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Introduction

Pelagic habitat is an important component to developing 
future fisheries management strategies [1,2]. Pelagic fishes, 
including tunas, jacks, dolphinfish, billfishes and sharks, 
are important marine resources worldwide. Wide ranging 
commercial fisheries as well as more localized artisanal and 
recreational fisheries target these economically and ecologically 
important species [3-5]. Populations of many of these 
species appear to be in decline due to intense and sustained 
fishing pressure [6,7]. Overfishing and inconsistent fisheries 
management have resulted in reduced fish populations Sosa-
Nishizaki 1998 [4,7], destabilized marine ecosystems [8], and 
impoverished coastal communities throughout the world’s 
oceans. 

 The management of pelagic ecosystems is particularly 
challenging to fisheries managers because the species that 
inhabit the pelagic environment are often highly migratory 
and the fisheries for them can be irregular, decentralized and 
across international borders [5,9]. Recent focus on the threats 
of pelagic overfishing [6,10] has raised the need to further our  

 
understanding of these ecosystems and the fisheries that target 
pelagic species. However, a lack of critical scientific information 
about the ecology, distribution, and abundance of these species, 
as well as information on fisheries themselves has hampered 
management and conservation efforts [4,10]. Reliable data 
on pelagic ecosystems are critical to promoting more sensible 
fisheries management decisions [6]. 

Shallow seamounts and similar topographic features in the 
ocean are known to be associated with rich stocks of pelagic 
fishes (Uda & Ishino 1958) [11-13]. This abundance may result 
from flow dynamics caused by the interaction of ocean currents 
with abrupt isolated topographies [14] that increase the 
concentration of phytoplankton and/or abundance of planktonic 
grazers [15-17]. Secondary and tertiary consumers may find 
this productive habitat optimal for feeding, reproduction [16], 
or use them as landmarks to guide their movements back and 
forth between daytime resting places and nighttime feeding 
grounds [1,18]. Marine management strategies that hope to 
protect pelagic species must identify and consider such pelagic 
“hotspots” [2].
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We evaluate the importance of seamounts to pelagic fishes and fisheries in the Gulf of California by creating an inventory local seamounts, 
analyzing the seasonal abundance of pelagic species an inter-annual time scale at a single seamount using underwater visual census, ultrasonic 
telemetry and fisheries observation, and assessing the fishermen and fisheries that depend on seamount ecosystems. We arrive at an inclusive 
definition of seamounts and consider a seamount to be any submarine peak or ridge abruptly rising from a level sea floor. The abrupt topographic 
nature of these features lead to its ecological significance, as a site attracting a diversity of fishes in relatively high abundance. We describe and 
encourage science-based management of seamount fish assemblages and present four major areas we believe will need further study if we are 
to understand and better manage seamount ecosystems and their related fisheries, including causation of productivity surrounding seamounts, 
scales of oceanographic processes impacting seamounts, connectivity of species to seamounts and the socio-economic impact of ecosystem 
management on fishermen. 
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The Gulf of California has many shallow (upper 200m), 
intermediate (200 to 400m depth) and deep (more than 400m 
deep) seamounts, especially in its western margin where some 
rise from very deep water (>1000m) to shallow depths (<30m). 
Except for a few recently studied seamounts in the southern Gulf 
of California, seamounts have been for the most part uncharted 
in this region. Little is known about their bathymetry and general 
physical characteristics. Traditionally, what is known about these 
seamounts (e.g. location, approximate depth and some physical 
features) comes from anecdotal sources, particularly from local 
fishers and sport divers. In recent decades, the El Bajo Espiritu 
Santo (EBES) seamount in the southern Gulf has been intensively 
studied, and it is home to a diversity of pelagic fishes [12,13,19]. 
These sites are the daytime habitat of five species of snapper 
(Lutjanidae), four billfish, the dolphinfish (Coryphaenidae), 
three jacks (Carangidae), four tunas (Scombridae), four sharks 
(Carcharhinidae, Sphyrnidae), and numerous other smaller 
species of fish [18]. We have carried out over the last decade a 
collaborative effort at this seamount. Studies were conducted 
to describe the interaction of currents with the seamount 
[20,21], the diversity and abundance of plankton, [17], seasonal 
residency of planktivorous and predatory fishes [18], and the 
trophic ecology of large pelagic fishes (Richert 2007). 

More recently, we have begun examining fisheries within 
the southern Gulf of California. Small-scale fisheries play a 
significant social and economic role in regions bordering the 
Eastern Central Pacific Ocean. Subsistence fisheries along 
the Pacific coast of Mexico, including the Gulf of California, 
remain important resources to rural communities [4]. While 
the fisheries in the Gulf of Mexico (Atlantic Ocean) have been 
increasingly monitored, little information is available on Mexican 
small-scale fisheries located in the Pacific Ocean and Gulf of 
California. The potential impacts of small-scale commercial and 
sport fisheries on marine resources demand accurate evaluation 
to maximize management of these resources. The artisanal and 
sport fisheries located on the southern Baja peninsula (Baja 
California Sur, BCS) represent small-scale fisheries that may 
impact the region’s marine resources [3,4]. Mobile artisanal 
fleets of pangas, small fiberglass boats, fish for various species 
during different seasons, and a sport fishing industry coexists 
in this region and flourishes because the abundance of large 
species is a recreational attraction. Failure to understand and 
manage fishermen will hinder effective management of marine 
resources [3,22], and increased study of fishermen is needed 
among fisheries research. 

Past fisheries management has often focused on maintaining 
maximum biologically sustainable yield, rarely considering 
economic and social impacts. As we seek to manage fisheries 
and conserve the marine environment, it is imperative that the 
biological, economic, and social interactions within fisheries 
are understood. Management strategies should also take 
into account the interests of all fishing groups in the sight 

of increasing competition while continuing to incorporate 
biological information about the fish populations. 

We evaluate here the importance of seamounts to pelagic 
fishes and fisheries in the Gulf of California. An inventory is 
created of local seamounts based on multiple sources. Secondly, 
the seasonal abundance of pelagic species was determined on 
an inter-annual time scale at a single seamount. Thirdly, the 
economic value of seamounts is assessed based on interviews of 
artesanal fishermen and the catches of recreational fishermen.

Materials and Methods

We focus our description in the coastal waters of the Gulf of 
California around the southern Baja Peninsula (BCS), Figure 1. 
The presence of diverse topographic features including islands, 
offshore banks and seamounts, as well as dynamic oceanographic 
conditions resulting from interacting oceanic currents at the 
mouth of the Gulf [23] make this region a natural laboratory for 
studying pelagic fishes and their associated fisheries. This is also 
an ideal study area because of the interaction between artisanal 
and sport fisheries [22], and the proximity of seamounts where 
we will assess fish populations. 

Figure 1:  Map of the southern Baja California Peninsula and 
Gulf of California with locations of fishing camps, ports, and 
seamounts.

Identification and description of topographic features

Seamounts in the Gulf of California are not well-documented. 
We consulted a variety of sources for information about 
seamounts in the Gulf including: 

I. Bathymetric charts and maps of the Gulf of California 
(published and unpublished), 

II. Oceanographic cruises performed by the authors, 

III. Local fishermen from La Paz, San Jose, Cabo San Lucas, 
and Loreto.
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We reviewed bathymetric maps of the region to identify 
seamounts in the Gulf of California. These maps were carefully 
examined for the presence of distinct seamounts. Only properly 
charted seamounts indicated by obvious depth contours and 
name were included in the inventory. However, there were 
several unnamed topographic features in which we described 
on the basis of depth contours and verified their presence 
among the different maps. The following charts and maps were 
examined: [24-31].

More detailed information on the topographical features of 
seamounts has been obtained during oceanographic cruises by 
the authors throughout the Gulf from the late 1970’s until recent 
years. 

Description of pelagic fish assemblages

We employed multiple techniques to determine how fish 
communities change with seasonal oceanographic conditions, 
including underwater visual census, ultrasonic tagging and 
fisheries observation. We recorded surface and subsurface 
water temperature with electronic loggers (Onset Computer 
Corporation, StowAway Tidbit) moored at a single seamount, 
EBES, and compared this record to the relative abundance of 
pelagic fishes recorded during underwater visual censuses (UVC) 
conducted at EBES from 1999 to 2004. Transects were conducted 
using SCUBA and began at the south end of the seamount ridge. 
Divers swam or drifted in a northwesterly direction and recorded 
species that were encountered in the pelagic habitat during a 
40 minutes census. Visibility over the seamount was recorded 
and ranged from 7m to >20m. Jorgensen (2005) present a 
detailed description of the method of estimating the number 
of individuals observed of each species durng a SCUBA dive or 
drift. An index of abundance was calculated for this article based 
on these monthly censuses, which involved taking the scores for 
each species, averaging them per month, and then normalizing 
them so that they varied between 1 and zero by dividing each 
value by the highest value. 

We employed the ultrasonic tagging techniques of Klimley 
et al. [18] to determine fish residence patterns at the EBES 
seamount. An ultrasonic tagging study produces a continuous 
record of the presence and absence of fish bearing individually 
coded beacons without the difficulties and biases inherent to 
census techniques and fisheries catch data. Two ultrasonic 
listening stations (Vemco Ltd., VR01) were moored at EBES 
in 1998, and redeployed in September 2002. In addition to a 
comprehensive study of the residence of 23 yellowfin tuna at 
EBES [18,19], five planktivorous Caranx caballus (green jack), 
five predatory Seriola lalandi (yellowtail), and two predatory 
Sphyrna lewini (hammerhead shark) were tagged at EBES with 
coded, ultrasonic tags with a life of two years (Vemco Ltd., 
V-16) in September-November 2002. Attendance records of the 
tagged fish were downloaded from the listening station every 
3-4 months and the batteries replaced at 12-month intervals. 
Records of tagged fish species were analyzed for short-term 
residence patterns. 

We visited with managers of sportfishing fleets to obtain 
records of catch. We located and obtained a comprehensive 
database of sport fishing information at the East Cape 
Smokehouse in Los Barilles. This database recorded information 
on sport fishing charters and catches, as well as sea conditions 
and temperatures from 1999-2006. Data on number of charters 
and anglers was collected daily, compiled into weekly numbers, 
and related to water temperature. Total number of fish captured 
was also recorded. Using these two values, catch per unit effort 
(CPUE) was calculated as numbers of charters per week to 
provide a useful parameter for evaluating fisheries. 

Survey of fishing camps and ports

We visited seasonal artisanal fish camps and sport fishing 
ports along the coastline of southern BCS from 2003-2006. 
Seasonal fish camps and sport fishing ports on both the Pacific 
coast of the peninsula and on the Gulf of California coast 
were mapped beginning in 2002 and 2003, while recording 
information on fishermen and boats. Local fishermen were 
interviewed to determine the number of boats per fishing 
camp and the percentage of effort directed at fishing at local 
seamounts. Initial interviews were conducted with a total of 75 
fishermen, 48 from Punta Lobos (PL) on the Pacific coast of BCS 
and 27 from Punta Arenas (PA) on the Gulf coast. Demographic 
information was recorded during these interviews, including 
age, marital status, number and age of children, place of birth, 
education, years of fishing, alternative sources of income and 
additional information regarding fishing activity. Graduate 
students from Centro Interdisciplinario de Ciencias Marinas 
(CICIMAR) in La Paz, Mexico assisted in the interview process 
and established on-going relationships with these fishermen.

In our beach sampling program, catch and effort were 
recorded, with intensive sampling during summer months 
when fishing activity was greatest. Catch was recorded weekly 
from as many boats as possible on a standardized form easily 
completed during a brief interview with fishermen. Additional 
information collected included vessel, hours fished, fishing area, 
and species caught. Weight, length, and sex were recorded for 
landed specimens when possible, and where applicable, stomach 
and muscle samples were collected for an on-going study of fish 
trophic ecology. 

Results

Seamount inventory 

A total of 42 seamounts were found in the central-southern 
Gulf of California and 24 seamounts in the Pacific off southern 
Baja California (Figure 1). Of these, nine are deep seamounts 
(>400m deep), eight intermediate (200-400m deep), thirty-eight 
are shallow (<200m), nine are shallow reefs (<20m), and two of 
varying depth (Table 1). Hence, the majority are shallow peaks 
and reefs. Within the Gulf of California, only two seamounts (4% 
of total recorded) were found in the northern Gulf (from the 
Colorado River Delta to the midriff islands), thirty seamounts in 
the central Gulf (from the midriff islands to the Bay of La Paz), 
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and sixteen seamounts in the southern Gulf. A greater number 
of seamounts (61%) are located in the central Gulf, which may 
be due to the larger area, a higher concentration of islands and 
shallow reefs, and the uneven topography in this portion of the 
Gulf. The central gulf harbors seamounts at all depths, with the 
majority of these being shallow (including shallow reefs, 70%) 
and several deep (20%) and intermediate mounts that give 
some idea of the rugged topography of this area. A third of the 

seamounts are located in the southern Gulf, where seamounts 
at all depths are also found but in lesser numbers compared 
to the central Gulf. The shallow seamounts and reefs are a 
majority here, but the deep seamounts are also abundant (25%) 
in this part of the gulf. The latter is related to wider expanse of 
deeper water (>2000m) at the mouth of the Gulf of California. 
In the Pacific, most seamounts are shallow (75%), some are 
intermediate (17%) and few are deep (8%). 

Table 1: Known seamounts off southern Baja California.

No Seamount 
Name

Approximate 
Locationa

Shallowest 
Depth (m)

Distance to 
Shoreb (km)

Depth 
sea 

Floorc 
(m)

Type 
(SR,S,I,D)

Topographical 
Description

Available 
References

1
26° 45´N 900 25 1100 D

No known 
bathymetric data for 

this seamount

Fisher et al. 
[26]

111° 20´W

2
26° 37.5´N 30 13 180 S

Single pinnacle with 
sheer walls rising 

from a sandy bottom 
>50m deep near San 

Ildefonso Is.

Observational 
cruises 

111° 26´W

3
26° 26´N 200 26 550 I

No known 
bathymetric data for 

this seamount

Fish & Map  
[25], Fisher et 

al. [26], SPP 
[29] 

111° 10´W

4
26° 18´N 180 19 550 S

No known 
bathymetric data for 

this seamount

Fish & Map  
[25], Fisher et 

al. [26], SPP 
[29]

111° 14´W

5 26° 12´N 360 20 390 I
No known 

bathymetric data for 
this seamount

Fish & Map  
[25], Fisher et 

al. [26],

111° 10´W

6
26° 05´N 730-900 18 1100 D

No known 
bathymetric data 
for this seamount 

Northeast of Isla del 
Carmen

Fish & Map  
[25], Fisher et 

al. [26]

110° 56´W

7
26° 00´N 550 13.5 730 D

No known 
bathymetric data for 
this seamount.    East 

of Isla del Carmen

Fish & Map  
[25]

110° 58´W

8 Bajo 
Higuerita

25° 49´N 11 0.4 30 SR

Small pinnacles rising 
from a shallow rocky 

base near Isla del 
Carmen

Observational 
cruises; local 

fishermen

111° 11´W
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9 25° 46.5´N 2 5 90 S

No known 
bathymetric data for 
this seamount       Off 
Punta Baja, Isla del 

Carmen

Fish & Map  
[25], Fisher et 

al. [26]

111° 11´W

10 Bajo Tijeras
25° 46´N 18 4 90 S

No known 
bathymetric data for 
this seamount       Off 
Punta Baja, Isla del 

Carmen

Fish & Map  
[25], Fisher 
et al. [26], 
Michelle 

Buckhorn-UC 
Davis

111° 12.5´W

11 Bajo Cochi
25° 44.5´N 14 5 27 SR

Shallow rocky plateau 
crisscrossed with 

multiple canyons and 
crevices north of Isla 

Montserrat

Fish & 
Map  [25], 

observational 
cruises; sport 

divers

111° 03´W

12 San Marcial
25° 28´N 33 8 60 S

No known 
bathymetric data for 

this seamount

Fish & Map  
[25], Aceves-
Medina et al. 

[35]

110° 52´W

13 Bajo Catalana
25° 21.5´N 20 16 270 S

Peaks on a large 
rocky plateau rising 
from > 100m depth 

south of Isla Catalana

Fish & 
Map  [25], 

observational 
cruises 

[35]; local 
fishermen

110° 43´W

14 San Diego 
Reef

25° 10´N 0 6 20 SR Shallow rocky bank 
north of Isla San Jose

Fisher et 
al. [26], 

Observational 
cruises; sport 

divers

110° 44´W

15

25° 07´N* Various - - -
Small peaks located 

east and northeast of 
Las Animas

Local 
fishermen

110° 30´W

16 Las Animas

25° 07´N 0 15 900 S Small island rising 
from deep water

Observational 
cruises [35]; 
sport divers

110° 31´W

17 Bajo Sur

25° 07´N 18 15 900 S

Peak with a shallow 
canyon (27m) next 

to Las Animas rising 
from 100m depth

Observational 
cruises [35]; 
sport divers

110° 31´W

18 Bajo Sureste 25° 07´N 19 15 900 S

Pinnacle with shallow 
canyon (30m) next 

to Las Animas rising 
from 50m depth

Observational 
cruises [35]; 
sport divers

110° 31´W
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19 Bajo Jose
24° 50´N 15 0.5 45 S

Single pinnacle with 
sheer walls rising 

from ~40m near San 
Francisquito Island

Sport divers

110° 34´W

20 Bajo San 
Francisquito

24° 48´N 20 5 90 S
Two pinnacles 

surrounded by deep 
canyons

Observational 
cruises 

[35]; local 
fishermen

110° 31´W

21
El Bajo 

Espiritu 
Santo

24° 42´N 18 15.5 900 S

Three peaks on a 
ridge surrounded by 

a canyon >1000m 
deep

Numerous 
published 

manuscripts - 
see text

110° 18´W

22 El Bajo 
Charro

24° 40´N 170 23 900 S Unknown

Fish & Map  
[25], Fisher et 
al. [26],  local 

fishermen

110° 10´W

23 El Bajito
24° 36´N 7 0.4 28 SR

Shallow rocky 
bank with multiple 

canyons near Espiritu 
Santo Island

Observational 
cruises [35]; 
sport divers

110° 24´W

24
24° 30´N 100 14 360 S

No known 
bathymetric data for 
this seamount     East 

of La Reina

Fish & Map  
[25], Fisher et 
al. [26], local 

fishermen

109° 52´W

25 Bajo Catedral
24° 27´N 18 0.2 30 SR Rocky ridge near 

Espiritu Santo Isla
Local 

fishermen

110° 23´W

26 La Reina
24° 26´N 0 4.5 35 SR

Small island off the 
north end of Cerralvo 

Island

Observational 
cruises [35]; 
sport divers

109° 58´W

27
24° 26´N 10 4.5 35 SR Small peak west of La 

Reina

Observational 
cruises [35]; 
sport divers

109° 59´W

28 Roca 
Carpintero

24° 19´N 16 0.2 50 S
Single peak with 

other small pinnacles 
nearby La Reinita

Observational 
cruises [35]; 
sport divers

109° 56´W

29 La Reinita
24° 19´N 0 0.2 30 SR

Cluster of rocks 
alongside Cerralvo 

Island

Observational 
cruises 

[35]; local 
fishermen

109° 56´W

30 Banco 
Cerralvo

24° 13´N 260 28 1000 I Deep bank to the east 
of Cerralvo Island SPP [29]

109° 35´W
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31 Roca 
Montaña

24° 08´N 10 0.3 20 SR Shallow rocks south 
of  Cerralvo Island

Fish & Map  
[25], Fisher et 
al. [26], local 

fishermen

109° 47´W

32 Bajo 88
24° 06´N 160 9 500 S Seamount with 

unknown features
Local 

fishermen

109° 45.5´W

33 (East Cape)
23° 45´N* Various - - -

Numerous banks and 
canyons of varying 

depths

Canon 1973; 
oceanographic 

cruises 
[20]; local 
fishermen

109° 28´W

34 Montaña 
Alarcón

23° 35´N 1400 63 2400 D

No known 
bathymetric data for 
this seamount   Large 

seamount at the 
mouth of the Gulf

INEGI [27]

108° 49´W

35
23° 27´N <2000 42 2500 D

No known 
bathymetric data for 

this seamount
INEGI [27]

109° 01´W

36
23° 06´N 568 100 900 D

No known 
bathymetric data for 

this seamount
INEGI [27]

107° 21´W

37 Gorda Banks 
(adentro)

23° 02´N 33 7 270 S
Series of steep 

pinnacles rising from 
Gorda Banks plateau

Fisher et al. 
[26], Klimley 
& Butler [12], 
observational 
cruises [35]; 

oceanographic 
cruises 

[20]; local 
fishermen; 

sport divers

109° 31´W

38 Gorda Banks  
(afuera)

23° 01´N 90 11 360 S Peak rising from 
Gorda Banks plateau

Fisher et al. 
[26], Shepard 

[30], local 
fishermen; 

sport divers

109° 28´W

39 Bajo Cabrilla
22° 50´N 180 s41 1800 S

No known 
bathymetric data for 

this seamount

Fisher et al. 
[26], Shepard 

[30], local 
and sport 
fishermen

109° 15´W

40
22° 35´N 1429 129 2000 D

No known 
bathymetric data for 

this seamount
INEGI [27]

107° 16´W
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41
22° 15´N 293 90 400 I

No known 
bathymetric data for 

this seamount
INEGI [27]

106° 21´W

42

22° 08´N 130 97 200 S
No known 

bathymetric data for 
this seamount

INEGI [27]

106° 29´W

A Bajo Thetis
24° 55´N 100 32 150 S

No known 
bathymetric data for 

this seamount
INEGI [27]

112° 36´W

B
Banco Petrel 

(north) Banco 
Petrel (south)

24° 41.5´N 29 56 500 S

Northern section of 
a very large shallow 

bank west of Isla 
Magdalena

INEGI [27]

112° 49.5´W

24° 38´N 18 53 500 S Southern section of 
the same bank INEGI [27]

112° 46´W

C
24° 04.5´N 165 29.5 300 S

No known 
bathymetric data for 

this seamount
INEGI [27]

111° 34.5´W

D
24° 03.2´N 46 27 150 S

No known 
bathymetric data for 

this seamount
INEGI [27]

111° 41.5´W

E
24° 02.5´N 161 47 200-300 S

No known 
bathymetric data for 

this seamount
INEGI [27]

112° 05´W

F
24° 01´N 73 34 150 S

Northern section of 
a ridge that extends 
southeast connected 

by a 100m depth 
contour

INEGI [27]

111° 36´W

-
23° 53.5´N 31 41 300 S Central section of the 

same ridge INEGI [27]

111° 27.5´W

-
23° 47.5´N 93 50 300 S Southern section of 

the ridge INEGI [27]

111° 25´W

G
23° 59´N 178 58 300 S

No known 
bathymetric data for 

this seamount
INEGI [27]

112° 10´W

H
23° 45´N 176 65 300 S

No known 
bathymetric data for 

this seamount
INEGI 27]

111° 56´W
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I
23° 41´N 73 59 400 S

No known 
bathymetric data for 

this seamount
INEGI [27]

111° 23´W

J
23° 36´N 346 75 400 I

No known 
bathymetric data for 

this seamount
INEGI [27]

111° 33´W

K
23° 35´N 311 62 400 I

No known 
bathymetric data for 

this seamount
INEGI [27]

111° 19´W

L Banco 
Lusitania

23° 32.5´N 165 85 400-900 S
No known 

bathymetric data for 
this seamount

INEGI [27]

111° 44.5´W

M Banco 
Morgan

23° 25´N 92 64 600 S Large bank west of 
Punta Lobos INEGI [27]

111° 09´W

N
23° 24´N 348 85 500 I

No known 
bathymetric data for 

this seamount
INEGI [27]

111° 28´W

O
23° 24´N 156 43 200 S

No known 
bathymetric data for 

this seamount
INEGI [27]

110° 51´W

P
23° 21´N 165 45 200 S

No known 
bathymetric data for 

this seamount
INEGI [27]

110° 50´W

Q
23° 21´N 128 44 200 S

No known 
bathymetric data for 

this seamount
INEGI [27]

110° 41´W

R
23° 15´N 2880 133 3100 D

No known 
bathymetric data for 

this seamount
INEGI [27]

112° 17´W

S
23° 09´N 209 62 700-1000 I

No known 
bathymetric data for 

this seamount
INEGI [27]

110° 46.5´W

T Finger Bank
23° 05´N 100 65 300-1200 S

No known 
bathymetric data for 

this seamount

Fish & Map 
[25]

110° 48´W

U
23° 03´N 2782 173 3300 D

No known 
bathymetric data for 

this seamount
INEGI [27]

112° 39.5´W
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V Banco Puerta 
Dorada

23° 02´N 92 16 500-1000 S Shallow banks off 
Migrino

Fish & Map 
[25], INEGI 

[27] 

110° 16´W

W Banco San 
Jaime (east)

22° 52´N 50 19 300-1500 S

Eastern section of a 
very large shallow 

bank interconnected 
by a 500m contour

Fish & Map 
[25]

110° 14´W

- Banco San 
Jaime (west)

22° 50´N 50 31 500-1000 S Western section of 
the same bank

Fish & Map 
[25]

110° 22´W

-
Banco 

San Jaime 
(central)

22° 50´N 50 25 400-1800 S Central section of the 
same bank

Fish & Map 
[25]

110° 17´W

X
22° 49.5´N 100 8 300-1000 S

No known 
bathymetric data for 

this seamount

Fish & Map 
[25]

110° 01´W
aPositions only reported as an approximation. bDistance of seamount to nearest landmass (continental or large island). cDepth at or near 
the base of seamount. *Scattered seamounts centered at this position. 1Observational cruises conducted by authors including Scuba dives. 
2Oceanographic cruises currently being conducted by authors include measurements of primary productivity, nutrients, and plankton and fish 
communities. D= deep seamount (>400m), I= intermediate seamount (200-400m), S= shallow seamount (<200m), SR= shallow reef (<20m with 
<35m at its base).
Seasonal abundance of pelagic species
Table 2: Presence of absence of species observed by month.  Species were scored (●) if they were ever observed during the month over the 
5-year study period.

Month of Year

Season Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Summer

Caranx caballus 0 0 0 0 0.33 0.96 0.67 1 0.94 0.44 0.71 0.5

Coryphaena 
hippurus 0 0 0 0 0 0.5 0 0.75 0.75 1 0.5 0

Lutjanus 
argentriventris 0.63 0.31 0.75 0.94 0.67 0.79 0.75 0.94 0.88 1 0.79 1

Lutjanus 
novemfasciatus 0.15 0 0 0.08 0 0 0.05 0.38 1 0.08 0.36 0

Sphyrna lewini 0 0.58 0.58 0 0.06 0.06 0.11 0.83 0 0.75 0.67 1

Winter

Lutjanus peru 0 0.66 0.66 0.84 1.5 0.5 1 0.19 0 0 0 0

Mycteroperca 
jordani 0 1 1 1 0 0.89 0.22 0 0 0 0 0

Seriola lalandi 1 1 0.75 0.38 0 0.08 0.08 0 0 0 0 0

Seriola 
rivoliana 0.67 0.67 1 0.33 1 0.56 0.44 0.17 0 0 0 0
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All-year

Acanthocybium 
solandri 0 0 0 0 0.33 0.33 0 0.5 0 0.67 0.33 1

Decapterus 
macarellus 1 0.44 0.88 0.94 1 0.96 0.92 0.94 0.88 0.81 0.96 1

Euthynnus 
lineatus 0 0.44 0.63 0.56 1 0.5 0.79 0.63 0.5 0 0.63 0

Lutjanus 
guntheri 0.57 0.43 0.71 0.71 0.86 0.1 0.29 1 0.86 1 0.67 0.29

Lutjanus 
colorado 0 0 0.19 0 0 1 0.62 0.94 0 0.94 0.87 0.75

Mycteroperca 
rosacea 0.86 0.57 1 0.57 1 0.48 0.76 0 0.29 0.71 0.86 0.57

Paranthius 
colonus 1 1 0.94 1 1 1 0.67 0.94 1 1 1 1

Thunnus 
albacares 0 1 0 0 0.67 0.67 0 1 1 0 0 0

Large multi-species aggregations of fishes were encountered 
at EBES during all seasons (Table 2). Collectively they formed a 
seamount assemblage composed of pelagic and migratory reef-
associated species that visited the seamount during either the 
summer and winter, or were resident year-round. We define 
summer as May through October and winter as November 
through April. There is strong evidence of the influx of new 
species during the summer to the seamount environment. 
The summer assemblage consisted of a jack, Caranx caballus, 
the dolphinfish, Coryphaena hippurus, and the dog snapper, 
Lutjanus novemfasciatus, and the scalloped hammerhead shark, 
Sphyrna lewini. This is evident from the high values, indicating 
the fraction of visits at that time of the month, for the green 
jack of 0.96 for June, 0.67 for July, 1.00 for August, and 0.94 for 
September relative to lower values during the rest of the year. 
Similarly, the dolphin fish had high values of 0.75 during August 
and September and 1.00 during October. The yellow snapper 
was present only briefly at the seamount, with a value of 1.00 
for August. 

The evidence for a winter assemblage was less compelling. 
Two species were present exclusively during the winter months, 
the gulf grouper, Myctoperca jordani, and the yellowtail jack, 
Seriola lalandi. The gulf grouper most always present from 
February to April, as evident by the values of 1.00 for these 
three months. The yellowtail jack was always present during the 
months of January and February (values of 1.00), yet occurred 
less frequently at the seamount during March and April (values 
0.75 and 0.38). The amberjack, however, was present during 
winter months, with values of 0.67 for January and February, 
1.00 for March, and 0.33 for April, yet it was also present during 
the summer season, as evident for values of 1.00 for May, 0.56 for 
June, and 0.44 for July. All of the rest of the species frequented 
the seamount both during summer and winter seasons. 

Figure 2:  Relative abundance (solid line) of a member of  red 
snappers, Lutjanus novemfasciatus (A) and yellow tail jacks, 
Seriola lalandi (B) relative to sea surface temperature (dashed 
line) and temperature at a depth of 30 m (dotted line).

The seasonal residency of species at the seamount appeared 
related to water temperature. The members of the summer 
assemblage were present at the seamount when the water 
temperature was high. For example, the dog snapper, a member 
of the summer assemblage, was most abundant during August 
and September of 1999, 2000, 2002, and 2003 (see peak positive 
excursions of dashed black line, Figure 2b), and this coincided 
with the highest water temperatures recorded at a depth of 
30m (see peak negative excursions of black line). Contrastingly, 
the yellowtail jack was most abundant during January 2000 
and 2004 as well as February 2001 and 2003 (see positive 
excursions of dashed black line, Figure 2a), and this occurred 
with the lowest water temperatures recorded at the surface (see 
negative excursions of gray line). 
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Figure 3:  Individuals of five species, hammerhead sharks, 
dolphinfish, yellowfin tuna, green jacks, and yellowtail jacks, with 
coded ultrasonic tags implanted within their peritoneum were 
detected at the El Bajo Espiritu Santo with automated receivers, 
captured by fishers, or observed underwater.

Residence of individuals tagged at EBES ranged from days 
to months. The four dolphinfish that were tagged remained at 
the seamount only one day (see solid diamonds to side of “do”, 
Figure 3), consistent with the more nomadic nature of this 
species. The five green jacks that were tagged remained slightly 
longer, periods from 4-10 days (see “gj”). The five yellowtail jacks 
carrying beacons stayed at the seamount for one to two weeks, 
with one returning after a period of 13 months (see “jt”). Two 
scalloped hammerhead sharks remained for periods ranging 
from a single day to 14 days (see “hh”). However, individuals 
carrying color coded spaghetti tags were observed at EBES for 
periods ranging from one to three weeks, and single individuals 
have been observed to return to the seamount one and two 
years later [32]. The yellowfin tuna exhibited mainly short-term 
residence of 1-20 days at EBES, but two individuals stayed for 
period of 23 and 24 months at the site (see “yf”). 

Socio-economic importance of seamounts

We made 15 trips to five different artisanal fishing camps 
from January 30- September 14, 2005, at which times we 
conducted interviews. Interviews were only conducted on 15 
of these trips because weather sometimes prohibited fishing. 
Initial interviews to accumulate demographic information from 
artisanal fishers were completed for a total of 75 individual 
fishermen, including 48 interviews in Punta Lobos and 27 
interviews in Punta Arenas. When fish camps were mapped in 
2002, there were 18 fishing pangas that operated year round 
near Punta Lobos and 33 pangas that operated during the 
summer near Punta Arenas (Table 3). 

Table 3: List of artisanal fish camps and sportfishing ports along coast of BCS.

Camp/Port 1 Category Season Peak Size

San Carlos (Magdalena Bay) Artisanal Winter ?

Punta Lobos Artisanal Year-round 18 pangas

Cabo San Lucas Sport Year-round ? ++

La Playita Artisanal/Sport Year-round 20 artisanal, 40 sport pangas

Los Frailes Artisanal Winter W 53 pangas

Cabo Pulmo Sport Year-round 10 pangas

Punta Colorado Sport Year-round 12 boats and pangas

La Ribera Artisanal Summer S 25 pangas

Buena Vista Sport Year-round 30 boats and pangas +

Los Barriles Sport Year-round 51 boats and pangas +

Punta Pescadero Sport Year-round 4 boats and pangas

Boca del Alamo/San Isidro Artisanal Summer 6 pangas

Ensenada de los Muertos Artisanal/Sport Winter W 15 artisanal, 45 sport pangas

Punta Arenas Artisanal/Sport Summer S 33 artisanal, 50 sport pangas

El Sargento Artisanal Summer S 15 pangas
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La Paz Artisanal/Sport Year-round S 50 artisanal, 40 sport pangas ++

El Sauzoso Artisanal Year-round 2 pangas

La Partida Artisanal Year-round 8 pangas

El Saladito Artisanal Year-round ?

San Evaristo Artisanal Year-round ?

1Camps/ports are in order of location along coast of map in Figure 1, beginning with Magdalena Bay.

?Unsurveyed areas referenced by fishermen, no data is available for these locations.

+ Indicates size of hotel fleet at sportfishing ports, additional private boats may be numerous

++Cabo San Lucas and La Paz are major tourist locations with numerous private sport fishing vessels.

S Large summer camp      WLarge winter camp

Information from Punta Lobos and Punta Arenas are detailed 
here. The majority of fishermen at both locations were between 
23-49 years old, and most had three to five dependents in their 
household. Most of those dependents were children, although 
elderly parents and grandparents were also dependents in the 
household. 71-74% of fishermen were married, with younger 
fishermen less likely to be married. In Punta Lobos, fishing was 
a family custom for 67% of fishermen, while fishing was a family 
custom for 96% of Punta Arenas fishermen. Ninety-two percent 
of fishermen live year-round near Punta Lobos in the town of 
Todos Santos, while fishermen in Punta Arenas are seasonally 
active and only 70% live in their fishing community throughout 
the year. Eighty-nine percent of fishermen in Punta Lobos are 
part of the fishing cooperative, while only 26% of fishermen 
in Punta Arenas belonged to the cooperative there. Vessels are 
owned by 26% of fishermen in Punta Arenas own their own 
vessels, while none of the fishermen interviewed from Punta 
Lobos owned their boat. In both communities, 98% of a person’s 
income comes from fishing. Ninety-six percent of the catch is sold, 
and the remaining is for personal consumption. Each fisherman 
in Punta Lobos had an average of three relatives also dedicated 
to fishing, while each fisherman in Punta Arenas had an average 
of six to seven relatives of the same profession. The fishermen 
performed other jobs to supplement their income at times when 
fishing was poor (Table 4). Fishermen from Punta Lobos most 
often farmed when not fishing, while others were masons and 
athletic coaches. Fishermen at Punta Arenas farmed too, but also 
raised cattle and were involved in the tourist industry, taking 
fishermen and divers to local sites. 

The largest percentage of fishermen from the fishing 
settlement of Punta Arena fished during 4-5 months of the year 
at seamounts in the Gulf of California, but high percentages 
also fished at seamounts 2-3 months of the year (Figure 4). One 
fishermen fished more than eight months at local seamounts. The 
largest percentage of fishermen at Punta Lobos spent 2-3 months 
fishing at pinnacles off the western coast of the Baja Peninsula 
in the Pacific Ocean. These are shallow rocky outcroppings, 
which do not rise from great depths. These artisanal fishermen 
fished preferentially for yellow snapper during the summer and 
red snapper during the winter (Table 4). The fishermen also 

caught dolphinfish and yellowfin tuna to a lesser extent during 
the summer. During the winter, they also caught yellowtail 
jacks, sierra mackerel, and other snapper species. The majority 
of shark fishing occurred at seamounts, while fishing for other 
species occurred at other areas as well.

Figure 4:  The number of fishermen fishing at seamounts 
for increasing lengths of time during a year at two fishing 
communities, Punta Arena which is situated on the eastern coast 
of the Baja Peninsula on the shores of the Gulf of California, 
and Punta Lobos, which is located on the western coast of the 
peninsula on the shores of the Pacific Ocean, determined from 
interviews.

Fishing effort was highest from May through August, and 
this coincided with the highest water temperatures (see bars 
and line, Figure 5A). Among billfish, striped marlin comprised 
the majority of catch and peaked during May 1999, 2000, 2003 
and June 2001 and 2002 (see solid bars, Figure 5B). Blue marlin 
peaked in July or August during all years, while sailfish had 
three distinct peaks from May to November, depending upon 
the year. Tuna and dolphinfish were caught all year round, but 
the highest catches were recorded during late summer during 
August or September. Snappers and Pacific sierra (figures not 
shown) were caught almost exclusively in late fall and winter 
months, with peaks in January and February. Fishermen may 
capture different species during the winter than during the 
summer (Table 4). During the winter, they typically fished for 
red snapper, yellowtail, amberjack, and various snappers, when 
fishing offshore. These are the same species that were recorded 
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at EBES during the winter (see Table 2 & 5). During the summer, 
the fishermen targeted yellow snapper, billfish, yellowfin tuna, 
and dolphinfish.

Discussion

Seamount definition

We utilize here an inclusive definition of a seamount and 
prefer not to limit seamounts to those that exceed a considerable 
distance from shore, rise from substantial depths, or reach 
a certain distance from the surface [15,33]. We consider a 
seamount to be any submarine peak or ridge abruptly rising from 
a level seafloor. It is the topographic nature of the feature that 
leads to its ecological significance, as a site attracting a diversity 
of fishes in relatively high abundance [15,16]. This is due to their 
value as a landmark to its inhabitants [18] as well as their degree 
of enrichment, most likely dependent upon the interaction of the 
peak or ridge with moving masses of water [20] and Two types 
of hydrographic disturbances have been described. The first 
exists where the oscillating tidal flows are far greater than the 
continuous wind-driven currents. The tide moves water back 
and forth and the seamount serves as a stirring rod to cause 
vertical mixing and disrupt the pycnocline. The second type 
occurs when the continuous wind-driven flows in one direction 
far exceed the oscillating tidal flows. This sustained flow past the 
seamount creates eddies downstream and a wake of disturbed 
flow extending multiple seamount diameters downstream. The 
latter hydrographic regime is often present offshore where the 
ambient flow conditions dominate the smaller tidal variability, 
but not always so [20,21]. This inclusive definition of seamounts, 
enables us to consider both the Espiritu Santo Seamount (EBES), 
which is a ridge rising from a depth of >100m to 15m of the 
surface 20km from shore, and Gorda Bank Seamount, which is 
a cluster of pinnacles rising from 300m to 30m from the surface 
10km from shore, to be seamounts. They are both sites of great 
biological enhancement [12]. 

Seamount inventory

In general, the central and southern Gulf have a greater 
amplitude, complexity, and steepness of submarine relief 
(Lonsdale 1984), therefore we concentrate on the occurrence 
of seamounts in this part of the Gulf. The reduced number of 
seamounts in the northern Gulf may relate to the fact that a large 
portion of it is less than 100m deep and the bottom topography 
is less rugged than the central Gulf due to the large amount of 
sediment deposited in this region. The continental shelf is much 
wider off the Pacific shore compared to the eastern shore of 
the gulf, hence this may be linked with the relatively greater 
proportion of shallow seamounts and the small proportion of 
intermediate and deep seamounts in this waters. It is interesting 
to note, however, the lack of shallow reefs in the Pacific, which 
may be due to the absence of offshore islands or shallow banks or 
pinnacles (<20m) throughout the continental shelf and deeper. 

Our review of the topography in the Gulf of California has 
revealed numerous seamounts of varying dimensions and 
depths. There have been few studies of the diverse topography 
of the southern Gulf of California, and it is likely that our analysis 
represents just a small proportion of the seamounts that actually 
are present in this area. Most bathymetry maps for the region 
are on a large scale and will miss the fine-scale gradients that 
can enhance oceanographic conditions and attract assemblages 
of both reef-associated and pelagic fishes. Fishermen have 
shown to be a valuable resource for obtaining information on 
these features.

We have begun studying how pelagic fishes may use some of 
these features, including in depth studies of EBES [13,19] and 
Gorda seamount [12] and preliminary observations on a number 
other seamounts such as 88, Roca Montana, San Francisquito, 
La Reina (Richert, unpub. data). We and our collaborators 
have taken a multi-disciplinary approach, to more thoroughly 
understand the single seamount ecosystem of EBES including 
analysis of currents [20,21], plankton communities, [17], fish 
assemblages [18], and feeding habits of fishes and sharks 
(Richert et al. in prep; Ketchum et al. submitted). Combining 
these methods enhances our understanding of the ecosystem 
and would enable an ecosystem-based approach to management. 
However, continuous study on a variety of scales is needed in 
order to gain the data necessary for proper management.

While we have located several seamounts and begun study 
of a few, this region has the potential to examine numerous 
questions concerning pelagic fish ecology and management 
[1,2]. The diverse topography and abundance of fishes as well as 
the dynamic oceanographic conditions that exist in the southern 
Gulf [23] make this area a natural laboratory at which to study 
pelagic fish ecology. Seamount oceanographers and ecologist 
often study seamounts in the middle of oceans or in areas 
that make logistics of study difficult (i.e. Cobb Seamount) [16]. 
Further study in this area would help us understand movements 
and connectedness between seamounts, and perhaps give us an 
understanding of how fishes migrate and use hotspots on larger 
scales across ocean basins [1,2].

Seasonal abundance of pelagic species

Some species remain at the EBES seamount for long periods 
of time, others short periods, and some to return to the same site, 
exhibiting homing, after periods of multiple months or during 
the following year. The community structure was stable from 
year to year, but considerable variability occurred seasonally 
as members migrated concurrently with strong annual water 
temperature fluctuations in water temperature. Previously, 
eighteen hammerheads carrying coded tags, which were 
monitored over a period two weeks, stayed at the seamount for 
4-5 days before emigrating during upwelling, only to return a 
week later when warm oceanic water returned to the seamount 
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[12]. In this study, seasonal turnover revealed that the overall 
community was composed of a summer, winter, and year-round 
assemblage. 

The arrival and departure of certain community members 
coincided with months of spawning aggregations in the 
southern Gulf of California. These included members of both the 
summer and winter groups. The dog snapper, L. novemfasciatus, 
peaked in September (Figure 2A), when aggregations have 
been observed spawning at rocky reefs [34]. Apart from these 
sharp peaks in abundance, the snapper generally were absent 
from EBES. Sala et al. [34] also reported that yellow tail jack 
aggregations spawned at reefs and seamounts in April, as 
evidenced by their high densities and hydrated eggs in gonads. 
Peak abundance of jacks at EBES occurred between January and 
April (Figure 2B). The gonads of three females that were caught 
from a large aggregation on 3 February 2003 had mature gonads 
with hydrated eggs and the sole male captured released milt 
as it was brought onboard. At this time, we tagged five other 
individuals with acoustic transmitters, and they were detected 
at the seamount for an additional four to 13 days; then they were 
not detected until one of the tagged individuals was captured 
by a fisherman at EBES in March of the following year. It seems 
likely that the seasonal presence of red snapper and yellow-tail 
jack at EBES was related to spawning activities, although neither 
species was directly observed spawning. 

Fishes clearly aggregate at EBES for multiple reasons, which 
may include spawning [34], foraging, navigation and social 
grouping [32]. Genin proposed five mechanisms that aggregate 
zooplankton, micronekton and fish above seamounts. These 
mechanisms include elevated primary production caused by 
upwelling around abrupt topographies as well as behavioral 
responses of zooplankton related to their vertical migrations. 
An additional mechanism is driven by the amplification of 
current over abrupt topographies that increases the prey 

available to resident fish at these areas. These and possibly other 
structuring forces resulted in a predictable seasonal changeover 
of community members at EBES, despite likely similarities 
among assemblages (i.e., spawning) and differences within 
assemblages (i.e., foraging versus social grouping). All three 
assemblages coincided during the warming period between May 
and August, resulting in the season of highest species richness 
at the seamount. At this time, the near-surface stratification and 
the thermal gradient in the upper 30m of the water column were 
typically strongest. Increased species richness at the seamount 
occurred during the spring when the surface temperature 
gradient was highest, and in fall when regional mixing deepened 
the mixed layer (Table 2 & Figure 2). Seamounts have been 
proposed as likely places in the oceanic environment for the 
implementation of marine reserves [2,10]. The resident and 
homing behavior of pelagic species tagged at EBES suggests that 
marine reserves sited at such a location may be an effective way 
to protect pelagic and migratory fish species. 

Socio-economic importance of seamounts

Artisanal fish camps in the Gulf of California are usually 
located near islands and seamounts. This is evident by comparing 
the locations of the camps on a map of the southern tip of the 
Baja Peninsula to a chart of the bathymetry in the southern Gulf 
of California and the Pacific waters off the western coast of the 
peninsula (Figure 1). The numbers of fishermen present in these 
camps vary throughout the year, with the camps growing in size 
when a particular species is plentiful and the catch per effort is 
high. Some camps are abandoned at certain times of the year, 
particularly when pelagic fishes are not common in the Gulf of 
California, or when weather conditions make fishing difficult. 
To the contrary, sport fishing ports are generally permanent 
locations, and sport fishermen change target species seasonally 
(Table 4). 

Table 4: Typical target species of artisanal and sport fishermen by season.

Species Common Name Fishing Group Season

Lutjanus peru Red snapper Artisanal Winter

Lutjanus argentriventris Yellow snapper Artisanal Summer

Tetrapturus audax Striped marlin Sport Summer

Maikara mazara Blue marlin Sport Summer

Istiophorus polypterus Sailfish Sport Summer

Thunnus albacares Yellowfin tuna Sport/Artisanal Summer

Coryphaena hippurus Dorado Sport/Artisanal Summer

Seriola lalandi Yellowtail Sport/Artisanal Winter

Seriola riviolana Amberjack Sport Winter

Scomberomorus sierra Sierra mackerel Sport/Artisanal Winter

Lutjanus spp. Various snappers Sport/Artisanal Winter

Little conflict was observed among fishing groups. In areas 
like Punta Arenas and La Playita (San Jose), sport fishermen and 
artisanal fishermen coexist together on the same beach without 
conflict. Generally, the small-scale fishing groups target different 

species (Table 4). Although artisanal fishermen fish for sport 
species at certain times, there is generally little overlap in the 
catch of the two groups. Artisanal fishermen generally target the 
desirable snapper species because the fine-tasting meat is very 
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valuable. However, they will also target certain tunas and jacks 
when they are abundant in the area. The artisanal fishery usually 
targets a particular area rather than species. On the other hand, 
sport fishermen will target particular species and fish optimal 
areas.

Fisheries catch likely reflects the abundances of species, 
however caution must be used when using fisheries data as an 
estimate for fish abundance because it may present a biased 
sample. In this study, catch was greatest in August and September. 
Weather and water conditions are generally unstable in the 
winter and spring. Heavy winds discourage fishermen and make 
offshore fishing problematic in winter, resulting in lower effort 
during these months. During spring the winds calm but water 
conditions are “green” with productivity, and fishing is generally 
not optimal during this time. However, as summer progresses, 
the water warms and clears and popular sport species such as 
the dolphinfish and blue marlin become more abundant. These 
conditions persist until November or December when the water 
again cools and the winds blow again. CPUE can be relatively 
high in winter months because fish are abundant, albeit different 
inshore species, for those fishermen who brave the winds.

Figure 5:  The monthly abundances of species judged to be 
members of the summer assemblage based on underwater 
censuses (A); the number of species caught during the winter 
months; and the number caught all year round (C).

Yellowfin tuna and dorado are perhaps the most desired 
species for sport fishermen, although billfish are also desirable. 
Striped marlin are generally the earliest to arrive in the Gulf 
of California, and the sport catch can be dominated with this 
species (Figure 5) until yellowfin tuna and dorado arrive in 
summer time. With increased tuna and dolphinfish catch, a 
drop in marlin catch is observed. It is unlikely that the striped 
marlin population abruptly declines, but more likely that 
fishing effort has shifted to the tuna and dolphinfish. This is 
an example of why caution must be used in the interpretation 

of fisheries data. Sport fishermen generally prefer to fish tuna 
and dolphinfish while they are abundant. In the winter, we see 
more inshore species captured, such as sierra mackerel which 
is abundant in the cool winter water but disappears in warmer 
summer months. It is likely that peak snapper species catch 
coincides with fishing conditions that cause fishermen to fish 
near the rocks. For example, a drop in pelagic fish caught may 
indicate poor weather conditions or poor fishing, so fishermen 
revert to the dependable snapper species that can be caught in 
areas sheltered from poor weather. Seamounts are likely less 
important during the seasons of rough weather, indicating the 
need to consider the seasonality of fishing in any management 
strategy in the Gulf of California. 

Table 5: Other productive activities fishermen participate in.

Other Productive 
Activity

No. of Fishers - 
Punta Lobos

No. of Fishers- 
Punta Arenas

Agriculture 5 5

Cattle 1 3

Masonry 4 -

Accountant 2 1

Sports 3 -

Laborer 1 -

Government 2 -

Plumbing 1 -

Education 2 -

Tourism 2 8

Office Work 2 -

Blacksmithing - 2

Real Estate - 1

None 26 6

Science-based management of seamount ecosystems

An important issue is resolving that which is required to 
sustain the populations of fishes that reside at seamounts in the 
Gulf of California. Sorely needed is science-based management of 
seamount fish assemblages. Four major areas will need further 
study if we are to understand and better manage seamount 
ecosystems and their related fisheries, including:

1. Causation of productivity surrounding seamounts

We need to understand the nature of biological enhancement. 
Is the enhancement due to an accelerated rate of plankton drift 
over the seamount due to the increased flows through a confined 
space that supports a greater biomass of higher level consumers? 
This would occur when tidal flows dominate at a seamount. Or 
do continuous currents produce eddies or reverse flow, which 
trap phytoplankton in the lee of the seamount and support a 
greater biomass of zooplankton consumers. Is the biological 
enhancement entirely local in nature, is there importation 
of larvae of fishes or other members of the zooplankton from 
distant production centers [17,21].
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Scale of oceanographic processes impacting 
seamounts

The scale of the processes impacting seamounts must 
be understood. Satellite images of sea surface temperature 
and chlorophyll will provide a coarse-scale description of the 
spatial scale of the local enhancement caused by the seamount. 
Furthermore, satellite imagery can identify large scale eddies of 
a scale of >10km, which may originate elsewhere but eventually 
interact with the seamount [12,21]. A fine scale description 
of the flow interactions of currents with the seamount can be 
obtained by stationary arrays of hydrographic instruments or 
surveys carried out from research vessels [20,21]. 

Connectivity of species to seamounts

We need to know the tenure of residence of higher 
order consumers such as the billfishes (Istiophoridae), jacks 
(Carangidae), snappers (Lutjanidae), tunas (Scombridae), 
and sharks (Carangidae, Sphyrnidae) at these sites. There are 
summer and winter assemblages that occupy these seamounts 
(see Jorgensen et al. unpub data). Yet it is unknown how 
frequently these species move between seamounts during these 
two seasons. Where do members of the species go when they are 
not present at the seamount? There is a need to place ultrasonic 
listening stations at seamounts in the Gulf of California that 
would record the presence of the individuals, carrying coded 
ultrasonic tags [18]. These tags could be placed on individuals of 
pairs of species within both the summer and winter assemblages 
to ascertain whether species within the assemblages might 
immigrate or emigrate together in multi-species schools. Tag-
detecting arrays are currently being deployed at Cocos Island off 
Costa Rica, Malpelo Island off Colombia, and Wolf and Darwin 
Island of the Galapagos archipelago, in order to record whether 
pelagic fishes migrate in a corridor, consisting of offshore islands, 
in the Eastern Pacific Ocean. These arrays have been created 
with funds raised by Conservation International. We need to 
know the extent of the migrations of the species within these 
assemblages. Only then can we create an interlocking chain of 
managed reserves that would ensure that the populations of 
species remain robust in this region.

Socio-economic impact of ecosystem management on 
fishermen

Fisheries managers must be provided with rationale for 
protecting. Their decisions must be based on a science-based 
understanding of the relationship between fishes and seamounts 
as well as use of seamounts by fishermen. They must consider the 
economic significance of the seamounts to different segments of 
the population. This will require a cost-benefit analysis between 
commercial fishing and tourism activities [3,9].

We desire to see wise and efficient ecosystem-based 
management in the Gulf of California, and we believe that such 
management can only occur if we complete a science-based 
study focused on these specific areas concerning pelagic fishes 
and their associated fisheries [35-38].

Acknowledgement

We would like to thank Arturo Muhlia and the staff of 
CIBNOR, La Paz for years of collaboration and help with our 
projects. Felipe Galvan and his students at CICIMAR have aided 
with sampling throughout this study, as have the staff of Iemanya 
Oceanica, with special thanks to Luke Inman, Arturo Elizalde, 
Jorge Ramirez and Ofelia Escobar for trips to fishing camps. 
Chris Moyers and the staff of the East Cape Smokehouse in Los 
Barriles are the source of a wealth of information regarding 
sport fisheries and catch in the East Cape region and we thank 
them for providing us this information. Funding for this study 
was provided by the David and Lucille Packard Foundation, 
a UC MEXUS Dissertation Research Grant (Richert) as well as 
the Fulbright Fellowship Program (Jorgensen and Richert). 
The University of California Pacific Rim Research Program also 
provided preliminary funding in the early parts of this study.

References
1. Etnoyer P, Canny D, Mate B, Morgan L (2004) Persistent pelagic 

habitats in the Baja California to Bering Sea (B2B) Ecoregion. 
Oceanography 17(1): 90-101.

2. Hyrenbach KD, Forney KA, Dyton PK (2000) Marine protected areas 
and ocean basin management. Aquatic Conservation: Marine and 
Freshwater Ecosystems 10: 437-458.

3. Ditton RB, Stoll JR (2003) Social and economic perspective on 
recreational billfish fisheries. Marine and Freshwater Research 54(4): 
545-554.

4. Sala E, Aburto-Oropeza O, Reza M, Paredes G, Lopez-Lemus LG (2004) 
Fishing down coastal food webs in the Gulf of California. Fisheries 
29(3): 19-25. 

5. Maunder MN, Harley SJ (2006) Evaluating tuna management in the 
eastern Pacific Ocean. Bulletin of Marine Science 78(3): 593-606.

6. Pauly D, Christensen V, Dalsgaard J, Froese R, Torres F (1998) Fishing 
down marine food webs. Science 279(5352): 860-863.

7. Myers RA, Worm B (2003) Rapid worldwise depletion of predatory fish 
communities. Nature 423(6937): 280-283.

8. Sala E, Bourdesque CF, Hamelin-Vivien M (1998) Fishing, trophic 
cascades, and the structure of algal assemblages: evaluation of an old 
but untested paradigm. Oikos 83(3): 425-439.

9. Hernandez A, Kempton W (2003) Changes in fisheries management in 
Mexico: effects of increasing scientific input and public participation. 
Ocean and Coastal Management 46(6-7): 507-526.

10. Worm B, Lotze HK, Myers RA (2003) Predator diversity hotspots in the 
blue ocean. PNAS 100(17): 9884-9888.

11. Hubbs CL (1959) Initial discoveries of fish faunas on seamounts and 
offshore banks in the eastern Pacific. Pacific Science 13: 311-316.

12. Klimley AP, Butler SB (1988) Immigration and emigration of a pelagic 
fish assemblage to seamounts in the Gulf of California related to water 
mass movements using satellite imagery. Marine Ecology Progress 
Series 49: 11-20.

13. Klimley AP, Richert JE, Jorgensen SJ (2005) The home of blue water 
fishes. American Scientist 93: 42-49.

14. Roden GI (1987) Effect of seamounts and seamount chains on ocean 
circulation and thermohaline structure. In: Keating BH, Fryer P, Batiza 
R, Boehlert GW (Eds.), Seamounts, Islands and Atolls, Geophysical 
Monograph Series 43. American Geophysical Union, Washington, 
DC,USA, pp. 335-354.

http://dx.doi.org/10.19080/OFOAJ.2017.04.555634
https://mcbi.marine-conservation.org/publications/pub_pdfs/Etnoyer_et_al_2004.pdf
https://mcbi.marine-conservation.org/publications/pub_pdfs/Etnoyer_et_al_2004.pdf
https://mcbi.marine-conservation.org/publications/pub_pdfs/Etnoyer_et_al_2004.pdf
http://daytonlab.ucsd.edu/Publications/Hyrenbachetal00.pdf
http://daytonlab.ucsd.edu/Publications/Hyrenbachetal00.pdf
http://daytonlab.ucsd.edu/Publications/Hyrenbachetal00.pdf
http://www.ots.ac.cr/bnbt/25254.html
http://www.ots.ac.cr/bnbt/25254.html
http://www.ots.ac.cr/bnbt/25254.html
http://www.tandfonline.com/doi/abs/10.1577/1548-8446(2004)29%5B19%3AFDCFWI%5D2.0.CO%3B2
http://www.tandfonline.com/doi/abs/10.1577/1548-8446(2004)29%5B19%3AFDCFWI%5D2.0.CO%3B2
http://www.tandfonline.com/doi/abs/10.1577/1548-8446(2004)29%5B19%3AFDCFWI%5D2.0.CO%3B2
http://www.ingentaconnect.com/contentone/umrsmas/bullmar/2006/00000078/00000003/art00012
http://www.ingentaconnect.com/contentone/umrsmas/bullmar/2006/00000078/00000003/art00012
http://science.sciencemag.org/content/279/5352/860
http://science.sciencemag.org/content/279/5352/860
http://faculty.wwu.edu/~shulld/ESCI%20432/Myers&Worm2003.pdf
http://faculty.wwu.edu/~shulld/ESCI%20432/Myers&Worm2003.pdf
http://cat.inist.fr/?aModele=afficheN&cpsidt=14891038
http://cat.inist.fr/?aModele=afficheN&cpsidt=14891038
http://cat.inist.fr/?aModele=afficheN&cpsidt=14891038
http://www.pnas.org/content/100/17/9884.abstract
http://www.pnas.org/content/100/17/9884.abstract
http://hl-128-171-57-22.library.manoa.hawaii.edu/bitstream/10125/8089/1/vol13n4-311-316.pdf
http://hl-128-171-57-22.library.manoa.hawaii.edu/bitstream/10125/8089/1/vol13n4-311-316.pdf
http://www.int-res.com/articles/meps/49/m049p011.pdf
http://www.int-res.com/articles/meps/49/m049p011.pdf
http://www.int-res.com/articles/meps/49/m049p011.pdf
http://www.int-res.com/articles/meps/49/m049p011.pdf
http://biotelemetry.ucdavis.edu/papers/amsci(2005)93_42-49.pdf
http://biotelemetry.ucdavis.edu/papers/amsci(2005)93_42-49.pdf
http://onlinelibrary.wiley.com/doi/10.1029/GM043p0335/summary
http://onlinelibrary.wiley.com/doi/10.1029/GM043p0335/summary
http://onlinelibrary.wiley.com/doi/10.1029/GM043p0335/summary
http://onlinelibrary.wiley.com/doi/10.1029/GM043p0335/summary
http://onlinelibrary.wiley.com/doi/10.1029/GM043p0335/summary


How to cite this article: Richert John E, Salvador J J, James T K, Laleh M, Peter Klimley A.The Importance of Pinnacles and Seamounts to Pelagic Fishes 
and Fisheries off the Southern Baja California Peninsula. Oceanogr Fish Open Access J. 2017; 4(2): 555644. DOI: 10.19080/OFOAJ.2017.04.555634.0018

Oceanography & Fisheries Open access Journal

15. Boehlert GW, Genin A (1987) A review of the effects of seamounts on 
biological processes. In: BH Keating, Fryer P, Batiza R, Boehlert GW 
(Eds.), Seamounts, Islands and Atolls, Geophysical Monograph Series 
43. American Geophysical Union Washington, DC, USA, pp. 319-344.  

16. Dower JF, Mackas DL (1996) Seamount effects in the zooplankton 
community near Cobb seamount. Deep-Sea Research 43: 837-858.

17. Gonzalez-Armas R (2002) Agregacion de larvas de peces en El Bajo 
Espiritu Santo en el Golfo de California, sus cambios en los patrones de 
distribucion y los procesos oceanograficos que los influyen. Doctoral 
Dissertation, CIBNOR, La Paz.

18. Klimley AP, Jorgensen SJ, Muhlia-Melo A, Beavers SC (2003) The 
occurrence of yellowfin tuna (Thunnus albacares) at Espiritu Santo 
Seamount in the Gulf of California. Fishery Bulletin 101(3): 684-692.

19. Muhlia-Melo A, Klimley AP, Gonzalez-Armas R, Jorgensen SJ, Trasvina-
Castro A, et al. (2003) Pelagic fish assemblages at the Espiritu Santo 
seamount in the Gulf of California during El Nino 1997-1998 and non-
El Nino conditions. Geofisica Internacional 42(3): 473-481.

20. Amador-Buenrostro A, Trasviña-Castro A, Muhlia-Melo A, Argote-
Espinoza ML (2002) Structure of the flow on the EBES seamount and 
the Farallon basin in the Gulf of California. Geofísica Internacional 42: 
407-418.

21. Trasviña-Castro A, Gutierrez de Velasco G, Valle-Levinson A, González-
Armas R, Mulhia A, et al. (2003) Hydrographic observations of the 
flow in the vicinity of a shallow seamount top in the Gulf of California. 
Estuarine and Coastal Shelf Science 57(1): 149-162.

22. Muhlia-Melo A (1996) Interactions of tunas and big pelagic fishes 
among sport and commercial fisheries in Mexican waters of the Pacific 
Ocean. FAO Fisheries Technical Paper 365: 241-250.

23. Klimley AP (1993) Highly directional swimming by scalloped 
hammerhead sharks, Sphyrna lewini, and subsurface irradiance, 
temperature, bathymetry, and geomagnetic field. Marine Biology 
117(1): 1-22.

24. Bischoff JL, Niemitz JW (1980) Bathymetric maps of the Gulf of 
California. U.S. Geological Survey, Miscellaneous Investigations Series, 
Map I-1244. 1: 440-649. 

25. Fish-n-Map (1999) Sea of Cortez charts- south. Loreto to Cabo San 
Lucas. 

26. Fisher RL, Rusnar GA, Shepard FP (1964) Submarine topography of 
the Gulf of California. Marine Geology of the Gulf of California, Chart 1. 
Scripps Institution of Oceanography, USA. 

27. Instituto Nacional de Estadística Geografìa e Informática (INEGI) 
(1988) Carta batimétrica, Islas Revillagigedo. Dirección General de 
Geografía, Mexico, DF, USA, 1:1 000 000.

28. Lonsdale P (1984) Geology and tectonic history of the Gulf of California. 
Unpubl Manuscript, Scripps Institution of Oceanography, USA. 

29. Secretaría de Programación y Presupuesto (SPP) (1982) Carta 
batimétrica, Golfo de California. Dirección General de Geografía, 
Mexico, DF, USA, 1:1 000 000. 

30. Shepard FP (1964) Submarine canyons and troughs around the 
southern end of Baja California, Chart I. Marine Geology of the Gulf of 
California. American Association of Petroleum Geologists, USA.

31. SIG-UABCS (1996) Carta isobatimétrica de los márgenes continentales 
del noroeste de México. Unpublished Map, Universidad Autonoma de 
Baja California Sur, La Paz, Mexico, USA. 

32. Torres-Orozco E (1993) Análisis volumétrico de las masas de agua del 
Golfo de California. Tesis de Maestría. Centro de investigación Científica 
y Educación Superior de Ensenada, Ensenada Baja California, USA.

33. Rogers AD (1994) The Biology of Seamounts. Advances in Marine 
Biology 30: 305-349.

34. Sala E, Aburto-Oropeza A, Paredes G, Thompson G (2003) Spawning 
aggregations and reproductive behavior of reef fishes in the Gulf of 
California. Bulletin of Marine Science 72: 103-121.

35. Aceves-Medina G, Jimenez-Rosenberg P, Hinojosa-Medina A, Funes-
Rodriguez R, Saldierna-Martinez RJ, et al. (2003) Fish larvae from the 
Gulf of California. Scientifica Marina 67(1): 1-11.

36. Kohler NE, Turner PA (2001) Shark tagging: a review of conventional 
methods and studies. Environmental Biology of Fishes 60(1-3): 191-
224.

37. Sladek JN, Roberts CM (1996) Protecting biodiversity and sustaining 
fisheries with marine fishery reserves. Bulletin of the Ecological 
Society of America 77: 329.

38. Yuen HSH (1970) Behavior of skipjack tuna, Katsuwonus pelamis, as 
determined by tracking with ultrasonic devices. Journal of Fisheries 
Research Bd Can 27(11): 2071-2079.

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                      Track the below URL for one-step submission 
             https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 Licens
DOI: 10.19080/OFOAJ.2017.04.555634

http://dx.doi.org/10.19080/OFOAJ.2017.04.555634
http://onlinelibrary.wiley.com/doi/10.1029/GM043p0319/summary
http://onlinelibrary.wiley.com/doi/10.1029/GM043p0319/summary
http://onlinelibrary.wiley.com/doi/10.1029/GM043p0319/summary
http://onlinelibrary.wiley.com/doi/10.1029/GM043p0319/summary
http://ci.nii.ac.jp/naid/80009206594/
http://ci.nii.ac.jp/naid/80009206594/
http://spo.nmfs.noaa.gov/content/occurrence-yellowfin-tuna-thunnus-albacares-espiritu-santo-seamount-gulf-california
http://spo.nmfs.noaa.gov/content/occurrence-yellowfin-tuna-thunnus-albacares-espiritu-santo-seamount-gulf-california
http://spo.nmfs.noaa.gov/content/occurrence-yellowfin-tuna-thunnus-albacares-espiritu-santo-seamount-gulf-california
http://www.geofisica.unam.mx/unid_apoyo/editorial/publicaciones/investigacion/geofisica_internacional/anteriores/2003/03/muhlia.pdf
http://www.geofisica.unam.mx/unid_apoyo/editorial/publicaciones/investigacion/geofisica_internacional/anteriores/2003/03/muhlia.pdf
http://www.geofisica.unam.mx/unid_apoyo/editorial/publicaciones/investigacion/geofisica_internacional/anteriores/2003/03/muhlia.pdf
http://www.geofisica.unam.mx/unid_apoyo/editorial/publicaciones/investigacion/geofisica_internacional/anteriores/2003/03/muhlia.pdf
http://adsabs.harvard.edu/abs/2003ECSS...57..149T
http://adsabs.harvard.edu/abs/2003ECSS...57..149T
http://adsabs.harvard.edu/abs/2003ECSS...57..149T
http://adsabs.harvard.edu/abs/2003ECSS...57..149T
http://www.fao.org/docrep/003/W3628E/w3628e0j.htm
http://www.fao.org/docrep/003/W3628E/w3628e0j.htm
http://www.fao.org/docrep/003/W3628E/w3628e0j.htm
https://link.springer.com/article/10.1007/BF00346421
https://link.springer.com/article/10.1007/BF00346421
https://link.springer.com/article/10.1007/BF00346421
https://link.springer.com/article/10.1007/BF00346421
https://pubs.er.usgs.gov/publication/i1244
https://pubs.er.usgs.gov/publication/i1244
https://pubs.er.usgs.gov/publication/i1244
https://maps4u.com/products/sea-of-cortez-charts-south-loreto-to-cabo-san-lucas
https://maps4u.com/products/sea-of-cortez-charts-south-loreto-to-cabo-san-lucas
https://www.sciencebase.gov/catalog/item/50579758e4b01ad7e0284933
https://www.sciencebase.gov/catalog/item/50579758e4b01ad7e0284933
https://www.sciencebase.gov/catalog/item/50579758e4b01ad7e0284933
http://scimar.icm.csic.es/scimar/pdf/67/sm67n1001.pdf
http://scimar.icm.csic.es/scimar/pdf/67/sm67n1001.pdf
http://scimar.icm.csic.es/scimar/pdf/67/sm67n1001.pdf
https://link.springer.com/article/10.1023/A:1007679303082
https://link.springer.com/article/10.1023/A:1007679303082
https://link.springer.com/article/10.1023/A:1007679303082
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.611.6423&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.611.6423&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.611.6423&rep=rep1&type=pdf
https://juniperpublishers.com/online-submission.php
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.19080/OFOAJ.2017.04.555634
http://dx.doi.org/10.19080/OFOAJ.2017.03.555622

	Title
	Abstract 
	Keywords
	Introduction
	Materials and Methods
	Identification and description of topographic features
	Description of pelagic fish assemblages
	Survey of fishing camps and ports

	Results
	Seamount inventory 
	Seasonal abundance of pelagic species
	Socio-economic importance of seamounts

	Discussion
	Seamount definition
	Seamount inventory
	Seasonal abundance of pelagic species
	Socio-economic importance of seamounts 
	Science-based management of seamount ecosystems

	Scale of oceanographic processes impacting seamounts 
	Connectivity of species to seamounts
	Socio-economic impact of ecosystem management on fishermen

	Acknowledgement
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

