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Summary - A comparative study was made to investigate the influence of sorne edaphic factors on the occurrence and relative
abundance of four Xiphinema species found in the soils of tive selected tir forests (Abies pinsapo Boiss.) in southern Spain. The
samples were taken seasonally for one year. Univariate (one-way analysis of the variance) and multivariate (cluster and correspond
ence analyses) methods were applied in order to relate species tO habitat characteristics and to reveal their distribution patterns
throughout the studied areas. Three of the species seem to be distributed in accordance with the texturaI gradient of the soils. X.
sphaerocephalum Lamberti, Castillo, G6mez-Barcina & Agostinelli, 1992 showed the largest frequency of occurrence and relative
abundance in soils on calcareous rocks, but was not found on peridotites, i.e. more sandy soils. It prefered the most silty textures. X.
pruhLaicum (Tulaganov, 1938) Kirjanova, 1951 was found in clayey texnued soil more clearly sub;ected to Mediterranean climatic
conditions. X. diversicaudalUm (Micoletzky, 1927) Thome, 1939 gave evidence of a strong relationship with more sandy textured,
acid soils with high silt content. Finally, X. lUrcicum Luc & Dalmasso, 1964 was rarely found and at such very low numbers that its
distribution becomes obscure in these soils.

Résumé - Présence et répartition d'espèces de Xiphinema (Nematoda : Dorylaimida) dans des forêts de sapin, en
Espagne - Une étude comparative a été réalisée en vue de définir l'influence des facteurs édaphiques sur la présence et l'abondance
relative de quatre espèces de Xiphinema observées dans le sol de cinq forêts de sapin (Abies pinsapo Boiss) du sud de l'Espagne. Les
prélèvements ont été effectués de façon saisonnière pendant une année. Afin de relier la présence des espèces avec les caractéris
tiques de l'habitat et mettre en évidence leur mode de répartition dans les aires étudiées, les méthodes d'analyses univariées (analyse
linéaire de la variance) et multivariées (analyses en grappe et de correspondance) ont été utilisées. La répartition de trois des espèces
s'est révélée correspondre aux gradients de texture du sol. X. sphaerocephalum montre ses plus grandes fréquence et abondance
relative dans les sols à roche-mère calcaire, mais n'a pas été trouvé sur les péridotites, c'est-à-dire dans des sols plus sableux,
préférant les texnues plutôt limoneuses. X. pruhLaicum est rencontré dans les sols à texture argileuse plus nettement soumis aux
conditions climatiques méditerranéennes. La répartition de X. diversicaudaLUm est très nettement liée aux sols acides de texture plus
sableuse avec un taux élevé d'argile fine. X. lUrcicum, enfin, n'est rencontré que très rarement et en faible nombre, aussi sa répartition
dans ces sols demeure-t-elle obscure.

Key-words : ecology, distribution, edaphic factors, Xiphinema, Spanish tir forests.

Spanish fir forests are relict zones with Abies pinsapo
Boiss. as the characteristic or prevalent tree species, 10
cated in restricted mountainous parts of the southern
area of the Iberian Peninsula, the Betic and Subbetic
Mountains, with altitudes often over 1000 m. These
woodlands are related with other Abies woods from
northern Africa. During auturnn-summer of 1992-93
soil samples were collected around fir trees from isolated
areas. The study of the nematofauna showed the pres
ence of the foliowing four species of Xiphinema Cobb,
1913 : X. sphaerocephalum Lamberti, Castillo, G6mez
Barcina & Agostinelli, 1992; X. pachlaicum (Tulaganov,
1938) Kirjanova, 1951; X. diversicaudalum (Micolet
zky, 1927) Thorne, 1939 and X. LUrcicum Luc & Dal
masso, 1964.
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X. sphaerocephalum tends to show the largest frequen
cy of occurrence and population size and its distribution
pattern in the area can be more clearly defined; this
provides initial information on the ecology of this spe
cies. No previous ecological and/or distribution data are
known from the literature and it has been recorded only
twice, both on the Iberian Peninsula, by Larnberti el al.
(1992) and by Roca and Bravo (1993). However, sorne
data has been reported for the other species studied.
Cohn (1969) relates X. pachlaicum (cited as X. mediter
raneum Martelli & Larnberti, 1967) to loarny and clayey
heavy soils and X. diversicaudatum to sandy lighter soils
in Israel. Dalrnasso (1970), frorn a study of the family
Longidoridae in France, concludes that X. pachlaicum is
a species present in alluvial and other non-sandy soils,
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Table 1. Seasonal values of pH, organic malter % (Q.M.), nilrogen % (N), C: N ratio, sand % (SA), silt % (SI) and clay % (CL), and

Zone/Site

pH a.M. N

w u w u w u

Ronda
1 7.68 7.23 7.14 7.38 28.00 9.35 11.98 8.48 0.63 0.26 0.30 0.23
2 7.38 7.12 7.28 7.22 24.83 12.02 17.66 13.56 0.72 0.37 0.51 0.38
3 7.72 7.38 7.20 7.44 44.09 20.19 23.74 30.14 0.57 0.69 0.70 0.73
4 7.80 7.21 7.24 7.35 14.88 9.48 5.88 8.45 0.43 0.37 0.26 0.29

its 7.36 t 0.20 17.67± 9.96 0.47± 0.18

Parauta
5 6.86 6.54 6.28 6.41 53.39 17.35 3.74 10.17 1.43 0.62 0.09 0.30
6 7.40 7.11 6.55 6.99 9.30 3.66 16.54 15.47 0.29 0.10 0.36 0.51
7 7.32 6.98 6.78 7.05 18.51 8.75 16.26 10.18 0.48 0.23 0.46 028
8 7.54 7.05 6.96 7.18 5.45 4.98 5.54 7.49 0.17 0.18 0.15 0.26

i±s 6.94 ±0.34 12.92± 11.56 0.37± 0.31

Yunquera
9 6.90 6.86 7.10 7.02 18.32 2.62 12.04 8.56 0.47 0.12 0.36 0.30

10 7.14 6.92 7.12 7.02 9.02 7.38 5.00 6.15 0.20 0.24 0.19 0.19
Il 7.31 6.88 7.04 7.17 4.15 6.67 7.64 7.60 0.12 0.27 0.19 0.24
i±s 7.04tO.13 7.93± 3.90 0.24 ±0.10

Genalguacil-Estepona
12 6.65 6.49 6.37 6.28 10.60 6.59 7.74 8.34 0.22 0.17 0.18 0.23
13 6.44 6.23 6.30 6.45 10.90 7.78 8.86 8.98 0.33 0.29 0.29 0.37
14 6.39 6.17 5.86 6.22 8.37 5.49 7.84 6.46 0.24 0.16 0.26 0.19
i±s 6.32± 0.19 8.16± 1.52 0.24± 0.06

Grazalema
15 7.52 7.40 6.91 7.08 21.81 9.78 7.56 18.33 0.56 0.36 0.23 0.49
16 7.79 7.48 7.53 7.56 14.55 12.15 16.18 9.47 0.32 0.27 0.23 0.19
17 7.70 7.21 7.34 7.45 17.39 15.56 14.30 12.14 0.55 0.69 0.53 0.48
18 7.48 7.35 7.01 7.26 18.18 12.38 9.40 10.74 0.42 0.30 0.24 0.28
i±s 7.38 ±0.23 13.75 ±3.84 0.38±0.15

with relatively high silt content, and weil adapted to
Mediterranean climatic conditions, while X. diversicau
dalum is found mainly in wetter soils in an Atlantic
climate. According to Arias el al. (1985), X. pachtaicum
is a species frequent in Spain; it is associated with arable
lands (soils deficient in organic matter) and tolerates dry
conditions (see Arias el al., 1986 for Central Region).
Navas el al. (1988) did more extensive studies, which
documented the potential distribution of this species in
Mediterranean areas of the Iberian Peninsula with calca
reous or siliceous soils, as weil as broad zones in the
northern and southern Plateau with calcareous and
clayey soils. A similar analysis was carried out by these
authors for X. diversicaudalum, which appears to be as
sociated with natural or uncultivated soils with a high
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sand and organic matter content; Navas el al. (1988)
concluded that this species may occur in practically ail
mountainous peninsular zones with siliceous soils as
weil as in sorne Atlantic areas. Its ecological behaviour is
the opposite of that in X. pachtaicum. Finally, informa
tion on X. lurcicum is scarce. It was recorded by Arias el
al. (1985) in different localities, by Pefla Santiago and
Jiménez Millan (1986) in eastern Andalusia (mainly as
sociated with sclerophyllous forests) and included by
Bello el al. (1986) in the southwest central group in a
general biogeographical classification of sorne plant
parasitic species in Spain.

Univariate and multivariate statistical analyses pro
vide a more objective tool for exploring patterns relating
species ta their habitats and may be used ta reveal trends
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Xiphinema spp. in Spanish fir woodlamis

lexlUral classification of the soils in the sampling sites studied. (a =aUlumn, W =winler, s = spring, u = summer).

VariablelSeason

C:N SA Sl CL Soil texture

w u a w u IV u a w u

22.22 17.48 19.96 18.32 4.98 6.17 5.43 5.79 25.14 31.04 28.19 30.66 69.88 62.79 66.38 63.55 clay
17.24 16.24 17.31 17.49 34.80 33.56 36.44 40.51 39.57 36.81 38.04 39.04 25.63 29.63 25.52 20.45 clay loam
38.67 14.57 16.95 20.51 36.18 39.25 37.87 38.67 51.70 40.19 44.68 43.26 12.12 20.56 17.45 18.G7 loam
17.30 12.79 Il.30 14.17 21.79 28.32 24.12 25.16 28.91 36.05 32.29 31.91 49.30 35.63 43.59 42.93 clay

18.28 ±5.91 26.19 ± 13.06 36.09 ±6.76 37.72 ± 18.97

18.66 13.84 20.77 16.46 9.19 8.62 8.06 6.38 63.03 64.10 61.92 59.48 27.78 27.28 30.02 34.14 silly clay loam
16.03 18.30 22.97 15.06 10.70 9.47 9.41 9.01 58.80 52.78 59.62 62.79 30.50 37.75 30.97 28.20 silly clay loam
19.28 18.46 17.67 18.18 15.06 12.83 14.10 13.97 53.17 47.15 50.88 52.68 31.77 40.02 35.02 33.35 silly clay loam
16.02 13.35 18.46 14.44 32.50 18.17 22.27 16.77 55.71 58.90 60.91 66.32 11.79 22.93 16.82 16.91 siltloam

17.37± 2.49 13.53 ±6.41 58.02 ±5.23 28.45 ±7.59

19.48 10.91 16.72 13.97 29.41 30.67 27.55 24.36 36.19 38.81 38.51 39.72 34.40 30.52 33.94 35.92 clay loam
22.55 15.22 13.15 15.78 19.30 16.50 18.00 17.81 51.42 39.16 43.53 41.01 29.18 44.34 38.47 41.18 silly clay loam
17.29 12.01 20.10 15.41 35.90 21.93 28.62 25.08 40.40 36.06 32.00 34.19 23.70 42.01 39.38 40.73 clay loam

16.05 ±3.28 24.59 ±5.80 39.25 ±4.74 36.15 ±5.82

24.09 18.97 21.50 17.99 53.58 45.16 50.47 55.03 34.12 25.15 28.96 26.01 12.30 29.69 20.57 18.96 loam
16.51 13.41 15.27 12.07 42.71 31.01 37.30 36.41 29.14 37.06 32.15 32.68 28.15 31.93 30.55 30.91 clay loam
17.43 16.45 15.07 16.39 59.00 60.98 64.71 70.75 18.50 21.02 17.23 19.53 22.50 18.00 18.06 9.72 sandy loam

17.1O±3.17 50.59 ± 11.78 26.80 ±6.34 22.61 ±7.25

19.47 13.58 16.43 18.45 3.29 1.45 2.95 3.84 47.34 42.03 44.57 46.16 49.37 56.52 52.48 50.00 silly clay
27.73 22.24 35.17 24.43 37.18 35.15 34.82 29.02 48.14 39.97 46.12 49.05 14.68 24.88 19.06 21.93 loam
15.80 11.17 13.49 12.64 45.06 40.16 39.01 36.18 51.36 47.76 49.29 50.40 3.58 12.08 11.70 13.42 loam
21.64 20.43 19.58 18.59 6.16 1.40 1.92 2.17 47.14 46.18 44.58 40.06 46.70 52.42 53.50 57.77 silly clay

19.43± 5.93 19.99 ± 17.39 46.26 ±3.25 33.76 ±19.26

in the studies of their interactions. This paper proposes
a description of the horizontal distribution pattern of
these species in Abies woods from southern Spain.

Material and Inethods

STUDY SITES

Five main geographic zones were chosen for this
study : Ronda, Parauta, Yunquera, Genalguacil-Estepo
na (province of Malaga) and Grazalema (province of
Cadiz). In Ronda (Canada deI Cuerno) there were four
sites (1, 2, 3, 4) on dolomitic rocks, at an approximate
altitude of 1500 m, in ancient and residual, pure fIT
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stands. In Parauta there were four sites (5, 6, 7, 8) on
limestone and marble, with an altitude of 1100 m, in a
mixed wood with Quercus ilex L., Q. suber L. and Q.
faginea Larnk. plus reforestations of Pinus pinaster Ait.
The three sites at Yunquera (9, la, Il) were on lime
stone, marble or dolomitic rocks, at about 1200 m.
These are expanding stands with reforestations of Pinus
halepensis Mill. and P. pinaster. Genalguacil-Estepona
(Los Reales) provided three sites (12, 13, 14) which
were on peridotites, at 1200-1400 m, in a forest in re
gressive condition with reforestations of P. pinaster. In
Grazalema there were four sites (15, 16, 17, 18) on
limestone, at about 1100 m, in old stabilized fIT wood
mixed with Q. faginea. For geological information see
Delannoy (1987) and Mudarra et al. (1989). According
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Table 2. Relative abundance (%), with regard to total nematode number, of the Xiphinema species found in ecu;h sampling site.
(a =autumn, W =winter, s = spring, u = summer).

Zone/Site X. sphaerocephalum X. pcu;htaicum X. diversicaudatum X. turcicum

a W u a W u a W u a W u

Ronda
1 1 3 3 1 0 0 0 0 0 0 0 0 0 0 0 0
2 4 3 3 1 0 0 0 0 0 0 0 0 0 0 0 0
3 1 1 3 1 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 1 2 3 0 0 0 0 0 1 1 1 0

Parauta
5 1 7 6 1 0 0 0 0 0 0 0 0 0 0 0 0
6 3 6 7 5 0 0 0 0 0 0 0 0 0 0 0 0
7 10 8 6 6 0 0 0 0 0 0 0 0 0 0 0 0
8 8 12 8 7 0 0 0 0 1 0 0 0 0 0 0 0

Yunquera
9 10 5 6 2 0 0 0 0 0 0 0 0 0 0 0 0

10 3 5 13 8 0 0 0 0 0 1 0 0 0 0 0 0
Il 10 3 3 6 0 0 0 0 0 0 0 0 0 0 1 0
Genalguacil-Estepona
12 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
13 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Graza1ema
15 4 3 3 1 0 0 0 0 0 0 0 0 0 0 0 0
16 1 3 3 1 0 0 0 0 0 0 0 0 0 0 0 0
17 5 2 3 1 0 0 0 0 0 0 0 0 0 0 0 0
18 4 1 4 2 0 0 0 0 0 0 0 0 0 0 0 0

to Corral et al. (1985) and Mudarra el al. (1989) the DATA ANALYSIS
soils from Ronda and GrazaJema were c1assified as The variables were subjected to one-way analysis of
humic and calcic cambisols or rendzinic soils, whereas at the variance (ANOVA), as the univariate method for
Yunquera and Parauta there were mainly eutric cambi- testing significant differences bet\veen the sampling
sols, and at Genalguacil-Estepona there were chromic zones. The normality of the variables was tested (Afifi &
cambisols and eutric regosols. Clark, 1990) prior to multivariate analysis. Finally, the

For each sampling site, the following seven edaphic log (x + 1) transformation was used because it scarcely
factors or variables were determined by conventional modifies the results and provides the best fit for Gaus-
methods: pH (Guitian Ojea & Carballas Fernandez, sian distribution. Edaphic data was submitted to c1uster
1976), organic matter (Sims & Haby, 1971), N, C: N analysis, using the Bray-Curtis distances (Q mode ana-
ratio, and sand, silt and clay percentages (Duchaufour, Iysis) and the unweighted pair group with arithmetic
1975). The terminology for soil texture classes employ- means (UPGMA) c1ustering method (Sneath & Sokal,
ed here is consistent with that of Soil Survey Staff 1973; Legendre & Legendre, 1979; Digby & Kempton,
(1975). 1987). In addition, data was submitted to correspond-

ence analysis (CA), using the sampling sites as observa-

NEMATODE SAMPLlNG tions or subjects in the space of biological and envi-
ronmental variables. Eigenvalues and eigenvectors of

A total of 72 soil samples were collected quarterly the between variables correlation matrix were computed
between November 1992 and August 1993 around fir using the Pearson's correlation index.
trees, in the 0-20 cm layer. Nematodes were extracted

Resultsfrom 1000 cm3 of soil per sample by the Flegg (1967)
funnel method, and were fixed by gradually applying Table 1 shows the analytical results for the four sea-
heat and F.G 4 : 1, processed in lactophenol and sons at the eighteen sampling sites, indicating the soil
mounted in anhydrous glycerin. texturai classification in each site. Table 2 reports the
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Table 3. Average values of lhe edaphic variables and relative
abundance ofX. sphaerocephalum (XS) lhroughoul lhe dijferenl
seasons. Compuled 1 Slalislical for significant dijferences only.
,. P < 0.05 ** P < 0.01. (a =aulUn-m, W =winter) s =spn'ng, U =
summer).

Variable Season Significant
differences

a W U between seasons

pH 7.27 6.97 6.88 7.02 a-w2.12*
a-s 2.60 *

D.M. 18.43 9.56 10.99 11.15 a-w 2.74 **'
a-s 2.25 *
a-u 2.19 *

N 0.45 0.31 0.30 0.33

C:N 20.41 15.52 18.43 16.68 a-w 3.21 **
a-u 2.50 *'

Sand 27.59 24.48 25.72 25.38

Silt 43.32 41.12 41.85 42.49

Clay 29.07 34.38 32.41 32.11

XS 3.61 3.44 3.94 2.38

abundance, relative to total number of nematodes, of me
four Xiphinema species found in this study. X. sphaero
cephalum generally had a higher frequency of occurrence
and relative density and was me Xiphinema species most
capable of data analysis. The remaining Xiphinema spe
cies found were discarded from me statistical analyses
because of meir low frequency of occurrence. Table 3
shows the average values of the edaphic variables con
sidered and me relative abundance of X. sphaerocepha
lum Ù1roughout me seasons. It is noted from this table
that no significant seasonal differences are established in
the soil texture variables and me populations of mis
species. Apparently, from a general point of view and
beariog in mind mat sampling was quarterly Ù1roughout
one year, me populations seem to remain in a very
steady state or the fluctuations appear unrelated to sea
sonal factors. Reproduction in mese populations of X.
sphaerocephalum is probably parthenogenetic; only one
male with obscure or not developed testes was observed
among several hundred females.

The study of me correlations between me variables
reveals barely any significant result (P < 0.01). As was
expected, organic matter and nitrogen content and clay
and sand fractions were significantly correlated (r =
+ 0.91 and - 0.74 respectively) and silt percentage was
correlated to me relative abundance of X. sphaerocepha
lum (r =+ 0.63).

The resuls of the one-way ANOVA (Table 4) showed
significant differences between me five sampling zones
studied for pH, sand and silt content and relative abun
dance of X. sphaerocephalum. It is interesting to note

Vol. 18, n° 6 - 1995
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Table 4. Remll of lhe one-way ANO VA of lhe dijferences in lhe
edaphu: variables and relative alnmdance (%) of X. sphaeroce
phalum (XS) belween lhejive sampling zones slUdiedfor lhe entire
year. (:j: nol significant t near P < 0.05 * P < 0.05 ** P < 0.01
*** P < 0.001. a =aUlUmn, w =winler, s =spring, u = summer.
1 = Ronda, 2 =Paratlla) 3 = Yunquera) 4 =Genalguacil-Eslepo
na, 5 = Grazalema).

Variable/Season F raào Significant differences
between zones

pH a 17.39 *** 1-2/1-3/1-4/2-4/2-5/3-4/3-5/4-5
w 22.16 *** 1-2/1-3/1-412-4/2-5/3-4/3-5/4-5

12.93 *** 1-2/1-4/2-3/2-4/2-5/3-4/4-5
u 13.95 *** 1-2/1-4/2-4/2-5/3-4/4-5

a.M. a UI :j:
w 2.19 :j:

0.91 *
u 1.18 *

N a 1.04 *
w 1.23 *

1.09 *
u 0.73 *

C:N a 0.65 *
w 0.74 *

0.58 *
u 0.84 *

Sand a 2.91 t 1-4/2-4/4-5
w 2.63 t 2-4/4-5

3.51 * 1-4/2-4/3-4/4-5
u 4.82 * 1-4/2-4/3-4/4-5

Silt a 8.31 ** 1-2/1-5/2-3/2-4/3-4/4-5
w 13.01 *** 1-2/2-3/2-4/2-5/3-4/4-5

15.61 *** 1-2/1-4/1-5/2-3/2-4/2-5/3-4/4-5
u 19.89 *** 1-211-4/1-5/2-3/2-4/2-5/3-4/4-5

Clay a 0.54 *
w 0.37 *

0.57 *
u 0.80 *

XS a 3.78 * 1-3/2-4/3-4
w 14.56 *** 1-2/2-3/2-4/2-5/3-4

6.51 ** 1-2/1-3/2-4/2-5/3-4/3-5
u 6.46 ** 1-2/1-3/2-4/2-5/3-4/3-5

that, io addition to geographical separation, me differ
ences between me zones could be explained by soil tex
ture characteristics.

The dendrogram constructed from me cluster analy
sis made from me edaphic data matrix, denoted a fairly
good fit to me data (correlation coefficient, r = 0.70;
usualJy ranging from 0.60 to 0.95) and classified me
sampling sites ioto five groups (Fig. 1), which appear
clearly defmed at about 0.20 level. In accordance with
me separation sequence of mis dendogram, group V
contains only soils wim a sand content of more man
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Fig. 1. Dendrogram /rom c!USleT analysis (UPGMA melhad)
based in lhe Bray-Curlis distances obtained wilh lhe edaphic var
iables for lhe eighleen sampling siles. (Sile numbers as in Table 1).
Group l : clay> 50 %; Group II: clay 50-25 %; Group III:
clay < 25 %; Group IV : silt > 50 %; Group V : sand> 50 %.

50 %, corresponding with two sites of the Genalguacil
Estepona zone; on the other hand, group 1 includes the
soils with sand content lower than 6 % and clay content
above 50 %, corresponding with sorne sites in Ronda
and Grazalema; group N comprises only samples from

AXIS II

Parauta zone which are charaeterized by a silt content
above 50 %; group III contains remaining sites restrict
ed to the same zones as group 1 but with clay content
lower than 25 %; and group II refers to remaining sites,
including those ofYunquera area, with clay content that
varies from 25 % to 50 %. From this cluster analysis, the
sites appear classified mainly by soil texturai descriptors
and less by the geographic locations of the zones.
Group N, which consists of the whole of the sampling
sites in Parauta zone, stands out from the rest.

The CA performed with the same edaphic data plus
the relative abundance de X. sphaerocephalum is ploned
in Fig. 2 on the plane defined by axes 1 and II, which
accounted for respectively 53.0 % and 22.7 % of the
total variance present in the data. Both axes explained
75.7 % of the total variance. Axis 1may be construed as a
gradient established by the population level, in relative
abundance, of this Xiphinema species, which had the
largest relative contribution (70.2 %) to this axis. Se
cond in contribution is the sand content (27.6 %), which
means that axis 1 represents in part a soil texture gra
dient. The highest population densities are on the right
side of the figure and at the opposite end of the axis is the
sand content: soils with higher sand percentages are
located to left side of the figure. Axis II is clearly more
closely linked to the soil texture gradient than axis Ii it is
defined by the sand percentage and also by the clay

(22.7%)

B.21

B.l1 ..................
4· --

M
ID
't",J liJ. 81

H

Cf)
H
X
<I -B. Be

-8.19

• 12

SA... *
-B.34 -8.14

SI••

\' .10\ :9." ...
\ 11

\
. \

\ .8

B.86 8.28 8.48 8.66

Fig. 2. Plol of lhe mean scores of lhe eighleen sampling sites <e) and lhe edaphic variables and relalive abundance <*) of X. sphaero
cephalum (XS), resulzing from correspondence analysis, on lhe plane defined by lhe Iwo fim axes. (Sile numbers and variables as in Table 1).
Sites in me top: clay> 40 %; Sites in me lower left corner: sand> 30 %; Sites in me right side : silt > 35 %.
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content of the soils. The relative contribution of these
edaphic variables to this axis was respectively 45.1 %
and 20.2 %, while the contribution of the relative abund
ance of X. sphaerocephalum was 21.0 %. This axis segre
gated the clayey soils at the top of the figure from the
more sandy soils.

Discussion

)(jPHINEMA SPHAEROCEPHALUM

These populations of X. sphaerocephalum showed a
behaviour similar to that of another Xiphinema species
in Israel (Cohn, 1969) and X. pachtaicum in southern
France (Dalmasso, 1970). Dalmasso extended such
biological aspects to other European species, which sug
gests that reproduction occurs in a restricted time, so
that population state depends on its own development
rather than on external seasonal factors. This should
explain the slight ctifferences betvveen seasons in the
Table 2 and the not significant differences for XS vari
able in the average values of Table 3.

Two important consequences are derived from the
univariate analyses, the positive correlation bet\veen the
relative abundance of this Xiphinema species and the silt
content of soils and the significant differences bet\veen
the geographic zones in these relative population densi
ties and the edaphic variables pH, sand and silt content
(Table 4). The five groups obtained from the cluster
analysis are not strictly in agreement with the five sampl
ing zones. Nevertheless these groups mostly agree with a
textural classification of the soils. Thus, group 1 are the
fme-textured or c1ayey soil while the rest (except site 4)
are the loamy soils which can be separated in the foilow
ing c1usters : group II corresponding ta moderately fine
textured (slightly c1ayey) soils, group III mostly to medi
um textured soils, group IV to moderately fine-textured
(slightly silty) soils and group V to moderately coarse
textured (most sandy) soils after classification of Soil
Survey Staff (1975). This good classification (Fig. 1)
differs from the site ordination (Fig. 2) obtained in the
correspondence analysis because the SX variable was
included in the analysis in order to establish the relation
ships benveen these relative densities and the edaphic
variables. However it is possible to find sorne concord
ance benveen both projections. Thus, groups 1 (sites l,
15, 18) and V (sites 12, 14) appear defined in a similar
way in both analyses. Group l, the fine-textured or
clayey soils, shows low densities of this nematode spe
cies in the Ronda and Grazalema zones, and group V,
the moderately coarse or sandy soils, is characterized by
the total absence of X. sphaerocephalum in the Genalgua
cil-Estepona area. Group ID (sites 3, 16, 17) exhibits the
more favorable or balanced edaphic conditions (Du
chaufour, 1975), medium textured or the loam texture
in soils, but this Xiphinema species is found here at low
population levels. Group IV (sites 5, 6, 7, 8) and
group II in part (sites 9, 10, Il) are joined in intermedi-
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ate locations linked to soil silt content. These sites, that
show the higher relative abundance of this species, cor
respond to moderately fine-textured within loamy soils,
mainly silty clay loam and silt loam textures, which rep
resents an unfavorable condition (unpermeable, unaer
ated soils) that would not exist if it could be amended by
high organic matter content in soils. Ail the latter sites
belong to Parauta and Yunquera zones. In summary, the
sites with clay and sand content of more than 40 % and
30 % respectively are separated by dashed lines in the
upper part and the lower left corner in Fig. 2. Those
with silt content of more than 35 %, separated by the
solid line, are at the right side and they include the sites
(6,7,8,9,10, Il) with higher population levels ofthis
species. Consequently, in the fir wood.lands studied, X.
sphaerocephalum is widespread in soils developed on
limestane and other calcareous rocks, and is not present
in the sampled area of peridotites, that is to say, in the
most sandy textures. There is a tendency for popula
tions to increase as the silt percentage increases, with the
result that it clearly prefers more silty textured soils.

XIPHINEMA PACHTAlCUM

X. pachtaicum appears without any doubt strongly
associated with sampling site 4, an open or cleared place
which is located on the left side in fig. 2 because of the
absence of X. sphaerocephalum. The soil has a clayey
texture, is c10ser to a more calcic muil humus type and is
rather affected by Mediterranean dry climatic condi
tions. This corresponds with previous conclusions
(Cohn, 1969; Dalmasso, 1970; Navas el al., 1988).

XIPHINEMA DIVERSICAUDATUM

X. diversicaudalum seems ta be an amphimictic spe
cies (males frequent) associated with sandy textured
soils (sites 12, 13), but during this study it was found
occasionaily at sites 8 and 10, which correspond to silt
loam and silty clay loam textures. The species is not only
associated with sandy soils; its occurrence increases as
the silt content increases, as observed by Navas el al.
(1988) for other areas in Spain. The acid pH values
could explain this situation in part, although no similar
results were obtained relative ta organic matter content
since there were high values of this edaphic factor in the
ail sampling sites.

)(jPHINEMA TURCICUM

Finaily, X. lurcicum appears at sampling site 4 during
the different seasons, which could indicate a strong asso
ciation with this site as occurs for X. pachtaicum. How
ever, nothing can be concluded because X. lUrcicum is
always numericaily low and no information is currently
available for comparaison.
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