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Conservation was made up by politicians who drive big cars
and have never experienced hunger.

—a retired fisherman from Laguna San Ignacio

as quoted by Dedina (2000: 105)

M angroves occur throughout the tropics, along
shallow seashores protected from waves
(Chapman 1976; Tomlinson 1986; Hogarth 1999).
They grow in mud and other nonrocky substrates
inundated during high tide. To cope with their en-
vironment (e.g., anoxic soil conditions and excess
salt), they have developed a variety of morphologi-
cal and physiological adaptations. For example,
some mangroves have aerial roots for gas ex-
change, or they may actively secrete sodium chlo-
ride through salt glands in the leaves. Hydrological
and edaphic conditions in mangrove ecosystems

prevent all but a few other plant species from invad-
ing (Lugo 1998).

Mangroves do not constitute a discrete taxo-
nomic group. Instead, the world’s mangrove vege-
tation is the product of amazing convergence, prob-
ably due to biogeochemical and climatic factors and
is hypothesized to have had at least 16 separate
evolutionary origins (Duke 1995; Hogarth 1999).
Based on mangrove species richness and composi-
tion, the world’s tropics can be divided into 2 zones.
The eastern zone (East Africa, India, southeastern
Asia, Australia, and the western Pacific) shows a
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greater diversity of mangrove species than the west-
ern zone (West Africa, South, Central, and tropical
North America; Tomlinson 1986).

In the tropics, characterized by an abundance of
rainfall and fresh water, mangrove trees can reach
a height of 30-40 m (Tomlinson 1986). They rep-
resent the dominant plant form in many coastal
areas (e.g., Kunstadter et al. 1986) and often form
forestlike communities several kilometers wide or
more (Tomlinson 1986). Mangroves of the tropics
are among the most productive ecosystems in the
world (Farnsworth et al. 1996; Jennerjahn and
Venugopalan 2002), providing not only habitat
(Acosta and Butler 1997; Aliaume et al. 1997; Acosta
1999) but also nutrients—in the form of detritus—
for a large number of organisms. Protozoa, diatoms,
and phototrophic cyanobacteria, the latter forming
dense mats up to 25 cm thick, all thrive in mangrove
ecosystems (Lopez-Cortez 1991; Toledo et al. 1995;
Sigueiros-Beltrones and Morzari 1999) and consti-
" tute the basis of highly complex food webs (Day
and Yaifiez-Arancibia 1985; Yafiez-Arancibia et al.
1993, 1994; Kaly and Jones 1998; Skilleter and
Warren 2000; Holguin et al. 2001). Mangroves
benefit human populations through their high pro-
ductivity, and by also protecting coastal areas from
storms and erosion (Menéndez et al. 1994).

In this chapter we discuss the ecological impor-
tance and conservation status of mangroves in Baja
California Sur (hereafter BCS). In western North
America, mangroves reach the northern edge of
their distribution in coastal Sonora and along both
sides of the Baja California peninsula (Turner et al.
1995). In this region, they grow under suboptimal
conditions, and mangrove communities are far less
extensive than in many parts of the tropics. They
have been described for BCS or elsewhere in north-
western Mexico in a number of botanical works
(e.g., Wiggins 1980; Le6n de la Luz and Coria-Benet
1992; Turner et al. 1995; Felger et al. 2001). By
comparison, however, little has been published on
their associated fauna. Here, we place on record, as
a basis for future research, lists of macroinvertebrate
and vertebrate species inhabiting or regularly visit-
ing BCS mangrove ecosystems. Despite being less
extensive than in the tropics, BCS mangroves per-
form an important ecological role by sustaining a
rich macrofauna, providing spawning/nursery habi-
tat for many offshore species, and as a nutrient source
for coastal ecosystems. Mangrove conservation is
an important priority in Mexico. According to
Herrera-Silveira and Ceballos-Cambranis (2000),
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Mexico lost 65% of its mangrove communities be-
tween 1972 and 1992 due to direct exploitation and
agricultural and urban development.

Distribution of Mangroves
in Baja California Sur

Based on 1994 estimates, Mexico has 488,367 ha
of mangrove vegetation, 12,120 ha (2.5%) of which
are on the Baja California peninsula (Loza 1994).
Stands of mangroves, sometimes referred to as
“mangals” (Tomlinson 1986), or in northwestern
Mexico as “manglares,” are found in isolated coves,
lagoons, and esteros of both sides of the peninsula
(figs. 15.1-15.6). As in northwestern mainland
Mexico, they occur in protected, shallow-water
habitats that drain and fill daily. They do not tol-
erate stagnant water and soon perish if cut off from
tidal circulation (e.g., Felger et al. 2001). Along the
eastern (Gulf of California) side of the peninsula,
mangroves are distributed from the Cape Region
north to small islands in Bahia de Los Angeles (e.g.,
Isla Smith) in the state of Baja California. On the
western (Pacific) side, mangroves have a more lim-
ited range. The northern limit of their distribution
is near Laguna San Ignacio in BCS (Brusca 1975;
Roberts 1989; Danemann and Carmona 1993; Leén
dela Luz et al. 1995; Turner et al. 1995; Peterson
1998; Williams and Williams 1998).

Mangroves of BCS occur mainly in § coastal
areas, referred to here as zones (fig. 15.1). The 3
most extensive mangrove ecosystems of the state are
found in the Laguna San Ignacio complex (Zone I)
and at Bahia Magdalena and adjacent shores
(Zone II) along the Pacific coast; and along Bahia
de la Paz (Zone IV) on the Gulf side.

Zone I (fig. 15.2) is centered on Laguna San
Ignacio, located between 26°43' and 26°58' N, and
113°08' and 113°16' W. In the vicinity of Laguna
San Ignacio are 3 other important locations: Estero
la Bocana (also known as Pond Lagoon), Estero el
Coyote (or Laguna la Escondida), and Estero San
Juan. Traditionally, these 3 additional areas are
grouped with Laguna San Ignacio to form what is
referred to as the “San Ignacio complex.”

Zone II (fig. 15.3) is centered on Bahia Magdalena.
Together with adjacent coastal areas (e.g., Bahia Al-
mejas), Bahia Magdalena forms a 240 km-long com-
plex of bays and lagoons. It is often described as the
“Chesapeake of the Pacific,” due to its extensive size,
beauty, and ecosystem dynamics (Dedina 2000: 12.5).



300 Patterns of Species Diversity and Ecological Importance of Natural Ecosystems
114° 112° 110°
N
y A
)
_53
& -
(o]
v [¥3
< N
-
o"
%
L d
k4
N B
i
tl@
60 0 60 120 Kilometers e
o ——

1140 1120

1100

Figure 15.1. Baja California Sur, with the S coastal zones harboring

notable mangrove stands.

The outer, ocean-facing shore is formed by 6 narrow
islands, the largest of these being Isla Magdalena and
Isla Margarita. Mangrove stands are spaced irregu-
larly along almost 160 km of the coastline. Particu-
larly important is the northern half of the Bahia
Magdalena area (Boca Las Animas south to Boca La
Soledad), where the stands occur almost continuously.
Local natural resources support a fishing economy in
the town of Puerto San Carlos (or San Carlos).

On the eastern coast of BCS, the largest man-
grove areas are found in Zone IV (fig. 15.4), occu-
pied by Bahia de la Paz. Mangroves are found along
the southern end of the bay, including on the pen-
insula of El Mogote and along Ensenada de Aripes
(also called Ensenada de La Paz). Some offshore
islands have extensive and pristine mangrove
stands, including at Bahia San Gabriel (24°27" N,
110°22' W) on Isla Espiritu Santo, and at Bahia

Amortajada (24°53' N, 110°35' W) on Isla San José.
Across Ensenada de Aripes from El Mogote is the
capital city of BCS La Paz, with its nearly 200,000
residents (INEGI 2001).

The Cape Region (Zone I1I, fig. 15.5) has less ex-
tensive, more discontinuous mangrove vegetation.
Several isolated mangrove stands can be found be-
tween Todos Santos (23°26' N, 110°14' W) and
Estero Migrifio (23°00" N, 110°06' W) on the Pacific
coast, and at Punta Colorada (23°30' N, 109°30' W).

Zone V (fig. 15.6) along the Gulf side of BCS,
has only isolated mangrove pockets, most notably
at Bahia Concepcién and along Bahia de Loreto.
Bahia Concepcién (between 26°33' and 26°53' N
and 111°42' and 111°56' W) has at least 8 small
coves (e.g., Ensenada Morgan) with mangrove stands,
none of which covers more than a few hectares. These
mangrove stands are separated from one another
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Figure 15.2. Mangrove distribution in Baja California Sur: Zone I, San
Ignacio complex. Dots represent verified mangrove stands based either on
on-site verification, photographic interpretation, or herbarium specimens.
The shaded areas represent potential mangrove areas based on carto-
graphic interpretation. Map generated using the Lambert Conformal
Conic Projection. Cartographic source: INEGI 1:250,000 and 1:50,000;
photographic source: INEGI 1:75,000. Map prepared by P. Gonzilez and

G. Arredondo, September 2002.

by a mean distance of 14 km, with 44 km repre-
senting the maximum distance between 2 stands
(Whitmore et al. 2000). Several mangrove stands
occur along Bahia de Loreto, including on Isla Dan-
zante (25°47' N, 111°15' W) and Isla Monserrat
(25°40' N, 111°03' W).

Vascular Plants

Worldwide, the northern distributional limit of
mangroves is determined by reduced air and sea

temperatures (Tomlinson 1986). In northwestern
mainland Mexico, for example, this distributional
limit coincides with occasional freezing weather
(Felger and Moser 1985; Turner et al. 1995; Felger
et al. 2001). Aridity is also believed to play an im-
portant role in limiting the establishment of man-
groves, albeit only indirectly. Many mangroves are
chiefly estuarine species growing in brackish waters.
However, along arid coastal areas, freshwater run-
off and river flow are minimal. The salt content of
tidal waters is higher in arid regions than in wetter
climates, and soils are typically poor and offer fewer



302 Patterns of Species Diversity and Ecological Importance of Natural Ecosystems
112°30" 112°00° 111°30'
8 3
% -0
& Boca Santo Domingo S
Boca La Soledad
N
P 2
o Q
“
Yo
,A
7
N
5 b
& 8
10 Q 10
11230 112°00° 111°30

Figure 15.3. Mangrove distribution in Baja California Sur: Zone II,

Bahia Magdalena area. Dots represent verified mangrove stands based
either on on-site verification, photographic interpretation, or herbarium
specimens. The shaded areas represent potential mangrove areas based
on cartographic interpretation. Map generated using the Lambert
Conformal Conic Projection. Cartographic source: INEGI 1:250,000
and 1:50,000; photographic source: INEGI 1:75,000. Map prepared by
P. Gonzilez and G. Arredondo, September 2002.

mineral nutrients for the growth of mangroves
(Chapman 1976; Tomlinson 1986). In sum, man-
groves grow under suboptimal conditions in areas
with dry climates. As a result of the arid regional
climate, mangroves in northwestern Mexico occur in
strictly tidal saltwater, with the exception of 2 loca-
tions (Mulegé and Loreto) in BCS. Along esteros and
some shallow bays (e.g., the inner coast of El Mogote
in Bahfa de la Paz), tidal waters are hypersaline.

At the landscape level, BCS mangrove communi-
ties constitute a relatively narrow and discontinuous
band of desert-fringe vegetation. Individual plants

consist typically of arborescent shrubs or small trees
(Le6n de la Luz and Coria-Benet 1992). Species di-
versity of mangroves in northwestern Mexico is low,
as is the case for mangroves in arid regions elsewhere
in the world. Three species dominate the mangrove
vegetation nearly everywhere in BCS: red mangrove
(Rbizophora mangle, Rhizophoraceae), black man-
grove (Avicennia germinans, Avicenniaceae), and
white mangrove (Laguncularia racemosa, Combre-
taceae). Overlapping zonation within the mangroves
is pronounced and similar to that in Sonora (e.g.,
Felger et al. 2001): red mangrove extends into deep-
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Figure 15.4. Mangrove distribution in Baja California Sur: Zone 1V,
Bahia de La Paz area. Dots represent verified mangrove stands based
cither on on-site verification, photographic interpretation, or herbarium
specimens. Map generated using the Lambert Conformal Conic Projec-
tion. Cartographic source: INEGI 1:250,000 and 1:50,000; photographic
source: INEGI 1:75,000. Map prepared by P. Gonzélez and

G. Arredondo, September 2002.

est water (the seaward zone), and black mangrove
reaches maximum density in the shallowest water
(landward zone); white mangrove reaches maximum
density between the peak zones of the other 2. On
the Pacific coast, the black mangrove extends its dis-
tribution north only to the Bahia Magdalena area.
Farther north, such as at Laguna San Ignacio, stands
of mangrove vegetation consists only of red and white
mangrove (Centro de Investigaciénes Biologicas de
Baja California Sur 1994).

A fourth mangrove species, buttonwood man-
grove or mangle botoncillo (Conocarpus erecta;
Combretaceae), occurs chiefly in the form of indi-

vidual plants distributed sparsely at several locations
of BCS. In the tropics, this species may grow as a tree,
often reaching 15 m in height and forming thick
stands. At Ensenada El Meztefio (24°31' N, 110°19'
W) on Isla Espiritu Santo, buttonwood mangrove
occurs as the only pure stand of this species on the
peninsula. The buttonwood mangrove stand in this
cove consists of 50-60 shrubby plants 2.5-3 m tall
at the edge of a salt flat (J. Ledn de la Luz, pers. obs.).

Red mangroves are characterized in part by arch-
ing “prop roots” descending from branches and
stems, leathery leaves that are nearly opposite and
decussate, wind-pollinated flowers, and viviparous
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Figure 15.5. Mangrove distribution in Baja California Sur: Zone III,
Cape Region. Dots represent verified mangrove stands based either on
on-site verification, photographic interpretation, or herbarium speci-
mens. Map generated using the Lambert Conformal Conic Projection.
Cartographic source: INEGI 1:250,000 and 1:50,000; photographic
source: INEGI 1:75,000. Map prepared by P. Gonzilez and

G. Arredondo, September 2002.

fruits (e.g., Leén de la Luz and Coria-Benet 1992;
Felger et al. 2001). The bark, and to a lesser extent,
the leaves, have a high tannin content. Red mangrove
is used traditionally for tanning hides, but also as fuel
wood and construction material for covachas (shel-
ters). It is used to treat a number of ailments, includ-
ing leprosy, fever, and sore throat (Leén de la Luz
and Coria-Benet 1992). The Seri people, who live
along the central Sonora coast, collected the drift-
wood as firewood and the roots to make a black dye.
They also have used the fruits (enlarged embryos) in
a variety of ways, for example to make a tea as a
remedy for dysentery or, once roasted, to consume
as food (Felger and Moser 1985).

Black mangrove is widespread in the western
mangrove zone of the tropics, where it may reach a
height of 25 m (Felger et al. 2001). In BCS—and
elsewhere in northwestern Mexico—it reaches 6 m
in height (Leén de la Luz and Coria-Benet 1992).
Its root system includes subterranean cable roots,
from which both anchoring roots and pneumato-
phores arise. The flowers produce nectar that is
highly fragrant, especially at night (Felger et al.
2001). The fruits are viviparous. Black mangrove
is used traditionally for tanning hides (Leén de la
Luz and Coria-Benet 1992), and the Seris prized the
wood for the curved ribs of their boats and used the
driftwood for building fires (Felger and Moser 1985).
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Figure 15.6. Mangrove distribution in Baja California Sur: Zone V,
Bahia Concepcién/ Bahia de Loreto area. Dots represent verified man-
grove stands based either on on-site verification, photographic interpreta-
tion, or herbarium specimens. Map generated using the Lambert
Conformal Conic Projection. Cartographic source: INEGI 1:250,000 and
1:50,000; photographic source: INEGI 1:75,000. Map prepared by P.
Gonzilez and G. Arredondo, September 2002.

White mangrove has shallow, horizontal roots
and pneumatophores. The flowers, which appear
from July to October in BCS (Leén de la Luz and
Coria-Benet 1992), are visited by bees in the trop-
ics (Felger et al. 2001). The Seris made use of the
wood for boat paddles, harpoon shafts, and house
posts and beams and used the leafy branches for
roofing (Felger and Moser 1985).

A halophytic or salt-scrub vegetation is associated
with mangroves, usually on the landward side. It is
made up of highly predictable species of perennial
saltgrasses (Jouvea pilosa, Monanthochloe littoralis,

Sporobolus virginicus), perennial halophytic shrubs
(e.g., Allenrolfea occidentalis, Maytenus phyllan-
thoides, Salicornia subterminalis, Suaeda nigra), and
other halophytes (e.g., Atriplex barclayana, Batis mari-
tima, Heliotropium curassavicum, Salicornia bigelovii,
S. virginicus, Sesuvium portulacastrum). Extensive
undersea meadows of Zostera marina occur near the
mangrove stands in Bahia Magdalena (Ramirez-
Garcia and Lot 1994), and substantial quantities of
this seagrass may seasonally wash into the mangroves.
Stranded pieces of the seagrass often become entangled
in the mangrove branches. Another seagrass, Ruppia
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maritima (Ruppiaceae), sometimes occurs in shallow
water adjacent to mangrove stands—for example, at
El Mogote (Bahia de La Paz) and Bahia Concepcién
(Ramirez-Garcia and Lot 1994).

Macrofauna of Baja California
Sur Mangroves

Baja California Sur mangroves and adjacent inter-
tidal and subtidal waters provide habitat and nutri-
ents for a large number of organisms, both terrestrial
and marine. Habitats provided or strongly influenced
by mangroves include their canopy and roots, soil
surface, and tidal waters. Use of mangroves by birds
and sea turtles has been fairly well documented. The
inventory of macroinvertebrates, fish, and mammals
remains incomplete. With the exception of some
dipterans (biting midges and mangrove flies; Cheng
and Hogue 1974), we are not aware of any published
information on terrestrial or flying arthropods of
BCS mangroves. Some of these are important, such
as the insects pollinating black mangrove.

Biting Midges and Mangrove Flies
(Order: Diptera)

Cheng and Hogue (1974) documented the presence
of several dipterans associated with mangroves and
adjacent mudflats in BCS. The mosquito Deirno-
cerites mcdonaldi Belkin & Hogue (family Culi-
cidae) breeds in the burrows of 2 land crab species,
Cardisoma crassum and Sesarma sulcatum (see
table 15.1). The infamous jejene Culicoides furens
(Poey) is a common biting midge in the family Cerato-
pogonidae. It breeds around the aerial roots of
black mangrove, in mud and burrows of S. sulcatum.
Three other species, Megaselia minutior Borgmeier
(Phoridae), Dasyhelea sp. (Ceratopogonidae), and
Smittia sp. (Chironomidae), have been collected in
emergence traps set on muddy flats around the aerial
roots of black mangrove (Cheng and Hogue 1974).

Intertidal and
Subtidal Macroinvertebrates

We present a list of all the (named) macroinverte-
brates recorded from mangrove-lined lagoons, es-
teros, and coves on the Gulf side of BCS, including
offshore islands (table 15.1). We are not aware of
any other published compilation of mangrove-
associated macroinvertebrates for any part of the
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Baja California peninsula. In addition to the de-
scribed (named) invertebrate fauna of the Gulf of
California, there is a large undescribed fauna (Brusca
et al. [chapter 9] estimate that less than half of the
Gulf macroinvertebrates have been described). In par-
ticular, there are easily a dozen or more species of
sponges (Porifera) and of tunicates (Urochordata)
that are common in mangrove-lined waters of BCS.
Of these, however, most are undescribed species.

The intertidal and subtidal macroinvertebrate
fauna associated with BCS mangroves is diverse.
Most species are intertidal, but some live in the per-
manent, subtidal channels of the mangrove lagoons.
Our compilation lists 214 taxa, 15 of which occur
only in association with rocky substrate near man-
groves. Among the 214 taxa are 71 crustaceans, 63
bivalves (class Pelecypoda), 38 gastropods, 14 poly-
chaete annelids, 6 echinoderms, 5 cnidarians (sea
anemones), 5 sponges, 4 chordates (3 tunicates and
1 cephalochordate/amphioxus), 3 polyplacophorans
(chitons), 3 ectoprocts (bryozoans), 1 nemertean,
and 1 sipunculan (peanut worm). Tunicates and
sponges dominate communities living on the roots
of mangroves (i.e., the mangrove root microhabi-
tat), whereas crustaceans and molluscs dominate
the remaining habitats. Crustaceans and bivalves
are not only diverse in these communities, but they
also dominate the biomass. Virtually all of the bi-
valves are suspension feeders, attesting to the high
productivity that characterizes these detritus-based
ecosystems. Crustaceans are a mix of algal grazers,
scavengers, and predators, as are the gastropods. The
annelids are a mix of suspension-feeders and preda-
tors. Included in the list are 3 frequently seen visitors
to coastal lagoons, species that live offshore in subtidal
waters but occasionally break free in storm surge to
be carried into mangrove embayments, where they can
live for many weeks, rolling about with tides: Zoobo-
tryon verticillatum (the gelatinous “spaghetti bryo-
zoan,” which may also grow on pier pilings in coastal
lagoons), Cliona cf. chilensis (the “barrel sponge,” also
known as Pseudosuberites pseudos), and the bright
orange Aplidium sp. (the colonial “ball ascidian”).

The mangrove embayments of BCS also provide
important refugia for young of the commercially
valuable penaeid shrimps of the southern portion
of the Gulf of California. Penaeid shrimps use these
habitats as nursery grounds, migrating into them
subsequent to their offshore planktonic larval phase.
When they reach the juvenile or subadult stage, they
migrate offshore once again. Loss of mangrove and
other coastal lagoon habitats thus reduces the area
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The Ecological Importance of Mangroves in Baja California Sur

that is critical to the life history of this commercially
important invertebrate (Brusca 1980).

The grapsid crab Goniopsis pulchra has a wide
distribution that includes both coasts of BCS and the
eastern side of the Gulf (Brusca 1980). This bright-
red semiterrestrial crab is distributed throughout
the intertidal zone, and it is abundant in mangrove
swamps of the middle and southern Gulf of Califor-
nia. At least in Sonora, G. pulchra is the primary
herbivore of mangrove propagules that reach the
swamp floor. In a study in 3 mangrove communities
in Sonora, C. McIvor and A. L. Robertson (Charles
Sturt University, Wagga Wagga, New South Wales,
Australia, unpubl. data) determined that this crab fed
preferentially on the propagules of black mangrove
(Avicennia) when offered those in equal abundance
to red mangrove (Rhizophora) propagules. Neverthe-
less, when only red mangrove propagules were sea-
sonally available, 8—40% of those propagules tethered
were rendered nonviable for germination (growing tip
removed, more than 50% of propagule consumed, or
propagule pulled down a burrow) in less than 20 days.
Preferential consumption of some as opposed to other
species of mangrove propagules is believed to have
ramifications for mangrove structure and zonation
(e.g., Smith et al. 1989; Smith 1992).

In Sonora, G. pulchra took tethered propagules
down their burrows for consumption when pos-
sible; otherwise they grazed on this food source
during ebb tides on the swamp floor. Mangrove
herbivory by grapsid crabs of this and other genera
has been repeatedly identified, especially in the Indo-
West Pacific biogeographic realm, as an alternative
pathway of carbon and organic matter processing to
detritivory in mangrove ecosystems (e.g., Robertson
1991). In the infrequently flooded high intertidal
zone (Robertson and Daniel 1989) and in poorly
flushed basin forests (Twilley 1985), crab herbivory
probably results in increased retention of mangrove
organic matter within the swamp and thus lowered
export. In lower intertidal zones subject to frequent
tidal flooding, however, herbivorous crabs (or other
invertebrates) are consumed by fish and turtles, and
mangrove production is directly transferred out of
the swamp to the adjacent coastal ecosystem.

Fish

Fishes are important inhabitants of mangrove waters
around the world. Members of several groups such
as gobies (Gobiidae) and mojarras (Gerreidae) occur
in these areas for most or all of their lives, while
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others are temporary inhabitants as adplts, juve- -
niles, or both. Mangrove ecosystems are thus im-
portant for many tropical fishes (Blaber 1997), and
this is true in particular with respect to the man-
groves of BCS.

A detailed compilation of the fish fauna associ-
ated with BCS mangrove waters has not been pub-
lished, although the fishes of several of the larger
bays of the state that include mangroves have been
extensively surveyed and recently summarized by
Galvdn-Magaiia et al. (2000). The most extensively
studied systems are Bahia de La Paz (Abitia-
Cérdenas et al. 1994; Castro-Aguirre and Balart
1997; Gonzilez-Acosta et al. 1999; Galvidn-Pifia
et al. 2003) and Bahia Concepcién (Rodriguez-
Romero et al. 1992, 1994, 1998), on the east coast
of BCS, and Bahia Magdalena (de la Cruz-Agiiero
et al. 1994) and Laguna San Ignacio (Danemann
and de la Cruz-Agiiero 1993; de la Cruz-Agiiero and
Cota-G6mez 1998) on the Pacific side. These pub-
lished surveys include all species of fishes recorded
in these large and diverse lagoon systems and gen-
erally do not indicate which species are associated
with mangroves. Only 2 of these studies report on
species from relatively restricted lagoons lined with
mangroves within Bahia de La Paz. Castro-Aguirre
and Balart (1997) report fishes recorded from
Ensenada de Aripes, and Gonzélez-Acosta et al.
(1999) report fishes taken from a mangrove-lined
swamp near the mouth of Ensenada de Aripes.
Table 15.2 presents a list of fish species recorded in
these 2 studies, as well as additional, unpublished
records of fishes from that same area (Galvan-
Magaiia, unpubl. data) and unpublished records of
fishes collected adjacent to BCS mangrove stands
and archived at the Scripps Institution of Ocean-
ography Marine Vertebrates Collection. The latter
collections are primarily from the lagoon systems
along the Pacific coast of BCS, from Bahia Magdalena
northward to near Punta Abreojos (26°49' N).

A total of 160 species of fishes have been re-
corded from mangrove systems of BCS (table 15.2).
This list includes a number of species that normally
occur in mangrove waters as both juveniles and
adults, as well as a number of others that also occur
in other habitats both inside and outside of the larger
lagoon systems. Dominant members include grunts
(Haemulidae, 17 species), gobies and sleepers (Gobi-
idae and Eleotridae, 15 species), drums (Sciaenidae,
11 species), jacks (Carangidae, 10 species), mojarras
(Gerreidae, 9 species), anchovies (Engraulidae, 9
species), and seabasses (Serranidae, 8 species). Fishes



Table 15.2. Fish species recorded from mangrove waters of Baja California Sur.

‘Order Family Scientific Name
Carcharhiniformes Triakidae Mustelus benlei (Gill, 1863)
Mustelus lunulatus Jordan & Gilbert, 1882
Triakis semifasciata Girard, 1855
Rajiformes Dasyatidae Dasyatis dipterura (Jordan & Gilbert, 1880)
Urolophidae Urobatis halleri (Cooper, 1863)
Urotrygon chilensis (Giinther, 1871)
Gymnuridae Gymnura marmorata (Cooper, 1864)
Rhinobatidae Rbinobatos productus Ayers, 1854
Elopiformes Elopidae Elops affinis Regan, 1909
Albuliformes Albulidae Albula nemoptera (Fowler, 1911)
’ Albula sp.
Ophichthidae Myrichthys tigrinus Girard, 1859
Myrophis vafer Jordan & Gilbert, 1883
Opbhichthus zophochir Jordan & Gilbert, 1882
Congridae Heteroconger digueti (Pellegrin, 1923)
Clupeidae Harengula thrissina (Jordan & Gilbert, 1882)
Lile stolifera (Jordan & Gilbert, 1882)
‘Opisthonema libertate (Giinther, 1867)
Sardinops caeruleus (Girard, 1854)
Engraulidae Anchoa argentivittata (Regan, 1904)
’ Anchoa exigua (Jordan & Gilbert, 1882)
Anchoa ischana (Jordan & Gilbert, 1882)
Anchoa lucida (Jordan & Gilbert, 1882)
Anchoa mundeola (Gilbert & Pierson, 1898)
Anchoa mundeoloides (Breder, 1928)
Anchovia macrolepidota (Kner, 1863)
Cetengraulis mysticetus (Giinther, 1867)
Engraulis mordax Girard, 1854
Gonorynchiformes Chanidae Chanos chanos (Forsskal, 1775)
Siluriformes Ariidae Ariopsis planiceps (Steindachner, 1877)
Ariopsis seemanni (Gunther, 1864)
Bagre panamensis (Gill, 1863)
Bagre pinnimaculatus (Steindachner, 1877)
Galeichthys peruvianus Liitken, 1874
Synodontidae Synodus scituliceps Jordan & Gilbert, 1882
Ophidiidae Opbidion galeoides (Gilbert, 1890)
Batrachoidiformes Batrachoididae  Porichthys myriaster Hubbs & Schultz, 1939
Mugliformes Mugilidae Mugil cephalus Linnaeus, 1758
Mugil curema Valenciennes, 1836
Mugil bospes Jordan & Culver, 1895
Atheriniformes Atherinopsidae  Atherinops affinis (Ayers, 1860)
‘ . Atherinopsis californiensis Girard, 1854
Hemiramphidae  Hyporbamphus naos Banford & Collette, 2001
Hyporhamphus rosae (Jordan & Gilbert, 1880)
Cyprinodontiformes  Fundulidae Fundulus parvipinnis Girard, 1854
Gasterosteiformes Fistulariidae Fistularia commersonii Ruppell, 1838
Syngnathidae Pseudophallus starksi (Jordan & Culver, 1895)
Syngnathus auliscus (Swain, 1882)
Syngnathus euchrous Fritzsche, 1980
Triglidae Prionotus stephanophrys Lockington, 1881
Perciformes Centropomidae  Centropomus armatus Gill, 1863
Centropomus medius Giinther, 1864
Centropomus nigrescens Giinther, 1864
Centropomus robalito Jordan & Gilbert, 1882
Centropomus viridis Lockington, 1877
Serranidae Diplectrum euryplectrum Jordan & Bollman, 1890
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Table 15.2. Continued

Order Family

Scientific Name

Carangidae

Lutjanidae

Gerreidae

Haemulidae

Sparidae

Polynemidae
Sciaenidae

Diplectrum pacificum Meek & Hildebrand, 1925
Epinephelus analogus Gill, 1863

Epinepbelus itajara (Lichtenstein, 1822)
Epinephelus niphobles Gilbert & Starks, 1897
Mycteroperca xenarcha Jordan, 1888

Paralabrax maculatofasciatus (Steindachner, 1868)
Paralabrax nebulifer (Girard, 1854)

Caranx caninus Gunther, 1867

Caranx sexfasciatus Quoy & Gaimard, 1825
Caranx vinctus Jordan & Gilbert, 1882
Chloroscombrus orqueta Jordan & Gilbert, 1883
Gnathanodon speciosus (Forsskal, 1775)
Hemicaranx leucurus' (Giinther, 1864)
Oligoplites altus (Glinther, 1868)

Selene brevoortii (Gill; 1863)

Selene peruviana (Guichenot, 1866)

Trachinotus paitensis Cuvier, 1832

Lutjanus aratus (Giinther, 1864)

Lutjanus argentiventris (Peters, 1869)

Lutjanus colorado Jordan & Gilbert, 1882
Lutjanus novemfasciatus Gill, 1862

Diapterus aureolus (Jordan & Gilbert, 1882)
Diapterus peruvianus (Cuvier, 1830)
Eucinostomus currani Zahuranec, 1980
Eucinostomus dowii (Gill, 1863)

Eucinostomus entomelas Zahuranec, 1980
Eucinostomus gracilis (Gill, 1862)

Eugerres axillaris (Giinther, 1864)

Eugerres lineatus (Humboldt, 1821) "

Gerres cinereus (Walbaum, 1792)

Conodon serrifer Jordan & Gilbert, 1882
Haemulon flaviguttatum Gill, 1862

Haemulon maculicauda (Gill, 1862)

Haemulon scudderii Gill, 1862

Haemulon sexfasciatum Gill, 1862

Haemulon steindachneri (Jordan & Gilbert, 1882)
Haemulopsis axillaris (Steindachner, 1869)
Haemulopsis élongatus (Steindachner, 1879)
Haemulopsis leuciscus (Giinther, 1864)
Haemulopsis nitidus (Steindachner, 1869)
Orthopristis chalceus (Giinther, 1864)
Orthopristis reddingi Jordan & Richardson, 1895
Pomadasys bayanus Jordan & Evermann, 1898
Pomadasys branicki (Steindachner, 1879)
Pomadasys macracanthus (Ginther, 1864)
Pomadasys panamensis (Steindachner, 1876)
Xenistius californiensis (Steindachner, 1876)
Calamus brachysomus (Lockington, 1880)
Polydactylus approximans (Lay & Bennett, 1839)
Atractoscion nobilis (Ayers, 1860)

Bairdiella icistia (Jordan & Gilbert, 1882)
Cynoscion parvipinnis Ayers, 1861

Cynoscion xanthulus Jordan & Gilbert, 1882
Menticirthus nasus (Giinther, 1868)

Menticirrhus undulatus (Girard, 1854)

(continued)

315



Table 15.2. Continued

Order

Family

Scientific Name

Tetraodontiformes

Mullidae
Chaetodontidae
Pomacanthidae
Kyphosidae
Pomacentridae
Labridae
Scaridae
Labrisomidae

Blenniidae
Eleotridae

Gobiidae

Microdesmidae
Ephippididae
Scombridae
Paralichthyidae

Pleuronectidae
Achiridae

Cynoglossidae
Balistidae

Tetraodontidae

Diodontidae

Micropogonias altipinnis (Giinther, 1864)
Opbioscion strabo Gilbert, 1897

Umbrina roncador Jordan & Gilbert, 1882
Umbrina wintersteeni Walker & Radford, 1992
Umbrina xanti Gill, 1862

Pseudupeneus grandisquamis (Gill, 1863)
Chaetodon humeralis Giinther, 1860
Pomacanthus zonipectus (Gill, 1862)

Girella nigricans (Ayers, 1860)

Abudefduf troschelii (Gill, 1862)

Halichoeres aestuaricola Bussing, 1972
Nicholsina denticulata (Evermann & Radcliffe, 1917)
Exerpes asper (Jenkins & Evermann, 1889)
Paraclinus sini Hubbs, 1952

Hypsoblentiius gentilis (Girard, 1854)
Dormitator latifrons (Richardson, 1844)
Gobiomorus maculatus (Giinther, 1859)
Bathygobius ramosus Ginsburg, 1947
Clevelandia ios (Jordan & Gilbert, 1882)
Ctenogobius manglicola (Jordan & Starks, 1895)
Ctenogobius sagittula (Giinther, 1861)
Evorthodus minutus Meek & Hildebr8, 1928
Gillichthys mirabilis Cooper, 1864

Gobionellus microdon (Gilbert, 1892)
Gobiosoma chiquita (Jenkins & Evermann, 1889)
Ilypnus gilberti (Eigenmann & Eigenmann, 1889)
Microgobius brevispinis Ginsburg, 1939
Microgobius cyclolepis Gilbert, 1890
Microgobius tabogensis Meek & Hildebrand, 1928
Quietula y-cauda (Jenkins & Evermann, 1889)
Microdesmus dorsipunctatus Dawson, 1968
Chaetodipterus zonatus (Girard, 1858)

Auxis thazard (Lacepéde, 1800)

Citharichthys gilberti Jenkins & Evermann, 1889
Cyclopsetta panamensis (Steindachnetr, 1876)
Etropus crossotus Jordan & Gilbert, 1882
Paralichtbys californicus (Ayers, 1859)
Paralichthys woolmani Jordan & Williams, 1897
Syacium ovale (Giinther, 1864)

Hypsopsetta guttulata (Girard, 1856)

Achirus mazatlanus (Steindachner, 1869)
Trinectes fonsecensis (Giinther, 1862)

Symphurus chabanaudi Mahadeva & Munroe, 1990
Balistes polylepis Steindachner, 1876
Pseudobalistes naufragium (Jordan 8 Starks, 1895)
Sphoeroides annulatus (Jenyns, 1842)
Sphoeroides lobatus (Steindachner, 1870)

Diodon bolocanthus Linnaeus, 1758

Diodon hystrix Linnaeus, 1758

Data are from Castro-Aguirre and Balart 1997 (Ensenada de La Paz, Bahia de La Paz); Gonzélez-Acosta et al.
1999 (a mangrove-lined swamp near the mouth of Ensenada de La Paz, Bahia de La Paz); the personal field notes
of F. Galvin-Magaiia (Ensenada de Aripes, Bahfa de La Paz); and unpublished records of fishes collected adjacent
to mangrove stands in BCS and archived at the Scripps Institution of Oceanography Marine Vertebrates Collec-
tion. The latter collections are primarily from the lagoon systems along the Pacific coast of BCS, from Bahia
Magdalena northward to near Punta Abreojos (26° 49' N). Taxonomy of species follows Eschmeyer (1998) and
Findley et al. (in press).
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from these families are common inhabitants of
mangrove systems around the world (Blaber 1997).

Like the entire fish fauna of the Gulf of Califor-
nia (Walker 1960), the fishes of mangrove waters
in BCS are dominated by tropical species. However,
the lagoons along the Pacific coast of BCS also have
several warm-temperate species, such as the barred
sandbass (Paralabrax nebulifer), the white seabass
(Atractoscion nobilis), and California killifish (Fun-
dulus parvipinnis), all of them found along the
Pacific coast from BCS northward to California.
These complex lagoon systems are thus especially
rich systems that lie in a zone of overlap between
the tropical regions of the eastern Pacific and the
more temperate areas to the north (Hubbs 1960;
Galvdn-Magaiia et al. 2000). There is no doubt that
many other fishes, especially juveniles of species in-
habiting other habitats as adults, will be recorded
from BCS mangrove lagoon systems as their fish
fauna is more thoroughly studied.

Sea Turtles

The coastal waters of Baja California Sur host 4 of
the world’s 7 species of sea turtles: the green turtle
(Chelonia mydas), hawksbill (Eretmochelys im-
bricata), loggerhead (Caretta caretta), and olive rid-
ley (Lepidochelys olivacea) (Cliffton et al. 1982;
Nichols 2003; see also chapter 20). Within coastal
mangrove systems the most common sea turtle spe-
cies are the green turtle, and, to a lesser extent, the
hawksbill (Lépez-Mendilaharsu 2002; Seminoff et al.
2003; Brooks et al. 2003). Loggerhead turtles and
olive ridleys typically prefer more offshore waters and
are thus less common near mangroves (Nichols 2003).

The most important mangrove habitats for sea
turtles in BCS include the Pacific Coast sites of Bahia
Magdalena, Laguna San Ignacio, and Estero Coy-
ote (Nichols 2003; J. Nichols, pers. comm.). Al-
though a wide size-range of green turtles is typically
seen, these areas appear to be most important as
nursery grounds for small juveniles (Nichols 2003;
Seminoff 2003). Seminoff (2003) has demonstrated
that green turtles in mangrove systems of the Baja
California peninsula are significantly smaller than
turtles found in adjacent exposed, high-energy
coastal areas and suggests the shallow and protected
nature of these mangrove systems provides impor-
tant predator-free habitat with abundant food for
growing turtles.

Green turtles are primarily herbivorous through-
out most of their global range, but in northwestern
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Mexico the species has been shown to consume a
wide variety of both plants and invertebrates (Lopez-
Mendilaharsu 2002; Seminoff et al. 2002a). Many
potential food species are present near mangroves
and, like elsewhere in the region (Seminoff et al.
2002b), green turtles likely maintain residency to
these areas for extended periods while benefiting
from the abundant local resources. In other parts
of the world, it is the mangroves themselves that are
consumed by green turtles. For example, the leaves
of Avicennia marina make up a substantial portion
of Australian green turtle diets (Pendoley and Fitz-
patrick 1999; Limpus and Limpus 2000). The same
can be said for green turtles foraging on red man-
grove in the Galapagos (Pritchard 1971). However,
although leaves and fruit of A. germinans are eaten
on occasion in mangrove systems of BCS (Lopez-
Mendilaharsu 2002), the primary value of these
areas for sea turtles is the vast abundance of sea-
grass, marine algae, and invertebrate prey. Marine
algae such as Codium amplivesiculatum and Graci-
laria textorii are common near Pacific coast man-
groves, and together with seagrasses they are the
most important dietary components of local green
turtles (Lopez-Mendilaharsu 2002). In addition,
invertebrates such as molluscs and sponges have
been found in the green turtle diet samples, the lat-
ter group being of primary importance also in the
diet of local hawksbill turtles (Meylan 1988).

The hawksbill occurs on both coasts of the pen-
insula (Seminoff et al. 2003). Sightings of this now
rare species are often in shallow, mangrove-lined
bays, lagoons, and esteros. The hawksbill is seen
occasionally in the mangrove estero at the mouth
of the Rio Santa Rosalia de Mulegé near the town
of Mulegé (see below). Although it is principally a
spongivore, it is known to eat the fruits, leaves, and
bark of mangroves (Grismer 2002).

All sea turtles are threatened or endangered. De-
spite countrywide legal protection since 1990, ille-
gal capture of sea turtles is still common, especially
with green turtles in mangrove systems of the Baja
California peninsula (Gardner and Nichols 2001;
Nichols et al. 2002; chapter 20). Although some
mangrove systems in BCS, particularly at Estero
Coyote, continue to host a large number of turtles
(Nichols 2003; J. Nichols, pers. comm.), it is clear
that without stronger and immediate conservation
action, sea turtle populations in and around these
fragile ecosystems will continue to decline. For a
discussion of sea turtle ecology and conservation in
the Gulf of California, see chapter 20.
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Birds

Much research has been conducted on birds inhab-
iting mangrove ecosystems in BCS. We present a list
of species documented in mangrove stands and ad-
jacent habitat (e.g., sand dunes, mudflats, and rocky
outcroppings) of Bahia de La Paz, Bahia Magda-
lena, and the Laguna San Ignacio Complex (table
15.3). Our list is based on the published literature
and the personal field notes (of E. S. A.-S., R. M.-S,,
and R. C. W.), plus those of Roberto Carmona and
his students. The most detailed work was conducted
in Bahia de La Paz. The list of winter migrants
and transients, particularly songbirds (order Passeri-
formes) is likely incomplete. Elsewhere (e.g., the Car-
ibbean; Sherry and Holmes 1996, Warkentin and
Morton 2000, Reitsma et al. 2002), mangroves
provide critical habitat for wintering species. Future
research efforts in BCS should incorporate mist net-
ting and banding outside the breeding season.

One hundred thirty-one species (representing 15
orders and 35 families) occur in association with the
mangrove ecosystems of Bahia de La Paz, Bahia
Magdalena, and the Laguna San Ignacio Complex.
Sixty-six species have been documented at all
3 locations. The numbers of species documented at
each of the 3 locations are not much different (Bahia
de La Paz: 90 species; Bahia Magdalena: 104 spe-
cies; Laguna San Ignacio Complex: 89 species). The
list is dominated by the Scolopacidae (19 species),
Anatidae (19 species), Laridae (16 species), and
Ardeidae (12 species). Many of the species recorded
also occur away from mangroves.

Of the 22 species using mangrove plants as nest-
ing substrate, 10 are herons or egrets (family Ardeidae;
see further on). With respect to ardeids, one loca-
tion in particular stands out: Estero El Conchalito
in Ensenada de Aripes, Bahia de La Paz (Carmona
et al. 1994). During 1986-1991, 10 different spe-
cies were documented nesting in the local black, red,
and white mangroves. Yellow-crowned night-herons
(Nyctanassa violacea), snowy egrets (Egretta thula),
and cattle egrets (Bubulcus ibis) all nested colonially
in black mangrove, while small colonies of black-
crowned night-herons (Nycticorax nycticorax) and
great blue herons (Ardea herodias) nested in red
mangrove. Of all these species, only the great blue
heron uses other nesting substrates besides man-
groves (Carmona et al. 1994). .

Other species recorded nesting in mangroves of
BCS consist of the double-crested cormorant (Phala-
crocorax auritus), magnificent frigatebird (Fregata
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magnificens), white ibis (Eudocimus albus), bald
eagle (Haliaeetus leucocephalus), clapper rail (Ral-
lus longirostris), Virginia rail (Rallus limicola),
white-winged dove (Zenaida asiatica), Xantus’s
hummingbird (Hylocharis xantusii), western scrub-
jay (Aphelocoma californica), verdin (Auriparus
flaviceps), mangrove warbler (Dendroica petechia
castaneiceps), and house finch (Carpodacus mexi-
canus). The Xantus’s hummingbird is largely en-
demic to BCS. The bald eagle, recorded nesting on
mangroves at Bahia Magdalena, is federally listed
as Endangered (En Peligro de Extincién) by the
Mexican governmerit (DOF 2002). The clapper rail
and the Virginia rail are federally listed as Subject
to Special Protection (DOF 2002). The clapper rail
nests in moderate numbers in red mangroves at El
Mogote and along Ensenada Aripes (Massey and
Palacios 1994; R. Carmona, pers. comm.). One
Virginia rail nest was recorded in 1988 in a red
mangrove in Bahia de La Paz. The mangrove war-
bler, a subspecies of the yellow warbler (D. pete-
chia), is the only bird in the Baja California pen-
insula that is restricted to mangroves.

Several reasons have been postulated for the lack
of a distinct mangrove avifauna worldwide, and they
center on habitat structure considerations. Compared
to terrestrial forests, such as those in the tropics,
mangrove stands have low structural diversity, but
they are extremely dense, consisting of “canopies of
glossy, tough green leaves covering numerous gnarled
to erect stems emerging from an inter-connected tangle
of above-ground roots bedded in soft wet mud” (Duke
2001: 258). There is no understory vegetation, a prin-
cipal component of tetrestrial ecosystems to which
many bird species are adapted (Maurer et al. 1980
Bell and Whitmore 1997). Although the world’s man-
groves do not have their own distinct avifauna, many
birds use mangrove habitats for foraging on insects,
as safe roosts, and for avoiding extreme temperatures
during the day (e.g., Strong and Johnson 2001). Man-
groves provide critical nesting habitat for many avian
species (e.g., Hilton et al. 2000), most notably in BCS
for the mangrove warbler, but also for most herons
and egrets.

Mammals

The bottlenose dolphin (Tursiops truncatus) uses
mangrove waters as feeding areas (Acevedo 1991;
Ballance 1992; Felix 1994; J. Urbdn-Ramirez, pers.
comm.). North of Bahia Magdalena, in the Santo
Domingo Channel (Puerto Lopez Mateos), bottle-
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nose dolphins are frequently seen in narrow chan-
nels among the mangroves. According to local
fishermen, they search for mullets (Mugil spp.),
moving in and out of mangrove waters with the
tides. Bottlenose dolphins are also common near
mangroves in Laguna San Ignacio (J. Urban-
Ramirez, pers. comm.). Numerous other marine
mammal species are found in deeper waters that are
energetically linked, but not adjacent to mangrove
ecosystems, such as Bahia de La Paz or Laguna San
Ignacio (Ballance 1992; Urb4n-Ramirez et al. 1997).

On the terrestrial side, mangrove margins are vis-
ited by raccoons (Procyon lotor), coyotes (Canis la-
trans), badgers (Taxidea taxus), bobcats (Lynx rufus),
and gray foxes (Urocyon cinereoargenteus) (Dedina
2000; R. Carmona, pers. comm.; R. Rodriguez-
Estrella, pers. comm.). All of these species likely feed
on mangrove-associated fauna, including crabs and
birds, and perhaps also on the fruits of mangroves.
Although their presence near mangroves has not
been documented in BCS, the ring-tailed cat (Bas-
sariscus astutus) and the spotted skunk (Spilogale
putorius) might also visit these areas (R. Rodriguez-
Estrella, pers. comm.).

Loss of Mangrove Vegetation
in Baja California Sur

To date, the loss of mangroves on both coasts of BCS
has been pronounced, but not as severe as that in
other regions of the world, such as southeastern Asia
or the Caribbean (Strong and Bancroft 1994,
Colonnello and Medino 1998; Allen et al. 2001;
Aube and Caron 2001; Mazda et al. 2002). As al-
ready mentioned, mangroves were used traditionally
for tanning hides and for preparing remedies, and as
fuelwood, charcoal, and construction material. Al-
though not documented, the impact of some of these
traditional uses was likely important in some areas
(see Herrera-Silveira and Ceballos-Cambranis 2000).
However, it pales in comparison with the wholesale
clearing and destruction witnessed in recent decades
and likely to continue in the future.

One probable cause of habitat loss, of historical
interest, was the use of Bahia Magdalena as a gun-
nery range by the U.S. Navy during 1904-1910. The
peak activity occurred when Theodore Roosevelt’s
“White Fleet,” consisting of 28 coal-burning ships
that included 16 of the largest battleships in the U.S.
Navy, arrived in March 1908. “The fleet bombed
the bay day and night” (Dedina 2000: 24-25). To
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this date, unexploded ordinance can still be found
in the bay and its surrounding habitats. However,
it is difficult to assess the level of mangrove destruc-
tion incurred at the time,

Before the completion of a paved Transpeninsular
Highway linking Ensenada to the Cape Region, the
Baja California peninsula remained fairly cut off from
the U.S. and mainland Mexico. During parts of the
year the gravel and dirt portions of the existing road
were impassable due to flash flooding and lack of
maintenance. The opening of the Transpeninsular
Highway in 1973 transformed the situation of the
peninsula. Immigration from other parts of Mexico
and tourism both increased greatly, leading to the
growth of cities such as La Paz, with associated clear-
ing of mangrove stands (Carmona et al. 1994; see
further on). Beach camping, once limited primarily
to travelers arriving by air or sea, became very popu-
lar with American and Mexican tourists, and small
recreational vehicle parks were created, among other
places, within existing mangrove stands.

To a large extent, human impacts on BCS man-
groves have been related to commercial and sport
fishery and to tourism. In two towns, Puerto Aldofo
Lépez Mateos and Puerto San Carlos, several can-
neries with accompanying piers, and a large oil-fired
power plant required taking out large portions of
the original mangrove habitat in the Bahia Magda-
lena area. Although the local fishery is in decline
(due to overfishing and probable reduced produc-
tion from the mangrove stands; Holguin et al.
2001), human impacts are still seasonally impor-
tant. Tourists descend on both Laguna San Ignacio
and Bahia Magdalena each season (usually January
through March) to watch chiefly gray whales
(Eschrichtius robustus). As many as 10,000 people
visit the area every year, spending an estimated 30
million dollars (Dedina 2000). Most people char-
ter small pangas (flat-bottomed boats) to get an up-
close look at adult whales and newborn calves. The
result of this activity is localized fragmentation of
mangrove stands to allow panga skippers access to
the lagoon waters. Entryways, often 5-10 m wide,
linking either dune or gravel areas to the bay, are
cut into the fringe stands (the Puerto San Carlos area
is notable in this regard). In addition, as part of a
typical whale-watching tour, panga skippers take
visitors on guided tours up the narrow inlets into the
mangrove habitat for the purpose of bird and other
wildlife observation. On occasion, new “inlets” are
created by simply cutting away entire mangrove
plants or harshly trimming overhanging branches.
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An additional threat to mangrove habitat has
begun to materialize. At the southeastern end of the
Bahia Magdalena complex, a so-called experimen-
tal shrimp farm has been carved into the mangroves
near Puerto Chale (24°25' N, 111°34' W), using the
mouth of the Estero Grande Santa Rita. The declin-
ing native shrimp catch has, in other parts of the
world, led to extensive shrimp aquaculture. Coastal
mainland Mexico already has a large number of
small to moderately sized shrimp farms, mostly in
mangrove habitats (e.g., Cruz-Torres 2000; DeWalt
et al. 2002). Some farms have been placed in man-
grove habitats on the east coast of the Baja Cali-
fornia peninsula and on the mainland across the
Gulf from La Paz.

There is growing opposition to shrimp farming
in coastal areas of Mexico. At the same time, shrimp
farms are considered the country’s “pink gold” and
a key focus of Mexico’s export-oriented fishing ac-
tivity (World Rainforest Movement 2001). Shrimp
aquaculture is a real threat to the mangrove ecosys-
tems of the Baja California peninsula (Birquez and

Martinez-Yrizar 1997; Paez-Osuna 2001; chap-

ter 3), especially since recent changes in land stat-
utes have made it easier for foreign nationals to pur-
chase property on the Baja California peninsula.
Ejidos (see chapter 3) have recently been privatized,
giving land title to the ejido leadership, allowing
them to sell the land as needed (Dedina 2002). Re-
cently, the Ejido Matancitas, which owns approxi-
mately 120 km of coastline in Bahia Magdalena, has
offered to sell its land for the establishment of large
shrimp farms (Dedina 2002). In addition to shrimp
aquaculture, 2000 ha at Bahia Magdalena have
been sold for construction of a planned resort
(Dedina and Young 1995). The privatization of the
ejidos has opened up BCS to unprecedented land
grabs, placing coastal areas in jeopardy. Without
strict conservation guidelines, mangrove fragmen-
tation is likely to occur at an alarming rate in the
coming years. '
The growth of La Paz has already led to popu-
lation declines of aquatic birds, in part due to the
extensive loss of mangroves (Carmona et al. 1994;
Becerril and Carmona 1997). Such development is
likely to occur in other areas of BCS. In particular,
the 1.6 billion dollar Escalera Ndutica project will
result in the construction of at least 22 new marinas
and resort developments in coastal areas of north-
western Mexico (see also chapters 9, 11, and 16). To
date, targeted areas on the peninsula include Punta
Abreojos near the entrance to Laguna San Ignacio,
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Bahia San Juanico (Scorpion Bay) near the town of
San Juanico (26°15' N, 112°29' W) between Laguna
San Ignacio and Bahia Magdalena, and Punta Canoas,
north of Guerrero Negro (27°58' N, 114°05' W),
Construction has already begun on a new marina
at Santa Rosalillita also north of Guerrero Negro
(Wildcoast 2002). The main plan behind this project
is to connect the Pacific and Gulf of California
coasts via a series of new marinas and improved
roads. Santa Rosalillita is to be connected to Bahia
Los Angeles, where a dredge permit has been
awarded and plans drawn up for a new 175-m long
marina (S. Dedina, pers. comm.).

Loss of mangroves has been better quantified in
some areas of mainland Mexico (e.g., Ruiz-Luna
and Berlanga-Robles 1999) than in BCS. One ex-
ception is the long-term study in Ensenada de Aripes
just west of La Paz (table 15.4). Between 1973 and
1981 there was an overall 21% loss in mangrove
area cover. El Mogote lost 18% and El Zacatal lost
28% due to tourism development and the construc-
tion of a marina, respectively. El Conchalito (the site
supporting 10 nesting ardeid species) lost more than
37% due to the construction of two schools, a
radio station, a highway, and a sewage conduit
(Mendoza et al. 1984). More recently, Estero de
Enfermeria (adjacent to El Conchalito) was com-
pletely destroyed (loss of S ha) due to the construc-
tion of a highway that blocked seawater access to
the mangrove system. Another notable loss was the
construction of the Pichilingue port expansion,
along the eastern side of Bahia de La Paz (north of
La Paz), which destroyed several mangroves in the
1970s. And losses potentially occur anywhere urban
sewage waste contamination is present {Machiwa
1999).

Mulegé

An example of step-by-step deterioration of man-
grove habitat is that of Mulegé. This small town
(26°53'N, 111°58' W) is located just north of Bahia
Concepcion. It sits at the mouth of the Rio Santa
Rosalia de Mulegé (or Rio Mulegé), along an estero.
The Rio Santa Rosalia de Mulegé is fed by natural
springs. It represents one of the few year-round large
sources of fresh water on the peninsula. It also forms
a beautiful oasis, with stagnant waters and lush
vegetation along the banks. Associated with the
fresh water marsh are introduced date palms (Phoe-
nix dactylifera), native plants such as a Mexican fan
palm (Washingtonia robusta), 2 rushes (Juncus mexi-
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Table 15.4. Change in area coverage of mangrove stands at Ensenada de Aripes,

Bahia de la Paz, between 1973 and 1981.

Location, with Plants

Represented in 1973 (ha)

Area Coverage

Area Loss
(ha)

% Area

Area Coverage
Loss

in 1981 (ha)

El Mogote 149.62
Avicennia germinans
Rhizophora mangle
Laguncularia racemosa

Zacatecas 15.93
Avicennia germinans
Rhbizophora mangle
Laguncularia racemosa

El Comitan 6.88
Avicennia germinans
Rhizophora mangle
Laguncularia racemosa
Maytenus phyllanthoides

El Zacatal 16.48
Avicennia germinans
Rbizophora mangle
Laguncularia racemosa
Maytenus phyllanthoides

El Conchalito 18.13

Avicennia germinans

Rbizophora mangle

Laguncularia racemosa

Total mangrove area 207.03

122.42 27.22 18.18

15.93 0.00 0.00

123 5.65 82.12

11.84 4.64 28.15

11.38 6.75 37.23

162.78 44.26 21.38

Of the plants represented, Avicennia germinans, Rhizophora mangle, and Laguncularia racemosa are true
mangroves; Maytenus phyllanthoides is a mangrove-like shrub on the landward side of the stands. Data are

from Mendoza et al. (1984).

cana and J. acutus.), a mesquite (Prosopis articu-
lata), and Goodding’s willow (Salix gooddingii), and
limited cultivars including citrus and mango (Gris-
mer and McGuire 1993). The marsh area upriver
from the dam is highly impacted by domestic cattle
and pigs, which run freely and have trampled sig-
nificant portions of the edge habitat (Whitmore and
Whitmore 1997). The river has also been dammed,
not to regulate the flow of fresh water, but to pre-
vent saltwater inundation of the oasis during high
tides and storms.

Formerly, both sides of the estero, as well as
numerous small islands within the waterway, were
heavily vegetated with mangroves from the coast to
the cement dam. Early disturbance was limited to
access channels cut for local fishermen. Later, back-
filled gravel and dirt roads were built on both sides

of the estero, removing a large percentage of the
mangroves vegetation.

The heaviest impacts did not occur until after the
completion of the paved Transpeninsular Highway,
when Mulegé began to blossom as a tourist desti-
nation. An abundance of mangroves on the south
side were removed, and the terrain was backfilled
to about 3 feet above the high-tide zone in order to
construct recreational vehicle (RV) parks (fig. 15.7).
In addition, boat docks, used by residents of the RV
parks, were installed and a cement boat ramp con-
structed. At the eastern end of the estero a hotel with
a small aircraft landing strip was built and today
receives extensive use. The construction of houses
along the estero has led to mangrove loss. Secluded
portions of mangrove areas have been cut out for
use as latrines by construction workers. One island
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Figure 15.7. The south side of the estero at Mulegé, Baja California Sur, showing what was once a
dense mangrove stand. The arrow points to a sea wall built during the construction of the original
main north/south Transpeninsular Highway. The area has been backfilled and now that the paved
version of highway has been completed and bypasses the area to the south, this location has been
converted to a mobile home park with attendant petrmanent structures. Note that no mangroves
appear in this photograph. (Photograph by Robert Whitmore, spring 2000.)

in the estero was clear-cut for the purpose of build-
ing a restaurant. Fortunately, the operation failed
in the planning stages, and the island has partially
revegetated (see below). Another island was simi-
larly cut over to provide an area for pig grazing.
Toward the western end of the estero, mangroves
were severely pruned to allow residents of newly
constructed homes to have a view of the water and
boat access to it. These “single-trunk” red man-
groves are destined to die since all prop roots have
-been removed. On the north side of the waterway
similar removal has occurred. A small dirt road
passes through the mangroves and leads to a res-
taurant on the sand beach at the eastern end of the
estero. In addition, charter panga captains have cut
passageways from the road to the water through the
remaining fringe of mangroves. In sum, the remain-
ing mangroves at Mulegé are only a small fraction
of the original stands, and they are highly frag-

mented. Nonetheless, wildlife species, principally
birds, use these fragments extensively. A small breed-
ing population of mangrove warblers is present, and
numerous species of wading birds nest or roost in
the more isolated portions of the mangrove vegeta-
tion (Whitmore and Whitmore 1997; Whitmore
et al. 1999). However, if development of the area
is allowed to continue at its present rate, the future
of the remaining mangroves is questionable.

Habitat Restoration

Historical data and recent studies suggest not only
that mangrove fragmentation can be reversed, but
also that new mangrove areas can be created where
there were none before. In fact, it has been said that,
“mangroves may be one of the easiest marine sys-
tems to reconstruct” (Kaly and Jones 1998: 656).
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“Saline silviculture” has become the topic of an
ever-widening body of literature (e.g., Teas 1982).

Practiced since the eighteenth century, the planting,

management, and harvesting of mangrove trees have
become widespread, especially in some countries of
the tropics such as Malaysia (Teas 1982). In Myan-
mar the planting of mangroves on previously clear-
cut areas has been shown to be an economically
feasible alternative to natural regeneration (Webb
and Than 2000). A successful mangrove replanting
program was initiated in Cuba in 1980, and by
1994 approximately 30,000 ha of mangroves had
been restored (Menéndez et al. 1994). Mangrove

“areas were also established successfully in Hawaii
(Cox and Allen 1999). Replanted mangrove habi-
tat in the Philippines contained the highest shrimp
densities of 4 microhabitats examined (Ronnback
et al. 1999). And near La Paz in BCS, field-collected
propagules of black mangrove have been success-
fully transplanted into a clear-cut zone at Laguna
de Balandra, with 74% seedling survival after
2 years (Toledo et al. 2001).

Although mangrove stands may be easy to reha-
bilitate (Lugo 1998), they still require some atten-
tion, with a need also to actively manage the entire
ecosystem (Christensen et al. 1996; Field 1999a,b;
Ellison 2000), including biogeochemical pathways
(McKee and Faulkner 2000). On the other hand, a
uniform stand of replanted mangroves, especially
if heavily managed, may actually provide less struc-
tural diversity and, hence, less species diversity than
an unmanaged stand (Kumar 1999; Hsiang 2000).
Fortunately, several nonprofit groups (e.g., Grupo
Ecolégico Manglar, Mangrove Replenishment Ini-
tiative) have taken an active role in mangrove con-
servation and creation in the United States and
Mexico, with an emphasis on developing and de-
fining a methodology for establishing self-sustain-
ing mangrove stands.

Conclusions and Outlook

It should be noted that in Mexico, all mangrove
species are protected by a variety of statutes includ-
ing provisions under the General Law on Ecological
Balance and Environmental Protection (see chap-
ter 4). In the Mexican norm NOM-059-ECOL-2001,
Rbizophora mangle, Avicennia germinans, Cono-
carpus erecta, and Laguncularia racemosa are all
listed as Subject to Special Protection (DOF 2002).
An environmental impact statement must be pre-
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pared for any proposed action requiring removal or
alteration of mangrove habitat, and any outright
destruction of mangroves is forbidden by law (Loza
1994; DOF 1999, 2002). [In 2004 the Mexican
federal government substantially changed and re-
laxed the legal protection of mangroves, allowing
clearing of mangroves against a fee or monetary
compensation.—Ed.]

Also important is the fact that mangrove stands
occur in at least 3 of the newly created biological
reserves in BCS, Reserva de la Bi6sfera El Vizcaino,
Parque Nacional Bahia de Loreto, and Islas del
Golfo de California. However, Mexican biological
reserves suffer from a lack of law implementation
and enforcement (see Suman 1994).

With the hope that tourism and shrimp export
will boost the national economy, the government
of Mexico will likely continue to sanction and de-
vise plans that result in the destruction of mangrove
ecosystems (World Rainforest Movement 1999),
especially in areas that have strong drawing power
(e.g., whale-watching sites). The Escalera Ndutica
project poses an enormous threat to mangrove eco-
systems in the Baja California peninsula, although,
to date, actual construction under this program has
not impacted the key mangrove areas of La Paz, Bahia
Magdalena, and the Laguna San Ignacio Complex.

Greater support for local conservation organi-
zations is important. So is public education, with
an empbhasis on the role of mangroves in erosion
prevention, land accretion, and ecosystem function.
Mangrove systems should receive management pri-
ority and complete protection from disturbance.
There has been some work on the Baja California
peninsula on “reclaiming” disturbed habitats with
native vegetation (Espejel and Ojeda 1995). Because
of the ease with which disturbed mangrove habitats
may be restored, a massive mangrove management
and restoration program should even be initiated.
It should be noted that regeneration of swamps and
other habitats at the land-water interface is gener-
ally slow unless there is human assistance (Farns-
worth et al. 1997).
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