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Abstract Arbuscular mycorrhizal colonization was mea-
sured in the most abundant plant species of the Paraguaná
Peninsula, northwestern Venezuela. These plant species
included: Acacia tortuosa, Argusia gnaphalodes, Croton
punctatus, Croton rhamnifolius, Egletes prostrata, Melo-
chia tomentosa, Panicum vaginatum, Scaevola plumieri,
Sporobolus virginicus, Suriana maritima, Leptothrium ri-
gidum, and Fimbristylis cymosa. Mycorrhizal colonization
was assessed using the Trouvelot et al. (1986) method that
allows for simultaneous evaluation of frequency of colo-
nization (%F), intensity of colonization (%M), and the
proportion of arbuscules (%A) and vesicles (%V) present
in the roots. Average frequency of colonization was 69%.
The highest frequency of colonization was around 92%
in C. rhamnifolius and A. tortuosa; in the other species,
it varied from 49 to 86%. L. rigidum and F. cymosa were
considered nonmycorrhizal because its colonization was
very scarce and at all times appeared without arbuscules.
Average intensity of colonization was 7%. The highest
intensity of colonization was 18% in C. rhamnifolius. In
the other species, it varied from 3 to 15%. Paspalum
vaginatum, A. gnaphalodes,M. tomentosa, and S. maritima
had their fungal structures tightly packed in modified little
ovoid roots. In general, frequency of AM colonization was
high and similar to those reported for other tropical eco-
systems, whereas the intensity of AM colonization was low
and similar to values obtained in analogous studies in dis-
turbed ecosystems.
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Introduction

Coastal sand dunes are extreme environments, whose
complex dynamics mainly depends on wind exposure,
sand deposition, sand texture, slope, and fluctuations in
soil moisture (Moreno-Casasola et al. 1982; Carter and
Wilson 1988). These characteristics influence plant colo-
nization in accordance with microenvironmental condi-
tions (high irradiance and high temperature), where the
plants that are established may exhibit adaptations to sur-
vive in these extreme environments (Moreno-Casasola
et al. 1982; Moreno-Casasola 1988; Rose 1988). Previous
studies on mycorrhizas have shown that plants of coastal
sand dunes are abundantly colonized by arbuscular mycor-
rhizal fungi (AMF) (Giovannetti and Nicolson 1983; Puppi
et al. 1986), including species belonging to families con-
sidered mainly to be nonmycorrhizal (Trappe 1987; Corkidi
and Rincón 1997a).

In coastal sand dunes, vegetation and soil microorganisms
play a fundamental role in sand stabilization. In particular,
arbuscular mycorrhizas (AMs) are ubiquitous symbioses
between fungi and plants that act in important processes in
the soil–plant interface, such as improving plant nutrition
by increased nutrient and water uptake (Harley and Smith
1983); enhancing establishment, growth, and survival of
seedlings due to improved stress tolerance (Allen 1991;
Barea et al. 1991; Koske and Gemma 1995, 1996); binding
of sand grains into large aggregates (Tisdall and Oades
1982); and improving soil structure that can influence plant
succession (Nicolson 1960; Koske et al. 1975).

AMs in sand dune ecosystems have been extensively
studied in temperate regions, but in the tropical and sub-
tropical zones, ecological studies are scarce. A few studies
have been conducted in Australia (Koske 1975; Logan
et al. 1989), Hawaii (Koske 1988; Koske and Gemma
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1990, 1996), Brazil (Stürmer and Bellei 1994), and the
Gulf of Mexico (Corkidi and Rincón 1997a,b). In Ven-
ezuela, not even surveys have been carried out in these
environments.

The sand dunes on the Paraguaná Peninsula, Venezuela,
are located in a tropical semiarid area with precipitation
erratic in time and space and with high evaporation rates
that generate a constant water deficit in the soil (Medina
1985). They represent vulnerable barriers against very
complex patterns of wind dynamics. The NE Trade Winds
directly affect sand movement and the dune stabilization
process and make this system more dynamic than other
sand dune systems, thus, causing different stages ranging
from highly mobile to fixed dunes (Goddard and Picard
1976). In view of the stress conditions in the mobile
dunes, it is expected that a high percentage of plant
species would be associated with AM fungi and that this
would vary with the position in the dune.

This paper reports the floristic inventory of the mobile
sand dunes of Paraguaná Peninsula and evaluates the
presence of mycorrhizal colonization in the different to-
pographic units of these dunes.

Materials and methods

Study site

The study was conducted on a coastal sand dune area at
Paraguaná Peninsula, located in northwestern Venezuela

(11°48′N, 69°47′W) (Fig. 1a). The littoral area of the east-
ern coast of the Paraguaná Peninsula is covered by sandy
soil, usually deep and mobile with some denuded patches.
The climate is typical of tropical semiarid areas; mean
temperature is 28.3°C and rainfall is erratically distributed
with a tendency to accumulate at the end of the year.
Annual precipitation averages 382 mm (Fig. 1b). The
coastal sand dunes are an extensive strip with variable
width between 100 and 300 m, and 15 km long. These
areas receive the influence of tides and surf spray. In
addition, the NE Trade Winds continually blow over the
coast.

The study site included a littoral zone with an incipient
band of embryonic dunes of 1- to 1.5-m height with scarce
plant cover and a following zone, constituted by dunes
with 2.5-m height with patchy plant cover. These were
situated to seaward of semiestablished and stable dunes.
Five topographic units in the sand dune were selected in
this study: plain, hollow, slope, crest, and consolidated
dune or médano. Selected sites had the following char-
acteristics: plain, at the beach, close to the high-tide
mark with 25 to 35 m or 40 m wide; hollow, depression
among the dunes, occurring throughout the study site;
slope, dune arms, located between plain and crest topo-
graphic units; crest, the exposed area located on the top of
dune; and médano, the following zone of contiguous
dunes, covered with only woody plants. The médano area
is less exposed to wind than the other topographic units.

Fig. 1 a Study site in the
Paraguaná Peninsula (rectangle)
and b the climate diagram of
Adícora in northwestern
Venezuela
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Vegetation description

Plant distribution in the coastal sand dunes was determined
by the point method (Barbour et al. 1987). Percentage
cover and cover density were assessed by 20 points in an

imaginary strip located in each topographic unit using an
8-mm iron rod. A total of 40 strips of 20 m length × 2 m
wide were analyzed, ten for each topographic unit. Per-
centage cover of each species was calculated according
the following equation:

Percent cover ¼Number of “pins”which coincidedwith species A at least once�100
�
Total number of “pins”

The cover density (expressed in percentage) weights each
species by its canopy thickness, or cover repetition, at each
point:

Percentage of cover density ¼ Number of contacts with species A�100
�
Total number of contacts

This type of sampling is particularly sensitive to changes
in herbaceous shrubby vegetation type, which prevails in
coastal dunes (Goldsmith and Harrison 1976). In addition,
a floristic inventory of plant species was performed for
each topographic unit.

The matrix of floristic similarity between different to-
pographic units was obtained using the Sørensen coeffi-
cient Is (Sørensen 1948):

Is ¼ 2w
�
aþ bð Þ

where a is the total number of species in topographic unit
a; b the total number of species in topographic unit b; and
w the total number of species in both topographic units.
The similarity matrix was subjected to weighted pair-group
method and the dendrogram was drawn. This methodology
could have two limitations: it is possible that the floristic
list for a topographic unit might not be complete, and
some species could be included in an erroneous position,
especially ecotone species. However, it does give a gen-
eral idea about floristic affinity between topographic units.

Soil chemical analysis

Soils from the five topographic units were sampled once
during the 2-year field period. The analyses were per-
formed on the 0- to 15-cm top fraction. Three composite
soil samples were homogenized, air-dried and sieved (<2
mm), and the pH was measured in water (1:5) and in 1 M
KCl (1:5). Soil texture was evaluated by the hydrometer
method (Bouyoucos 1992). Organic matter was assessed
using the Walkey–Black method (Jackson 1976) and total
N was measured using a micro-Kjeldahl. Extractable P
was assessed by the method of Murphy and Riley (1962)
after the extraction with NaHCO3 according to Olsen et al.
(1954). Exchangeable Ca2+, K+, and Mg2+ were measured
by atomic absorption spectrophotometry. Data presented
are the mean values of the composite samples.

Arbuscular mycorrhizal colonization

Fine roots (1–3 g) of five individuals from each of the most
abundant plant species were extracted to evaluate AM
colonization. Only roots smaller than 3-mm diameter were
stained (Phillips and Hayman 1970). Mycorrhizal coloni-
zation was assessed using the Trouvelot et al. (1986)
method. Each root sample constituted of 30 fragments of 1-
cm length, mounted in a mixture of glycerol and lactic acid
(v/v). This method allows for the simultaneous evaluation
of frequency of colonization (%F), intensity of coloniza-
tion (%M), and the proportion of arbuscules (%A) and
vesicles (%V) present in the roots. Frequency of coloni-
zation (%F) was calculated by the following equation:

F% ¼ 100 N � noð Þ�N

where N is the number of root fragment observed and no is
the number of root fragments without AM colonization.
The intensity of AM colonization (%M) in each root
segment was scored based in the whole presence of the
fungus in the entire fragment using values from 0 to 5.
Numbers indicate the proportion of root cortex colonized
by the fungus, i.e., 0, without colonization; 1, colonization
trace; 2, less than 10%; 3, from 11 to 50%; 4, from 51 to
90%; and 5, more than 90% of the volume of root segment
occupied by the fungus. Then, the intensity of colonization
(%M) as estimated by the following equation:

M% ¼ 95n5þ 70n4þ 30n3þ 5n2þ n1ð Þ�N

where n5, n4, n3, n2, and n1 are the numbers of fragment
in the respective categories 5, 4, 3, 2, and 1.

A similar system was used to calculate frequency of
arbuscules (%A) and vesicles (%V), but in this case, the
categories were 1 (without arbuscules or vesicles), 2 (less
than 10%), 3 (from 11 to 50%), and 4 (more than 50% of
the volume of the root fragment occupied by structures of
these types) (Trouvelot et al. 1986). Also, this method was
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used to quantify the presence of coils or peletons (%C) and
hyphae (%H) formed by AM fungi. For the assessment of
mycorrhizal colonization, only fungi with aseptate irregu-
lar walls were taken into account (Barea et al. 1991).

The abundance of root hairs was quantified using a
relative scale from 0 to 3 (0, absent; 1, few; 2, common; 3,
abundant). Root hair width was also measured using a
calibrated ocular micrometer (n=20/each species). In ad-
dition, to detect fine endophytes (Brundrett et al. 1994), the
diameters of ten stained hyphae selected at random were
measured.

Statistical analyses

The nonparametric Mann–Whitney test was used to test
significant differences in ranges of AM colonization be-
tween topographic units. Also, multiple range analysis
based in analysis of variance (ANOVA) was used to iden-
tify homogeneous groups between plant species and my-
corrhizal structures. Finally, the correlation matrix of
studied variables was calculated (Sokal and Rohlf 1972).

Results

Vegetation description

Vegetation from Paraguaná Peninsula coastal sand dunes
is floristically poor, with only about 15 species of plants
belonging to 11 families. Seventy three percent of the
species are herbaceous and the remaining are shrubby.
The five dominant species were Sporobolus virginicus
(L.) Kunth., Paspalum vaginatum Sw., Argusia gnapha-
lodes (L.) Heine, Suriana maritima L., and Egletes
prostrata (Sw.) Kuntze. The three first species alone are
responsible for 53% of the total cover. Twelve species
contributed to 15% cover and the remainder was bare soil

(32%). The plants formed dense patches, according to the
cover density values obtained (Table 1).

The vegetation survey in the sand dunes allowed the
distinguishing of four groups of species according to
their distribution in the dune. S. virginicus, P. vaginatum,
Croton punctatus Jacq., and A. gnaphalodes occurred in
almost all studied units; Chamaesyce dioica (H.B.K.)
Millsp., Sesuvium portulacastrum L., Ipomoea pes-caprae
(L.) Sweet. and Scaevola plumieri (L.) Vahl. grew in the
plains. Leptothrium rigidum Kunt, Fimbristylis cymosa R.
Br., E. prostrata, and M. tomentosa L. grew mainly in
hollows. Finally, S. maritima, C. rhamnifolius H.B.K., and
the shrubby form of Acacia tortuosa (L.) Willd. occurred
on crests. The last species shows two very distinct mor-
phologies: one as a prostrate shrub that is found only on
crests, and the other form is the well developed erect tree
that appeared only on the médano position. Of course,
some of these species grew in the ecotonal unit (slope). A
similarity dendrogram shows that crest, slope, and hollow
form a similar group (60%). The plain unit only shares

Table 1 Species, family, and
topographical positions where
the plant species of coastal sand
dunes of the Paraguaná Penin-
sula grew

Cover (%) and cover density
(%) of these species according
to the point method

Species Family Topographical
positions

Cover
(%)

Cover
density (%)

Sporobolus virginicus (L.) Kunth. Poaceae Plain–slope–crest–hollow 34.2 43.2
Paspalum vaginatum Sw. Poaceae Plain–crest–hollow 13.3 15.7
Argusia gnaphalodes (L.) Heine. Borraginaceae Plain–slope–crest–hollow 5.4 4.8
Suriana maritima L. Simaroubaceae Crest 3.2 4.2
Egletes prostrata (Sw.) Kuntze. Asteraceae Hollow 3.0 4.0
Croton punctatus Jacq. Euphorbiaceae Slope–crest–hollow 2.5 3.3
Melochia tomentosa L. Sterculiaceae Hollow 1.6 1.1
Scaevola plumieri (L.) Vahl. Dipsacaceae Plain 1.1 1.8
Fimbristylis cymosa R. Br. Cyperaceae Hollow 1.0 2.3
Leptothrium rigidum Kunt. Poaceae Hollow 0.9 1.3
Chamaesyce dioica (H.B.K.) Euphorbiaceae Plain 0.6 0.5
Acacia tortuosa (L.) Willd. Mimosaceae Crest–médano 0.5 0.6
Ipomoea pes-caprae (L.) Sweet. Convolvulaceae Plain 0.3 0.1
Croton rhamnifolius H.B.K. Euphorbiaceae Crest 0.2 0.1
Sesuvium portulacastrum L. Aizoaceae Plain 0.1 0.1

Fig. 2 A dendrogram with the indices of similarity of Sørensen of
topographic positions in coastal sand dunes
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33.3% of plant species with the previous group. The con-
solidated dune position (médano) constitutes a different
entity, where onlyA. tortuosa grows as its tree form (Fig. 2).

Soil chemical analysis

Soil characteristics of the five topographic units were
similar. All soils were sandy and strongly alkaline. Soil N,
Mg2+, and K+ were low. In contrast, P, Ca2+ and Na+ had
intermediate values (Table 2).

Arbuscular mycorrhizal colonization

The plant species studied had structures belonging to AMF
in their fine roots. The average frequency of colonization
was 68.8%. A. tortuosa (L.) Willd. and C. rhamnifolius had
the highest AMF frequencies. F. cymosa and L. rigidum
had the lowest AM frequencies (Table 3). The ranges of
frequency (%F) of AM colonization in different topo-
graphic positions of the coastal sand dunes on Paraguaná
Peninsula were compared with the nonparametric Mann–
Whitney U test. There were no statistically significant
differences (Table 4).

The average intensity of colonization was 7.2%. C.
rhamnifolius had the highest AM intensity (17.7%) and

L. rigidum had the lowest (0.5%). Again, F. cymosa and
L. rigidum had the lowest AM intensity (Table 3). The
ranges in intensity (%M) of arbuscular mycorrhizal col-
onization did not show statistically significant differences
(Table 4).

The frequencies of arbuscules, vesicles, and coils in
plant species measured using the method of Trouvelot et al.
(1986) are shown in Table 3. Ten plant species of the total
(83%) had arbuscules. Average arbuscule frequency was
close to 3%. S. plumieri had the highest arbuscule fre-
quency. L. rigidum and F. cymosa did not have arbuscules.
Mean vesicle frequency was close to 1.5%. P. vaginatum
had the highest vesicle frequency. Only L. rigidum did not
have vesicles. Average coil frequency was close to 1.4%.
C. rhamnifolius presents the highest coil frequency. Again,
L. rigidum and F. cymosa did not have coils.

For the ANOVA, the values of frequencies of AM
colonization and each AM structure (arbuscules, coils and
vesicles) of plant species were transformed by log(1+x).
Between species, differences were significant for all fre-
quencies (p<0.05). A posteriori analysis of multiple ranges
revealed the presence of three groups with different
frequency of coils: F. cymosa and L. rigidum formed the
first group without coils; C. rhamnifolius and S. plumieri
constituted the second one with the highest frequency of
coils; and the remaining plant species formed a third group
with similar frequency of coils.

Table 2 Sandy soil chemical analyses from topographic positions on the study site (0- to 15-cm depth)

Site pH
(H2O)

pH
(KCl)

N total
(mg N/g PS)

P available
(cg P/g)

Organic
matter (%)

Na
(cmolc/kg)

K
(cmolc/kg)

Mg
(cmolc/kg)

Ca
(cmolc/kg)

Bulk density
(g/ml)

Plain 8.7 9.0 0.18 19.80 0.70 2.79 0.13 2.86 20.78 1.36
Hollow 8.7 8.9 0.18 21.54 0.80 2.60 0.15 2.89 19.94 1.33
Slope 8.8 8.9 0.21 21.11 0.70 2.91 0.14 2.91 15.68 1.41
Crest 8.7 8.7 0.21 21.92 0.70 3.03 0.14 2.99 19.78 1.36
Médano 8.8 9.0 0.28 18.30 0.80 3.68 0.27 3.63 15.80 1.40
Mean 8.7 8.9 0.21 20.53 0.74 3.00 0.17 3.06 18.40 1.37
SE 0.0 0.1 0.02 0.66 0.02 0.18 0.03 0.15 1.10 0.01

SE Standard error

Table 3 Frequency (F) and in-
tensity (M) of arbuscular
mycorrhizal colonization, with
frequencies of arbuscules (A),
vesicles (V), coils (C), and
hyphae (H) according to the
Trouvelot et al. (1986) method
in plant species from the coastal
dunes of the Paraguaná
Peninsula, Venezuela

Species %F %M %A %V %C %H

Acacia tortuosa 92.2 9.0 4.4 2.2 0.6 1.0
Croton rhamnifolius 92.0 17.7 7.6 3.7 4.1 7.6
Croton punctatus 85.8 9.3 2.6 0.4 1.9 2.4
Paspalum vaginatum 84.7 10.2 3.5 5.6 1.3 2.7
Sporobolus virginicus 76.7 4.5 0.7 0.6 0.5 1.2
Argusia gnaphalodes 74.0 6.0 1.9 0.8 0.7 1.7
Suriana maritima 68.7 4.6 1.2 1.1 1.4 2.5
Melochia tomentosa 68.0 5.1 1.2 1.0 0.3 1.5
Scaevola plumieri 64.2 15.1 8.7 1.6 3.8 7.7
Egletes postrata 49.3 3.4 0.9 0.5 1.0 1.1
Fimbristylis cymosa 40.7 1.3 0.0 0.2 0.0 0.0
Leptothrium rigidum 28.7 0.5 0.0 0.0 0.0 0.0
Average 68.8 7.2 2.7 1.5 1.4 2.5
Standard error 5.8 1.5 0.8 0.5 0.4 0.7
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The overall appearance of AM fungi in root systems
under the microscope can be categorized into three groups.
A. gnaphalodes, P. vaginatum, S. maritima, and M. to-
mentosa constitute a group of species characterized by an
AM colonization localized mainly inside fine roots with a
particular ovoid or ellipsoid form (Fig. 3). L. rigidum and
F. cymosa represent another group, where no arbuscules
or coils were observed in their root systems, although
their cortical cells contained intraradical spores and hy-
phae with numerous entry points but without apparent
continuity in between. The last group, formed by the re-
maining species, had roots with no unusual structural
features and with %F and %M of colonization homo-
geneously distributed across roots.

Root hair abundance, range of internal hyphal diameter,
and presence of fine endophyte in the studied plant species
are shown in Table 5. The abundance of root hairs
decreased in the following order: L. rigidum (3), F. cymosa
(2), A. gnaphalodes (1), and S. virginicus (1). Root hair
length varied from 87 to 300 μm. The high variation of

hyphal diameter found in the plant species studied in this
work suggested that there was more than one type of AMF
colonizing root systems. Mean hyphal diameter varied
between 0.1 and 1.3 μm. The correlation matrix revealed a
negative relationship between the presence of root hairs
and both the frequency and the intensity of colonization
(Table 6).

Discussion

In these coastal sand dunes, grass and herb species (mainly
stoloniferous) grow on the plain close to the beach. Shrub
species occur on the crests. Herbaceous and acaulescent
shrubs frequently grow in the hollows. Finally, woody
plant species grow in semistabilized and stabilized dunes
(médano) behind the mobile ones. Bare soil dominates
the whole community and plants are distributed in patch-
es. This vegetation pattern is very similar to other tropical
and subtropical sand dunes (Moreno-Casasola et al. 1982;
Corkidi and Rincón 1997a,b; García 1997).

In these mobile and semimobile dunes, sand movement
has been mentioned as a key factor in plant distribution, as
distributions change drastically during the dune stabiliza-
tion process. In fact, Moreno-Casasola (1986) suggested
that there is a close interaction between plant species,
vegetation cover, sand movement, and dune shape. This
would explain why there are species that only occur on
specific positions, for example, S. plumieri that only grows
on plains or S. maritima and C. rhamnifolius that grow on
crests. Also, A. tortuosa is the only plant species that oc-
curs in consolidated dune. However, this system can be
considered as a continuum because some plant species
grow in the adjacent positions, like some just mentioned.

The vegetation type present in these coastal sand dunes,
locally called Los Médanos, can be defined as littoral
psammophilous meadows sensu Huber and Alarcón (1988).

Fig. 3 Intact ellipsoid roots with mycorrhizas in Paspalum
vaginatum

Table 4 Ranges of frequency (%F) and intensity (%M) of arbuscular mycorrhizal (AM) colonization of plant species in different
topographic positions of the coastal sand dunes on Paraguaná Peninsula

Parameter Topographic positions Médano

Plain Slope Crest Hollow

Plant species S. virginicus,
P. vaginatum,
A. gnaphalodes,
S. plumieri

S. virginicus, A.
gnaphalodes, S.
maritima, C.
punctatus, E.
prostrata, M.
tomentosa, F. cymosa,
A. tortuosa

S. virginicus,
P. vaginatum,
A. gnaphalodes,
S. maritima,
C. punctatus,
C. rhamnifolius,
A. tortuosa

S. virginicus,
P. vaginatum,
A. gnaphalodes,
C. punctatus,
E. prostrata,
M. tomentosa,
F. cymosa,
L. rigidum

A. tortuosa

Average and range frequency
arbuscular mycorrhizal
colonization (%F)

74.9 (64.2–84.7)a 69.4 (40.7–92.2)a 82.0 (68.7–92.2)a 63.5 (28.7–85.8)a 92*

Intensity of arbuscular
mycorrhizal colonization (%M)

9.0 (4.5–15.1)b 5.4 (1.3–9.3)b 8.8 (4.5–17.7)b 5.0 (0.5–10.2)b 9*

Equal letters indicate nonsignificant differences between the topographic positions (p<0.05) according to the Mann–Whitney U test.
*The Mann–Whitney U test was not applied.
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Although the diversity of species and families seems very
low for a tropical ecosystem, it is indeed very similar to the
diversity reported for other semiarid tropical zones from
northwestern Venezuela (Alarcón 1994, 2001). This is in
contrast to temperate sand dunes where the number of
plant species is ten times higher than these psammophi-
lous meadows (Logan et al. 1989).

AMF seems to constitute an important component of
these littoral meadows, because 90% of the plant species
have values of mycorrhizal colonization greater than 50%.
This high percentage of species with AMF found in these
tropical sand dunes is consistent with that found in other
dunes throughout the world, either temperate or tropical
(Koske and Halvorson 1981; Giovannetti and Nicolson
1983; Koske and Gemma 1990; Louis 1990).

The average colonization frequency (68.8%) was higher
than the values for the dunes of other latitudes. For
example, it was 60% in Canada (Koske et al. 1975),
54% in Scotland (Nicolson and Johnson 1979; Koske
and Halvorson 1981), 50% in the Atlantic USA (Koske

and Polson 1984), 39% in Australia (Logan et al. 1989),
30% in Greece (Vardavakis 1992), 20% in Italy (Puppi
et al. 1986), and 32–40% in the Gulf of Mexico (Corkidi
and Rincón 1997a). Our values were similar to the aver-
age colonization frequency (67%) reported by Louis (1990)
for tropical sand dunes in Singapore. Data previously men-
tioned were obtained by the method of Giovannetti and
Mosse (1980), instead of that of Trouvelot et al. (1986)
used by us. In addition to inherent differences due to
methods, the variations found between our value and the
others cited could be associated with the inoculum pres-
ent, and its effectiveness and permanence in the area,
which, as a whole, allow subsequent colonization.

The presence of tightly packed hyphae, vesicles, and
arbuscules of AM in fine roots with ovoid or ellipsoid
form was observed in plant species of different families
with no apparent evolutionary relationship. These plant
species do not share a similar topographic unit, because
A. gnaphalodes and P. vaginatum grow in all the positions,
S. maritima mostly grows in the crest, and M. tomentosa

Table 5 Root hair abundance,
range of internal hyphal diame-
ter, presence of fine endophyte,
and modified roots with mycor-
rhizas in the species from sand
dunes in the study sites at
Paraguaná Peninsula

The positive sign (+) indicates
presence and the negative sign
(−) indicates not observed

Species Root hair
abundance

Range of hyphal
diameter (cm)

Presence of
fine endophyte

Presence of ovoid
or ellipsoid roots
with mycorrhizas

Acacia tortuosa 0 1.3–7.8 + −
Argusia gnaphalodes 1 1.3–3.9 + +
Croton rhamnifolius 0 1.3–2.6 + −
Croton punctatus 0 2.6–7.8 − −
Egletes prostrata 0 1.3–3.9 + −
Fimbristylis cymosa 2 1.3–3.9 + −
Leptothrium rigidum 3 2.6 − −
Melochia tomentosa 0 1.3–2.6 + +
Paspalum vaginatum 0 2.6–7.8 − +
Scaevola plumieri 0 2.6–7.8 − −
Sporobolus virginicus 1 2.6–7.8 − −
Suriana maritima 0 <1.3–3.9 + +

Table 6 Correlation matrix of
root hair presence, frequency of
hyphae, presence of modified
roots, hyphal length, frequency,
and intensity of mycorrhizal
colonization for plants of the
study sites

Species Root
hairs

Hyphal
frequency

Presence of
modified roots

Frequency
of AM

Intensity
of AM

Species 1
Root hairs 0.0127 1
Hyphal Frequency 0.2074 −0.6029 1
Presence of modified roots 0.2560 −0.2471 0.0921 1
Frequency of AM −0.2428 −0.7343 0.4251 0.1859 1
Intensity of AM −0.1709 −0.6257 0.7570 −0.1046 0.6971 1

Table 7 Frequency and intensi-
ty of arbuscular mycorrhizal
colonization measured accord-
ing to the Trouvelot et al. (1986)
method in several tropical
ecosystems

Location %F %M Source

Sand dunes 68.8 7.2 This work
White sand shrublands 93.4 38.0 De Andrade et al. 1994
Natural savanna I 79.8 27.3 De Andrade et al. 1994
Natural savanna II 61.5 11.9 Lovera and Cuenca 1996
Revegetated savanna 48.8 17.1 Lovera and Cuenca 1996
Old disturbed savanna 49.0 7.0 Lovera and Cuenca 1996
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is located in the hollows. As far as we are aware, there
are no references in the specialized literature dealing with
these characteristic structures in shrub or herbaceous spe-
cies; the only entries deal with woody plant species
(Herrera et al. 1988; Duhoux et al. 2001). We speculate
that the structures observed are produced by different se-
nescence rates between mycorrhizal and nonmycorrhizal
roots, but the functional role is not clear, and their possible
implication in the dynamics of the AM in these coastal
sand dunes requires further elucidation in the future.

The AM colonization in the coastal sand dunes reveal
that the species with the highest density of root hairs
possess the lowest presence of mycorrhizas, or no my-
corrhizas at all, as in the grass L. rigidum. Baylis (1975),
Peat and Fitter (1993), St. John (1980), Allen (1991), and
Michelsen (1993) have obtained a similar inverse rela-
tionship between the presence of AM and the abundance
of root hairs.

Although AM hyphae and vesicles were found in F.
cymosa, the lack of arbuscules suggests some type of
saprophytic relationship (Brundrett 1991), and in conse-
quence, not a mycorrhizal one. These species, L. rigidum
and Capparis odoratissima Jacq, an evergreen woody spe-
cies of the xerophyte forest of Falcón State (Vietez 1990),
constitute the nonmycorrhizal species detected up to now
for the semiarid lands of Venezuela.

The comparison of average mycorrhizal frequency and
intensity of mycorrhizal colonization in roots between
diverse tropical ecosystems reveals that these coastal sand
dunes possess frequency values similar to others reported
for natural ecosystems, particularly in savannas with her-
baceous plants (Table 7). However, mycorrhizal intensity
(%M) values are very low, comparable to values reported
for disturbed savannas in La Gran Sabana in southeastern
Venezuela. This last result is not surprising, because dunes
are natural ecosystems where the wind produces a constant
disturbance.

In conclusion, we suggest that mycorrhizas play an eco-
logically important role in these coastal sand dunes, due to
their presence in the majority of the species and to the
presence of the AM fungal structures in special rootlets
that suggest some functional convergence in totally differ-
ent taxonomic families.

Acknowledgements This work is part of the doctoral thesis of the
first author who wants to thank the Instituto Venezolano de In-
vestigaciones Científicas (IVIC) and the Centro de Ecología y Zonas
Áridas (CIEZA) for the use of facilities and institutional support.
Also, the senior author recognizes the support provided by the
agreement Universidad Nacional Experimental Francisco deMiranda
(UNEFM)-Fundación Gran Mariscal de Ayacucho through a schol-
arship. We are grateful to Dr. Ricardo Herrera (Instituto de Ecología
y Sistemática de la Habana, Cuba), to Dr. Jesús Eloy Conde (IVIC),
and to Dr. Miriam Díaz (UNEFM) for valuable suggestions. We also
thank Zita de Andrade, Erasmo Meneses, Gladys Escalante, Saúl
Flores, Milagros Lovera, and Alicia Cáceres for their valuable tech-
nical assistance and advises. Our thanks go to anonymous reviewers
for helpful comments on the manuscript. This study was partially
supported by Fundación para el Desarrollo de Ciencia y Tecnología
del Estado Falcón (FUNDACITE) through Projects # S19112-029
and # S192-0039.

References

Alarcón C (1994) Realinderamiento del Parque Nacional Médanos
de Coro: ¿Comienzo o fin? Acta Cient Venez 45:86–87

Alarcón C (2001) Paraguana xeric scrub (NT1313). In: World
wildlife fund (eds) Ecoregions. Neotropics. Deserts and Xeric.
Shrublands. http://www.worldwildlife.org/wildworld/profiles/
terrestrial/nt/nt1313_full.html

Allen MF (1991) The ecology of mycorrhizae. Cambridge Uni-
versity Press, Cambridge, UK

Barbour MG, Burk JH, Pitts WD (1987) Terrestrial plant ecology,
2nd edn. Benjamin/Cumming Publishing Company, Menlo
Park, USA

Barea JM, Azcón-Aguilar C, Ocampo JA, Azcón R (1991)
Morfología, Anatomía y Citología de las Micorrizas-Arbuscu-
lares. In: Olivares J, Barea JM (eds) Fijación y Movilización
biológica de nutrientes, Volume II. CSIC. Raycar SA Impre-
sores, Madrid, pp 149–174

Baylis GTS (1975) The magnolioid mycorrhiza and mycotrophy in
roots systems derived from it. In: Sanders FE, Mosse B, Tinker
PB (eds) Endomycorrhizas. Academic, New York, pp 373–389

Bouyucos GJ (1992) Hydrometer method improved for making
particle size analysis of soils. Agron J 309–319

Brundrett MC (1991) Mycorrhizas in natural ecosystems. Adv Ecol
Res 21:171–313

Brundrett MC, Melville L, Petersen RL (1994) Practical methods in
mycorrhizal research. Mycologue Publication, Waterloo

Carter RWG, Wilson P (1988) Geomorphological, sedimentological
and pedological influences on coastal dune development in
Ireland. J Coast Res 3:121–126

Corkidi L, Rincón E (1997a) Arbuscular mycorrhizae in a tropical
sand dune ecosystem on the Gulf of Mexico. I. Mycorrhizal
status and inoculum potential along a successional gradient.
Mycorrhiza 7:9–15

Corkidi L, Rincón E (1997b) Arbuscular mycorrhizae in a tropical
sand dune ecosystem on the Gulf of Mexico. II. Effects of
Arbuscular mycorrhizae fungi on the growth of species dis-
tributed in different early successional stages. Mycorrhiza 7:
17–23

De Andrade Z, Cuenca G, Escalante G (1994) Preliminary studies
on mycorrhizal status and morphology of arbuscular mycor-
rhizae (AM) of some native plant species from La Gran Sabana,
Venezuela. In: Azcón-Aguilar C, Barea JM (eds) Mycorrhizas
in integrated systems: from genes to plant development. Pro-
ceeding of the IV European Symposium on Mycorrhizas.
Granada, pp 67–70

Duhoux E, Rinaudo G, Diem HG, Auguy F, Fernández D, Bogusz
D, Franche C, Dommergues Y, Huguenin B (2001) Angioperm
Gymnostoma trees produce root nodules colonized by arbus-
cular mycorrhizal fungi related to Glomus. New Phytol 149:
115–125

García R (1997) Variación del Potencial micorrízico de especies
pioneras de playas en el Golfo de México. Master Thesis.
Universidad Nacional Autónoma de México, México

Giovannetti M, Mosse B (1980) An evaluation of techniques to
measure vesicular–arbuscular infection in roots. New Phytol
84:489–500

Giovannetti M, Nicolson TH (1983) Vesicular–arbuscular mycor-
rhizas in Italian sand dunes. Trans Br Mycol Soc 80:552–557

Goddard D, Picard X (1976) Geomorfología y sedimentación en la
costa del estado Falcón, cabo San Román a Chichiriviche. Bol
Soc Venez Geol 7:1157–1179

Goldsmith FB, Harrison CM (1976) Description and analysis of
vegetation. In: Chapman SB (ed) Methods in plant ecology.
Blackwell, Oxford, UK, pp 85–155

Harley JL, Smith SE (1983) Mycorrhizal symbiosis. Academic,
London

Herrera RA, Menéndez L, Rodríguez ME, García EE (1988)
Ecología de los bosques siempreverdes de la Sierra del Rosario,
Cuba. Instituto de Ecología y Sistemática, Academia de
Ciencias de Cuba. Proyecto MAB 1:1974–1985 (Montevideo)

8

http://www.worldwildlife.org/wildworld/profiles/terrestrial/nt/nt1313_full.html
http://www.worldwildlife.org/wildworld/profiles/terrestrial/nt/nt1313_full.html


Huber O, Alarcón C (1988) Mapa de la vegetación de Venezuela,
escala 1:2.000.000. Ministerio del Ambiente y de los Recursos
Naturales Renovables—National Conservancy. Toddman Edi-
tores, Caracas

Jackson ML (1976) Análisis químico de suelos, 3rd edn. Omega,
Barcelona

Koske RE (1975) Endogone spores in Australia sand dunes. Can J
Bot 53:668–672

Koske RE (1988) Vesicular–arbuscular mycorrhizae of some Ha-
waiian dune plants. Pac Sci 42:217–229

Koske RE, Gemma JN (1990) VA mycorrhizae in strand vegetation
of Hawaii: evidence for long-distance codispersal of plants and
fungi. Am J Bot 77:466–474

Koske RE, Gemma JN (1995) Vesicular–arbuscular mycorrhizal
inoculation of Hawaiian plants: a conservation technique for
endangered tropical species. Pac Sci 49:181–191

Koske RE, Gemma JN (1996) Arbuscular mycorrhizal fungi in
Hawaiian sand dunes: Island of Kaua’i. Pac Sci 50:36–45

Koske RE, Halvorson WL (1981) Ecological studies of vesicular
mycorrhizae in a barrier sand dune. Can J Bot 59:1413–1422

Koske RE, Polson WR (1984) Are VA mycorrhizae required for
sand dune stabilization? Bioscience 34:420–424

Koske RE, Sutton, JC, Sheppard BR (1975) Ecology of Endogone
in Lake Huron sand dunes. Can J Bot 53:87–93

Logan VS, Clarke PJ, Allaway WG (1989) Mycorrhizas and root
attributes of plants of coastal dunes of New South Wales. Aust
J Plant Physiol 16:141–146

Louis I (1990) A mycorrhizal survey of plant species colonizing
coastal reclaimed land in Singapore. Mycologia 82:772–778

Lovera M, Cuenca G (1996) Arbuscular mycorrhizal infection in
Cyperaceae and Gramineae from natural disturbed and restored
savannas in La Gran Sabana, Venezuela. Mycorrhiza 6:111–118

Medina E (1985) Nutrient balance and physiological processes at
leaf level. In: Medina E, Mooney HA, Vazquéz-Yanez C (eds)
Physiological ecology of plants of the wet tropics. Dr. Junk
Publishing, The Hague, Netherlands, pp 139–154

Michelsen A (1993) The mycorrhizal status of vascular epiphytes in
Bale Mountains National Park, Ethiopia. Mycorrhiza 4:11–15

Moreno-Casasola P (1986) Sand movement as a factor in the
distribution of plant communities in a coastal dune system.
Vegetatio 65:67–76

Moreno-Casasola P (1988) Patterns of the plant species distribution
on coastal dunes along of Gulf of Mexico. J Biogeogr 15:787–
806

Moreno-Casasola P, Van Der Maarel E, Castillo S, Huesca ML,
Pisanty I (1982) Ecología de la vegetación de dunas costeras:
estructura y composición en el Morro de la Mancha. Biotica
7:491–526

Murphy J, Riley JP (1962) A modified single solution method for
the determination of phosphate in natural waters. Anal Chim
Acta 27:31–36

Nicolson TH (1960) Mycorrhiza in the Graminae II. Development in
the different habitats particularly sand dunes. Trans Br Mycol
Soc 43:135–145

Nicolson TH, Johnson C (1979) Mycorrhiza in the Graminae III.
Glomus fasciculatus as the endophyte of pioneer grasses in
marine sand dunes. Trans Br Mycol Soc 72:261–269

Olsen SR, Cole CV, Watanabe FS, Dean LA (1954) Estimation of
available phosphorus in soils by extraction with sodium
bicarbonate. US Dept Agric Circ 939

Peat HJ, Fitter AH (1993) The distribution of arbuscular mycor-
rhizas in the British flora. New Phytol 125:845–854

Phillips JM, Hayman DS (1970) Improved procedures for clearing
roots and staining parasitic and vesicular–arbuscular mycor-
rhizal fungi for rapid assessment of infection. Trans Br Mycol
Soc 55:158–161

Puppi G, Tabacchini P, Riess S, Sanvito A (1986) Seasonal patterns
in mycorrhizal associations in a maritime sand dune system
(Castelporziano, Italy). In: Gianinazzi-Pearson V, Gianinazzi S
(eds) Physiological and genetical aspects of mycorrhizae.
Proceeding of the 1st European Symposium on Mycorrhizae.
INRA, Paris, pp 245–249

Rose SL (1988) Above and belowground community development
in a marine sand dune ecosystem. Plant Soil 109:215–226

Sokal RR, Rohlf FJ (1972) Biometry. Freeman, San Francisco
Sørensen T (1948) A method of establishing groups of equal

amplitude in plant sociology based on similarity of species
content and its application to analyses of the vegetation on
Danish commons. K Danske Vidensk Selsk 5:1–14

St. John TV (1980) Root size, root hairs and mycorrhizal infection: a
re-examination of Baylis’s hypothesis with tropical trees. New
Phytol 84:483–487

Stürmer SL, Bellei MM (1994) Composition and seasonal variation
of spore populations of arbuscular mycorrhizal fungi in dune
soils on the island of Santa Catarina, Brazil. Can J Bot 72:359–
363

Tisdall JM, Oades JM (1982) Organic matter and water stable
aggregates in soils. J Soil Sci 33:141–163

Trappe JM (1987) Phylogenetic and ecologic aspects of mycotrophy
in the angiosperms from an evolutionary standpoint. In: Safir
GR (ed) Ecophysiology of VA mycorrhizal plants. CRC Press
Inc., Boca Raton, pp 5–26

Trouvelot A, Kough JL, Gianinazzi-Pearson V (1986) Mesure du
taux de mycorhization VA dún système radiculaire. Recherche
de méthodes déstimation ayant une signification fonctionnelle.
In: Gianinazzi-Pearson V, Gianinazzi S (eds) Physiological and
genetical aspects of mycorrhizae. Proceeding of the 1st Euro-
pean Symposium on Mycorrhizae. INRA, Paris, pp 217–221

Vardavakis E (1992) Mycorrhizal endogonaceae and their seasonal
variations in a Greek sand dune. Pedobiologia 36:373–382

Vietez CE (1990) Biología de las micorrizas vesiculo-arbusculares
en dos ecosistemas naturales contrastantes Bosque nublado y
Bosque muy seco. Licenciature Thesis, Universidad Católica
Andrés Bello, Caracas

9


	Arbuscular mycorrhizas in coastal sand dunes of the Paraguaná Peninsula, Venezuela
	Abstract
	Introduction
	Materials and methods
	Study site
	Vegetation description
	Soil chemical analysis
	Arbuscular mycorrhizal colonization
	Statistical analyses

	Results
	Vegetation description
	Soil chemical analysis
	Arbuscular mycorrhizal colonization

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


