
BENTHOS OF SPANISH LAKES AND RESERVOIRS 

N. Prat, M. Real and M. Rieradevall 
Dept. Ecologia. Universitat Barcelona, Avda. Diagonal, 645; 08028 Barcelona. Spain 

Keywords: Benthos, Meiofaunal loop, Benthic typology. Oxygen depletion. 

ABSTRACT 

A summary of the results from the study of benthos of lakes and reservoirs in Spain is provided, with a list of the species 

found to date. Spanish natural lakes are smaller than European lakes; the largest is Lake Sanabria, of glacial origin, which is 3 
Km long and half a kilorneter wide. Many are very small and situated in the mountains; more than 200 hundred have been 
recorded in Spain, but only in Lake Sanabria and Lake Banyoles have the benthos been studied. Lake Sanabria is a cold oligo- 
trophic, monomictic lake with oxygen always present in the deepest zones. Its fauna is similar to that of other central European 

lakes, with Mici.opsectra c.orztractu (a chironomid) as the dominan1 species. Lake Banyoles is a karstic, monomictic and multi- 
basin lake; despite the low primary productivity, due to the abundante of sulphate in the water, the allochthonous inflow of 
organic matter and the inflow of water from bottom springs, the profunda1 environinent is very stressing for benthic fauna. 
Very low oxygen concentrations and high sulphide content in the water and sediments dueto meromixis mean that only the larva 

of the dipteran Chaohoi.lcs flai7icans was present in one of the 5 basins of the lake. In other basins, when oxygen is available 
(no meromixis), the fauna is similar to that of tlie inineralized lakes of the Aegean region and some lakes in central Italia. On 
the other hand, preliminary data from the Pyrenean lakes and from Sierra Nevada ponds reveal no differences with northern cold 

lakes. 
Tlie largest lakes in Spain are the reservoirs. There are nearly 1000 and data are available on 100 of them, including 

the kargest. In addition to oxygen and sulphide content in the bottom waters, water level fluctuation and high sedimentation rates 
are disturbance factors that prevented the organization of the community. Allochthonous inputs of organic matter are also an 
important factor both in the reservoirs and also in the small, oligotrophic lakes like Banyoles and Sanabria. As a result the 
meiofaunal loop is very important in many of the Spanish water bodies . For this reason the natural lakes and reservoirs of 

Spain are dominated by Oligochaeta, small crustaceans and the microcarnivore chironomids (such as Procladi~ls, Cladopelma 

and Mi(,rnc.hil-onnmus) that feed on these meoifaunal elements. The phytophagous chironomids, like Chironomus, are only 
abundan1 in the shallow areas of mesotrophic and eutrophic reservoirs. This situation makes it difficult to apply the typologi- 

cal system of SAETHER which predicts with some confidence only the benthic communities of Spanish natural lakes above 

1500 m in the Pyrenees or the ponds above 2000 m in Sierra Nevada mountains. Higher temperatures (which originate a longer 
stratification period), the presence of sulphate in the waters of the eastern part of Spain and high inputs of sediments and allocht- 
honous organic matter seem to be the factors that originated the differences between the benthic profunda1 faunas of Spanish 

lakes and reservoirs and those of the temperate lakes of north and central Europe. 

INTRODUCTION AND SITES SAMPLED. 

In the last 20 years there has been a considerabl advance 
in research on benthos in Spanish lakes and reservoirs. Most 
of the work has been done in connection with different rese- 
arch programmes, especially those devoted to the extensive 
studies on Spanish reservoirs (MARGALEF et al., 1976). 
To date. there are data from 131 reservoirs scattered al1 

around Spain (PRAT, 1976, 1978, 1980b, 1 9 8 0 ~ ;  REAL & 

PRAT, 1991; LIMNOS S.A., 1989; REAL & PRAT, in 

press) as well as from lakes Banyoles and Sanabria 
(RIERADEVALL & PRAT, 1989, 199 1 ; PRAT & RIERA- 
DEVALL, in pi.ess; RIERADEVALL & REAL, in press, 
RIERADEVALL et al., in press). These are the two largest 
natural lakes in Spain. We also have data from the commu- 
nities of lakes from the Pyrenees (not published) and we 
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know the presence in Sierra Nevada lakes and ponds of 
some species through the adults or pupal exuviae of Chiro- 
nomidae collected (LAVILLE & VILCHEZ, 1986). On the 

other hand the communities of some Pyrenean lakes are well 
known from the studies in the French Pyrenees (LAVILLE, 
1972) and the communities of Spanish Pyrenees should be 

very similar. The geographical distribution of the sites 

sampled in Spain is providcd in figure 1. 

Figure l .  Site5 \oiiiplctl Ioi- hciitlio\ I I I  Spaiti. Opeti circles are reser- 
voirs, the open triangle Lake Baiiyoles, the S is Lake Saiiübria and 
the squares denotes the position of the areas of mountain lakes from 
which some information exist including those of the lakes investi- 
gated in France by LAVILLE (1972). 

MACROBENTHIC COMMUNITIES 

We have studied the macrobenthos after sieving the mud 

taken with Ekman or Van Veen grabs with nets of 150 

microns (Banyoles) or 250 microns (other studies). The 
most complete list for a single lake is that of Banyoles, with 
a total of 66 species collected in the sublittoral (5-1 2 m) and 
the profundal (20 m) zones in 8 different sampling stations. 
This list includes some meiobenthic forms (Nematoda, 
Ostracoda, Copepoda and Cladocera). The list is provided 
as an appendix to this paper. 

Some species frequently found in Spanish lakes and reser- 

voirs are unusual in the species list from central and northern 
Europe lakes, such as Microchironornus tener and Clado- 
plerna virescens, which have been more frequently and abun- 
dantly found in the southern part of Europe (Italy) 
(BAZZANTI, 1983; SEMINARA & BAZZANTI, 1988) and 
in the Aegean lakes (STANKOVIC, 1959) as well as in two 
lakes in central Europe which have hard waters, ¡.e. the 

Wolilensee aiid the Balaton. It is also interesting to note that, 
to date, only 3 species of Chironorwus (Ch. plurnosu.~, Ch. 
hernensis and Ch. nuditarsis ) have been found in the lake of 
Banyoles (RIERADEVALL & PRAT, 1989) and the Spanish 

reservoirs (unpublished data) using the chromosomal 
patterns of collected larvae. Moreover, in lake Banyoles 
(RIERADEVALL & REAL, in pre.c.s) and in some reservoirs 

(PRAT et al., in press) the worm Potarnothri-r heuscheri is 
more frequent and abundant than in other European lakes. 
The similarity to the Italian lakes is also evident in this case. 

THE KEY FACTORS. 

The study of lakes Banyoles and Sanabria and Spanish 
reservoirs has given us some insights into the importance of 

several factors in defining the sublittoral and profundal 
communities 

Temperature 

Temperatures of Spanish lakes and reservoirs are higher 
than those of other European lakes, which influences the 
species composition. Thus many of the species from artic 
and alpine lakes are not found in our lakes or reservoris. 
Only the species composition of the mountain lakes and 
ponds in Spain over 1500 m altitude are similar to those of 

lakes from northern and central Europe. The characteristic 

chironomid larvae of these lakes such as Heterotrissocla- 
dius have been found only in the Pyrenean lakes (unpublis- 
hed data) and other typical cold-stenotermic species such as 
Mic.rop.~ec.tra hiderztata, only in Sierra Nevada mountains 

(Granada, SE Spain) (LAVILLE & VILCHEZ, 1986). 
Indirect effects of temperature are caused by the duration 

of thermocline, which can last, in the reservoirs of southern 
Spain and in Lake Banyoles from the beginning of April 

until the middle November (RIERADEVALL & PRAT, 
1989). This leads to a depletion of oxygen in the hypolim- 
nion of lakes with lower primary productivity than in central 
and northern Europe. 

Oxygen and sulphide. 

The lack of oxygen in the profundal water has been 
recognized as the key factor in determining the species 
composition in the bottom of many lakes. Recent laboratory 
experiments have shown that physiological adaptations 
allow some species to live in depleted oxygen environments 



(HEINIS & CROMMENTJUIN, 1989) and the anoxic meta- 
bolism of some Chironornrts as also been recorded (FRANK, 
1983). The presence of sulphate in waters and sediments can 
degrade an anoxic profundal environment due to the produc- 
tion of sulphide. While some species can survive in an 
anoxic environment for come months if sulphide is absent, 
the presence of this element causes the death of al1 macroin- 
vertebrates except those able to migrate (such as Chaohorus 

flui~icuns). We have two different situations in Spain that 

and, as a result, the profundal zone is permanently devoid 

of oxygen. In basin IV the meromictic process lasts 6 
months (table 1 ) .  For this reason the fauna in basin 111 is 
reduced to the migrant Chaohorus ,flui~ic~ans, and basin 1V 
has a community dominated only by two species of chiro- 

nomids and one species of Oligochaeta, while the benthic 
fauna is diverse and abundant in basin 1, where anoxia does 
not occur during the stratification period (RIERADEVALL 

& PRAT, 1991). The benthic community is different in each 

demonstrate the importance of these two elements. of the basins investigated in Lake Banyoles according to the 

In lake Sanabria, a cold, poorly mineralized, monomictic duration of the anoxia due to meromixis. This r6le of 

and oligotrophic lake, oxygen is always present in the oxygen has been stressed in previous benthic studies 

profunda1 zone. The community is dominated by Oligocha- (WALSHE, 1950; JONASSON, 1972) and is clearly the key 

eta and the chironomid Micropsecrru contracta, a typical factor in Lake Banyoles and in many Spanish reservoirs, 

inhabitant of cold oligotrophic central European lakes such especially in the eastern part, which have sulphate-rich 

as the Bodensee. waters. (RIERA & MORGUI, 1990) 

In Lake Banyoles, a temperate, monomictic, mineralized 

(1000 &S) and karstic lake rich in sulphate, the benthic Granulometry of the sediments 
fauna is different in the four different basins investigated 
depending on the oxygen content of profunda] waters The granulometric composition of the sediments also 
(RIERADEVALL & PRAT, 1991). Due to the morphology seems to be important for the macrobenthos. In the sublitto- 

of the lake, two basins (111, IV), remain isolated from the ral of both lakes, where the sediment is coarser, the chiro- 
main lake (formed by basins 1 and 11) during the stratifica- nomids are more abundant than the Oligochaeta (table 1). 
tion period. In basin 111 permanent meromixis takes place The relative abundance of these two groups is strongly 

Table l .  Relationship between: depth, months with low oxygen content cloie to the sediment, mean annual temperature and granulometry of 
sediment with mean annual density of the most important groups of macrobenthos in lakes of Banyoles and Sanabria. (Data on Banyoles from 
RIERADEVALL & PRAT, 1990 and unpublished on Sanabria). 

BANYOLES SANABRIA 

Basin 111 IV I 1 1 

Depth (m) 

Months O2 < I ppm 

Mean annual temperature Oc 
Granulometry % 

0,2-2 mm 

0,05-0,2 mm 

0,02-0,05 mm 

0,002 - 0,02 mm 

< 0,002 mm. 

Macrobenthos (ind/m2) 

Oligochaeta 

Chironomidae 
Chaohorus 

Ephemeroptera 

Others 



affected by this factor and related to depth. Coarse sedi- of the year, the species richness and density of macrobent- 

ments are more frequent in shallower areas and finer sedi- hos was lower in these stations than in those of similar depth 
ments in deeper zones. This is one of the reasons that may in the less-fluctuating reservoir of Orellana ( 0 3 ,  table 2). 
explain why in some cases, (especially in natural lakes, but Therefore, water leve1 fluctuation should also be considered 
not always in reservoirs) the relative abundance of chirono- as an important factor in community organization of reser- 
inids decreases with depth (RIERADEVALL, 199 1). voirs (PRAT rt  al., 1991). 

Water level fluctuations in reservoirs. The food-web structure in relation to the allochtho- 
nous inputs. 

The importance of the previous factors (oxygen, tempe- 
rature, mineralization and grain size) in the lakes studied is Finally, we also consider as an important factor, the 

coupled in the Spanish reservoirs to fluctuations in water origin of the available food for animals living in the mud. 

level. As an example we provide a comparison between The ratio between the allochthonous (detritus) and 
species richness and density of the most relevant groups of autochthonous (phytoplankton) origin of the food taken by 

macrobenthos in three consecutive reservoirs in central 

Spain (Guadiana river basin) (table 2). 13 stations were 
sampled in these reservoirs in the main channel, from the 

tail to the dam of each reservoir (PRAT et al., 1991). The 

upstream reservoir (CIJARA) has a greater level fluctuation 

than the other two, the downstream reservoir (ORELLANA) 

being the least fluctuating. The highest species richness 

(total number of species found in six bimonthly samples) 

was found in the tail of the downstream reservoir (station 

0 3 )  at relatively low mean depth (1 1,5 m), where oxygen 

the benthic animals seems to be also a relevant factor. For 

example, in Lake Banyoles, as the lake is rather small and 

oligotrophic, the food that reaches the deepest parts is 

mainly allochthonous detritus, such as leaves, pollen and 

decaying macrophytes from the littoral, also including 

some inputs from human origin (manure). In this case 

detritivores such as oligochaetes, small crustaceans, nema- 

todes and rotifers become abundant and for this reason the 

meiofaunal loop (as defined in STRAYER, 1990) domina- 

tes the food web structure (fig. 2). In these conditions, 

was always present. The lowest species richness was obtai- those species more dependent on the alga1 production, such 

ned in CIJARA reservoir at the deepest point, where as Chironomus , are not frequent. As a consequence, small 

oxygen was always scarce. Some of the stations in the inter- carnivores like the chironomids Procladius, Microchiro- 

mediate reservoir (G6-G7), dried up during the year nomus and Cladopelma as well as the chaoborid Chaoho- 
(table 2). Although oxygen was always present in the rest i x s  flai,ic.an.s are the dominant species in Lake Banyoles. 

Table 2. Mean annual species richness, mean annual density, ratio between mean annual density of Chironomidae and Oligochaeta and domi- 
nant chironomid genera in different stations from a three succeaive reservoirs of central Spain (Guadiana river). The mean depth of the six 
bimonthly samples, the months in which the station has been dry and the number of months with less than 4 and 1 ppm of oxygen in the water 
close to the sediment of each station is also indicated. The upstream station is C3 and the downstream is O l. P = Procludius. Ch = Chirono- 
1 1 1 1 ( ~ .  (Data from PRAT e! al., 199 1 )  

ORELLANA GARCIA DE SOLA CIJARA 

Months dry 0 

Mean depth m 39 

Months O2 <4 ppm 4 

Months O2 < 1 ppm 4 

Species richness 13 

Chir./Oligch. 0,OS 

1nd/m2 1550 

Dominant quir - P, P-Ch, P-Ch P-Ch P-Ch P-Ch P-Ch P P P P 



Figure 2. The t w o  route\ ol iio~irishiiient f o r  benthic organisins. In 
the left the animals are dependen1 of the fresh phytoplankton produ- 
ced in the photic zone. In this case the phytophagous macroinver- 
tebrates (such as  Chirot~on~lrs ) are favourized. The heterotrophic 
way (right) is more complex and enhances the presence of many 
meiofaunal elements (rotifers, crustaceans, nematodes) which fed 
on bacteria. The abundance of meiofaunal elements is the origin of 
the abundance of microcarnivorous animals like the chiroiiomid 
Proclarli~rs. The two way are, however. connected and is well know 
that the phytophagous organism can act as detritivorous or that the 
phytoplankton can arrive to the bottom in decaying situation and 
thus enhnacing the meoifaunal loop. 

This situation is also typical of many reservoirs especially 

in forested areas. 
On the other hand, in reservoirs, water leve1 fluctuation 

and the rapid accumulation of inorganic sedirnent due to 
erosion enhance the presence of mobile forms like Procla- 

dizrs , which is the most abundant chironomid species in 
Spanish reservoirs (PRAT, 1980; REAL com. pers.). 

In eutrophic reservoirs, especially shallower reservoirs 

with more stable water levels, the profunda1 zone receives 

greater quantities of fresher phytoplankton material. Jn this 
case the phytophagous chironomids (Chironom~ls,  Sticto- 

c.hironornus) are more abundant. Nevertheless, the animals 

of the meiofaunal loop can also be frequent and abundant in 
eutrophic deeper reservoirs (REAL & PRAT, i t ~  piess) .  
where t h e s e  material r e a c h c s  t h e  b o t t o m  in a m o r e  advan- 
cing state of decay. As a hypothesis that is currently being 
tested, with some preliminary results published (REAL & 
PRAT, in press), we suggest that the ratio between Pl.o<,la- 

dius and Chir.o/ionllrs should provide us with information 
relevant to the food web structure. 

TYPOLOGY. 

Benthos has always been considered as a good indicator 
of the trophic degree of lakes. Since THJENEMANN and 

later BRUNDJN (1958), different indicator species have been 

used. The typology most frequently used today is that of 
SAETHER (1979) with 15 different types of lakes which can 

be related to the mean annual chlorophyll or phosphorous 
content of the water divided by the mean depth of the lake. 

We  have tried, unsuccesefully, apply this System to 
Spanish lakes and reservoirs (fig. 3). Lake Banyoles and 

sorne oligotrophic and mesotrophic reservoirs have commu- 

O 0'5 1 1'5 2 Y5  3 
Chlorophyll a l ?  , ~ ~ g / l  1 m 

Figure 3. Positioil ol ih t .  1.iilc. K,iii!oIc\ c i i o \ \ r \ j .  Liihc Saiiabi-ia 
(S) and sorne reservoirs (open circles) ir1 tlie typological system 
creüted by SAETHER. No relationship is observed between the 
coriiinunities preseiit in Spanish lakes and reservoirs and the 
eutrophication of the waters 



nities normally considered as typical of eutrophic lakes. The 
different basins of Banyoles are classed in different parts of 
the system and nearly al1 of the reservoirs considered (20, 
al1 in the Duero basin) are classified in the last 5 classes of 

the SAETHER's system (fig. 3). Only the lakes of the Pyre- 
nees and the Sierra Morena ponds fit well into the first. 
ultraoligotrophic classes. We can consider Lake Sanabria 

and only one reservoir in the to the mountains in the 5 inter- 

mediate levels 
As a conclusion, the typology used for northern European 

and American lakes is not very useful for the southern part 

of Europe; it can be applied only to natural lakes over 1500 
m in the Pyrenees and ponds over 2000 m in Sierra Nevada. 
As many of our reservoirs are below these altitudes. the 
thermal characteristics prevent the presence of many indi- 

cator species. The benthic community of the profundal areas 
of our reservoirs are largely determined by the oxygen 

content, the water level fluctuations and the allochthonous 
inputs of organic matter. As the oxygen content close to the 
bottom in Mediterranean and subtropical climates is not 

related to eutrophy to such an extent as in northern lakes 
(Me CULLOGH & JACKSON, 1985), our communities do 
not fit the SAETHER's typology, which has been developed 
for cold temperate lakes. We have also to consider the origin 

of the food consumed by the benthic animals, especially in 
the oligotrophic lakes and reservoirs, and the importance of 
watershed uses and erosion as well as water level fluctua- 
tions in the reservoirs The communities developed under 
such conditions cannot be related to eutrophication and for 

this reason the typological system of SAETHER is not 
appropriate. 

CONCLUSIONS. 

The main conclusion of our work is that in Spain, and in 
general in the southern European lakes, at altitudes lower 
than 1500 m, owing to the thermal conditions (long thermo- 
cline period) coupled in many cases to high sulphate content 
in the waters, oxygen depletion close to the bottom is found 

at lower eutrophication levels than in northern and central 

European lakes. The comparison between Banyoles and 
Sanabria lakes (both oligotrophic, at similar latitudes, but at 
different altitudes and with -very different thermal regime 
and water mineralization) is clear in this respect. In addi- 

tion, the abundance of allochthonous inputs eriliarices the 
meiofaunal loop, which could explain the abundance of 
small microcarnivores in our lakes and reservoirs (like the 

chironomid Pl.oc,ladius). The presence of this chironomid in 
reservoirs is also enhanced by the high sedimentation rate. 
The phytophagous chironomids, like Clii/.onomlts, are only 
abundant in shallower areas of eutrophic reservoirs espe- 
cially in winter or spring, being absent from the profundal 
areas during summer especially in sulphate-rich waters. This 
reduces thc community to the most resistent species and 

makes it difficult to use the indicator system adopted for 

other lakes. 
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APENDIX. 

List of species found in the profunda1 and sublittoral areas from Spanish lakes and reservoirs. B= Banyoles, S= Sanabria, 
R= Reservoirs. 

NEMATODA 

Daptotzemcr duhium, B 
Doryluinzus stagnalis, B ,  R 
Liniiiorner.mis hostrychorles. R 

Tohrilus sp. (T .  gracilis), B ,  R 

OLIGOCHAETA 
Der.o n'igitata, B ,  R ,  
Aulodr.ilus plitriseta, R 
A14lodi.il~rs pigueti, B ,  R 
Branchi~o-a sowerhyi. B ,  R .  
Limnodri1u.s c~lupuredriunus, B ,  R 

L.  hcd'nzeistei.i, B ,  R ,  
Lin7nodi.ilir.s pi.ofirtidicola, R 
L.  udekernianus, R 
Porumothri.~- bavarici4s, B ,  R 

P. hammoniensis. B ,  R ,  
P. heltsc'heri, B .  R 
Tithifefes tuhife.~, R 
Psunirnoryctides hui.hc~til~, B ,  R 

R. h l ~ h h o l z i ,  R,  
B.  appetidic~irlatc~ 

CRUSTACEA 
MACROTRICIDAE 

1l.yoc.1.ypt~t.s ~ o r d i d ~ l s .  B ,  R ,  

CHIDORIDAE 
Alona affiinis, B 

Alona q~radrangltIai.is, B 

Scccpho1ehei.i~ sp., B ,  

COPEPODA 
Cyc,lops .SI.>., B , R,  
Diac,yc,lops hicuspidarlrs, B 
Eucyclops srt.r-ularus, B 

OSTRACODA 
Candona neglecta, B 
-'c,loc,ypris oi3Ltnz. B 

Porc~nais ,fr.ic.i, R 
Nais pardalis, R 
Nais comrnltnis, R 
Nais hai-bata, R. 
Nais i~ai.iahilis, R. 
Nais pselrdohri4sa, R. 
Ophionais serpentinc~, R 
Pr. rnenorii, R ,  
Uncinuis unc,inata, R 

Spirosperma feros, R ,  S 
Haber p y r e n a i c . ~ ~ ~ ,  S 

Emholocepahlus velufinus, S 
Bothrioner~trn vqjdowskyanunr, R 
Ft.idet.icia sp., R. 

Leydigia acanthoceiv,oides, B 

Leydigia leydigii, B 

Mac rocyc 1ops albidirs. B 

Paracyc'lops fimhriatus, B 

Cyprideis toi.osa, B 

1Iyocypr.i~ hradyi, B 



Cypria Iírcit.sti.is, B 
Darn3itzula stei3erisoni 

GAMMARIDAE 
Echinogammarus pitngeris. B 

HYDRACARINA 
Ar.renurus sirz~taror., B 
Nel<munia deltoides , B 

INSECTA 
EPHEMEROPTERA 
Ephemera glaucops. B 
DIPTERA 
CHAOBORIDAE 
Chuohor~~s,flavic.rrns, B. R. 
CHIRONOMIDAE 
Procludius <f. chore~*s, B ,  R 
Tanypus punctiperrrris, B ,  R,  
Ahlahesmyiu sp., B ,  R 
Cricotopus ( I . )  sylvestris, B ,  R,  
Cricotopus gr. hicinctus, B ,  R,  
Cricotopus gr. ,festivell~ts, B 
Chironomu.~ plumosus, B .  R ,  
Ch.  nuditarsis, B ,  R,  
Ch. herrze/zsis, B, R, 
Cludopelma virescens, B ,  R ,  
Cryptochironomus sp., B ,  R,  
Cryptotendipes sp., B ,  , 
Harnischia sp., B. R, 
Microchironomus tener, B ,  R 
Microtendipes sp., B ,  R,  
Purucludopelma sp. B, 
Paratendipes sp., B 
Polypedilum spp., B ,  R ,  
Stictochironomus maculipennis, B ,  R, 
Cladotanytarsus atridorsum, B ,  R ,  
Micropsectra sp., R ,  S 
Stempellina sp., B ,  R, 
Tanyrarsus gr. lestagei, B.  

I1yoc.ypi.i.s gihha, B 

I.rocypcrs heuut harnpi 

Neunzrrrzia imitara, B 
Uriionic.ola crassipc.~ , B 

A. longistyla, R 
Prodiamesa o l i~ucea ,  R 
Parakiejferiella hutophila, R 

Ch. halophilus, R. 

S .  hisrrio, R 
C .  mctncus, R 
M .  c.ontractu, R 
S .  ha~tsei,  R 
T .  hatophilus, R 




