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RELATIONSHIP BETWEEN NEMATODE SPECIES
AND THE PHYSICO-CHEMICAL CHARACTERISTICS OF SPRING WATERS.
I. CONDUCTIVITY

by
A. OcaxNa

Summary. The influence of conductivity on the nematode fauna of 38 mineral-medicinal springs in Spain was studied. An inverse relation
was found between extremely high conductivity (greater than 2250 uS/cm) and particulatly the number of individuals as well as the species
present. The largest populations were found in tﬁose sprinis showing conductivity values of between 250-1500 uS/cm, springs with con-
ductivity values ietween 750-1250 pS/cm also showed the highest abundance values. Of the 44 species belonging to orders Monhysterida,
Araeolaimida, Chromadorida and Enoplida, a total of eight where most commonly found in springs with a high or extremely high conduc-
tivity value. Anatomical and morphological data for those species found to adapt best to environments of high conductivity are given.

Nematodes comprise one of the zoological taxons in- cality of each of the springs studied is given in Ocafia ez a/.,
habiting the largest variety of environments, showing a 1990). Samples were collected twice each season from
tremendous tolerance to extreme environmental condi- spring during the period from April 1983 through March
tions. Among the continental aquatic environments, 1984, inclusive.
springs have been shown to exhibit the most extreme con- To determine the chemical nature of the spring water,
ditions. the essential ions used in Shckukarev’s classification

Conductivity is one of the physico-chemical parameters (Saura, 1978) were analyzed: anions (bicarbonates, sul-
found to fluctuate considerably from one mineral- phates and chlorides), cations (calcium, magnesium, potas-
medicinal springs to another. This parameter shows the sium and sodium). Bicarbonates, chlorides, calcium and
number of ions dissolved in the water which are capable of magnesium were determined using volumetric methods.
conducting electrical current, and is therefore an indicator Sodium and potassium were determined using flame pho-
of the degree of mineralization in the spring. tometry, and sulphates using turbidimetry. A Hach con-

ductometer was used for measuring conductivity.

In studies on this topic one aspect which has been given >
B P & Nematodes were extracted from sediment samples fol-

particular attention is the abundance of dissolved salts in

the water. Specifically those containing sulphur complexes lowing the Baermann method in its modified version

has aroused the greatest interest: Heoppli and Chu, 1932; (Hooper, 1986). Material was fixed in 4% F.A.A. and
Pax and Sods, 1943; Paetzold, 1955, 1958; and Meyl, mounted in anhydrous glycerine using 2 modified version
1954 1955. ’ ’ of the Seinhorst method (1962).

This paper aims to explain the influence that conduc-
tivity has on the nematode fauna of 38 mineral-medicinal

springs in the province of Granada (Spain), and presents Results and discussion
taxonomic and ecological data for those species found to
best adapt to different levels of conductivity. All the springs studied showed highly specific and con-

stant physico-chemical characteristics (Margalef, 1974;
Odum, 1972). As the present study was based on estab-

Area of study and methodology lishing comparisons between springs, only one analysis for
each parameter and for each spring was performed.

The springs examined were distributed in the province Table I illustrates conductivity values (uS/cm) and con-

of Granada and provided a large variety of water types (lo- centrations of essential ions in each of the springs (mg/l).
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TasLe I - Conductivity values (uSfcm) and of the essential ions (mg/1) analyzed in the springs studied.

_ - 50," COH~
Locality by Ry oy Ca'*  Mg"*  Na K-
(mg/T)

Huescar H1 720 25 29 190 140 31 — —
Galera G1 2280 85 875 200 424 129 58

Galera G2 2736 75 1250 160 606 121 81

Galera G3 757 100 200 100 106 51 34 12
Galera G4 1167 120 275 160 191 39 69

Galera G5 985 75 200 200 148 77 38

Orce OR1 930 60 275 150 220 26 27

Oxce OR2 948 20 300 200 178 46 60

Zidjar Z1 8208 2500 1250 200 615 142 2712 47
Zgjar Z2 6110 1375 1300 200 594 139 1374 21
Baza BA1 1801 135 120 280 365 54 117 24
Baza BA2 1642 125 800 140 297 77 84 16
Graena GN 2462 24 285 150 415 69 41 11
Pedro Martinez PM1 1186 350 10 130 178 18 52 7
Pedro Martinez PM2 1505 500 15 150 178 23 56 7
Pedro Martinez PM3 775 110 34 250 75 18 60 9
Alicim Torres AT 2280 125 270 240 297 75 52 10
Alicim Ortega AO 3192 370 270 230 263 106 289 16
Bérchules BE 1185 44 70 650 127 13 8 11
Pértugos PO 319 15 15 190 110 3 34 7
Pitres PI 137 9 10 20 93 8 10 5
Laniarén LJ2 8300 2139 137 809 458 80 743 118
Laniarén LJ3 17245 7593 540 1665 1621 181 3114 352
Duircal D1 720 19 175 160 93 26 24 5
Durcal D2 1222 109 210 210 97 154 67 11
Durcal D3 1336 175 175 170 110 62 100 14
Melegis MG1 474 12 10 260 191 51 14 8
Melegfs MG2 574 22 23 270 80 15 21 7
Granada GR1 939 56 60 400 127 59 40 11
Granada GR2 365 6 12 250 56 33 36 9
Granada GR3 456 10 10 300 64 54 26 5
Monachil MO 255 13 8 200 68 18 12 7
Giejar Sierra GJ 255 5 17 200 59 10 — —
Alhama ALH1 866 66 150 167 123 26 62 12
Alhama ALH?2 1163 84 210 160 140 31 65 18
La Mal4 MA1 2918 315 150 160 254 103 181 17
La Mal4 MA2 3374 470 290 150 373 49 542 12
La Mal4 MA3 3192 380 140 150 301 90 506 17
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Conductivity values for 12 of the springs were very
high (greater than 2250p.S/cm according to the U.S.A. Sa-
linity Laboratory classification), 16 were high (750-2250
uSjem) and only 10 were either everage (250-750 pS/cm)
or low (100-250 uS/cm). In the springs the conductivity
values extended over a very wide range, e.g. oscillating be-
tween 137 uS/cm in PLand 17243 pS/em in 1J3.

The highest conductivity values recorded were much
greater that those cited for other continental aquatic en-
vironments (Margalef, 1983), where values were 50 uS/cm
or less in oligotrophic environments, and 500-1000 uS/cm
in highly mineralized environments. In this study, the ex-
tremely hig values recorded are not unusual given the or-
igin of the spring waters which, in many cases, implies ex-

mg/l  ~17250 ]uS/cm

tensive periods of interaction with rocks around and over
which the springs flow.

Those springs having the highest conductivity values
usually had the highest content in chlorides, sulphates, so-
dium, calcium and bicarbonates (Table I). Figure 1 repre-
sents conductivity and related ion concentrations for each
spring in relation to the average number of nematode
individuals/250 cc and species present. The data are ar-
ranged according to geographical proximity, in such a man-
ner that those springs which are in close proximity to one
another are also shown together on the longitudinal axis.
For most of the springs there is an inverse relation between
extremely high conductivity values and the number of spe-
cies and particularly the number of individuals. Spring L]3
showed a total absence of nematodes throughout the year.
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Fig. 1 - A: Conductivity and related ion values (chloride, sulphates, bicarbonates, calcium and sodium) found between springs. B: Average
number of nematode individuals/250 cc and number of species found for the springs in the province of Granada.
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Coinciding with decreased conductivity values and the
related jons, those springs close to the city of Granada
(specifically GR1 and GR2), and those located in the
towns of Galera and Orce showed the greatest abundance
values and the largest number of nematode species of all
the springs studied. However, conductivity values and
ionic composition does not explain the scarce number of
individuals and/or species in some springs as is the case of
G3, PM1, PO, PI, D1, D2, MG1, MG2, MO or ALH1.
Nor do they explain the high numbers of individuals in
ALH2, primarly due to the presence of Rhabdolaimus ter-
restris De Man, 1880 which was found in greater abun-
dance than in other springs.

Sulphates may be responsible for the reduction in the
number of individuals present, when values surpass 300
mg/l as is the case for G4, G5, Z1, Z2, BA2, LJ2 and LJ3.
This same phenomenon occurs in the same springs (with
the exception of G4, G5 and BA2) for chloride values of
approximately 1300 mg/l or greater. In the latter three
springs variance in the number of individuals present can
be exclusively attributed to sulphates, but the influence on
abundance of individuals cannot be attributed exclusively
to chlorides in any of the springs studied. Remarkably
there was a considerable number of individuals and species
present in spring PM2 despite the 500 mg/l chloride con-
centrarion (one of the highest found throughout the study)
which confirms the supposition that such high concentra-
tions do not restrict the development of nematode fauna.

With regard to the remaining ions, maximum values for
calcium, sodium and, to a certain extent, bicarbonates in-
creased or decreased in a parallel fashion (as did sulphates
and chloride), and it is therefore difficult to evaluate their
possible influence on the number of individuals and spe-
cies present.

In other nematological studies on spring waters, only
Paetzold (1958) and Pax and Sods (1943) provide ionic
content values for the springs included in their investiga-
tions, specifically with reference to sulphates showing val-
ues varying between 2 and 50 mgfl (the most common
found between 2-20 mg/l). However, the data reported
were not related to the abundance of nematodes present.

With reference to the relation between the number of
nematode individuals and chlorides, Venkateswarlu and
Das (1980) report a positive relation between chloride con-
tent and the population of benthic nematodes found in riv-
ers, yet, according to this study, the highest chloride value
reported is that of 190 mg/l, considerably lower than those
levels reported for the springs in the province of Granada.

The influence of conductivity and related ions on spe-
cies is still difficult to determine since species do exist
which have adapted to high ionic concentrations. In order
to determine which species successfully adapt to environ-
ments with high conductivity values, and consequently are
able to survive in waters with a high ionic content, a his-
togram show the number of species found in the different
groups of variations intervals for the conductivity param-

eter (Fig. 2). Attention was focused on the orders Monbys-
terida, Aracolaimida, Chromadorida and Enoplida, as most
of the author’s research has evolved around these orders,
and thus more is known of their ecology. The histogram
shows that of the 44 species belonging to these orders, the
largest populations were found in those springs in which
conductivity values range between 250-1250 pS/cm.
Moreover, of the 44 species studied, 31 survived regard-
less of low, average, high or extremely high conductivity
values, and can therefore be considered to be indifferent
to conductivity, the majority of which are known to be of
cosmopolitan habitats. Only Plectus parietinus Bastian,
1865 was found exclusively in springs showing low to av-
erage conductivity values.

Of the remaining 13 species inhabiting environments
of high conductivity, Cylindrolaimus communis De Man,
1880, Achromadora terricola (De Man, 1880) Micoletzky,
1925, Tripyla filicaudata De Man, 1880 and Tobrilus graci-
lis Bastian, 1865 were found in just one of the springs stud-
ied classified as having high conductivity values, and
whose presence therefore in springs of these characteristics
should be considered as purely accidental. Table IT illus-
trates the 8 species which were repeatedly found to exclu-
sively inhabit springs showing high or extremely high con-
ductivity values (between 1150-8200 uS/cms), and
therefore considered in the present study as the species to
have most successfully adapted to these conditions. Mor-
phological and anatomical data are presented for these spe-
cies: Chromadorita leuckarti (De Man, 1876) Filipjev,
1930; Paracyatholaimus intermedius (De Man, 1880) Mico-
letzky, 1922; and Daptonema dubium (Bitschli, 1873)
Lorenzen, 1977; morphological and anatomical data for
Monbystera stagnalis Bastian 1865, Paraplectonema pedun-
culatum (Hofmanner, 1913) Strand, 1934, Prodesmodora
circulata (Micoletzky, 1913) Micoletzky, 1925, Ironus
tenyicaudatus De Man, 1876 and the De Man indexes for
P. intermedius can be found in Ocafia et al. (1990); the de-
tailed description of Monbystrella lepidura (Andrassy,
1963) Andrissy, 1968 appears in Ocafia (1990).

TasLE II - Nematode species from orders Monhysterida,
Araeolaimida, Chromadorida, and Enoplida, found to ex-
clusively inbabit springs with high or extremely bigh conduc-
tivity values. Maximum conductivity values are given for the
environments in which species were found.

Conj:ct:)ivity Species

8200 uS/cm Chromadorita leuckarti
Paracyatholaimus intermedius
Monbhystera stagnalis

6100 uSfcm Monbystrella lepidura

3200 wS/cm Prodesmodora circulata
Ironus tenuicaudatus

1150 pS/em Paraplectonema pedunculatum

Daptonema dubium
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Chromadorita leuckarti (De Man, 1876) Filipjev, 1930

Females (n = 4): L = 0.98 (0.91-1.05) mm; a = 28.9
(28.5-29.5); b = 8.5(8.3-8.8);¢c = 7.3(6.8-7.7);¢" = 7.2
(7.0-7.5); V = 47.1 (46-48%).

Males (n 33 L = 0.90 (0 78- 0 97) mm; a = 27.1
(25.7-29.5); b = 7.9 (6.7-8.6); ¢ 5(6.9-79);¢ =5
(4.8-5.2); SP = 36.7 (35.5-38.2) um; OP = 7.8.

Annulated cuticle, 1.2-1.3 um thick at mid-body; an-
nules 1.2-1.3 um thick at oesophagus end. Cuticle mark-
ings evenly developed, appearing in rows separated by a
distance of 1.6 wm, measurements taken at mid-
oesophagus level. Head diameter 14-15.5 um. Cephalic se-
tae 8.5 um in length. Amphids 6.5-6.7 um diameter, lo-
cated 9-9.5 um from anterior body end. Nerve ring at 609
of the total length of oesophagus. Basal bulb length 1/6
total oesophagus length. Tail covered in silks 2.5 pm in
length. Rectum 0.7 times the body width at anus. Male
spicules between 35.5-38.2 pm long. Gubernaculum in
male 20.-22 um long. Spinneret 5.5-5.8 um long.

Paracyatholaimus intermedius (De Man, 1880) Mico-
letzky, 1922

Annulated cuticle 0.8-1 ym thick at mid-body level; an-
nules 1.5-1.7 pm thick. Cuticle markings evenly distrib-
uted. Head diameter 17-18.5 um, with 6 setae each mea-

suring 6-8 pm in length; 4 shorter setae, approximately 3.5
wm in length. Amphids with 4-4.5 um diameter (approxi-
mately 1/5 head width), located 7.5-7.8 um from anterior
body end. Nerve ring located at 52-55% from cesophagus.
Basal bulb 1/6-1/7 of total oesophagus length. Eggs 2 times
longer than wide (55-60x26-28 pm). Rectum 0.7 times
body width at anus. Male spicules 30-31.2 pm long. Gu-
bernaculum approximately 1/2 spicule length. Spinneret 5-
7 um in length.

Daptonema dubium (Biitschli, 1873) Lorenzen, 1977

Females (n = 6): L = 1.35(1.01-1.70) mm; a = 22.9
(19.8-28.0); b = 3.9(3.4-4.3);c = 7.3(7.0-7.5);¢ = 5.1
(4.6-6.0); V = 69.4 (65-75)%.

Cuticle smooth with annulated subcuticle: cuticle

thickness 1.3-1.6 wm; subcuticle annules 1.4-1.6 um thick
at mid-body. Large quantity of somatic satae of varying
lengths. Head diameter 17-18 wm, cephalic setae 11 um
long. Amphids 1/4 body width at locations; 6.5 pm in di-
ameter, located 23 um from anterior body end. Nerve ring
located 58-609 oesophagus length. Oesophagus practi-
cally cylindrical, muscular, 280-420 pm long. Cardia com-
prised of 3 developed glandular cells. Rectum 0.7-.08
times body width at anus. Pair of terminal caudal setae
15-16 pm long. No male individuals present.
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Fig. 2 - Total number of species within the orders Monbysterida (M), Araeolaimida (A), Chromadorida (C), and Enoplida (E) for each group

of the variation intervals obtained from conductivity values (uS/cm).
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