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Abstract: 1slaRasa, asmall (0.68 km?) but globally important seabird island in the Gulf of California, has aflora of only 14 vas-
cular plant species found in three vegetation zones. Significant physical ateration of the island’s surface and the introduction of
non-native rodents, eradicated in 1995, add restoration ecology to the remarkable biology of theisland. Over acentury of botanical
collections and observations record a consistently depauperate flora, best understood in the context of extreme aridity, isolation,
and elevated levels of nitrogen and phosphorus from bird guano. The shaping factor of guano on the dearth of floristic diversity
illustrates close connection between marine and terrestrial ecosystemsin the Gulf of California. El Nifio eventsthat trigger collap-
ses in marine productivity and crashes in seabird reproduction bring above-average winter rainfall pulses and rapid plant growth.
Two new island records are reported (Rhizophora mangle and Viscainoa geniculata). Matched photographs show significant in-
crease in the cholla cactus (Cylindropuntia fulgida) since 1971. Baseline knowledge of seabird breeding ecology and the flora of
theisland position Isla Rasa as a preeminent locality to study and monitor the ecological dynamics of adesert island in the context
of restoration ecology and global environmental change.

K eywor ds: biogeography, ecosystem dynamics, El Nifio, immigration, islands.

Resumen: Isla Rasa, unaisla pequefia (0.68 km?) pero globalmente importante para la anidacion de aves marinas en el Golfo de
California, posee unaflora de solo 14 especies de plantas vasculares en tres zonas de vegetacion. Laimportante ateracion fisicade
lasuperficiedelaida, y laintroduccién de dos especies de roedores, agregan la restauracion ecol égica debido ala erradicacion de
estos Ultimos en 1995, alanotable historiabioldgicadelaisla. Mas de un siglo de observacionesy colecciones boténicas registran
una flora consi stentemente depauperada, que se comprende mejor en el contexto de aridez extrema, aislamiento, y niveles elevados
denitrogenoy fosforo en el suelo provenientes del guano delas aves. El guano como factor delabajadiversidad floristicailustrala
conexion entre |os ecosistemas marinosy terrestres del Golfo de California. Los eventos de El Nifio, que causan abatimiento en la
productividad marinay colapsos en lareproduccion de |as aves, traen también eventos extraordinarios de lluviay consecuentemen-
te crecimiento vegetal. Dos nuevos registros insulares son reportados (Rhizophora mangle y Viscainoa geniculata), y fotografias
comparadas revelan un incremento significativo en la cobertura de una especie de choya (Cylindropuntia fulgida) desde 1971. Una
detallada linea de base de la ecologia de aves marinasy de laflorainsular ubican alsla Rasa como unalocalidad destacada para el
estudio y el monitoreo de la dinamica ecol 6gica de unaisla desértica, en el contexto de la restauracion ecolégicay |os estudios de
cambio ambiental global.

Palabras clave: biogeografia, dinamica de ecosistemas, El Nifio, inmigracion, islas.

I nterest in floristic diversity and vegetation dynamics has
increased in recent times, mainly due to the progressively
erratic nature of climate patterns and associated rates of bio-
logical change (Holmgren et al., 2001). In particular, islands
have factored into the foundational understanding of the na-
tural world as discrete and often small habitat entities. Such
studies have revealed mechanisms for species turnover and

the possibility to perceive biological phenomena in isola-
tion. In this respect, Isla Rasain the Gulf of California has
been a remarkable example of conservation, research, and
restoration for the last 50 years. Observations in Rasa are
particularly important because of the porous ocean-land in-
terface mediated by the abundant seabirds and inter-annual
climatic variability. For over 100 years human impacts had
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drastic effects on the island, during which, floristic observa-
tions and collections have regularly been made, accumula-
ting over a centuries worth of baseline data for along-term
ecological restoration project. The biological diversity and
dynamics of this small island are reliable indicators of both
local and global environmental (climatic and oceanographic)
conditions and, as a result, valuable indicators of climatic
change. Idla Rasa is, in some way, a resounding box where
global scale phenomena are manifested and amplified.

Isla Rasa is a small (0.68 km?) desert island located in
the rich upwelling region of the Midriff Islands of the Gulf
of California, aregion of globally high marine productivi-
ty (Murphy et al., 2002; Vieyra et al., 2009; Figures 1, 2).
Theisland supportsthe world’slargest breeding popul ations
of Heermann's Gulls (Larus heermanni) and Elegant Terns
(Thalasseus elegans; Velarde and Anderson, 1994; Velar-
de et al., 2005). Due to the massive numbers of these and
other seabirds, the idand is white-washed in large amounts
of guano and the corresponding high levels of nitrogen and
phosphorus largely determine the plant species that can per-
sist. In addition, to the harsh soil conditions, Rasa is isola-
ted; formed from arecent volcanic eruption in the middle of
the Gulf of California. It is ca. 20 km from the nearest point
of the Bgja California Peninsula, 38 km from the southwest
corner of Isla Tiburdn near the Sonoran mainland, and 7.2
km from Partida, or Cardonosa, the nearest island. |sla Rasa
isin one of the most arid regions of the Sonoran Desert and
has relatively little topographic relief. Precipitation is scant
and unpredictable, the largest amounts coming in pulses
from winter rains associated with El Nifio events and rare
warm-season rain events from tropical storms that track up
the Gulf of California(Garcia, 1964). During summer mon-
ths, and at other times of the year during El Nifio events, fog
may occur due to warm air entering an area of cold ocean

Figure 1. Map of the Midriff Islands, Gulf of California, Mexico
(by Cathy Moser Marlett).
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upwelling. Fog condenses on vegetation surfaces, especia-
[ly cacti such as cardon (Pachycereus pringlel), pitaya agria
(Senocereus gummosus), and cholla (Cylindropuntia fulgi-
da), and can be a major source of moisture for some plants
(Wilder and Felger, 2010). The combination of these factors
yields asmall, yet dynamic flora of 14 species.

Isla Rasa is one of the youngest islands in the gulf, with
an estimated age of only 10,000 years (Carrefio and Helenes,
2002). Theisland isvolcanic in origin, consisting mainly of
massive and lesser fragments of basaltic rock among which
a scant soil has accumulated, with a shoreline of basaltic
boulders and afew low cliffs at the southeast end. There are
severa hills, the highest rising 30 m above sealevel (Figure
3). Most of the island, however, is nearly level, hence the
Spanish name Rasa, which means flat or smooth (the name
“Raza,” meaning race, has been consistently misapplied
to the island). There are three tidal lagoons, all on the nor-
thwest end of the island. The easternmost lagoon was arti-
ficially opened to the sea (in order to allow access for small
skiffs) and drains completely at low tide. The other two are
open to the seaonly at highest tides and remain partially full
at low tide. Most hills and the valleys between them (the
latter originating from guano deposits from birds nesting on
theisland), aswell asthetidal lagoons, are aligned approxi-
mately in anorth northwest—south southeast direction. Geo-
logic studiesindicate that theisland isrising and the valleys
at lower-elevations must have been lagoons since soil-core
studies revealed mollusks in the process of fossilizing in
the lower strata of sand, which overlay basaltic rock. Soil
profiles elsawhere on the island show only guano over the
basaltic rock (Vidal, 1967).

The most significant historic use of the island has been
the extensive guano-mining operations in the late ninete-
enth and early twentieth centuries. Thomas Bowen (2000)
providesthe best overview of such operations, highlights of
which are provided here. The massive number of seabirds
that used Rasa as a sanctuary for breeding, due to the ab-
sence of mammalian predators, deposited such quantities of
guano that international companies exploited the resource.
Guano mining began sometime before 1873, but exploita-
tion was at low levels. Industrial extraction of the guano
began in 1873 and continued into the 1910s, athough at
lower yields by the end of this era (Bowen, 2000). The
guano mining operations required massive disturbance of
the substrate: large numbers of medium size basalt boul-
ders were manually removed by the miners from the hill
surfaces and stacked into cairns (an estimated 11,200 struc-
tures; Bowen, 2000), and low long walls along many of
the hills of the island. The pebbles left behind after the re-
moval of these relatively large boulders created a surface
resembling a desert pavement. The original substrate of the
valleys, consisting of guano, was harvested using shovels
and transported to boats. After guano mining ceased people
began harvesting bird eggs in commercial quantities, re-
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Figure 2. Aeria photograph of Isla Rasa; view |ooks to the northeast (photo by Fulvio Eccardi).

aching 50,000 eggs per year (Villa, 1976). Egg collection
was practiced by local Baja California people who, in order
to obtain fresh eggs for market, would travel to theislandin
small boats during the start of the laying season and destroy
all eggs they could find so that the birds would lay fresh
eggs (without developed embryos). A few days later they
would collect the fresh eggs and take them to their towns
for sale. This practice continued until 1964 when Rasawas
given federal protection asawildlife reserve.

In addition to disruption to the breeding habits and habi-
tats of the sea birds during the years of guano mining and
egg harvesting, house mice (Mus musculus) and black rats
(Rattus rattus) became established. These introductions had
significant effects on the sea bird populations and undoubte-
dly on some, if not al of the plants. The nesting popul ations
(numbers unknown) of Craveri’s Murrelet (Synthliboram-
phus craveri) and Black-vented Shearwater (Puffinus opis-
thomelas) were extirpated from the island, and the breeding
success of Heermann's Gulls (Larus heermanni) and Ele-
gant Terns (Thalasseus elegans) was drastically reduced.

The conservation story of Isla Rasa has multiple chapters
and is central to the conservation of the Gulf of Californiaas
awhole. A popular article in National Geographic by Lewis

Botanical Sciences 92 (1): 89-101, 2014

Wayne Walker (1951) highlighted the natural wealth of the
islands in the Gulf by documenting the awe-inspiring ga
thering of hundreds of thousands of seabirds on the small
desert island of Rasa. This article and associated popular
media gained international recognition for the Gulf of Ca-
lifornia, which resulted in private donations made for the
conservation and research of the seabird ecology on Rasa.
This effort was headed by Dr. Bernardo Villa of the Institu-
to de Biologia of the Universidad Nacional Auténoma de
México (UNAM) in Mexico City in the 1960s, with whom
the lead author first traveled to the island and began her
work. Concern grew over crashing seabird populations in
the late 1950s and early 1960s, largely due to excessive egg
collecting. An international collaboration between Mexican
and American scientists, museum administrators, and local
citizens petitioned the Mexican government to conserve Isla
Rasa. Their work culminated in the island being declared a
federally protected areain 1964 by the Mexican Federa Go-
vernment under the official designation of Zona de Reserva
Natural y Refugio de Aves (DOF, 1964). This foundation of
conservation success led to continued scientific inquiry by
researchers and students in the region, which grew into ini-
tiatives to expand understanding and conservation to other
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islandsin the Gulf. Additional layers of protection have sub-
sequently been afforded to Rasa and the Gulf asawhole. In
1978, Isla Rasa became part of the much larger protected
area under the official designation of Area de Proteccion de
Floray Fauna Islas del Golfo de California (DOF, 2000),
which in 2005 were made a United Nations World Heritage
site along with the marine and coastal protected areas of the
Gulf of California. Because initially only the land portion
of the islands was protected, in 2005 the waters around the
group of islands between Partidaand San L orenzo, including
Rasa, Salsipuedes and Las Animas, were protected under
the official designation of Parque Nacional exclusivamente
la zona marina que circunda al complejo insular conoci-
do como Archipiélago de San Lorenzo (DOF, 2005), and all
the waters within five to seven nautical miles around these
islands received protection as well. In February 2006, Isla
Rasawas recognized as awetland of international importan-
ce by the Ramsar Convention. In 2007 the waters included
in Bahia de los Angeles, Canal de Ballenas and Cana de
Salsipuedes were declared a Biosphere Reserve under the
name Reserva de la Biosfera Bahia de los Angeles, Canales
de Ballenas y Salsipuedes (DOF, 2007). From 1979 to the
present, E. Velarde and her team have spent every spring
monitoring the seabird-breeding season on the island. The
base of operations consists of a small house built in 1964
on the NW side of the island, close to the shores of the eas-
ternmost intertidal lagoon, by the Secretaria de Agricultura
y Ganaderia, the Mexican federal environmental agency of
the time. This research team has been quantifying the po-
pulations and breeding and feeding ecology of the seabird
speciesthat nest on theisland, and protecting the birds from
egg collectors and other disturbances.

One of the most substantial conservation actions was the
eradication of theintroduced rodents (there are no nativeland
mammals on theidand). In 1993-1994 the monitoring of the
populations of these rodents was carried out in preparation
for their eradication. The late Jesiis Ramirez carried out the
first island eradication program in Mexico, eradicating in-
troduced rats and mice on Isla Rasain 1995 (Ezcurra et al.,
2002). The work was done using modern rodenticides, whi-
ch were placed over the entire isand. Complete eradication
was achieved in two months and immediate increases were
seen in seabird breeding populations. This eradication effort
served as a model for other similar initiatives, such as the
elimination of the black rat on Isla San Pedro Mértir, which
was completed in 2007 (Samaniego-Herrera et al., 2008).

Due to the shaping forces the island fauna has on the
plant life, we here provide a brief overview of the animals
found on Isla Rasa. There is a plethora of literature of the
subject, with especially important references in the different
chapters of Case and Cody (1983) and Case et al. (2002).

Birds. Several studies focused on seabird breeding biology
and physiology, including adaptations to the desert environ-
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ment, which were done after the establishment of the pro-
tected area (see Velarde-Gonzdalez, 1989 for overview). Over
80 species have been documented for the island (Velarde
Gonzalez, 1989; Cody and Velarde, 2002; Velarde personal
observation). However, the most important ornithological
aspect is that about 95 percent of the world population of
two seabird species nest on the island in spring, from April
through June: Heermann's Gull (Larus heermanni), with
some 260,000 individuals, and Elegant Tern (Thalasseus
elegans) with a 2008 nesting population of some 200,000
individuals, as well as the most important nesting popula
tion of Royal Terns (Thalasseus maximus) of North America
with up to 17,000 individuals.

Bird surveys conducted before the guano extraction ope-
rationsreport Craveri’sMurrelet (Synthliboramphus craveri)
nesting on theisland (Bent, 1919); while Black-vented Shea
rwater (Puffinus opisthomelas) burrows could be seen in the
early 1900s, after the cessation of guano mining (Bancroft,
1927). These two species had not been reported nesting on
the idland until recent evidence found by Vearde indicated
these species are nesting there again (Velarde et al., 2011).

Reptiles. The side-blotched lizard (Uta stansburiana) and a
gecko (Phyllodactylus tinklel) have been reported from the
island (Murphy and Aguirre-Ledn, 2002). One spiny chuc-
kwalla, Sauromalus hispidus, was discovered in 2006 at the
south end of the island (Velarde et al., 2008). Several scats
of the chuckwalla consisted of ca. 90 percent leaf material
of the small coastal plant Cressa truxillensis that is abun-
dant in the valley called Tapete Verde.

Mammals. No native land mammals or pinnipeds have been
reported on the island. The nearby rock outcrops Roca Rasa
and Roca Partida, however, have breeding colonies of Cali-
forniasealions (Zalophus californianus). Batsare not known
to occur on Rasa, athough Ida Cardonosa (Partida Norte),
only 7 km northwest from Rasa, has a significant population
of fishing bats, Myotis [Pizonyx] vivesi (Maya, 1968).

It is the goal of this paper to highlight, through analysis
of thefloristic diversity and ecology of Isla Rasa, the unique
stories of restoration conservation, ecological dynamics,
and migration and extinction made possible with long-term
data sets.

Materials and M ethods

A floristic list for Isla Rasa was compiled from collections
beginning with those of Edward Palmer in 1890 (Vasey and
Rose, 1890) to the present, and previous species lists for the
island (Johnston, 1924; Gentry, 1949; Moran, 1983; Moran
and Rebman, 2002). A rich history of botanical collections
for over a century and at nearly 30-year intervals provides
a comprehensive long-term record of the island flora. We
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searched for specimensfrom theisland at the herbaria of the
University of Arizona (ARIZ), San Diego Natural History
Museum (SD), and other regional collections, including
the California Academy of Sciences (CAS), the University
of Cdlifornia, Berkeley (UC), and the Herbario Nacional,
Universidad Naciona Auténoma de México, Mexico City
(MEXU). We also made use of pertinent information regar-
ding Isla Rasa specimens from databases at SD, the online
Southwest Environmental Information Network (SEINet),
and elsewhere, and information for select species of interest
housed at other herbaria. Additional insights were gained
by consulting the original field notes of botanists who visi-
ted the island, especially those of James Rodney Hastings
(courtesy of Raymond Turner), Reid Moran (housed at SD;
Moran 1936-1993), and IraL. Wiggins (housed at the CAS).
Thetwo new speciesrecordswere discovered by E. Velarde,
in addition to her records of the island flora through photos
and field notes. Insight into the dynamics of the islands flo-
ra were aided by Velarde's observations made during her
annual field seasons on the island, since 1979 during the
seabird breeding period and the use of matched photos taken
in March 1971 by Rodney Hastings and re-photographed
in April 2012 by Thor Morales. Velarde's collections were
made under a Mexican federal collecting permit and speci-
mens are deposited at SD.

Results

The vascular flora is composed of 14 speciesin 13 genera
and nine families. The Cactaceae are the most diverse fami-

ly with five species in four genera. There are eight succu-
lent species (three hal ophytic succulents and five xerophytic
succulents, one of which is a columnar arborescent form,
Pachycereus pringlei; Wilder et al., 2008), three herbaceous
perennials, and three shrubs (Table 1).

The 14 species are known to occur near the shore on near-
by larger land masses. There are three main hiogeographic
distributional patterns: (1) Gulf of California region, eight
species; (2) Mega-Mexico pattern 1 (Rzedowski, 1991), Ar-
throcnemum subterminalis and Distichlis littoralis; and (3)
New World and Cosmopolitan, four species (Table 1).

\egetation. The three major habitats on the island support
three plant communities (Felger and Lowe, 1976; Felger
and Wilder, 2012). These are (Figure 3):

() Tidal lagoons (esteros), which support salt scrub spe-
cies. The three lagoons on the island support a salt scrub
community adapted to saline conditions and is composed of
a salt grass (Distichlis littoralis), the three halophytic suc-
culents (Arthrocnemum subterminalis, Batis maritima, and
Sesuvium portulacastrum), and the recent arrival of a man-
grove (Rhizophora mangle).

(I1) Guano flats support guano-tolerant species. In the
Midriff Region many of the smaller “bird islands’ (e.g., Al-
catraz, Patos, San Pedro Mértir, and certain islands in Bahia
de Los Angeles) support species that are able to tolerate and
in some casesthrivein soil conditionsthat are toxic for most
plants (cactus diversity isrelatively greater on these smaller
islands than on larger islands, see Wilder et al., 2008). On
Rasa the classic guano-adapted species common on “hird

Table 1. Flora of Isla Rasa, growth form, biogeographic region of distribution, and historic collections. Note, lack of collection of all species
besides Rhizophora and Viscainoa by earlier botanists does not necessarily mean species was not present, especially cacti which are commonly
not pressed. *Growth forms: HP = herbaceous perennial, HS = halophytic succulent, S = shrub, XS = xerophytic succulent. "Generalized biogeo-
graphical groups: (1) Gulf of California; (2) Mega-Mexico 1; (3) New World and cosmopolitan.

Species Growth Biogeographic ~ Palmer Johnston Moran Hastings Velarde
form? region® 1890 1924 1962 1971 2008
Sesuvium portulacastrum HS 3 J M V*
Arthrocnemum subterminalis HS 2 M V*
Atriplex barclayana HP 1 J M H* V*
Batis maritima HS 3 ] M H* V*
Cylindropuntia alcahes XS 1 M H* V*
Cylindropuntia fulgida XS 1 M H* V*
Lophocereus schottii XS 1 M* H* V*
Pachycereus pringlei XS 1 M* V*
Stenocereus gummosus XS 1 M* H* V*
Cressa truxillensis HP 3 J M H V*
Distichlis littoralis HP 2 ] M V*
Rhizophora mangle S 3 \
Lycium brevipes S 1 J M H* V*
Viscainoa geniculata S 1 \
*Species was not collected but observed as evidenced by the collector’s field notes and/or photos.
Botanical Sciences 92 (1): 89-101, 2014 93
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Figure 3. Isla Rasa, showing place names, locations of the new plant species, and most relevant features. The three vegetation zones fo-
Ilow the three habitats of the island: guano-tolerant species on the guano flats or the valleys, outlined in black; salt scrub in the three tidal
lagoons (esteros), outlined in blue; desertscrub on the rocky areas of flats and hills, the remainder of the island.

islands’ in the Gulf are Atriplex barclayana, Lycium brevi-
pes, and the recently recorded Viscainoa geniculata. Cres-
sa truxillensis is the principal guano-flat species in one of
the valleys, which gives the Tapete Verde locality its name.
Brackish water was found at the bottom of this valley when
soil cores were taken, which may be an explanation for the
density of Cressa (Felger et al., 2012).

(I Rocky areas of flats and hills support a highly li-
mited desertscrub community. The subtle relief of this area
supports all cactus species on the island and the saltbush,
Atriplex barclayana. Cylindropuntia fulgida var. fulgida is
the dominant plant and forms impenetrable colonies, and
probably is one of the densest populations of any species
of Cylindropuntia in the entire Gulf of California region.
Cylindropuntia alcahes occurs in a dense stand on the hill
facing the easternmost lagoon. This|atter cholla species and
the other cactus species generally occur on Rasa as scattered
single or relatively few individuals.

Flora. Previous checklists for the island flora (Johnston,
1924; Gentry, 1949; Moran, 1983; Moran and Rebman,
2002), collectively list 16 species for the island (including
four species we treat as doubtful and excluded). We report
14 species, including two new records, Rhizophora and Vis-
cainoa. Animportant aspect of our knowledge of theisland’s
florais the legacy of historical botanical collections (Table
1). This solid baseline permits us to conclusively state these
two new records are indeed recent immigrants, in light of
their not having been documented over the last century. The
following specieslist adheresto the following format: acce-
pted scientific family name following APG Il nomenclatu-
re (Angiosperm Phylogeny Group), selected synonyms (in
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brackets), vernacular names when known, first in Spanish

(italics) then English, and the family in parentheses, and fi-

nally followed by the citation of arepresentative herbarium

voucher anchoring the species to the isand. We have seen
all specimens cited. Species are listed in aphabetical order
first by family and then by genus and species.

1. Sesuvium portulacastrum L. Sea purslane (Aizoaceag).
26 Mar 1962, Moran 8923 (SD).

2. Arthrocnemum subterminalis (Parish) Standley [Salicor-
nia subterminalis Parish]. Pickleweed, glasswort (Ama-
ranthaceae). 28 Apr 1966, Moran 13066 (SD).

3. Atriplex barclayana (Bentham) Dietrich. Chamizo, sala-
dillo, orgja de burro; costal saltbush (Amaranthaceae).
12 Feb 1890, Palmer 158 (CAS).

4. Batis maritima Linnaeus. Dedito; saltwort (Bataceae). 21
Apr 1921, Johnston 3217 (CAS).

5. Cylindropuntia alcahes (F.A.C.Weber) F.M.Knuth var.
alcahes [Opuntia alcahes FA.C.Weber var. alcahes).
Choya; Bgja California cholla (Cactaceae). 26 Mar 1962,
Moran 8927 (SD).

6. Cylindropuntia fulgida (Engelmann) EM .Kunth var. fulgida
[Opuntia fulgida Engelmann var. fulgida]. Choya; chain-
fruit cholla (Cactaceae). 26 Mar 1962, Moran 8926 (SD).

7. Lophocereus schottii (Engelmann) Britton & Rose var.
schottii. Snita, mdsaro; senita, old man cactus (Cacta-
ceae). 12 May 2009, Velarde (photo #0915).

8. Pachycereus pringlel (S.Watson) Britton & Rose. Car-
dén, sagiieso (Cactaceae). 26 Mar 1962, Moran observa-
tion (Moran, 1936-1993).

9. Senocereus gummosus (Engelmann) Gibson & Horak.
Pitaya agria (Cactaceae). 26 Mar 1962, Moran observa-
tion (Moran, 1936-1993).
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10. Cressa truxillensis Kunth. Alkali weed (Convolvula
ceae). 21 Apr 1921, Johnston 3209 (CAS).

11. Distichlis littoralis (Engelmann) H.Bell & Columbus
[Monanthochlde littoralis Engelmann]. Zacate playe-
ro; shore grass (Poaceae). 26 Mar 1962, Moran 8925
(CAS).

12. Rhizophora mangle Linnaeus. Manglerojo; red mangro-
ve (Rhizophoraceae). 20 Apr 2008, \elarde (SD).

13. Lycium brevipes Bentham var. brevipes. Salicieso, fruti-
Ilo; desert wolfberry (Solanaceae). 26 Mar 1962, Moran
8919 (SD).

14. Viscainoa geniculata (Kellogg) Greene var. genicula-
ta. Guayacan (Zygophyllaceae). 20 Apr 2008, Velarde
(SD).

Doubtful and excluded species (some authors have reported
certain species on Rasa that we have not observed and do
not accept as occurring on the island):

Atriplex polycarpa (Torrey) S.Watson. Chamizo cenizo; de-
sert saltbush (Amaranthaceag).

Cylindropuntia cholla (F.A.C.Weber) Knuth [Opuntia cho-
[la F.A.C. Weber]. Choya (Cactaceae).

Senocereus thurberi (Engelmann) Buxbaum [Lemaireoce-
reus thurberi (Engelmann) Britton & Rose]. Pitaya dulce;
organ pipe cactus (Cactaceae).

Fouquieria diguetii (Van Tieghem) I.M.Johnston [F. penin-
sularis Nash]. Palo adan (Fouquieriaceae).

Notes and observations. In 1962, coastal saltbush (Atriplex
barclayana) was noted to be the most common plant on the
island (Moran 1936-1993). However, in dry periods it may
be scarce, or not readily visible, as its abundance and distri-
bution fluctuates dramatically, mostly as aresult of oceano-
graphic and climatic conditions, and may appear dominantin
years of higher rainfall, such as El Nifio years. It has avery
plastic growth form, being facultatively perennial or annual,
seemingly capable of reproducing in a single season.

Chain-fruit cholla (Cylindropuntia fulgida), a clonal
species, has been increasing rapidly over the last decades
and is now abundant on the island, forming colonies from
fallen cladodes and fruits that readily form roots. Several
of the rocky hills are partially to aimost totally covered
by it. Johnston (1924:1117) reported, “A Cylindropuntia
apparently related to O. cholla is common on Raza and
Pond islands. It is characterized by the habit of bearing
enormous amounts of pendent many-jointed fruit.” C. ful-
gidaand C. cholla are closely related and readily confused
by the casual observer.

Cylindropuntia alcahes and especialy C. fulgida, both
have a negative impact on the nesting birds because many
of the chicks and some of the adults that have territories
contiguous to the chollas sometimes become impaled and
trapped by the spines and generally die (Figure 4). When
tern chicks wander close to cholla stands in their walks to
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the island edge, some of them have the same fate. The in-
crease in cholla coverage may have a significant impact on
the seabirds with quite negative results.

Continued observation of the cholla expansion is being
undertaken to determine the necessary, if any, management
actions needed to buffer the two main seabird species nes-
ting in Isla Rasathat are losing nesting space to the increase
of cholla. In this situation it is important to recognize that
the two main nesting seabirds on Rasa are included in the
Mexican norm for species in risk NOM-059-SEMARNAT
(2010), under the category “Specia protection” (Pr), and
Isla Rasa is the nesting site of approximately 95% of the
world population of these species considered “quasiende-
mic” to the Gulf of California. Management decisions need
to take into account al factors and address the conservation
goals at hand.

There are about 20 large individuals of the giant cardén
cactus (Pachycereus pringlei) on the island. Velarde noted
that in 2004, nine years after the rats and mice were eradi-
cated from the island, two small cardones appeared next to
the house. The approximate recorded heights of these two
plants were: 2004, 2 cm; 2005, 4 cm; 2006, 10 cm; 2008,
80 cm; 2009, 110 cm; 2010, 150 cm; 2013, 180 cm. The-
se plants receive additional water from the nearby outdoor
shower used by the researches. Additional plants, ca. 1 cm
tall, were found in the same place in 2008, and were 2 to 4
cm tall in 2009. Presumably, the cardones have been pro-
ducing seeds over the years, but the additional water and
probably the eradication of rodents has favored the survival
of new plants. The growth rate of these individuals is simi-
lar to that found for ca. 200 cardonesin along term plot on
Isla San Pedro Martir between 2007 and 2012 (Wilder and
Felger, 2010; Wilder unpublished data), which is far faster
than previously recognized for this species.

One mangrove plant (Rhizophora mangle), first seen on
the island in 2008 when it was ca. 0.5 m tall, occurs at the
west end of the island, in the westernmost lagoon growing
among saltwort (Batis). Photos in 2008 show a plant per-
haps 3 or 4 years old, with stilt roots. Ancther individual was
recorded in April 2013, with a height of about 50 cm. This
individual was not seen in 2012 and may have established
as aresult of the heavier rainfals recorded in the summer of
2012. The nearest red mangroves are at Bahiadelos Angeles
(ca. 36 km to the northwest), which is the northernmost oc-
currence of this speciesin the Bgja California peninsula, the
next closest locality is on the northeast side of Isla Tiburédn
(ca. 80 km to the east; see Figure 1). It is most likely that
the 1sla Rasa colonizer originated from Bahia Las Animas or
further south on the Peninsula due to the predominant nor-
th to south currents in the region during the winter months
(Beier and Ripa, 1999) and alack of cross Gulf (east to west
or west to east) current flow. This species requires daily tidal
flooding and draining for its persistence, which does not oc-
cur where the two mangrove plants are found.
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Figure 4. Elegant Tern impaled by a cholla (Cylindropuntia fulgida; photo by Enriqueta Velarde, 19 May 2009).

A single guayacan (Miscainoa geniculata) was first seen
on theisland in 2006 as a one-meter-tall plant, already with
flowersand fruits, and by 2013 had survived with no evident
increasein size. It isat the southwest end of theisland, close
to the shore in the first areainland with soil after the shore
boulders. This is the same place where a chuckwalla was
found, next to an adult carddn, adjacent to the small valley-
area covered with Cressa.

Repeat photography. The comparison of Rodney Hastings's
1971 images on Isla Rasa and Velarde's matches of 2012
show some stark changes in the vegetation (Figures 5 and
6). The hill depicted in Figure 5 in the 1971 image, taken
from the southwest edge of Tapete Verde, looking towards
the northwest, shows two small patches of chain-fruit cholla
on theleft and right of the hill and a scattering of individuals
on the middle right, whereas the 2012 image shows the hill
almost completely blanketed in adense chollathicket (Cylin-
dropuntia fulgida). The five young cardones (Pachycereus
pringlei) on the left of the hill, the one on the right, and the
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clump of the pitaya agria (enocereus gummosus) just right
of center near the top of the hill in the 1971 image have all
persisted and increased in stature by 2012. The halophytic
saltscrub community in the foreground has remained stable.
The second view (Figure 6) is taken in the same valley, and
from the same location, but looking towards the northeast.
The cardén from 1971, which at that time had only a sin-
gle challain its proximity, is noticeably thinner with much
greater constrictions between growth segments in 2008. In
2012 the carddn is surrounded by a dense stand of chollas
(C. fulgida). No appreciable change is detected in the vege-
tation of the valley, or the slope seen in the background.

Discussion

The unique geologic and anthropogenic legacy of the Isla
Rasa helps shape the floristic diversity seen today, a depau-
perate assemblage of plant species. At the same time the in-
teraction of one of the richest marine environments in the
world and aharshly arid climate combine to form afloraboth
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Figure 5. (left) Rodney Hastings photo m33-19, 15 March 1971; and (right) match by Thor Morales, 15 April 2012.

limited and fed by nutrients derived from the sea. Thismarine
and terrestrial interconnection is mediated by oceanic driven
climatic pulses such as El Nifio events. Many other oceanic
islands surrounded by rich marine upwellings face conditio-
ns and limiting factors similar to that on Ida Rasa, eg., the
Galapagosin Ecuador and Socotrain Yemen, two of the most
important desert insular biodiversity hotspotsin the world.

Conservation and restoration. Beyond environmental sto-
chasticity, changing conditions among the plants on Rasa

may be attributed to the eradication of the non-native ro-
dents in 1995. There has been increased survival of see-
dling and small cardones, the cholla expansion may in part
be due to release from predation of newly established clo-
nes, and the two new species (Rhizophora and Viscainoa)
arrived post-eradication. The response of the seabird bree-
ding populations has been remarkabl e since the rodent era-
dication. The Elegant Terns, in particular, increased from
30,000 individuals in pre-eradication years to 200,000 in
1999, and have remained high ever since (Velarde and Ez-

Figure 6. (left) Rodney Hastings photo m33-20, 15 March 1971; and (right) match by Thor Morales, 15 April 2012.
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97



ENRIQUETA VELARDE ET AL.

curra, 2002). On other similar Gulf islands the rodents were
known to eat vegetative material (Tershy et al., 1992), and
were quite active even in the intertidal areas of Rasa, par-
ticularly during the nine months of the year when seabirds
were not nesting and there were no eggs, small chicks, and
carcasses to consume.

Documenting the changes in flora and fauna on islands
that have had non-native rodents removed is critical in gau-
ging the ecological effects of such management actions. The
black rat eradication on Rasa was the first such action in
Mexico, and thus serves as the preeminent model for an-
ticipating the effects of non-native species removal from
other insular ecosystems, as removal of invasive speciesis
an ever-increasing reality in landscape management.

Ecological dynamics. There is direct evidence that the bio-
logical diversity of Rasa, at least the island’s flora, species
composition, and the population dynamics of the nesting sea
birds, isnot in astatic condition, but changes over relatively
short periods of time (Anderson et al. 2007, Bowen, 2013).
Isla Rasa's location in the western Midriff Region of the
Gulf of California, with one of the highest marine producti-
vities in the world (Douglas et al., 2007), is critical for the
dense colonies of seabirds that seasonally nest on theisland.
It is these cold and productive waters that support the great
diversity of marine life in the Gulf of California, of which
the pelagic fish form the basis of the seabird diet.

The most significant fluctuations seen on Rasa are during
El Nifio years. El Nifio waters enter the Gulf of California
from the eastern Pacific and are propagated within the Gulf
via coastal trapped waves. This influx of warm water leads
to positive anomalies (high temperatures) that are greatest in
the Midriff Island Region thermal fronts (Lavin and Mari-
none, 2003). This warm water decreases coastal upwellings
and results in the collapse of much of the primary produc-
tivity of the sea and forces long-lived seabirds to skip bree-
ding during these years of low food (Velarde and Ezcurra,
2002; Velarde et al., 2004, Vieyraet al. 2009).

While marine productivity and the subsequent trophic
levels suffer acute collapses during El Nifio years, winter
precipitation tends to increase during these oceanographic
anomalies, and terrestrial and insular habitats respond accor-
dingly via a profusion of plant growth (Polis et al., 1997;
Holmgren et al., 2001; Caso et al., 2007). The prolific an-
nual plant biomass in response to extreme rain events (El
Nifio-derived winter storms or warm season tropical storms)
is especially prominent on guano rich bird islands due to the
added nitrogen and phosphorusin the soil (Poliset al., 1997;
Stapp et al., 1999). For example, in El Nifio yearsthefaculta-
tive annual/herbaceous perennial Atriplex barclayana domi-
nates the flats and rocky hills of Rasa (aswell asldaPatos, a
bird island to the north of 1sla Tiburén), whileit isrelatively
scarce in drought times. Similarly, on Isla San Pedro Martir,
the annual cucurbit vine Vaseyanthus insularis blankets the
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island in response to infrequent tropical as well as El Nifio
stormsthat strike theisland (Wilder and Felger, 2010). Itisin
these periods of heavy precipitation that the flush of vegeta-
tion switches these small island ecosystems from dependen-
ce on allochthonous (external) input from the ocean to one
driven by in situ terrestrial productivity that draws upon the
influx of precipitation and the added nutrients in the guano
rich soil (Poliset al., 1997; Stapp et al., 1999).

In addition, to the direct connections formed by seabirds
and other organisms between the waters of the Gulf of Ca-
lifornia and the island ecosystems, certain species play a
significant role in decreasing the insularity of the islands.
Vagrant avian species, visitors, or unsuccessful colonizers,
have been shown to appear on Midriff islands (Rose and
Polis, 2000; Gallo-Reynoso et al., 2012). The visitation of
these species, primarily terrestrial and marine avian species,
is significantly linked to wet years associated with El Nifio
events (Rose and Polis, 2000). These species can easily be
viewed as potential dispersal agents for various plant spe-
cies. In fact, the majority of the flora of Rasa is adapted to
dispersal by birds. In these El Nifio years seabird nesting
and their associated impact via tromping on the vegetation
isdiminished, but vagrant visitation increases. Thus, the es-
tablishment of immigrant plant speciesislikely higher.

The increase in the chain-fruit cholla since 1971 is stri-
king. Itisnot certain at what point within these four decades
theincrease began, and if the rodent eradication was respon-
sible for, or accelerated this population expansion. It isin-
teresting to note that this same species of cholla throughout
its range has been observed to experience dramatic popu-
lation dynamics. A once mighty and expansive population
of Cylindropuntia fulgida var. fulgida in the deserts of the
Pinacate Biosphere Reserve in northwestern Mexico in the
early 1980s, consisted of thousands of plants, most ca. 2
m tall (Felger, 2000; Paul Dayton, unpublished photograph;
Felger and Ezcurra, personal observations). In 2013, all that
remains of thisonce dense grove are few individual s and de-
composing skeletons. This species, like many cholla, forms
clonal colonies from fallen cladodes and fruits that readily
form roots. This speciesis triploid and the seeds are likely
not viable (Rebman, 1995). Chain-fruit chollais estimated
to have a life span on the order of 40 to 80 years (Turner
et al., 2003), and thus may have population fluctuations on
a decadal time scale. The reliance on asexual reproduction
results in stands of relatively even age, in which the oldest
individualsin an aging stand that die off are not replaced. A
population may eventually eliminate itself from a given lo-
cality (Turner et al., 1995). Turner et al. (2003) viaanalysis
of repeat photo stations throughout the southwest U.S. and
northwest Mexico saw anet increasein C. fulgida of 23% at
seventeen photo stations between 1928 and 1963, and a net
increase of 35% at seventeen photo stations between 1963
and 1995. These patterns of expansion and contraction are
clearly in line with our observations, and point to the chain-
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fruit chollabeing afascinating indicator of long-term ecolo-
gical dynamics.

Immigration. In addition to the red mangrove on Rasa, a
black mangrove (Avicennia germinans) was found in 2007
in halophytic wetland habitat on Isla Alcatraz off the coast
of BahiaKino, Sonora (Felger and Wilder, 2012). Likewise,
on the Pacific Coast of southern Baja California Sur black
mangrove cover has substantially increased in the bac-
kwaters of lagoons in recent years (Lopez-Medellin et al.,
2011). Thisincrease is explained by a combination of high
tidal surges seen during El Nifio yearsthat deposits the man-
grove seedlingsinland from the established forest, and arise
of sea level that maintains moist soil conditions allowing
continued growth of the new seedlings (L&épez-Medellin
et al., 2011). Black mangrove occupies the landward zone
with the shallowest water in coastal lagoons, while red man-
grove (Rhizophora) consistently occupies the seaward zone
with the deepest water throughout the Gulf of California
(Felger et al., 2001). The black mangrove of Isla Alcatraz
was found ca. 70 m inland from the regular tide line in the
upper fringes of the wetland, while the red mangrove on
Rasa was found just above the regular tide line. It is pos-
sible that the recent mangroves on Islas Alcatraz and Rasa
can be attributed to the tidal and sealevel rise forces also at
play in southern Bgja California Sur, which can be further
established viaisotopic dating of the new Midriff Island in-
dividuals. However, it is also important to keep in mind that
there are hundreds of thousands of the water dispersed vi-
viparous mangrove seedlings throughout the Gulf, and their
recent occurrence on Rasa will likely not lead to establish-
ment due to the lack of daily tidal inundation.

Viscainoa geniculata is a Bgja California—Gulf of Cali-
fornia regional endemic and is found on a majority of the
Midriff Islands. The seed is covered in an oily orange aril
that would make it attractive to birds, which are the likely
dispersers (Turner et al., 1995). The fruit of V. geniculata is
a multi-valved schizocarp that upon dehiscence splits into
separate mericarps or sections that are still attached to the
main fruit. The individual mericarps upon drying invert and
become positioned beneath the seed, exposing and presen-
ting the oil covered arillate seed to interested consumers. It
is easy to envision fruit and seed consuming birds investi-
gating these fruits and if not eating them, having the sticky
seeds adhering to their feet or plumage. Although, mostly
non-resident, several species of Passeriformes birds have
been observed on Isla Rasa on occasional basis, and they
may have an important role in the dispersal of these plant
species (Cody and Velarde, 2002).

In addition to the recent arrival of this species on Rasa,
there is substantial evidence that Viscainoa geniculata is a
colonizer of Isla San Pedro Martir where it has substantially
increased in population size sinceitsarrival sometimein the
middle twentieth century (Wilder and Felger, 2010). This
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make species’ recent colonization of two bird islandsin the
Gulf of California indicates the important role of birds as
dispersal agentsin this system as well as an expanding ran-
gefor this species.

Conclusions

The baseline biodiversity and long-term ecol ogical datanow
established for Isla Rasa allow insights into the dynamic na-
ture of life on this desert island. The marine and terrestria
environments have asynchronous productivity responses to
global-scale inter-annual climatic variations, which set the
stage for a system in constant flux. This connection between
oceanic processes, a diverse trophic web, massive colonies
of seabirds, and an impoverished floralimited by aridity and
high levels of guano, allow for the careful study of IslaRasa
to perceive global phenomena. The eradication of rodentsin
1995, thefirst in al of Mexico, and a changing climate fur-
ther the unpredictable trajectory of this isolated ecosystem.
Continued precise monitoring of theisland florais essential
to understand the effects of rodent eradication and the asso-
ciated ecosystem response. By harnessing over a century of
biological knowledge for Rasa, we may begin to unravel the
ecological mysteries at play not only within its small confi-
nes, but on distant shores as well.
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