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Abstract The depth distribution and temperature prefer-

ences of wahoo (Acanthocybium solandri) were quantified

in the eastern North Pacific using archival tags. One hun-

dred and eight data-loggers were deployed on wahoo

(105–165-cm fork length) from 2005 to 2008 at three

locations off of the coast of Baja California Sur, Mexico

(Alijos Rocks, 25�000N/115�450W; Magdalena Bay Ridge,

25�550N/113�210W; Hurricane Bank, 16�510N/117�290W).

Twenty-five tagged individuals (23%) were recaptured

within close proximity (\20 km) of their release sites.

Collectively, depth and temperature data from 499 days

revealed a predominant distribution within the upper mixed

layer, with an average (±SD) depth of 18 ± 4 m during

the day and 17 ± 6 m at night. Wahoo spent 99.2% of the

daytime and 97.9% of night above the thermocline, and the

greatest depth achieved by any fish was 253 m. Mean dive

duration (3.8 ± 2.9 vs. 2.3 ± 0.8 min) and the vertical

rate of movement (3.8 ± 1.3 vs. 3.0 ± 0.5 m min-1)

were greater at night when compared to day. Ambient

temperatures obtained from tag records ranged from 11.1 to

27.9�C, with an average of 25.0 ± 1.1�C. These data

identify the importance of the warm, upper mixed layer for

the wahoo. High recapture rates proximal to the deploy-

ment sites suggest seasonal site fidelity and reveal the

economic importance of this resource to both commercial

and recreational fisheries of the region.

Introduction

The wahoo Acanthocybium solandri is a pelagic, highly

migratory species of the family Scombridae broadly dis-

tributed throughout tropical and subtropical oceans (Ho-

garth 1976; Collette and Nauen 1983; Garber et al. 2005;

McBride et al. 2008). Recent work on population connec-

tivity and genetic structure propose that the wahoo repre-

sents a single circumglobal population (Theisen et al.

2008). Studies on life history suggest wahoo to be a fast-

growing and relatively short-lived pelagic predator that

experiences high rates of natural and fishing mortality

(Hogarth 1976; Nash et al. 2002; Oxenford et al. 2003).

Like many other oceanic predators (i.e., tunas, billfishes),

the wahoo has a number of morphological and physiolog-

ical adaptations related to fast burst swimming (Walters

and Fierstine 1964; Magnuson 1978; Wegner et al. 2006;

Wegner et al. 2010), which consequently makes it a prized

target among recreational fishers. Due to its large size and

high food value, the wahoo is also landed in many com-

mercial operations (Takenaka et al. 1984; Luckhurst and

Trott 2000; McBride et al. 2008; Uchiyama and Boggs

2006).

Throughout their extensive range, wahoo support direc-

ted recreational and artisanal fisheries and are a valuable

incidental catch in both purse seine and longline fisheries
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(Oxenford et al. 2003; Viana et al. 2008). Although wahoo

are not typically the primary target of large-scale com-

mercial fishing operations, world aggregate landings have

risen steadily over the past three decades (Oxenford et al.

2003; Uchiyama and Boggs 2006). In part, this is due to the

wahoo’s role as a common bycatch species in tuna purse

seine fisheries [in particular, operations associated with sets

on natural and man-made fish aggregating devices (FADs)]

(Maunder and Harley 2006). The increased use and reliance

upon FADs in commercial fisheries has recently highlighted

the importance floating objects play in the ecology of open

ocean predators like the wahoo (Marsac et al. 2000; Menard

et al. 2000; Dagorn et al. 2007).

Along the coast of Baja California Sur, the wahoo plays

an important role in recreational fisheries supporting pri-

vate and charter vessels as well as commercial passenger

fishing vessels (CPFVs) operating out of San Diego, Cal-

ifornia (also known as the San Diego long-range fleet).

Recent concern has been expressed over the lack of bio-

logical and stock information available for the wahoo in the

Pacific with several questions related to its migratory and

regional population status remaining unanswered (Garber

et al. 2005; WPRFMC 2009).

Despite recent work that highlights the highly dispersive

capabilities of wahoo at all life stages (Theisen et al. 2008),

little is known regarding wahoo movements (vertical or

horizontal) in the Pacific. To date, the limited tagging data

available from wahoo in the Pacific suggests that they are

highly migratory, with movements of over 2,500 km

reported (NMFS 1999). Despite evidence of association with

floating objects and subsurface features [i.e., seamounts,

banks, islands; (Iversen and Yoshida 1957; Oxenford et al.

2003)], it is not known whether wahoo exhibit site fidelity

when proximal to offshore seamounts (i.e., bathymetric

features) and whether these areas support resident popula-

tions. Further, information on wahoo fine- and course-scale

movements is necessary for understanding questions related

to localized depletion and regional abundance in the eastern

North Pacific (ENP). Such information is required to ade-

quately assess fisheries impacts and can provide valuable

insight into the ecology, life history, and movement patterns

of this species in the ENP. Therefore, the objectives of this

collaborative study were to use archival tags to assess depth

distribution and associated temperature preferences of

wahoo near particular oceanic features of the ENP.

Methods

Deployments

A total of 108 archival tags were deployed at three loca-

tions in the eastern North Pacific from October 2005 to

October 2008 (Table 1, Fig. 1). All tags were deployed on

wahoo captured by hook and line around offshore sea-

mounts and pinnacles. Tagging locations were chosen

based on wahoo availability and a heightened presence of

commercial and recreational fishing operations. For all

deployments, only wahoo hooked in the mouth and in good

physical condition (e.g., no hook damage) were selected for

the tagging experiments.

Forty-two archival tags were deployed at Alijos Rocks

(25�000N/115�450W) during October of 2005. Alijos Rocks

is an offshore pinnacle located 350 km west of Cabo San

Lazaro, Baja California Sur. This location is a common

destination for the San Diego long-range fleet (SDLRF) as

Table 1 Wahoo tag deployment information

Tagging trip Deployment location Number of tags

deployed

Tag placement Tag type Tag sampling

frequency (min-1)

October 2005 Alijos Rocks 42 Intraperitoneal Star-Oddi milli-TD 2

October 2005 Magdalena Bay Ridge 8 Intraperitoneal Star-Oddi milli-TD 2

October 2006 Magdalena Bay Ridge 19 External Cefas G-5 DST 1

January 2008 Hurricane Bank 18 External Cefas G-5 DST 1

November 2009 Hurricane Bank 21 External Cefas G-5 long-life DST 1

United States

Mexico

Hurricane 
Bank

Alijos
Rocks

Magdalena Bay
Ridge

Revillagigedo
Islands

San Diego

15°N

20°N

25°N

30°N

35°N

125°W 120°W 115°W 110°W 105°W 100°W 95°W

Fig. 1 Map showing wahoo tag deployment sites (large dots) in the

eastern North Pacific: Alijos Rocks, Magdalena Bay Ridge, Hurricane

Bank. Other points of interest (small dots) San Diego, Revillagigedo

Islands
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well as Mexican purse seine vessels targeting tuna. All tags

deployed at Alijos Rocks were internally implanted within

the peritoneal cavity using techniques described by

Schaefer and Fuller (2002).

Twenty-seven archival tags were deployed in October of

2005 and 2006 along the Magdalena Bay Ridge

(*25�550N/113�210W) Baja California Sur, Mexico. ‘The

Ridge’ is an extensive subsurface bank that runs from

approximately 100 km west of Punta Santo Domingo

adjacent to the Baja coast toward Bahia Magdalena. A total

of 39 archival tags were deployed on two trips to the

Hurricane Bank (16�510N/117�290W) in January and

November, 2008. The Hurricane Bank is an offshore se-

amount located *1,000 km southwest of Cabo San Lucas,

Baja California Sur, Mexico. The Ridge and Hurricane

Bank are localities commonly fished by the SDLRF, as

well as commercial longline and purse seine vessels. After

the low return rates observed from the 2005 tag deploy-

ments (2%), all subsequent archival deployments were

externally affixed in the dorsal musculature to reduce

handling time and stress to the fish.

Tag types, attachment methods, and sampling regime

Tagged wahoo were outfitted with both an archival data

storage tag (DST) and a conventional identification marker

(FIM-96; Floy Tag Inc. Seattle, WA, USA). Three types of

DSTs were used in this study: Star-Oddi DST milli-TD

(Star-Oddi, Reykjavik, Iceland); Cefas G-5 (Cefas Tech-

nology Limited, Suffolk, UK), and Cefas G-5 extended-life

DSTs. Star-Oddi tags were programmed to record depth

and temperature measurements every 2 min, and the Cefas

DSTs were programmed to sample depth and temperature

once every minute.

Star-Oddi DSTs were surgically implanted into the

peritoneal cavity of wahoo captured using recreational

tackle at Alijos Rocks and the Magdalena Bay Ridge in

October, 2005. After a brief (\10 min) fight, fish were

brought alongside the vessel and gently lifted onboard

using a large nylon sling. Each specimen was placed in a

V-board cradle and secured ventral side up allowing the

gills to be irrigated with fresh seawater from a deck hose.

Intraperitoneal tag placement followed the methods

described previously for tunas (Schaefer and Fuller 2002).

Incisions were closed using surgical grade sutures [Ethicon

(PDS II), cutting cp-1] and 35W stainless steel skin staples

(3M PGX-35W, St. Paul, MN, USA). Fork length (FL) was

measured to the nearest cm, and the hook was removed

prior to release. Total handling time onboard the vessel

ranged from 65 to 135 s.

Cefas G-5 and Cefas G-5 long-life DSTs were externally

affixed to wahoo in the dorsal musculature using an

extended tagging pole, while the fish were leadered along

side of the vessel. Tag tethers consisted of stainless steel

crimps, an 8-cm section of 100-kg plastic-coated stainless

steel cable, and a black plastic umbrella anchor (Sepulveda

et al. 2010).

Data analysis

Archived depth and temperature data were downloaded

from tags, and summary statistics were calculated for each

recaptured individual prior to conducting comparisons

between tagging sites and deployment periods. Because of

the small sample size (n = 1) of the Alijos Rocks wahoo,

and the internal tag implantation method, the 23 days of

data collected were excluded from the collective temper-

ature analyses. All records were assigned ‘day’ or ‘night’

values based on the time of civil twilight from the United

States Naval Observatory database. Crepuscular periods

were not analyzed separately as diurnal transitions in depth

distribution were not evident during this period. Vertical

rate of movement (VROM) was calculated for each fish as

the mean difference of all subsequent 1-min depth records.

Thermocline depth was estimated for each deployment site

by calculating the difference between subsequent mean

temperature values for each 1 m bin to determine the depth

with the greatest DT value. Thermocline values were sub-

sequently verified through graphical inspection of the

vertical temperature profiles and found to be consistent

with published values for the region (Fielder 1992).

The number and duration of all dives as well as the

percent of track record spent below the thermocline were

assessed for all individuals using Access (Microsoft Office

2003, Seattle, Washington, USA). A dive was defined as

any vertical excursion that exceeded the depth of the

thermocline and remained at or below this depth for

[2 min. Contour plots of the joint distribution of depth and

time were constructed to illustrate the general vertical

trends for each tagging location over a 24-h period

(MATLAB, R12). All values are indicated as mean ± SD,

and a\ 0.05 was used to infer significance.

Results

A total of 108 electronic data-loggers were deployed in

wahoo, ranging in size from 105 to 165 cm FL and

6–35 kg, at the three study sites between October, 2005

and November, 2008 (Table 1, Fig. 1). Twenty-five tagged

individuals were recaptured by recreational and commer-

cial fishers, resulting in an overall recapture rate of 23%

(Table 2). Among the recaptured individuals, one tag failed

to operate properly (wahoo #7) and two of the externally

affixed archival tags were shed while at liberty (wahoo #14

and 19 only had conventional tags returned from fishers).
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Collectively, 499 days of archived depth and temperature

data (1,338,136 observations) were compiled from all

deployments. Of the recaptured individuals, 72% (n = 18)

were caught by recreational fishers and 28% (n = 7) by

Mexican flagged tuna purse seine vessels. Site- and season-

specific recapture rates varied from a low of 2% (1 of 42) at

Alijos Rocks to a high of 62% (13 of 21) in the fall of 2008

at the Hurricane Bank. All recaptures occurred proximal to

the release sites (\20 km) following periods at liberty of

up to 68 days (Table 2).

Cumulative vertical movement and temperature

analyses

The cumulative mean depth (±SD) for all wahoo in this

study was 18 ± 4 m during the day and 17 ± 6 m at

night. Collectively, wahoo spent 99.2% of the daylight

hours and 97.9% of the night within the upper mixed

layer, with only brief excursions recorded below the

thermocline. Diel comparisons of diving activity for all

sites with multiple datasets showed the mean dive dura-

tion was significantly greater at night (3.8 ± 2.9 min)

when compared to day (2.3 ± 0.8 min) (Paired t test,

p \ 0.05), while the average number of dive events (day

and night) did not differ significantly among the sites.

VROM was also greater at night (3.8 ± 1.3 m min-1)

when compared to day (3.0 ± 0.5 m min-1) (Paired t test,

p \ 0.05). Similarly, the maximum recorded dive duration

at night (53 min) was also greater than that observed

during the day (33 min). Collectively, tagged wahoo

experienced water temperatures ranging from 11.1 to

27.9�C, with a mean of 25.0 ± 1.1�C. As a group, wahoo

spent 98% of the track records within water temperatures

C22.0�C (Fig. 2).

Table 2 Wahoo recapture information and depth statistics

Fish Date Length

(cm) (FLa)

Deployment

location

Days at

liberty

Recaptured

byb
Max

depth (m)

Mean

depth (m)

±SD

1-478 10/3/2005 145 Alijos 23 SDLRF 106 8.9 7.9

2-715 10/10/2006 137 Ridge 4 PY 113 23 14.1

3-746 10/12/2006 127 Ridge 12 CPS 116 18 10.3

4-720 10/14/2006 126 Ridge 10 SDLRF 103 18.2 12.4

5-747 10/14/2006 137 Ridge 12 CPS 89 22 12.5

6-700 1/18/2008 155 Hurricane 15 CPS 132 17.3 16.4

7-000 1/18/2008 110 Hurricane 15 SDLRF N/Ac N/Ac N/Ac

8-728 1/18/2008 110 Hurricane 15 CPS 87 13.8 11.3

9-729 1/18/2008 112 Hurricane 21 CPS 126 16.5 15.0

10-741 1/18/2008 110 Hurricane 43 CPS 120 14.3 11.3

11-732 1/18/2008 142 Hurricane 11 SDLRF 97 14.1 10.7

12-733 1/18/2008 130 Hurricane 15 CPS 253 16.6 11.1

13-077 11/20/2008 120 Hurricane 27 SDLRF 106 16.7 9.9

14-000 11/20/2008 130 Hurricane 23 SDLRF N/Ac N/Ac N/Ac

15-089 11/20/2008 140 Hurricane 26 SDLRF 216 24.7 18.1

16-097 11/20/2008 135 Hurricane 21 SDLRF 184 21.6 17.9

17-100 11/20/2008 113 Hurricane 15 SDLRF 135 15.7 11.5

18-104 11/20/2008 135 Hurricane 14 SDLRF 127 23.8 18.4

19-000 11/20/2008 130 Hurricane 15 SDLRF N/Ac N/Ac N/Ac

20-116 11/20/2008 135 Hurricane 26 SDLRF 92 15.5 10.4

21-151 11/20/2008 116 Hurricane 29 SDLRF 131 17.8 14.5

22-202 11/20/2008 120 Hurricane 62 SDLRF 112 14.8 9.7

23-600 11/20/2008 130 Hurricane 68 SDLRF 103 18.6 13.1

24-604 11/20/2008 105 Hurricane 14 SDLRF 121 18.4 12.7

25-606 11/20/2008 135 Hurricane 16 SDLRF 113 14.1 11.7

Mean ± SD 17.5 ± 3.8 m

a Length estimated from weight using Uchiyama and Boggs (2006)
b SDLRF San Diego long-range fleet, PY private yacht, CPS commercial purse seine vessel
c Archived data was not obtained from this individual
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Alijos Rocks

A single wahoo was recaptured at Alijos Rocks by a San

Diego-based CPFV after 23 days at liberty yielding a 2%

recovery rate for this site (Table 2). The mean depth (±SD)

for the entire deployment was 9 ± 8 m, and the maximum

depth attained was 106 m. The diel depth distribution

revealed similar average day (10 m ± 8) and night

(8 m ± 7) depths. For the entire track period, the mean

VROM was 1.8 m min-1 with similar average VROM

values for both day (1.83 ± 2.3 m min-1) and night

(1.7 ± 2.3 m min-1). Intraperitoneal temperature records

ranged from 20.4 to 23.3�C with an average of

22.8 ± 0.4�C.

Baja Ridge

Four wahoo were recaptured along the Baja Ridge resulting

in 38 days of data and a 15% recapture rate for this site

(Table 2, Fig. 3a). The cumulative mean depth was

20 ± 3 m with a greater average night depth (24 ± 4 m)

when compared to day (17 ± 1 m) (Paired t test, p \ 0.05).

The Ridge wahoo spent more time below the thermocline at

night (11.2 ± 5.7%) than during the day (0.9 ± 0.4%)

(Paired t test, p \ 0.05). In addition, the mean VROM at

night (5.5 ± 1.2 m min-1) was greater than day

(3.0 ± 0.5 m min-1) (Paired t test, p \ 0.05). Other diel

patterns include a greater average dive duration during the

night (3.9 ± 0.5 min) compared to the day (2.0 ± 0.3 min)

(Paired t test, p \ 0.05), with periods of up to 33 min spent

below the thermocline (estimated thermocline depth was

44 m at this site). Archived temperature records ranged

from 14.7 to 27.9�C with a mean of 25.0 ± 1.5�C.

Hurricane Bank

Two tagging cruises in January (winter) and November

(fall) of 2008 resulted in a cumulative recapture rate of

52%, with 13 of the 21 tags (62%) recovered from the fall

deployments (Tables 1, 2). Collectively, the Hurricane

Bank deployments resulted in 438 days of depth and

temperature data. For all Hurricane Bank deployments, the

mean day and night depths were 18 ± 4 and 16 ± 5,

respectively. Figure 3b and c represent the joint
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Fig. 2 A histogram of the % occurrence at a specific water

temperature for all wahoo with externally affixed archival tags

Fig. 3 A plot of the joint

distribution of time and depth

plotted over a 24-h period for all

wahoo tagged at the Baja Ridge

(a 45,434 observations), the

Hurricane Bank in winter

(b 163,549 observations), and

fall (c 444,352 observations) of

2008. The vertical dashed line
approximates sunrise and sunset
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distribution of time and depth over a 24-h period for the

wahoo deployments in winter and fall of 2008. Day and

night depths were similar in winter, whereas the average

day depth (20 ± 3 m) was greater than night (17 ± 6 m)

for the fall deployments (Paired t test, p [ 0.05). The mean

VROM for all Hurricane deployments was 3.3 ± 0.77

m min-1 with wahoo exhibiting a greater VROM at night

(3.5 ± 0.9 m min-1) than during the day (3.1 ± 0.5

m min-1) (Paired t test, p \ 0.05). Brief dives, averaging

4.1 ± 4.7 min, were recorded to a maximum depth of

253 m at this location where water temperatures as low as

11.1�C were encountered. Ambient water temperature

averaged 25.0 ± 0.9�C and ranged from 11.1 to 27.9�C.

Thermocline depth was estimated at 70 m in winter and

59 m in fall (Fig. 4).

Discussion

The specific objectives of this study were to document the

vertical distribution, movements and corresponding water

temperature of wahoo tagged near bathymetric features

(i.e., seamounts) in the ENP using archival tags. Despite

differences in deployment time (seasons of the year) and

location, the depth distribution was markedly similar

among all individuals revealing a heightened presence in

the upper mixed layer both during the day and night.

Similarly, temperature records support a predominant

warm-water existence (C22�C), with only brief periods

spent in cooler waters below the thermocline (Fig. 2).

Although wahoo in the Atlantic (Theisen et al. 2008) and

Pacific (NMFS 1999) have been shown to undertake

extensive horizontal movements, the individuals of this

study did not emigrate from the tagging locations sug-

gesting some degree of seasonal site fidelity for the sea-

mounts in the ENP.

Recapture rates

The collective recapture rate of 23% for this study is much

higher than that reported for previous wahoo tagging

studies (Oxenford et al. 2003) but is within the range of

values reported for temperate and tropical tuna species of

the ENP. Specifically, the recapture rate of this study was

lower than that reported for bigeye tuna (Thunnus obesus;

30%, Schaefer and Fuller 2002) and yellowfin tuna

(Thunnus albacares; 53%, Schaefer et al. 2007) and

slightly higher than that of skipjack tuna (Katsuwonus

pelamis; 18%, Schaefer and Fuller 2007). However, the

site-specific recapture rates of this study varied consider-

ably from 2% at Alijos Rocks to 62% for the fall deploy-

ments at the Hurricane Bank. The low tag recovery rate

from Alijos Rocks was likely due to a combination of

factors including the internal tag placement, high predator

abundance as well as reduced fishing effort from the San

Diego-based CPFVs in the fall of 2005 (personal com-

munication; Captain Tom Rothery, San Diego, CA, USA).

During the tagging operations at Alijos Rocks, large

pelagic sharks were continuously observed near the tagging

vessel, and several hooked wahoo were preyed upon during

the fight. To minimize capture stress and reduce the

duration of the tagging procedure (i.e., time on boat,
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Fig. 4 A plot of ambient

temperature at depth for wahoo

tagged at the Hurricane Bank

and (inset) the vertical

temperature gradient obtained

from an archivally tagged

wahoo (#12-733)
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surgery), all deployments subsequent to the 2005 tagging

cruise utilized an external attachment method similar to

that employed by Horodysky and Graves (2005).

The high recapture rates observed at the Hurricane

Bank in the winter (44%) and fall (62%) of 2008 were

likely a product of several factors including heightened

fishing effort, low rates of emigration, and the relatively

small size of this isolated sea mount. During Hurricane

Bank tagging operations, both SDLRF and commercial

purse seine vessels were observed fishing around the

seamount.

Depth distribution

Although depths of up to 253 m were recorded in this

study, [98% of all depth records for both day and night

periods were within the warm waters of the upper mixed

layer. These data support previous reports which show

wahoo catches predominantly from shallow-set hooks in

longline operations (Nakano et al. 1997; Beverly et al.

2009). Similar vertical behaviors have been recorded for

other pelagic, surface-oriented species like the sailfish

(Istiophorus platypterus), whitetip shark (Carcharhinus

longimanus), and mahi mahi (Coryphaena hippurus)

(Schuck 1951; Hoolihan 2005; Bernal et al. 2009).

Although differences in mean depth were identified

among several of the study sites, the small degree to

which the depth distributions varied with location, sea-

son, and time of day (\12 m) likely represents little

ecological significance. Further, the high degree to which

the vertical distributions overlapped at each location

suggests that many of the observed depth trends may be

in response to seasonal or environmental cues rather than

site-specific or individual variability. As shown for other

pelagic species, factors such as changes in oceanographic

conditions, prey availability, and distribution all contrib-

ute to the vertical movements displayed by a species at

different times and locations (Schaefer and Fuller 2002;

Sepulveda et al. 2010).

The diel vertical distribution recorded in this work is

similar to the surface-oriented behaviors described for

both yellowfin tuna and skipjack tuna, two species that

were present at all three deployment locations. Schaefer

et al. (2007) identified a surface-oriented distribution

behavior (referred to as ‘‘Type 1’’) in 78% of the yel-

lowfin tuna records from the ENP. Similarly, when

associated with floating objects, skipjack tuna displayed a

comparable movement pattern in which day and night

distribution was typically above 100 m (Schaefer and

Fuller 2007). However, unlike the yellowfin or skipjack

tuna data, the wahoo of this study only demonstrated the

surface-oriented distribution and did not reveal any peri-

ods of frequent diving below the thermocline. This may,

in part, be due to the wahoo’s association with topo-

graphical features (i.e., banks, rides, high spots), as sev-

eral tuna species have been shown to alter their vertical

distribution when associated with both floating objects

and topographical features (Schaefer and Fuller 2002;

Musyl et al. 2003; Schaefer and Fuller 2007). Because all

of the wahoo deployments and recaptures were made

proximal to seamounts (i.e., banks), it may be that the

movements recorded in this study are only indicative of

wahoo that are associated with these features (i.e., high

spots, ridges), further suggesting the need for additional

deployments on fish that are not associated with topo-

graphical features. Similar findings have been shown for

bigeye tuna when associated with banks off the Hawaiian

archipelago (Musyl et al. 2003) as well as bigeye tuna

associated with FADs in the ETP (Schaefer and Fuller

2002). Thus, it may be that open-school or un-associated

wahoo may exhibit different depth distributions or diving

characteristics than those presented in this study.

Temperature

The ambient temperatures recorded in this study fall within

the values reported for the distribution and thermal range of

this species (Collette and Nauen 1983; Bernal et al. 2009).

The average maximum change in temperature (DT; SST-

minimum temperature at depth) experienced as a result of

diving (12.7 ± 1.8�C) was similar to that commonly

encountered by several tuna species (i.e., yellowfin tuna,

skipjack tuna). However, the amount of time spent at depth

was much less than that described for tunas (Holland et al.

1990, 1992; Dagorn et al. 2006; reviewed by Bernal et al.

2009). Because the wahoo does not have the capacity to

elevate body temperature like the tunas and lamnid sharks

(regional endothermy, Carey et al. 1971; Graham 1975), it

may be that this species is physiologically less tolerable to

prolonged exposure to colder temperatures and thus a

factor contributing to the observed depth distribution of

this study. However, several ectothermic species (i.e., blue

shark Prionace glauca, bigeye thresher shark Alopias su-

perciliosus, opah Lampris gutattus) have also been shown

to tolerate extreme changes in ambient temperature for

prolonged periods (Carey and Scharold 1990; Nakano et al.

2003; Polovina et al. 2007).

Due to the internal position (within the peritoneal cav-

ity) of the archival tag in the individual wahoo recaptured

at Alijos Rocks, the DT associated with the dive records

was not directly compared to the individuals with exter-

nally affixed tags. The resultant lag in DT due to thermal

inertia and the short duration of the relatively shallow dives

(\100 m) prevented any accurate measures of ambient

temperature at depth as well as the determination of the

depth of the thermocline (Neill et al. 1976).
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Horizontal movements

All recaptures were reported within 20 km of the original

deployment locations. The limited horizontal movements

observed in this study suggest a relatively high level of

seasonal site fidelity but may also be an artifact of the short

duration of the deployments (4–68 days). The lack of

emigration from the tagging sites may be attributed to

several factors including high natural or tagging mortality

rates, intense fishing effort at the deployment sites or

possibly tag shedding, and issues with long-term tag

retention. Oxenford et al. (2003) discussed the concept of

seasonal feeding areas around seamounts in the Atlantic; it

may be that a similar situation was observed in the present

study. Another consideration is that tagged wahoo may

have emigrated into areas of reduced fishing pressure and

were never recaptured.

In the Pacific, a single conventionally tagged wahoo was

shown to migrate 2,747 km in 198 days at liberty (NMFS

1999), illustrating the highly migratory potential of this

species. Other tagging studies of shorter duration have also

revealed significant horizontal movements off the Atlantic

and Gulf of Mexico, with tagged wahoo moving from the

northern Bahamas to the Carolinas within weeks (Theisen

2007). Nash et al. (2002) reported on a single wahoo at

liberty for 10 months that moved only 64 km from the

tagging location; however, it is not known whether this

individual underwent any additional movements or if it

remained proximal to the release site the entire time. In the

Atlantic, it is suggested that wahoo seasonally migrate in

response to changing SST’s (Hogarth 1976; Oxenford et al.

2003). Similar seasonal movements are suspected in the

ENP along Baja California, especially when wahoo are

seasonally caught by CPFVs at higher latitudes during

warm water years, as well as their absence at the same

locations when conditions are not optimal (Pers. Comm.

Captain T. Rothery, San Diego CA, USA). The lack of

large-scale horizontal movements observed in this study

may be a product of the consistent SST’s recorded at each

site and the paucity of data from periods of differing oce-

anic conditions (i.e., seasons, SSTs). Future long-term

deployments over several seasons are needed to fully

understand wahoo movement patterns along the coast of

Baja California Sur.

Feeding ecology and wahoo fisheries

Despite the lack of studies of wahoo gut contents in the

ENP, the feeding ecology work to date suggests that wahoo

prey upon a wide variety of pelagic fish species including

small tunas (i.e., frigate tunas Auxis spp., yellowfin tuna

and skipjack tuna) (Manooch and Hogarth 1983; Collette

and Nauen 1983; Oxenford et al. 2003; Rudershausen et al.

2010). Observations made during the tagging cruises to the

Hurricane Bank and along the Baja Ridge suggest that the

wahoo movements were closely associated with schools of

small tuna (skipjack tuna and frigate tuna) observed at the

surface around the seamounts. For many of the wahoo

deployments, a directed effort was made to fish proximal to

the tuna aggregations, as wahoo catch increased near the

tuna schools. Thus, it is not surprising that the wahoo depth

distribution of this study closely resembles that described

for skipjack tuna associated with floating objects in the

ENP (Schaefer and Fuller 2007). Because horizontal and

vertical movements are linked to prey abundance and dis-

tribution, it is also not surprising that several of the wahoo

of this study were recaptured by tuna purse seine vessels

operating near the seamounts. High seasonal site fidelity

and the surface-oriented distribution recorded in this study

further corroborate the wahoo’s vulnerability to recrea-

tional and commercial fisheries of the ENP, especially

those operations associated with recurrent activities at the

same location. Further, it may be that purse seine opera-

tions around seamounts and possibly FADs have collec-

tively contributed to the increased global landings of

wahoo over the past few decades (Menard et al. 2000;

Maunder and Harley 2006; Chassot et al. 2009).

Management and future directions

This work provides insight into the movements and

behaviors of a valuable resource of the ENP that has

received little study to date. Although the wahoo may not

be the primary focus of most large-scale commercial

operations, the collective take from sport and commercial

fisheries has increased over the past three decades fueling

the need for information on the movement patterns and

ecology of this species. In particular, knowledge of spe-

cies-specific depth distributions, temperature preferences,

vertical niche partitioning, and interspecific interactions are

essential for a better understanding of the pelagic ecosys-

tem. Moreover, behavioral, ecological, and oceanographic

information of this nature are a prerequisite for increasing

fishing gear specificity as well as understanding how

potential gear modifications may alter catch composition.

The movement data of this study strongly support the

importance of the upper mixed layer to structure-associated

wahoo in the ENP and raises important questions about

whether these movement patterns are also present in wahoo

that are not associated with bathymetric features. For this

reason, we feel that future complimentary studies on non-

associated wahoo, as well as individuals associated with

natural or man-made floating objects, are necessary to fully

comprehend the wahoo’s ecological and environmental

preferences in the ENP. Finally, the combination of high

site-specific recapture rates and the evident seasonal site

924 Mar Biol (2011) 158:917–926
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fidelity reported in this study suggest that wahoo may be

especially vulnerable to commercial and recreational

operations that repeatedly target the same location during

protracted time periods.
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