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Abstract: A study of soil samples was carried out at five contigunus hahilats of different vegetation 
types from the Reserva Natural Selva Marginal Punta Lara (Buenos Aires, Argentina): coast, dry 
forest, floodplain rnarsh, grassland and marginal forest. Soil samples were processed with a baiting 
technique, thus producing an inventory of twenty four saprophytic organisms belonging to the 
Blastocladiomycota, Chyüidiomycotaand0omycetes.The frequency analysisshowedthat al1 species 
were of rare occurrence on a rnacro scale although there were distributional differences between 
habitats. Cluster analysis showed three groups: (i) the marsh and the grassland, (ii) the dry and the 
marginal forests and (iii) thecoast, which appeared to bethepoorest hahitat wilh only three isolations 
and two laxa recorded. 
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Introduction 

Zoosponc Fungi  and Stramenopila are c o m m o n  inhabitants of soil, bu t  d u e  t o  the 
difficulties in cul ture and identification they are often omitted in ecological  a n d  
biological studies of soil (Ellanskaya e t  al. 2000, Gusmao e t  al. 2001). These organisms 
p l a y a  cmcial  rolein the decomposition of plant stnichiral polymers, such as céllulose, 
hemicellulose and lignin, thus conhibut ing t o  the maintenance o f  the  global  carbon 
cyc le  (Gadd 2004). 
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Although several studies related to terrestnal zoosporic organisms have been carried 
out worldwide (e.g. Letcher & Powell 2001, 2002; Letcher et al. 2004; Schoenlein- 
Cnisius et al. 2006). in Argentina there is little information concerning their occurrence 
in soil (González & Steciow 2006; Marano et al. 2006 a,b,c; Steciow et al. 2006). 

The Reserva Natural Punta Lara is located on the riverine side of the Río de la Plata 
on the northeast of Ensenada and Berazategui districts, Buenos Aires, Argentina 
(Cabrera 1960). This asea includes 6000 ha (Martínez et al. 2006) that consists of 
basins and levees (50-500 m width) with alluvial ("fluvacuentes") to gley humic 
soils (Cappannini & Maunño 1966), high organic-carbon content and low dissolved 
oxygen availability (Martínez et al. 2006). 

The aim of this study was to compare the composition, ahundance and diversity of 
soil zoosporic organisms (Blastocladiomycota, Chytridiomycota and Oomycetes) at 
five contiguous habitats with different soil features and vegetation types. 

Material and methods 

SELECTION OFHABWATS: Five temtrial  habitats al the Reserva SelvaMargioal Natural Punta Lara were 
selected (Fig. 1): (i) Floodplain mmh:  is characlerized by gley flooded soils, thus allowing rhe 
erowth of Scirnus aiaanieus (C.A.Mev.) Steud.. Zizanio~sis borroriensk (Balansa et Poitr.) S ~ e e . .  . . -  
~ch>enoplecr& c ~ l i ~ r n i c u s  i ~ . ~ . h l s ) . )  Soják. T y p h  jntrfolto L. and t:rythnna irisro-grilli L.: 
(ii)<;ra\\land: ir develop next lo rhe tloiidylain marsh anJ i i  is ~haractenzed by glcy-sandy soils and 
a mixture of grasses a i d  herbaceous species; (iii) Dry forest: is placed on shilly ridges between 
floodplain marshes. Xerophytic species such as Celris tala Gill. ex Planch., Scuria buxifolia Reiss., 
Schinus longifolius (Lindl.) Speg., Jodina rombfolia H. et A. and Acacia caven (Mol.) Mol. are 
typical at this habitat because of h e  low water levelsin soil; (iv) Marginal forest: itdevelops ontolhe 
sveamshoreline and it ischaiacterized by ihe presence of dominaiit arboreal spmies such as Allophyllus 
edulis (Camb.) Radlk., Citharexylon montevidense (Spreng.) Mold., Lonchocarp~is niridus (Vog.) 
Benlh., Ocolea acurifolia (Nees) M e z  Pouieria salicifolia, (Spreng.) Radlk., Ligustrum luciduin 
Ait. anda ereat number of lianas and eoivhvles (Cabrera & Dawson 1944. Dascanio et al. 1994): and . .  . 
(\,) ~ussi:;t lies on thc riicrine coast of Ihc Rio de la Plaw. 'This habita! h.is fcw plant species. s ~ ~ h  
as Mimo.wr bonipland,~ ((illl.1 Benrh.. Ph.vlkinrhr<.í sell~wranris Muell. .U?.. M.vrceuguni<i glni~cerccir~ 
(Camb.) Legrand et Kausel and Oxalis sp 

SAMPUNO AND LABORAMRY ANALYSIS: At each habitat three ramdom collection sites were samoled in 
December 2Mj7 Subsamples n i  3J0-400 g of soil were collected and mmsported lo ihe lahor%tory in 
ziploc' bags. 'mi subsamples of wch habirat were tni\ed. Soil was diluled (10 g soiV3O inl water). 
diranted (Pires-Zottarelli 19991 and ihc DH of h e  soluiion was measurcd lensoelectronics <:o. Lid.. 
6091). Tluee Petn dishes oer soil samole were orenared. Five nrams of soil (Mettler Toledo PB 302. 
Max:'3iog ~ i n :  O.? g) w& floodcd whh #tcnle'deioni~rd watc;(30 Al) anddiffcrent bait matcnal was 
added. ;iccording io ihc baitingteshniquc (Spanow I %O. Sievcni 1974). Baiis wre fi\e unilc of lwvec 
ofZeu mav.t L. ícorn leava). Liuohrs anomilus (Güntherl skiii (snakc skinl. o í 5  mm in diameter and 
~esnrntitn ;nji<th L. scerls'(ses~me saeds). acc"rding t o h l a r k o  & ~teciow (200o1. bhch Pcvi dish 
was considcred a sample unft A iowl of 45 Peiri dichcs and 225 suluuate un¡!< (45 suhsmte uniis for 
csch bait) wereaiwlvzed. Culturcs were kepi ai rooln temwrature (20-25°C) foróOd(Letchcr& Pouell 
2032) m d  examined at 4.7, 10. 15,20,30,42,60 d of the incubation period. 

Thc specics conipusiiion of zoosporii organisms (Rla\tocladiomycoia. Chyiridium)coia and 
Ouniyceies) was characterized. Taxuiioinic idcntilícatiiin~ ucre made according io Coker (1923). 
Soarroir i 19601. Sevmour i 19701. Karltne (1977) and Johnson et al. (2002). uith an Olvmnus BX - .  
46 micro.&ope ( 0 l ~ m p u s  0pticaI CO. ~ t d y ,  ~ o k ~ & ,  Japan). 

Presente-absence (occurrence) of the taxa in each Petri dish was recorded. A taxa was rccorded as 
present for a sample if it was observed at any of the observational times (4-60 d). Frequency and 



Fig. 1. Location of [he terresmial habilats at the Reserva Natural Punta Lara: C (coast). DF (&y 
forest), FM (floodplain marsh), G (grassland) and MF (marginal forest). (*) indicates the collection 
sites. 

abundance was calculated accordine to Marano & Steciow (2006) íi) Freauencv of colonization 
(FCI: (number of rample unir% colonized by a taxon1numb;r iif'sanilile ;iittr éximiiied, x I iH i  
(Figuewia & Barata 2lK)7), nnd ( i i )  Abundancc (A): (number of isolauons rccoraed for 3 taxonl 
number of substrate units employed) x 100 

Frequency and ahundance were detennined for each habita1 and type of bait (com leaves. snake skin 
and swamc sccds). The taxa were assigned to five hquency groupings of the Braun-Blanquet scaie: 
uhiauitous: 100-80.1%: common: 80-60.156: often oresent: 6040.1%: scarce: 40-20.1% and rare: 
20-6.1% occurrence (Kershaw 1973: ~ e t c k ;  & ~oWell2001; 2002). 

DATA ANALYSIS: Community struchire was analyzed by: (i) speciesnchness (S); (u) Shannon's diversity 
index H'= -Fi pi.log, (p,), where pt is the abundance of the species i. that contributes to totai 
diversity; (iii) 6venness E= HM , where H' is the maximum value of the diversity for the 
number of species that are present%agurran 1%); (iv) Simpson's dominante index D = 1-P,, 
(DY. which was calculated for each habital based on swcies abundance: and Iv) Sorensen's similaritv . , ~~ ~ ~ ~ ~~~~~~ 

&%x S1 = 2j/(a+h). where j is the number of speci& common lo hoth hahitats, a is the number óf 
species in habitat A and b is the number of species in habitat B (this index is equal to 1 in cases of 
complete similarity and O if have no species i;n common). 

Divenity indcxes weretested for signtficancc with the H-t test using the software program Biudap" 
(Clas & Thomas 1996). Knhkall-Wallis test uas used [o explore difierenccs in frcquen.~ and 
abuñdance and the resuits analyzed by multiple painvise comparisons using the ~unn ' ;  procédure 
and performed with XLSTAT, version 2007 (Dunn 1961). 

Relationshins between habiiats hased on the assemblaees of zoos~oric oreanisms wereevaluated bv 
mem5 of ~Grensen's index and UPGMA (~ 'nwei~hrdia i r~rou? ~ e i h o d ~ v e r a ~ e ) .  ~ lus teranal~s;~ 
(Legendre & Legendre 19981 was perfortned using MVSP packag (version 3.1 ). 

pH: Al1 habitats exhihited values within the acidic range: 5.12 (dry forest). 5.76 
(floodplain rnarsh), 5.78 (grassland), 6.35 (marginal forest) and 6.40 (coast). 
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Fig. 2. Phenetic sirnilanties between terrestrial habitas. using Sorensen's index as a similarity measure 
and UPGMA as a clnstering algorilhm. 

SPECLES COMWSITION: We recorded 23 taxa. Twelve out of them were Oornycetes, 
nine Chytndiomycota and only two Blastocladiomycota (Table 1). Rhizophydium 
keratimphilum Karling is a new record for Argentina. 

Cluster analysis resulted in three defined groups (Fig. 2): Group A (SI: < 0.0001). 
Group B (0.52) and Group C (0.8). 

FREQUENCY, ABUNDANCE AND DIVERSIN: We recorded 35 positive sample units and 198 
isolations. The frequency of colonization and abundance of zoosporic organisms in 
soil samples were 90% and 88% respectively. The highest frequency was shared by 
the diy forest and flwdplain marsh, followed by marginal forest and grassland with 
similar intermediate values, whereas the lowest was obsewed for the coast. The two 
habitats mentioued f m t  differed in their abundance, whereas the marsh and dry 
forest had the same values. Differences of statistical significance were o b s e ~ e d  in 
the frequency and abundance (P < 0.05; Fig. 3). 

The marsh showed the greatest diversity (H': 3.37; E': 0.89) followed by grassland 
(H': 3.18; E': 0.89). marginal forest (H': 3.05; E': 0.92) and dry forest (H': 2.62; E': 
0.83), whereas the coast had the lowest values (H': 1.0; E': 1.0). The same trends 
were observed for the species nchness (Fig. 4). The H-t test showed that some 
habitats exhibited differences of statistical significance (P < 0.05; Table 2). Floodplain 
marsh presented the lowest value of Simpson's index (D) indicating a more equitable 
distribution of abundance (0.09). The grassland (0.11), marginal forest (0.11) and 
dry forest (0.19) showed intermediate values, whereas the coast exhibited the highest 
value of this index (0.33), thus the lowest species nchness and eveness. 

Achlya sp.# 1 ,  Catenophlyctis variabilis, Nowakowskiella sp., Nowakowskiella elegans 
and Pythium sp.# 2 showed the highest frequency (> lo%), whereas the rest of the 
taxa had values c 10%. Regarding the habitats, in the coast the two taxa recorded 
showed the same frequency, whereas in the other, the taxa are listed in groups of 
decreasing frequency: DRY F O ~ T :  (a) Pythium sp.# 2, (b) N. elegans, (c) Achlya 



Tahle 1. Species composition and their presence (*) Ui the studied habitats. In gray, the taxa resuicted 
to one habitat. 

Taxa/Habita~s C DF FM G MF 

BLASTOCLADIOMYCOTA 
Blastocladiales 
Blsstocladiaceae 
Catenophlycris variabilis (Karling) Karling e * * 
Catenariaceae 
Catenaria sp.# 1 91 
CHYTRIDIOMYCOTA 
Chytridides 
Chytridiaceae 
Cylúuirockytridiwn joknsmnii Karling 
Cladochytriaceae 
Clodockyfrium sp.# I 
Cladochyfrium replicafum Karling 
Nowakowskielia sp. 
Nowakowskielia elegans (Nowak.) J.Schriit. 
Nowakowskiellapmfusa Karling 
Endochytriaceae 
Catenochytridium sp. 
Rhizophydiales 
Rhizophydiaceae 
Rkiropkydium keratinophilwn Karling 
Spuellomycetales 
Rkizopklyctis rosea (de Baty et Woronin) A.Fisch. 
OOMYCETES 
Saprolegoiales 
Saprolegniaceae 
Achlya se.# 1 
Achlya caroliniana Coker 
Aphanomyces sp.# I 
Aphanomyces sp.# 2 
Dicfyuch~rs sp. (stenle) 
Dicfyuchus monosporus Leitgeb 
Leptomitales 
Leptolegniellaceae 
Aphanomycopsis saprophyticu Karling 
Pythiales 
Pythiaceae 
Pytkium sp.# l 
Pytkium sp.# 2 * 
P.ytkium sp.# 3 
Pytkium sp.# 4 * * 
Peronosporales 
Phytophthora sp. *r 

caroliniana, C. variabilis, Rhizophydium keratinophilum and Rhizophlyctis rosea. 
(d) Achlya sp.# 1 ,  Cladochytrium sp.# 1 and Dicryuchus monosportu; m o m m  
MARSH: (a) Achlya s p . #  l and Cladochytrium replicatum, (b)  Pythium sp.# 2, 

149 
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Fig. 3. A. Frequency o€ colonization (FC %) and B. Abundance (A %) of zoosponcorganisms in the 
sam~led habitats. Error bars: SE. The same letters above bars indicates that the values do not differ 
significantly by means of the Dunn's procedure (P < 0.05). 
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Fig. 4. Species richness (S) for the studied habitats. 



Table 2. P-values for the habita6 deienruned by ihe H-1 test. Ingray. values that dtffer significanily 
(P > 0.05). 

(c) Aphanomyces sp.# 1, Aphanomycopsis saprophytica, C. variabilis, Cylindro- 
chytridium johnstonii, Dicryuchus sp., N. elegans, Pythiwn sp.# 3 and R. keratino- 
philwn; GRASSLAND: (a) Nowakowskiella sp. and Pythiwn sp.# 4, (b) Achlya sp.# 1, 
Catenochytridium sp. and C. varinbilis, (c) Aphanornyces sp.# 2 and A. saprophytica, 
(d) C. replicatum, C. johnstonii, Dicfyuchus sp. and Pythium sp.# 3; MARGINAL FOREST: 

(a) Pythium sp.# 3, (b) Dictyuchus sp., Dicfyuchus monosporus, Nowakowskiella 
sp., N. e l e g m  and Achlya caroliniana, (c) Aphonomyces sp.# 1, Nowakowskiello 
profusa, Phytophthora sp. and R. rosea. 

Since the highest abundaice were observed for Achlya sp.# 1 and Pythium sp.# 2 
(10%). almost al1 taxa presented A < 10% and five taxa < 1%. In the dry forest the 
dominant taxa was Pythium sp.# 2; in the marsh, Cladochytrium replicatum and 
Achlya sp.; in the grassland Nowakowskrella sp. and Pythiwn sp.# 4 and finally in 
the marginal forest Pythium sp.# 3 (Table 3). 

SUESTRATE S P E C I F I C ~ ~ Y :  Our results suggest that some taxa might preferably 
developed on certain types of substrates: Aphanomyces sp.# 2.  Carenophlyctis 
variabilis, Rhizophydium keratinophilum and Catenaria sp. were reshicted to snake 
skin; Aphanomycopsis saprophytica, Catenochytridium sp., Cladochytrium 
replicatum, Cyllndrochytridium johnstonii, Nowakowskiella sp., Nowakowskiella 
elegans, Nowakowskiella profusa and Rhizophlyctis rosea to corn leaves, whereas 
Achlya caroliniana and Achlya sp.# 1 to sesame seeds. Pythium sp.# 2 did not 
showed any substrate preferente, appekng in al1 kinds of substrate employed, 
whereas Pythium sp.# 4 was developed on both sesame seeds and snake skin, 
Pythium sp.# 3 was restricted to corn leaves and Pythium sp.# 1 to sesame seeds 
(Table 3). 

Terrestrial zoosporic organisms o€ the Reserva Natural Punta Lwa are ubiquitous 
and exhibit a great abundance. Letcher & Powell (2001) and Letcher et al. (2004) 
observed that in most habitats a few chytrid species are relatively frequent and 
abundant (Le. Rhizophlyctis rosea in agricultura1 soils), whereas most species are 
infrequent and scarce to rare. In agreement with their observations, in out research 
al1 of the taxa recorded were rare according to the Braun-Blanquet scale. 



Table 3. Frequency of colonization (FC 5%) and abundance (AR %) of the laxa morded in each 
habitat: C (coast), DF (dry forest), FM (floodplain marsh), G (grassland) and MF (marginal forest). 

Taxa 
Achlya sp.# 1 . . 
Acklya caroliniana 
Aphammyces sp.# 1 
Aphanoii~yces sp.# 2 
Aphanomycopsis snpropkytica 
C a t e ~ r i a  sp.# 1 
Catenockytridium sp. 
Catenophlyctis variabilis 
Cladockytrium sp.# 1 
Clodockytrium replicatum 
Cylindrochytridium joknsionii 
Dicfyuchus sp. 
Dictyuchus momsporus 
Nowakowskiella sp. 
Nowakowskielia elegans 
Nowakowskieiln profusa 
Phytophthora sp. 
Pyfkium sp.# 1 
Pythium sp.# 2 
Pythium sp.# 3 
Pythium sp.# 4 
Rkizophydium kerafimpkilum 
Rkizopklyctis rosea 

Dry forest-marginal forest and marsh-grassland are clustered into two groups 
probably dne to their closeness, thus the zoospores are able to disperse across 
habitats by water flow or flooding. The coast presented the greatest dominance 
index and the lowest species richness that might be related to the liitle amount of 
organic matter and the great drainage of the soil. Letcher et al. (2004) suggested 
that chytrids inhabiting extreme environments must have morphological and 
physiological characteristics that enable their survival under harsh conditions. 
Factors such as the shortage of vegetation, the limited phosphoms and water 
availability (Gleason et al. 2004; Letcher et al. 2004), might explain the lowest 
diversity obtained for the coast. By contrast, Letcher et al. (2004) found a high 
diversity of chytrids in a harshest habitat (¡.e. open heat). So according to them, 
the diversity of vegetation appears to be a less important factor in determining the 
diversity of chytrids. Grassland and marsh presented opposed values to the coast 



probably due to the high availability of cellulose-rich rnaterials and the great water 
retention which is necessary for zoospore dispersion through the soil pores. 
Willoughby (1961) concluded that the moisture content of soil samples represents 
the main factor in determining the ocurrence of zoosporic organisms. Some chytrids 
are unable to survive drying in the laboratory and possibly in the soil. Members of 
the Blastocladiales (e.g. Catenaria sp. and Catenophlyctis variabilis) and 
Spizellomycetaies (e.g. Rhizophlyctis rosea) would be more likely to be found in 
dry soils than the Chytridiales which cannot survive drying (Gleason et al. 2005). 
Other edaphic factors such as soil pH and nutrients are correlated with distributional 
differences (Willoughby 1962, 1964). In our study, the pH values obtained are 
purely descriptive, so that more detailed studies are needed in order to establish a 
relationship between pH and the distribution of zoosporic organisms. 

There were some taxa such as Achlya sp.# 1, Catenophlyctis variabilis, Dictyuchus 
sp. and Nowakowskiella sp. recorded in almost al1 habitats, which on a macro scale 
characterized the terrestrial zoosporic organisms community of the Resewa Natural 
Punta Lara. Four of the 24 taxa were common to both dry and marginal forests, 
other four to grassland and marsh and eight restricted to one habitat (three taxa 
restricted to the marsh, two to the coast and only one to the grassland, dry and 
marginal forests). 

Catenophlyctis variabilis and Rhizophydium keratinophilum are known as keratine 
decomposers (Karling 1946; 1947). whereas Cladochytrium replicatum, Nowa- 
kowskiella spp. and Rhizophlyctis rosea play au important role in the degradation 
of cellulose debris in soil (Willoughby 1998; Schoenlein-Cmsius et al. 2006). 
Species adapted to restricted and different nutrient sources can co-exist, thus 
cellulophilic and keratinophilic species can be part of the same community. 
Therefore, the use of different kinds of baits allowed us to characterize this 
community as a whole. 

This preliminary study establish some distributional trends between different 
terrestrial habitats, showing three defined groups based on their species composition. 
The community of the coast appears to differ significantly from the other four 
habitats. In this way, anaiysis at the microhabitat scaie should be required to disclose 
differences in the distribution and frequency of zoosporic organisms in soil. 

Our sample intensity was limited hence a greater sample will certainly reveal 
additioual diversity beyond what we detected in the current research. Further studies 
are needed to clarify whether the distribution of zoosporic organisms are due to 
the different plant community types present in terrestrial habitats. 
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terrestrial habitats. showing three defined groups based on their species composition. 
The community of the coast appears to differ significantly from the other four 
habitats. In this way, analysis at the microhabitat scale should be required to disclose 
differences in the distribution and frequency of zoosporic organisms in soil. 
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