish, are ex-

p loited by extensive recreational and commer-
ial fisheries throughout the world. In an ef-
fort to control fishing mortality and restore
stocks to sustainable levels, fisheries manage-
ment agencies have implemented measures
that result in the release of sharks by recre-
ational and commercial fisheries INMES,
2007). Such measures range from minimum
sizes and bag limits to the complete prohibi-
tion on retention of various species (NMFS,
2007). To date, little is known of the post-
release behavior and potential mortality asso-
ciated with the catch and release of sharks
(Skomal, 2006).

Regardless of fishing gear, captured fish
are exposed to varying degrees of stress, which
includes the cumulative impacts of physical
trauma and physiological stress (Skomal,
2007). The magnitude of either stressor is
dependent on capture method and handling,
Physical trauma, which is characterized by
external and internal tissue damage associated
with the capture method, can be quantified
through physical and histopathological exami-
nation of fishes after capture (Skomal, 2007).
Physiological stress refers to homeostatic dis-
ruptions of the internal milieu of fish associ-
ated with high anaerobic activity, muscular
fatigue, and time out of water (Skomal, 2006).
Typically, changes in blood biochemistry, par-
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ticularly acid-base status, relative to the cap-
ture event are used to provide quantitative
information about the magnitude of physi-
ological stress (Wells et al., 1986; Skomal,
2006). However, to develop meaningful mea-
sures to reduce the lethal and sub-lethal ef-
fects of catch and release, indicators of physi-
ological stress and physical trauma must be
directly linked to observations of post-release
behavior and survivorship.

Standard methods for assessing post-re-
lease behavior in fishes, which typically in-
clude natural or artificial confinement
(Muoneke and Childress, 1994), are simply
not applicable to large fishes like sharks, To
date, methods for assessing survivorship and
behavior in sharks have included conventional
tagging, acoustic telemetry, and high technol-
ogy satellite tagging (reviewed by Skomal,
2007). While these methods provide indirect

observations that can be used to characterize

behavior (e.g., depth, rate of movement), di-
rect observations of shark interactions with
the environment, conspecifics, and other ani-
mals are lacking.

Animal-borne imaging systems have been
used on numerous animals, including sharks,
to provide direct observations of behavior and
how it relates to ecology and life history (e.g.,
Heithausetal., 2001). However, no study to
date has deployed an animal-borne imaging
system to assess post-release behavior as it re-
lates to capture stress. This application not only
provides direct observations to fishery manag-
ers, but also allows researchers to determine if
behavioral data are related to the natural ecol-
ogy of the species or induced by stress. The
objective of this study was to deploy an ani-
mal-borne imaging system, CRITTERCAM (Na-
tional Geographic Society, Washington, DC),




to observe the post-release behavior of grey
reef sharks, Carcharhinus amblyrbynchos, cap-
tured on handlines at Johnston Atoll in the
Central Pacific. These observations were com-
pared to levels of physical trauma and physi-
ological stress quantified through direct ob-
servation and blood sampling, respectively.

Methods

This work was conducted at Johnston
Atoll (Central Pacific, 16.735°N,
169.528°W) in 2001-2003 as part of a
larger comprehensive study on the ecology
of grey reef sharks in this area (P. Lobel, pers.
comm). In April 2001 and 2002 and June
2003, 25 (15 males and 10 females) grey
reef sharks ranging from 56-135cm fork
length were caught on handline and brought

immediately to the vessel for blood sampling

and, in some cases, tagging before release.
The handline comptised a single barbless
shark hook crimped to stainless steel wire (1
m) attached to braided nylon line (8 m). To
quantify the capture event, the time from
first hook-up to physical handling of the
shark was defined as fight time, handling
time was defined as the duration of time ini-
tiated when the sharl is first secured to time
of release, and total fight time was the cumu-
lative period of fight time and handling time.
All sharks were quickly inspected for signs of
physical injury, hook placement, and tissue
damage. All hooks were cut with bolt cutters
and removed from the shark prior to release.
To observe post-release behavior, six of the
blood sampled grey reef sharks were randomly
chosen and fitted with the CRITTERCAM ani-
mal-borne imaging system (Gen 4, National
Geographic Society; see Marshall, 1998 for
system details). This particular model of the
CritErcAM differed from that described by
Marshall (1998) in that it was smaller (7.6 cm
diameter, 32 cm length) and contained a mini
DV tape-based image recording system with
2 hr 5 min video capacity. The system was
placed over the dorsal fin of each shark using a
V-style clamp secured together with a pro-
grammable electronic burn-wire system and a
back-up galvanic magnesium link. For maxi-
mum duration deployments, the burn-wire
was programmed to release after two hours.

Blood Analysis

Once close to the vessel, each shark was
secitred by the tail and inverted to induce tonic
immobility. Blood was drawn as quickly as pos-
sible by caudal venipuncture in volumes of 2—
3 ml and processed immediately for blood gases
(pO,and pCO,) and pH with a portable blood
gas analysis system (IRMA, International
Technidyne Corporation, Edison, NJ, USA);
blood bicarbonate (HCO,) was derived using
standard equations (Tietz, 1987). All blood gas
and pH measurements were standardized to
25°C. After blood gas analysis, 5 pl of the re-
maining blood was used to measure whole blood
lactate with a portable blood lactate analyzer
(Lactate Pro, Fact Canada Consulting Perfor-
mance Ltd., North Quesnel, BC, Canada);
blood lactate levels were not determined in the
three sharks sampled in 2002 due to the lack of
an analyzer. Changes in blood biochemistry
relative to total fight time were modeled using
regression analysis (Statgraphics Plus 4.0,
Manugistics, Inc., Rockville, MD).

TABLE 1

Grey reef sharks blood sampled and observed with Carrrercam (indicated by track and behavior). t

Results

Using a handline, grey reef sharks were
quickly brought to the vessel and secured for
blood sampling and CrirTeRCAM deployment;
average fight, handling, and total fight times
were 4.3 min (1.0-10.0), 1.9 min (0.3-7.3),
and 6.0 min (2.0-12.8), respectively (Table 1).
All25 sharks were hooked in the jawand, with
two exceptions, showed no signs of extensive
tissue damage and only minor bleeding from
the hook wound. In two sharks, GR0203 and
GRO0303, the hook point pierced the upper
palette and exited the orbit of the eye causing
tissue damage and bleeding from this region.

Based on regression analysis, we found
that blood pH and gases (»O, and pCO,)
were not significantly influenced by total fight
time (Figure 1A, B). However, blood lactate
and bicarbonate increased and decreased sig-
nificantly with total fight time, respectively,
although the relationships based upon the
values of the correlation coefficient 7 were

weak (Figure 1C, D).

Sample Date FL (cm) | Sex Time (min) Behavior
Fight| Handle | Total Fight | Track

GRO101 4/3/2001 91 F 4.7 | 0.7 5.4 :

GR0201 4/19/2002 107 F 3.1 2.8 5.9 42 Group ’

GR0202 4/21/2002 114 F 251 0.3 2.8 i'

GR0203 4/21/2002 124 M 5.0 1.0 6.0 20 Aberrant ‘

GR0O301 6/21/2003 91 M 2.0 3.0 5.0 58 Group

GR0302 6/22/2003 112 F 5.0 1.0 6.0

GR0303 6/25/2003 102 M 40 0.4 4.4

GR0304 6/25/2003 76 M 54| 1.5 6.9

GR0305 6/26/2003 71 M 1.0 1.0 2.0

GR0O306 6/26/2003 56 M 2.5 0.8 3.3

GR0O307 6/26/2003 91 F 52| 1.6 6.8

GR0308 6/27/2003 107 F 3.4 | 1.5 4.9

GR0309 6/27/2003 117 M 46 | 7.3 11.9 71 Group/Solitary

GR0310 6/28/2003 66 F 40| 0.8 4.8

GRO311 6/28/2003 135 M 4.1 3.4 7.5 126 Solitary

GR0312 6/28/2003 72 F 3.0 0.3 3.3

GR0313 6/30/2003 135 M 55| 4.3 9.8

GRO0314 6/30/2003 124 M 29| 2.7 5.6

GR0315 6/30/2003 112 F 3.0 1.0 4.0

GR0O316 6/30/2003 124 M 5.0 1.3 6.3

GRO317 6/30/2003 132 M 7.0 1.5 8.5

GR0318 6/30/2003 122 F 10.0| 2.8 12.8

GR0319 6/30/2003 109 M 9.0 1.0 10.0

GR0320 6/30/2003 102 M 1.0] 1.0 2.0

GR0321 7/1/2003 124 M 40| 0.8 4.8 121 Solitary

Mean 4.3 1.9 6.0
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FIGURE 1

Linear relationships of total fight time to blood (A) pH, (B) pCO,, (C) lactate, and (D) HCO, in grey reef

sharks; Critrercam-monitored sharks are indicated with open circles and square (GR0203).
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CriTTERCAM deployments ranged from
20-126 minutes (Table 1); tracks shorter than
the maximum of two hours were associated

with the V-clamp slipping off the relatively

FIGURE 2
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small dorsal fin of this species. Grey reef sharks
exhibited three behaviors (Table 1). Upon
release, three sharks (GR0201, GR0301,
GRO0309) immediately joined a school of six

FIGURE 3

or more sharks and moved synchronouslyasa
group through multiple depths with little
horizontal movement. These sharks frequently
displayed “nose to tail” following behavior
during these tracks (Figure 2). One of these
sharks (GR0309) remained with the group
for only nine minutes and exhibited solitary
behavior thereafter. Twwo sharks (GR0311,
GR0321) remained solitary for the entire de-
ployment, moving frequendy from the sur-
face to the bottom while covering large hori-
zontal distances. Although these sharks
encountered solitary conspecifics, neither
shark initiated group behavior. A single shark,
GR0203, exhibited what appeared to be ab-
errant behavior. Upon release, the shatk moved
along a nearby bulkhead, abruptly collided
with the bottom rubble, and stopped, there-
after settling on the bottom and rolling on its
left side as it lost equilibrium (Figure 3). The
shark remained on the bottom for two min-
utes before resuming solitary swimming be-
havior. Unfortunately, the CRITTERCAM re-
mained on this shark for only nine additional
minutes before slipping off. Although this fish
did not exhibit blood biochemistry that would
be indicative of severe physiological stress (Fig-
ute 1), it was one of the sharks that suffered
internal tissue damage associated with its right
eye, which was pierced by the point of the
hook (Figure 4).

Still image captured from Crittercam video footage showing grey reef shark
GR0203 settled on bottom with equilibrium loss, rostrum of shark is resting
Still image captured from Crirrencam video footage showing “nose to tail” group against coral rubble; note orientation of nearby fish in upper-right corner.

swimming behavior of grey reef shark GR0201.




