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ABSTRACT: Desecheo Island hosts a natural population of the higo chumbo cactus Harrisia por-
toricensis, listed as threatened under the US Endangered Species Act. The species was extirpated
from mainland Puerto Rico and is restricted to the offshore islands of Mona, Monito and Desecheo.
Herbivory by goats Capra hircus, rhesus macaques Macaca mulatta, and black rats Rattus rattus
introduced to Desecheo Island have likely contributed to a population decline, with only a few
individuals of higo chumbo reported in 2003. As part of a restoration program, goats have been
eradicated, macaques are considered functionally extirpated, and actions to remove invasive
rodents were completed in 2016 and confirmed as successful in 2017. Systematic monitoring was
implemented between 2010 and 2013, including widespread searches for H. portoricensis, collect-
ing data on population structure, number of individuals, height, number of branches and evidence
of phenological events. After 4 yr of continuous monitoring, 72 individual plants were identified,
which exhibited increased height and branching throughout the study years. No seedlings were
observed and only a few juveniles recorded, suggesting a resurgence from suppressed adults with
limited recruitment. Long-term monitoring is critical to understanding the population dynamics of
this species on Desecheo Island. Efforts to safeguard this species on the island require completion
of the invasive vertebrate removals and would benefit from a seed banking program and manual
establishment of new populations.
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INTRODUCTION

Islands represent key areas for biodiversity conser-
vation due to high levels of species endemism (Myers
et al. 2000). Invasive species have been identified as
a leading cause of extinctions (Tershy et al. 2015),
and remain a primary threat to extant island biodi-
versity (Wege et al. 2010). Insular flora face threats
from invasive herbivores and omnivores that de-

*Corresponding author:
cielo.figuerola@islandconservation.org

crease plant diversity, alter plant community struc-
ture, accelerate soil erosion, and aid seed dispersal of
exotic plants (Sussman & Tattersall 1981, Walter &
Gillett 1998, Simberloff & Von Holle 1999, Rojas-San-
doval et al. 2014). The Caribbean is home to approxi-
mately 11000 plant species, of which 72% are
endemic to the region (Anadoén-Irizarry et al. 2012).
Within these, the Cactaceae family is one of the most
vulnerable and ecologically important in the Carib-
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bean (Fleming & Valiente-Banuet 2002), containing a
large number of endangered and threatened species
(Walter & Gillett 1998, Ortega-Baes & Godinez-Alvarez
2006). Threats include disturbance (Godinez-Alvarez
et al. 2003), illegal collection and trade (Casas et al.
2002, Zimmermann & Pérez-Sandi 2006), habitat loss,
diseases and invasive species (USFWS 1996).

The higo chumbo Harrisia portoricensis is a colum-
nar cactus endemic to Puerto Rico and known only
from the offshore islands of Mona, Monito, and De-
secheo, west of Puerto Rico (USFWS 1996). The spe-
cies has been extirpated from the main island of
Puerto Rico, and in 1990 it was listed as threatened
under the US Endangered Species Act, and consid-
ered Endangered under the 1997 IUCN Red List of
Threatened Plants (Walter & Gillett 1998). Identified
threats include natural catastrophes like hurricanes,
habitat modification, low genetic variation, and her-
bivory by invasive species on Mona and Desecheo
islands (USFWS 1996). On Desecheo Island, rhesus
macaques Macaca mulatta were introduced in 1966
(Evans 1989) and goats Capra hircus were introdu-
ced through several undocumented events (Breckon
et al. 1998, Meléndez-Ackerman et al. 2008). Black
rats Rattus rattus were introduced with the arrival of
the first Europeans into the region in the 15th century
(Woodbury et al. 1971). A total of 161 plant species
have been documented on Desecheo, and 59 of the
total species were extirpated between 1915 and 1997
(Breckon 2000). The higo chumbo may have evolved
in the presence of (now extinct) native browsers, but
was susceptible to intense herbivory and frugivory
pressures exerted by introduced non-native goats,
macaques, and rats. Macaques have previously been
identified as detrimental to H. portoricensis, with
individuals observed breaking off and eating young
stems (Noble & Meier 1989, Breckon 2000). Debris
from cactus foraging by macaques and goats was
reported by Evans (1989), including the consumption
of H. portoricensis fruits by macaques. Goats and
macaques were observed feeding on the moist pulp
after heavy rains, suggesting this was an important
water source in the xeric climate on Desecheo (Evans
1989). In addition to these negative impacts, macaques
may have had a positive role as seed dispersers of H.
portoricensis (e.g. Sengupta et al. 2014); however this
is unclear. Black rat consumption of H. portoricensis
is unknown but should not be ruled out, given this
species is highly omnivorous, and fruit, seeds, and
vegetative matter from plants constitute a frequent
component of their diet (Shiels et al. 2013). However,
seed consumption by R. rattus when non-native on
islands is generally a negative relationship (seed pre-

dation) as many seeds do not survive gut passage
(Shiels et al. 2013). Breckon & Kolterman (1994) esti-
mated approximately 430 adult and 120 juvenile H.
portoricensis in 1994; the presence of different sized
individuals indicated that reproduction and recruit-
ment were occurring. Subsequent observations have
suggested a dramatic decline, with 5 individuals re-
corded in 1999 (Santiago-Vélez 2000) and 9 in 2003
(Schwagerl pers. comm., cited in USFWS 2010), rep-
resenting 0.9 to 1.6 % of the observations made in 1994.

Conservation actions on Desecheo have included
removal of macaques, goats, and rats. Attempts to re-
move the macaques were initiated in 1977 (Evans
1989) with focused efforts between 1985 and 1987,
and more recently since 2009. As of December 2013,
the population was considered functionally extinct,
i.e. reproduction ceased with only one wild macaque
known to remain on the island, and as of 2017, the
project was declared successful (Hanson et al. in
press). Goat removal was initiated in 1976, with most
individuals removed between 1998 and 2003 (USFWS
unpubl. data); the last individuals were removed in
2009 (C. Hanson pers. obs.). In total, at least 642 goats
and 295 macaques were removed (Evans 1989,
USFWS unpubl. data, Hanson in press). Rat eradica-
tion has been attempted twice: a failed attempt in
2012, and a second, successful attempt in 2016. The
removal of the herbivory pressure exerted by these
invasive species is expected to benefit native plant
populations, including H. portoricensis (USFWS 2011).

Point and baseline surveys for the higo chumbo
were conducted in 2003 and 2009, respectively, but
no individuals were found (Island Conservation 2009),
although detection probability for seedlings and
juveniles could have been low due to their small size
(0 to 50 cm). Systematic monitoring was subsequently
implemented from 2010 to 2013 and data on popula-
tion structure, architecture of individuals, and evi-
dence of phenological events were recorded. Here,
we provide an updated report on the status of the
population of H. portoricensis on Desecheo Island
following removal of invasive vertebrates, and make
recommendations for the management of the species.

MATERIALS AND METHODS
Study site
Desecheo is a small, mountainous island of 122 ha
(18°23'N, 67°29' W) approximately 21 km west of

Punta Higtiero, Puerto Rico. Maximum elevation is
213 m (Morrison & Menzel 1972), and vegetation is a
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mosaic of grassy patches, shrublands, and woodlands
with candelabra cacti and semi-deciduous forest
(Woodbury et al. 1971). Annual rainfall on Desecheo
is 750 to 1039 mm (Morrison & Menzel 1972, Seiders
et al. 1972), with a dry period from January to March
and a high rainfall period between July and October.
Farming activities occurred in the 1920s (Struthers
1927), and the island was used by the US Air Force as
a bombing, gunnery, and survival training site until
1964. In addition to goats and macaques, invasive
black rats Rattus rattus are also present. This island
was transferred to the US Fish and Wildlife Service to
be managed as a National Wildlife Refuge (NWR) in
1976. It is closed to the public due to safety concerns
as well as to protect the resources of the island; how-
ever, limited recreational activities occur offshore
including snorkeling and diving.

Study species

Harrisia portoricensis or higo chumbo, is a slen-
der, upright, columnar cactus, endemic to Puerto
Rico, belonging to the family Cactaceae, subfamily
Cactoideae, tribe Trichocereeae. This genus com-
prises 18 species, all of them endemic to their region
of origin and with restricted ranges. Fourteen of
these species are restricted to the Caribbean region
and 4 are restricted to the southeastern part of South
America (Argentina, Bolivia, and Paraguay; Ander-
son 2001). Juvenile plants are usually unbranched,
whereas adults may reach heights of more than 2 to
3 m and are usually extensively branched (Liogier
1994). Although there is no information on the age
of first reproduction for H. portoricensis in Puerto
Rico, observations from local botanists state it can
start producing flowers after 8 to 10 yr (O. A. Mon-
segur-Rivera pers. obs.). Other species in this genus
start producing flowers after 3 to 5 yr, when the
stems are 600 to 900 mm long (Auld & Medd 1992).
The cactus is night-flowering with hermaphroditic
flowers that are whitish, fragrant, and showy. Plants
are iteroparous and may produce flowers multiple
times within a year (Santiago-Vélez 2000). Studies in
2010 found the species exhibits a partially self-com-
patible breeding system, reproducing sexually
through a wind-aided self-pollination mechanism
(Rojas-Sandoval 2010); however, due to floral char-
acteristics, its pollination system could have been
different in the past. It is possible that this system
may have lost the more effective pollinators (e.g.
bats, insects or birds) due to natural disturbances
(i.e. hurricanes), or through impacts from invasive

alien species (Aslan et al. 2012), and it may now be
relying on alternative mechanisms for pollination
(Rojas-Sandoval 2010). On Mona Island, for exam-
ple, pollinators are known to include the hawkmoth
species Pseudosphinx tetrio (Sphingidae). Mature
fruits are yellow, spineless berries with more than
1500 small black seeds embedded in a white pulp
(Liogier 1994). The main dispersal agents include
native birds, lizards, water, and wind (O. A. Monse-
gur-Rivera pers. obs.). However, there is no genetic
variability at the individual, population, or species
level in H. portoricensis, although given its life his-
tory traits and geographic limitations this is to be
expected (Santiago-Vélez 2000). There is no specific
information on the lifespan of H. portoricensis but it
is estimated these cacti can live for several decades
(O. A. Monsegur-Rivera pers. obs.).

Data collection

Systematic surveys and monitoring occurred be-
tween June 2010 and June 2013, with one monitoring
visit per year conducted between March and June.
All accessible areas on the island were searched and
known individuals revisited (found from 2011 to
2013). Areas covered included the West Valley and
the Long Valley (western side), the Hog's Back
(northern side), the East Point (eastern side) and all of
the southeastern and southern slopes of the island.
Two persons spent on average 7 d each year conduct-
ing the surveys, investing an average of 8 h d=!. All
individuals were marked with a metal tag on a wire
around the base of each plant and GPS coordinates
were recorded.

Plant structure

We considered juvenile plants as those measuring
50 cm or less in height, and adults as 51 cm or more.
For each individual encountered we measured the
height of the stalks from base to tip, or from the low-
est point on the plant to tip, counted the number of
branches, and described key characteristics includ-
ing number of stalks, flowers, fruits, and extensive
disease or browsing. We tabulated the number of
branches (including buds) that juveniles and adults
exhibited as an indicator of mechanical damage (i.e.
breakage of a branch or stalk) at that stage, since a
high degree of branching could be evidence of her-
bivory during early life stages because the loss of api-
cal dominance results in the activation of lateral buds
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which will develop into branches (Dun et al. 2006).
We visualized the relationship between height and
number of branches in a scatterplot (see Fig. 2).

Photos

We took at least 2 standardized, north-facing pho-
tos of each individual at 1 m distance from the plant.
Additional close-up photos of the plant, scars, mark-
ings, flowers, or other items of interest were recorded
as well.

Growth rate

We calculated the mean growth rate and mean
number of emergent branches per year in all cases
where we had 4 yr of consecutive data. Growth was
quantified as the increase in total plant length meas-
ured for plants from one survey to the next.

Analyses

Analyses of branch number against height of cac-

tus were undertaken using Pearson's correlation
coefficient, and conducted in Minitab v.14.0. Distri-
bution was mapped using a geographic information
system (GIS; ArcGIS v.10.1) and overlaid with the
historical 1994 distribution (Breckon &
Kolterman 1994). Differences between
years for growth rate and number of
branches were calculated with a re-
peated measures ANOVA.

RESULTS

During our 4 yr study period (2010 to

2013), we found and measured a total

of 72 individuals of Harrisia portori-
censis (Table 1). Approximately 85 %

were found within the study area of :e;rof% ?nd: i
Breckon & Kolterman (1994) (Fig. 1), ® 2011 (n=5)
and 90 % of individuals in the area of :5812 E: - 13;

sparse vegetation and bare land on
the east slopes of the island. Values for
height and number of branches in-
creased consistently from 2010, with
an increase of 16 % from 2010 to 2011,
50% from 2011 to 2012, and 33 % from
2012 to 2013.

I:l Survey area Breckon
& Kolterman 1994

0 125 250 375 500 m
— )

Table 1. Mean (+SD) number of individuals observed, height,

and number of branches per year for Harrisia portoricensis

measured on Desecheo Island. n = number of individuals

from which we calculated the means and for which we had
3 or more years of data

Year Total Mean Mean no. n
individuals height of branches
observed (cm) (cm)
2010 31 64.7+30.5 0.41+0.75 27
2011 36 93.9+49.1 0.90 +1.07 19
2012 54 119.8 +47.3 1.25+1.73 41
2013 72 1452 +553 2.83+3.75 38

We also calculated the mean growth rate and mean
number of emergent branches per year for 18 indi-
viduals for which we had 4 consecutive years of data
(Table 2). Growth rate decreased each year, more
abruptly between the first and second year (2010 to
2011). The number of emergent branches per year
was comparable in the first 2 yr but increased in the
final year. We found significant differences between
the 3 yr of study for mean growth rate (F; 34 = 17.552,
p < 0.05) and for mean number of branches (F; 51 =
24.525, p < 0.05). Between 2010 and 2011, 33% of
observed individuals were juveniles. This decreased
to 3% (2 individuals) during 2012 and 2013. From 13
observations of juveniles ranging from 12 to 50 cm in
height, we found 12 presented branching, with 1 indi-
vidual exhibiting 15 branches (r = 0.305, p = 0.31)

e . N
P a8 A
B ... (o Dense vegetation
L | Sparse vegetation
5y [ |Bareland

Fig. 1. Distribution of Harrisia portoricensis in 1994 (Breckon & Kolterman
1994) and from 2010 to 2013 on Desecheo Island, Puerto Rico. New individuals
found every year are presented as the n for each year. (Desecheo vegetation

map credit: P. Minton, EVS Islands)
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Table 2. Mean (+SD) growth rate and emergent branches
per year for a subset of the population of Harrisia portoricen-
sis, June 2010 to June 2013 (n = 18)

Mean no. of
branches borne yr!

Year Mean growth
rate (cm yr?)

2010-2011 39.87 = 10.85 0.49 + 0.86
2011-2012 26.44 = 7.26 0.35 +0.50
2012-2013 22.79 £ 6.95 1.58 £1.93

(Fig. 2). A total of 4 fruiting events were observed on
4 individuals: 3 events with 4 fruits in 2012 and 1
event with 6 fruits in 2013 (Fig. 3). The maximum
number of fruits observed on a single individual on
Desecheo Island was 6 (Fig. 4A). No flowering events
were observed (all fieldwork was conducted during
the day); however, we encountered 11 individuals
with closed flowers and flower buds (Fig. 4B).

DISCUSSION

Eradication of invasive species from islands is a
commonly used tool to achieve biodiversity conser-
vation goals (Jones et al. 2016). Monitoring outcomes
for native flora and fauna is an important aspect of
eradication projects to determine if these goals are
being met, and to provide insights for planning of
future projects (Bellingham et al. 2010). Our study
provides an additional effort towards building a gen-
eral framework for understanding vegetation out-

Number of branches
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Height (cm)

Fig. 2. Plant height and number of branches on juvenile Har-
risia portoricensis, June 2010 to June 2013 (r =0.305, p=0.31)

comes from invasive herbivore and omnivore re-
moval (Schweizer et al. 2016). The increased number
of higo chumbo individuals observed on Desecheo
from 2010 to 2013 in relation to the removal of
macaques and goats (Fig. 5) provides insight for
understanding release from herbivory. In 2010 sur-
veys, 22 individuals were located, and in each subse-
quent year of monitoring additional individuals were
found. Total height of marked individuals increased
every survey year (Table 1), with a recent trip to the
island in 2016 reporting new seedlings growing in
the vicinity of previously located adults (R. Albar-
racin pers. comm., C. E. Figuerola-Hernandez pers.
obs., J. Garcia-Cancel pers comm.). Collectively, our
results suggest that the population is resurging from
suppressed adults due to the release from herbivory

Fig. 3. Photographic sequence of the development of an Harrisia portoricensis individual from 2010 to 2013. Note the presence
of a fruit in 2012 and the significant branch development during the following year
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Fig. 4. Phenological events observed in Harrisia portoricensis on Desecheo
Island: (A) 6 immature fruits on a single individual, and (B) flower buds in dif-
ferent stages of development on several of the individuals

impacts from goats and macaques. Although obser-
vations indicated that at the start of the study (2009)
the primary herbivory pressure was from the large
invasive macaque population, it is likely that goats
were also important in suppressing recruitment and
growth. Indeed, unpublished reports indicate that by
the 1990s the vegetation of the island had been deci-
mated and significant erosion was taking place due
to goat herbivory. These results are consistent with
studies elsewhere: cacti (Opuntia sp.) in the Galapa-
gos showed strong recovery on islands with the re-
moval of invasive goats (Hamann 1993, 2001).

The distribution of H. portoricensis
on Desecheo island found in our study
followed previous distribution pat-
terns described in 1994 (Breckon &
Kolterman 1994), with 85% of the
individuals located on the south and
southeastern slopes of Desecheo
(Fig. 2). These slopes are character-
ized by sparse vegetation composed
mainly of cacti, shrubs, and grasses
with wide patches of bare land.
Groups of individuals mainly con-
glomerated in bare land areas (Fig. 2),
since these areas offer more sun expo-
sure and less competition for nutrients
from other plants, especially during
the early life stages when H. portori-
censis seedlings are more vulnerable
to these impacts. West-facing slopes
on Desecheo Island maintain deeper
soils, fostering a denser vegetation
structure and less solar radiation, which is less con-
ducive for H. portoricensis establishment. Due to
footage from a network of camera traps, it is evident
that invasive mammals moved throughout the whole
island; therefore, it is unlikely their feeding behavior
determined the distribution pattern of H. portoricen-
sis. Distribution patterns are comparable on Mona
Island, where the highest densities of higo chumbo
are located on the dry shrubland and grassland
areas, characterized by a greater percentage of rock
cover and lower percentage of ground covered by
leaf litter (Rojas-Sandoval 2010). We expect a fully
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recovered population of H. portoricensis on Dese-
cheo Island will be mostly limited to the xeric—mesic
habitat available on the south and southeastern
slopes.

The higo chumbo typically requires at least 10 yr to
mature (O. A. Monsegur-Rivera pers. obs.), yet by
2013, several individuals measured >2 m and exhib-
ited abundant branching and fruiting; characteristics
typical of adult plants (Rojas-Sandoval 2010) (Table 1).
We observed the fastest growth rate of higo chumbo
in the first year of the study (Table 2), with growth
rates varying between years. We believe this repre-
sents suppressed adults resurging from stored re-
sources in the roots (Van Bloem et al. 2006). In gen-
eral, among columnar cacti, taller individuals exhibit
greater branching as a means to compensate for
height and weight instability (O. A. Monsegur-Rivera
pers. obs.). Many of the individuals we observed fol-
lowed this pattern, with larger individuals having
produced more branches; although we also observed
smaller individuals with a high degree of branching,
perhaps additional evidence of earlier herbivory.
Cacti respond to mechanical damage to a branch or
stalk by further branching; the loss of apical domi-
nance results in the activation of lateral buds which
will develop into branches (Dun et al. 2006). We
observed 13 higo chumbos measuring 50 cm or less
with between 0 and 15 branches.

While we observed a progressive increase in the
total number of individuals across the years moni-
tored, in later years the proportion of smaller size
classes was reduced. Typically, this species has a low
percentage (7.2 %) of seed germination under natural
conditions even though individuals are able to fruit
and flower throughout the year (Rojas-Sandoval 2010).
For example, the demographic structure of H. por-
toricensis on Mona Island, where invasive pigs,
goats, and rodents are present, included plants in the
adult (59%), juvenile (34 %), and seedling stages
(7 %) (Rojas-Sandoval 2010), a pattern similar to that
observed on Desecheo Island. Seedling growth could
have been restricted by the presence of rodents at
the time of the study —seed and seedling predation
by invasive Rattus sp. has been documented else-
where (Towns et al. 2006). Further, search efficacy on
Desecheo Island improved as cacti grew to a conspi-
cuous size and could be seen above the grass and
shrub layers. Lastly, cacti recorded as juveniles dur-
ing the first 2 yr of the monitoring study after the
removal of all goats (2009) may have in fact been
established individuals with stunted growth, which
would exhibit low height due to herbivory but a sub-
stantially developed root system. Through this de-

fense mechanism, plants are capable of storing re-
sources in the roots during the presence of a negative
environmental pressure; when this pressure is re-
moved, individuals can utilize these resources for the
development of aboveground biomass, resulting in a
faster growth rate in a relatively short amount of time
(Van Bloem et al. 2006). It is important to consider
that this study period was short, and we would need
to monitor the population for a longer period of time
to better understand how the higo chumbo responds
to the absence of these invasive mammals in terms of
growth. Climatic variability in the Caribbean is high
and it can also impact how plants grow and change
on a temporal scale, so this factor should also be con-
sidered. Therefore, we could expect the recovery of
the higo chumbo on Desecheo Island to fluctuate over
several years, especially since this is a species that
lives for decades.

Other factors have also likely influenced the higo
chumbo population on Desecheo. Hurricane Hort-
ense (1996) and Hurricane Georges (1998) likely
resulted in severe damage to individuals of H. por-
toricensis, contributing to the major population de-
crease observed from 1994 to 1999 (Fig. 5). While this
species evolved in the presence of such stochastic
events, subsequent regrowth would have been inhib-
ited by herbivory. In the long term, recovery of H.
portoricensis on Desecheo Island may be influenced
by climate change, for example, through increased
storm frequency, recruitment influenced by changes
in microclimatic conditions (Santiago-Vélez 2000,
Rojas-Sandoval & Meléndez-Ackerman 2009a), and
increased rainfall events affecting flower develop-
ment (Rojas-Sandoval & Meléndez-Ackerman 2009a).

Other potential threats to the species include fruit
and seed predation by black rats Rattus rattus and
green iguana Iguana iguana, diseases from patho-
gens like fungi, viruses, or bacteria, and the estab-
lishment of invasive grasses following macaque and
goat removal (Breckon & Kolterman 1994, Rojas-
Sandoval and Meléndez-Ackerman 2009b). Black
rats were successfully eradicated from the island in
2016. Although there was no genetic variability in
this species 20 yr ago, Desecheo Island could still be
important for metapopulation structure of the higo
chumbo in the future. Post-eradication recovery of
this species documented in this study demonstrates
the conservation benefit of herbivory removal hypo-
thesized in the USFWS Recovery Plan for H. por-
toricensis (USFWS 1996). Because of the relatively
small and discrete populations across Desecheo,
Mona, and Monito islands and the generally poor
recruitment rates for the species, we recommend
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