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OIKOS 40: 208-215. Copenhagen 1983 

Sympatric coevolution of the trophic niche of two detritivorous 
isopods, Asellus aquaticus and Proasellus coxalis 

L. Rossi, E. A. Fano and A. Basset 

Rossi, L., Fano, E. A. and Basset, A. 1983. Sympatric coevolution of the trophic 
niche of two detritivorous isopods, Asellus aquaticus and Proasellus coxalis. - Oikos 
40: 208-215. 

The role of 16 species of microfungi in the potential trophic niche of populations of 
Asellus aquaticus (L.) and Proasellus coxalis Dolff. collected in both sympatry and 
allopatry was determined in the laboratory. Animals and fungi were collected in three 
woodland streams similar as to geographic location and hydrogeologic, physical and 
chemical features. The fungi were offered as the sole food source to the animals for 
50 d. Young animals, born in the laboratory, were tested for their trophic potential. 
Sympatric A. aquaticus and P. coxalis had a much more differentiated potential 
trophic niche than allopatric populations. In particular, the sympatric species had a 
potential overlap in the usc of 25% of the tested fungi, while allopatric species had a 
potential overlap of 75% of the fungi. The two species from sympatric locations were 
specialized on fungal species not very common in nature, while more common fungi 
were used without distinction by both species. The exclusiveness of each fungal 
species for the isopods living in sympatry increased inversely to its frequency in 
nature. The results suggest a possible effect of co-occurrence on the character dis- 
placement shown by sympatric populations and support the hypothesis of coevolutio- 
nary trophic partitioning between them. The results also imply that the importance of 
the fungi in the co-occurrence of the isopod species is greater than suggested by the 
small biomass of the fungi. 

L. Rossi, E. A. Fano and A. Basset, Reparto di Ecologia, Ist. di Genetica, Citta 
Universitaria, I-00185 Rome, Italy. 

HCcnerpB~affA pomB 16 BHAPB MHKPOCKorImeCKHx FPH6OB KaI nOTeHLW&TibHOr4 TpOxi)- 
,4ecxof HHm y c narpwqeciox x4 anuionaapwecicix norymuil AseZZus aquaticus 
(L.) H ProaselZus coxaZis Dolff. B na6opaTop~bix yCJnOBHX. mBoTHbie H rpHe6w 
6bI co6paH~ B Tpex jiecHbix pe'Kax, CXO5Hb1X rio reorpaw4qecCKCay -rnomKeHHIO, 
iHxpaor'wecKcmy peHMy, IB3mecCKHM ixH mOecKHM OcO6eHHOCT3M. IpHbl rpea- 
narai f rBOTIM, =m eanITf B Teqeme 50 pjien. Y ncQnm xcBOTIrx, pOJ5IMXcq 
B Jia6opaTopH, iCOIIeOBpam noTeHnu:ilmy rHeByio H36HpaTe3HocTh. Y cHmaT- 
pW4ecKHx A. aquaticus H P. coxaZis noTeHwayib Tpocm'ecmce HHI paarwra- 
10rc5I ropa3;o CHJIbHee, I@e y aImonoIaTpwIecKxIx nor yJI M. B xiacTHocTx, cHmaT- 
pmeczie Bil noRia3aJaFnH noTemI-IJoanbHoe nepezpbmaime a noTpe6neHm 25% Hccne- 
g3OBaHHrbiX Bi4pOB rpH6oB, a axmonalpwqecKHe Bagil - rioTeHLaHoe rIepeKpsBaH~e 
75% BH51OB rpH6oB. JUBa BH5a HB3 cHmaTpIecKHx mecToo6HTaHHn cneLtam3HpoBai* 
Ha BHXaX rpH6OB, He oMeHb xiacTo BcTpecazIXHCH B lpHpq~Hbx yCJIOBwX, a 6onee 
6Ciute rpiebl HCIO13oBanJIHT 6e3 Bb6opa o6o0m BHaM MOKpHI,. HcKIDmeHHe H3 
Mel KaorMoI BH~a rpHOB y 1430pOA, MYXM B CHMaTpMeCKHX ycIoBHHX, B03- 
pacTaeT B o6paTHOIR 3aBHCHMoCTH OT i-x xiacTOl B IHP0O=bX yCJIOBHSIX. Pe3ynm- 
Tambi fiOKa3aJIH BO3MBKHOCTB BJ4HHHH4 COB~eCTHOIR BCpe'aECTH Ha XapaTep CXRB4- 
ra, Ha6j~qgaei y cHvaTpwlecnm nonynmj5HM H rinrrTepDaeT rwioTe3y 0 KOBO- 
J1lOHHCM pa31GeJIeHHm TpolwlecKHx CBq3eA mavKy HHm. Pe3yJIbTaTm TamOKe noKa- 
3aJI, 'ITO 3HaxiHee IrpH6oB B coBmecTHOPI BCTpe'aemoXTH OTXemHbX B=B H30o00 
6on;b, 'ie DTO xwHCTyeTCq maJIof 6mcMaCorX rm6oB. 

Accepted 25 March 1982 
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Introduction 

The hypothesis that competition is an important factor 
in coevolutionary processes is widely shared (MacAr- 
thur 1970, Connell 1980). In spite of all the theoretical 
attention given to this subject, it is uncommon to find 
direct proof of coevolution in present-day species. We 
can observe allopatric and sympatric populations as- 
suming that the former condition precedes the latter in 
time. If the areas studied are basically similar we may 
suggest that possible differences between conspecific 
populations are a response to competition rather than 
an adaptation to the environment. This method of 
studying coevolutionary processes is perhaps the best of 
non-experimental methods, especially in benthic com- 
munities of lotic environments (Connell 1980). 

On the other hand, very little is known about 
coevolutionary trophic partitioning between benthic 
detritivorous animals. The importance of microfungi 
present on plant detritus in the diet of these animal 
groups has been ascertained: detritivorous animals 
select detritus according to the type of microfungal col- 
onization (Barlocher and Kendrick 1973, Cummins and 
Klug 1979, Rossi et al. 1981). Moreover, in populations 
of two species of isopods co-occurring in a biotope in 
Southern Italy, we showed a strong trophic dependency 
of the animals on the fungi and noted a high in- 
terspecific differentiation in the capacity of exploiting 
the various fungus strains offered as food (Rossi and 
Fano 1979). Our data did not permit speculation as to 
the evolutionary nature of the phenomenon, so in the 
present study attention was given to potential trophic 
niches of allopatric and sympatric populations of Asellus 
aquaticus (L.) and Proasellus coxalis Dolff. Our inves- 
tigations particularly concerned the potential of trophic 
exploitation of many microfungus strains present on the 
detritus of channels. 

We intended to seek an answer to two questions, 
namely: 
1) Do populations of two species of isopods co-oc- 

curring in the same biotope and two allopatrically 
occurring populations have a different potential 
trophic separation? 

2) Do levels of trophic separation of the two species 
depend on the frequencies of the microfungal re- 
sources in nature? 

Materials and methods 
Asellus aquaticus and Proasellus coxalis are two natur- 
ally allopatric species of isopods. Characteristics of the 
biological cycle of both species have been thoroughly 
described by many authors (Chappuis 1949, Williams 
1962, Vitagliano Tadini 1976). 

Populations of the two species co-occurring in the 
same biotope were collected in a recess of Rio Galeria 
(Rome); allopatrically occurring populations of A. 

aquaticus and P. coxalis instead were sampled from Rio 
Bufalotta (Rome) and Rio Fiora (Rome) respectively, 
in points where the streams form recesses. In these par- 
ticular areas of the three channels, we could observe 
that A.a. and P.c. form most of the benthic biomass 
throughout the year, and their dispersion as far as the 
edges of the collection area is very limited. In this paper 
the pair of sympatric populations shall be termed A.a. S 
+ P.c. S and their biotope S, the pair of allopatric 
populations A. a. A - P. c. A and their biotopes A. 

We used only young animals born in the laboratory of 
females just collected in nature. To obtain population 
samples formed by individuals of the same size and to 
avoid contamination of the experimental environment, 
all the animals used were taken from the maternal 
pouch at early embryonic stages and kept in sterile cul- 
ture until completely developed, according to a previ- 
ously published technique (Rossi et al. 1975). The 
young animals (approx. 1 mm long) were distributed 
(25-30 ind.) in glass bowls 30 cm in diam. each con- 
taining 500 ml well water aerated and sterilized before 
use. Eighteen sets of 250-300 animals per species of 
each pair were separated; 16 sets were fed solely with 
fungi, one pure fungus strain per set (Diet A), two sets 
of each population were used as the control and for this 
purpose one was fed with sterilized detritus (Diet B) 
and the other with detritus enriched with microflora 
(Diet C). The suitability of each type of diet was 
evaluated on the basis of survival and body growth rate 
(variation in distance between the base of the antennae 
and the distal part of the telson) recorded every third 
day. Dead animals were removed and the water was 
changed every day. All experiments were carried out at 
a temperature of 16'C and under natural light condi- 
tions for 50 d. 

The 16 fungi used (Diet A) were isolated by the dilu- 
tion technique according to Barlocher and Kendrick 
(1973) from packs of decaying leaves. 

Monthly analyses of the detritus were carried out in 
each stream for six months (December-May) and the 
mean frequencies of the fungi were determined. Only 
the fungi always present at the period of sampling were 
singly cultured for 15 d at 16TC in malt extract broth. 
Ten pure fungus colonies (10 mm in diam.) were 
washed and offered to the animals. The colonies were 
replaced every third day. 

The plant detritus offered (Diets B and C) consisted 
of dead leaves of Alnus glutinosa, Salix alba and Quer- 
cus cerris, collected near the habitats studied. The 
leaves were prepared in 3 g (dry wt) packs and sterilized 
in an autoclave; some of these were then offered in 
complete "asepsis" (Diet B). The remaining packs were 
incubated for 15 d at 16TC in an aqueous suspension of 
spores and hyphae of the 16 fungi offered. Packs so 
prepared were offered to the animals, one pack per 
bowl (Diet C). 

The sterilization efficiency and the presence of mic- 
roflora on leaves were verified by microbiological assay 
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of the 10 packs offered as Diet B and the 10 offered as 
Diet C. 

The habitat 

Some abiotic features of the three study areas were de- 
termined by standard methods (APHA et al. 1974) 
during animal samplings. As described in a previous 
publication the study areas have been artificially closed 
since 1950, the water flow is caused by irrigation pumps 
and the features of these biotopes studied are very 
similar (Rossi et al. 1980). Some differences can be 
found as regards microfungus populations. The value of 
the diversity index (Shannon-Wiener) is similar in the 
three biotopes (H'(Bufalotta) = 2.43; H' (Fiora) = 2.34; 
H' (Galeria) = 2.05), but the frequencies of fungi are more 
similar in the two biotopes (Bufalotta and Fiora) where 
the two species of isopods live alone, than in the "S" 
biotope and the two "A" biotopes (Tab. 1). 

Results 

A microbiological analysis of leaf packs showed the to- 
tal asepsis of packs offered in Diet B and the microbial 
development on inoculated packs offered in Diet C. 
Detritus without microflora is not a suitable food to 
satisfy the energy requirements of the young animals; 
all individuals to which it was offered as the only food 
source refused it (the leaves were not skeletonized) and 
died within the first 15 d of the experiment (Tabs 2 and 
3). 

The various fungi offered as the sole food source are 
nutritionally adequate. In fact: the A.a. S show a survi- 
val which is higher than or equal to the control (leaves 
as food), for ten out of sixteen microfungus species 
offered; the P.c. S survive to the same or a greater 
extent than the control for eight strains (Tab. 4a), only 
four of which (C. aquatic, A. awamori, C. herbarum, P. 
cyclopium) are also suitable for the other species (n.s. in 
Tab. 2). Hence, A.a. S prevails over P.c. S as regards the 
exploitation of 6 of its 10 favourite strains, while P.c. S 
prevails over A.a. S as regards the exploitation of four 
of its eight favourites (Tab. 2, Fig. 1). 

The A.a. A survive like the respective control animals 
with seven of sixteen fungi offered. The same applies to 
the P.c. A (Tab. 4b). Five of the seven fungi (A. stric- 
tum, C. aquatic, P. cyclopium, P. uncialicola, T. 
pseudokoningii) are likewise exploited by both species 
(n.s. in Tab. 3). 

All survivors of the four populations fed on fungi 
show a greater average body growth than control ani- 
mals fed only on dead leaves (Tabs 2 and 3). 

Considering the whole set of 16 microfungi, the com- 
parison of the distribution of survivors between the two 
species is significantly different only for sympatric 
population (A.a. S, P.c. S). The intraspecific compari- 
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Tab. 2. Sympatric populations. Survival and body growth of 
undifferentiated young A. aquaticus and P. coxalis, born by 
females collected from the same biotope (Galeria), to whom 
18 different types of food were offered for 50 d. * - Signifi- 
cance of the difference between the two species, x2 test; ** - 
Significance of the difference in growth compared to the con- 
trol animals fed with leaves, t-test; ? = p < 0.01; n.s. = not 
significant. 

Source of food No. Survivors Body length 
animals no. % (mm) 
at start x ? 2 s.e. 

* ** 
P. cyclopium ... A.a. 288 217 75.3 ns 5.64+0.27 ? 

P.c. 206 180 87.4 4.39?0.26 ? 
C. herbarum ... A.a. 295 204 69.1 ns 5.05?0.16 ? 

P.c. 200 128 64.0 3.51?0.13 ? 
A. awamori .... A.a. 298 258 86.6 4.18?0.18 ? 

P.c. 278 212 76.2 n.s. 3.75?0.27 ? 
F. oxysporum .. A.a. 280 133 47.5 ns 3.99?0.18 ? 

P.c. 250 116 46.4 4.63?0.14 ? 
C. aquatic .... A.a. 260 169 65.0 4.34?0.15 ? 

P.c. 230 196 85.2 ? 3.86?0.25 ? 
A. strictum .... A.a. 300 141 47.0 ? 3.49?0.24 ? 

P.c. 290 209 72.1 4.32?0.18 ? 
F. curvula ..... A.a. 276 242 87.7 ? 4.27?0.20 ? 

P.c. 266 34 12.8 3.14?0.26 ? 
A. longissima .. A.a. 287 262 91.3 ? 4.56?0.18 ? 

P.c. 284 85 29.9 3.97?0.22 ? 
T. pseudo- 
koningii ....... A.a. 290 113 38.9 3.48?0.21 ? 

P.c. 260 232 89.2 ? 3.65?0.16 ? 
P. uncialicola .. A.a. 270 155 57.4 3.83?0.24 ? 

P.c. 282 18 6.4 ? 4.11?0.31 ? 
A. tenuis ...... A.a. 270 216 80.0 ? 4.18?0.13 ? 

P.c. 290 54 18.4 3.33?0.31 ? 
M. mucedo .... A.a. 260 164 63.1 ? 3.97?0.10 ? 

P.c. 270 36 13.3 3.85?0.26 ? 
T. harzianum .. A.a. 276 106 38.4 4.35?0.33 ? 

P.c. 274 238 86.9 ? 4.37?0.34 ? 
A. niger ....... A.a. 266 89 33.5 ? 4.11?0.16 ? 

P.c. 278 241 86.7 3.90?0.20 ? 
F. solani ...... A.a. 285 264 92.6 4.77?0.22 ? 

P.c. 294 0 o.0 ? 
H. grisea ...... A.a. 286 233 81.5 4.00?0.23 ? 

P.c. 200 0 0.0 ? - - 
Leaves ........ A.a. 430 314 73.0 2.83?0.11 

P.c. 360 256 71.1 n.s. 2.66?0.14 
Sterile leaves .. A.a. 286 0 0.0 

P.c. 226 0 0.0 - - 

sons show different distributions of survivors in A.a. S - 
A.a. A and similar distributions in P.c. S - P.c. A (Tab. 
5). 

The greatest trophic separation between A.a. S and 
P.c. S is observed in mycetes at the lowest frequencies in 
the S biotope. A significant inverse correlation between 
the difference of survivors of the two species on each 
fungus and the percentage of the latter in the biotope is 
verified r = -0.7216, n = 16, p < 0.01 (Fig. 1). Instead, 
both for A.a. A and for P.c. A a significant direct corre- 
lation between amount of resource in the respective en- 
vironment and percentage of individuals able to exploit 
this is verified (A.a. A: r = 0.7691, n = 16, p < 0.01; 
P.c. A: r = 0.7330, n = 16, p < 0.01) (Fig. 1). 

Tab. 3. Allopatric populations. Survival and body growth of 
undifferentiated young A. aquaticus and P. coxalis, born by 
females collected from two separate biotopes (Bufalotta and 
Fiora respectively), to whom 18 different types of food were 
offered for 50 d. * - Significance of the difference between the 
two species, x2 test; ** - Significance of the difference in 
growth compared to the control animals fed with leaves, t-test; 
? = p < 0.01; n.s. = not significant. 

Source of food No. Survivors Body length 
animals No. % (mm) 
at start x ? 2 s.e. 

* * 
P. cyclopium ... A.a. 225 146 64.9 3.55+0.15 ? 

P.c. 253 187 73 n.s 3.33?0.10 ? 
C. herbarum ... A.a. 280 157 56.1 4.67?0.16 ? 

P.c. 250 165 66.0 * 3.63?0.09 ? 
A. awamori .... A.a. 320 147 45.9 3.63?0.21 ? 

P.c. 254 129 50.8 n.s. 3.22?0.16 ? 
F. oxysporum .. A.a. 290 134 46.2 3.15?0.18 n.s. 

P.c. 250 130 52.0 n.s. 3.77?0.11 ? 
C. aquatic .... A.a. 260 174 66.9 4.67?0.21 ? 

P.c. 255 180 70.6 *- 3.67?0.11 ? 
A. strictum .... A.a. 280 196 70.0 3.66?0.14 ? 

P.c. 260 182 70.0 n.s. 4.11?0.11 ? 
F. curvula ..... A.a. 248 99 39.9 3.55?0.18 ? 

P.c. 250 125 50.0 n.s. 3.70?0.21 ? 
A. longissima .. A.a. 280 92 32.9 4.18?0.12 ? 

P.c. 225 59 26.2 n.s. 3.71?0.20 ? 
T. pseudo- 
koningii ....... A.a. 280 171 61.0 3.45?0.18 ? 

P.c. 260 192 73.8 n.s. 4.00?0.11 ? 
P. uncialicola .. A.a. 218 146 67.0 4.28?0.11 ? 

P.c 240 144 60.0 n.s. 4.10+0.15 ? 
A. tenuis ...... A.a. 285 53 18.6 3.25?0.18 ? 

P.c. 261 46 17.6 n.s. 3.75?0.14 ? 
M. mucedo .... A.a. 280 42 15.0 4.11?0.31 ? 

P.c. 250 52 20.8 n.s. 3.21?0.14 ? 
T. harzianum .. A.a. 250 62 24.8 ? 3.77+0.23 ? 

P.c. 246 163 66.3 4.01?0.21 ? 
A. niger ....... A.a. 270 54 20.0 2.93+0.18 n.s. 

P.c. 296 148 50.0 ? 3.71?0.13 ? 
F. solani ...... A.a. 277 180 65.0 4.27+0.20 ? 

P.c. 280 0 0.0 ? 
H. grisea ...... A.a. 256 183 71.4 3.87?0.12 ? 

P.c. 244 0 0.0 ? - 
Leaves ........ A.a. 300 210 70.0 2.81?0.16 

P.c. 300 210 70.0 n.s. 2.30?0.12 
Sterile leaves .. A.a. 200 0 0.0 - - 

P.c. 160 0 0.0 - - 

Discussion 

This study is based on laboratory rather than field 
observations. Therefore we can reasonably assume that 
other food resources besides those offered, and other 
factors besides food can influence isopod populations in 
nature. However, in the context of the present study, we 
wish to point out that 1) populations of A. aquaticus and 
P. coxalis from sympatry show a much greater potential 
trophic differentiation than populations of the two 
species occurring in allopatry; 2) potential trophic sep- 
aration of the two species from sympatry, on a given 
resource, is inversely proportional to the frequency of 
the resource itself in the natural biotope. 
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utilize as only food source each of 16 fungi represented by 
capital letters (A - Hum. grisea and P = Pen. cyclopium, see 
Tab. 2). The frequency of each fungus in the biotope of sym- 
patry and in the biotopes where A.a. (-) and P.c. (- -- 
live alone is shown. Dotted and dashed areas represent respec- 
tively significant (p < 0.01) and not significant differences 
between survivals of the two species on each resource of food. 

The first point arises from the evidence that young 
individuals of A.a. and P.c. sympatric populations have 
a potential overlap in the use of only 25% of the tested 
microfungal resources. On the other hand, in allopatry 
young A.a. and P.c. individuals have a potential overlap 
in the use of as much as 75% of the same set of trophic 
resources. We observed a similar trophic differentiation 
in another co-occurring pair of isopod populations 
(Rossi and Fano 1979) and this supports our present 
results. However, food specialization is an ecological 
isolating strategy often observed in nature. Physiologi- 
cal rather than morphological modifications, like those 
observed by us, are often the basis of the niche separa- 
tions (Fellows and Heed 1972, Calow and Calow 1975). 

The strong similarity of the two species from allopatry 
appears to be an understandable consequence of food 
strategies peculiar to the two species. In other words, 

they can exploit to a greater extent the most common 
fungi of the respective biotopes. In fact, the variable 
"resource frequency - animal survival" are correlated. 
Furthermore the frequencies of various microfungi are 
very similar in biotopes where A.a. and P.c. live alone 
and the only fungi for which the two allopatric popula- 
tions are differentiated are those having a different fre- 
quency in the two respective biotopes. Density-depen- 
dent exploitation is a foraging strategy very common in 
animals (Fenchel 1975, Werner and Hall 1979), and 
this feature is also not completely lacking in the two 
species from sympatry. In fact the most frequent fungus 
in the S biotope can be exploited by almost the whole 
population of each species. 

The different trophic suitability of the various fungi 
for individuals of a single population or of a single fun- 
gus for individuals of different populations cannot be 
attributed to the different ages of the colonies offered. 
The latter were replaced every third day with pure col- 
onies of the same age, so that also differential contami- 
nation by protozoa and bacteria were avoided. Such 
contamination is often indicated as a modifier of nutri- 
tional suitability (Nikolei 1960, cit. by Barlocher and 
Kendrick 1973, Marcus and Willoughby 1978). 

Also phenomena related to the age of the animals 
should not matter here, since the animals in all tested 
samples were of the same age. In our opinion, var- 
iabilities observed in the populations are probably cases 
of polymorphism based on metabolic differences and 
derive from the presence of many genotypes in each 
population having different trophic needs or im- 
munotoxic capacities (Barlocher 1979). Is well known 
that the fungi have peculiar biochemical differences 
both as concerns vitamins and proteins and toxins (Swift 
1976). On the other hand, the survival of even a few 
individuals on a particular resource which can permit 
them a regular development shows the existence, in 
each species, of genotypes fit for a profitable use of that 
resource. This opinion is also supported by Christen- 
sen's results (1977) concerning a correspondence be- 
tween the level of amylasic polymorphism in two popu- 
lations of A. aquatics and the relative trophic sub- 
strate. The author hypothesizes a trophic partitioning 
through a frequency-dependent selection of the various 
genotypes. 

The differences found in conspecific populations both 
of A.a. and of P.c. may be ascribed to this fact. In fact 
the S. populations show a higher frequency of 
phenotypes fit for the exploitation of the fungi less used 
in allopatric conditions. 

The fact that A.a. populations are significantly dif- 
ferentiated as compared to P.c. populations is very 
probably due to the greater genetic potential of the 
former: A.a. has a broader distribution than P.c. and its 
characteristics are more euryecological and plastic (Vit- 
agliano Tadini 1976, Christensen 1977, Rossi and Fano 
1979). On the other hand, cases of niche shift in only 
one of the two co-occurring species with respect to an 
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Tab. 4a. Sympatric populations. Significance levels of the differences between the number of survivors of the same species on each 
food resource offered for 50 d to young Asellus aquaticus (the left arrow in each pair) and Proasellus coxalis (right arrow). The 
arrows point to the higher value. x2 test, arrows - 95% confidence level, - = not significant. 

C~ 

Alt. tennis ... .......... <-aT 
Ang. Iongissima ...... -- T 
As. awamori .......... <-- - <- 
A s . niger ... .. . -. ....... T .--- T <- T <- T ............-.. * . 
Clad. herbarum ........ <- - T <- T <-- T T <-0a 
Fla. curvula ............ <-- T +- - - T - T < T T 1 a 
Fus. oxysporum ........ -1 T T 11 T 1- T T..T..T..T..T..... 
Fus solanii ............. <--T T - T <-- T T <- t + a T - 
Hum grisea ......... <-T ~T T T -1 T <- T 1- T T T................... TT 
Muc. mucedo .......... -T T - T - T T <- T T T - T T .......--........... T 
Pen cyclopium ......... <- < - - T- T - - T <- T - 
Pho. uncialicola ....... <-1 T TT.. T T T T T T T T T <- T T <- T T1 
Pho. uncialicola ........ - - T T 1 . . . . . . . T 1 T T 1 
Clav. aquaticm.4--- 1 < - 1 + - 1 1 T - +- T - T . . T 
T ric. harzianum ....... 1 t 1 t ....T.T.TT -- 1 1 . 1 T ' -- T - 
TMc. pseudokoningii .- T - T 1 -- 1 - 1T T T - T T 1 
Leaves .......... - - 1T <- 1 - <-I T - I ' +-1 - - - T 4 <I T T 

Tab. 4b. The same as for Tab. 4a, but for allopatric populations. 

<~~~ a < 0 .!Q2 

Alt. tennis .......... ...... . . t T 
Ang. longissima . I I -- . . . . . . . . . . . . 

Asp. awamori..... . . . . t t 
Asp. niger. -.- ............. . . . . . . . . . . 

Clad. herbarum ......... . . - . 

Clav. aquatic .......... - - - - . . . . . . 

Flag. curvula ........... T T -- -- T T 
Fus. oxysporum -........ T - -- --- - . t 1 -- 
Fu. solanii ........... -T T <- T <- T --TT - T <-T T 
Hum. grisea ........... -T T <- T <- T <- T - T +- T -T 
Muc mucedo ........ T -- - T I -I T I T I T T 11 1 - 1 T-T 
Pen cyclopium. -- <-- .........II - --- - - - . 

Pho. uncialicola ........-.-..4-.4.4--4-4- --- - - - -- 

Tric. harzianum ........- T- - - T - < j*- T -- T- - I - 

Tric. pseudokoningii .... - - - 1 - 

Leaves ... - - 4- 4 .............-- -- 4-- -- 
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Tab. 5. Analysis of variance for numbers of A. aquaticus and P. coxalis populations (coexisting and occurring in allopatry) fed on 
the same diet-series. 

Degrees Sums of F-statistic Significance 
of freedom squares of F 

Occurring in sympatry A.a.S - P.c.S ...... .......... 30 27825 2.89645 p <0.001 
Occurring in allopatry A.a.S - P.c.A ...... ......... 30 16033 0.01812 n.s. 
Intraspecific A.a.S - A.a.A ......... ............... 30 14865 6.40536 p < 0.01 
Intraspecific P.c.S - P.c.A .......... ............... 30 29172 0.02331 n.s. 

allopatric situation are common in the literature (Fen- 
chel 1975). 

Our data do not allow for further speculations on the 
subject. However cases of variability in exploiting fungi 
as trophic resources have been also observed in popula- 
tions of other animal species such as Gammarus 
pseudolimnaeus (Barlocher and Kendrick 1973), in 
Ceratitis capitata (Cavicchi and Zaccarelli 1974) and in 
many species of Drosophila (Gilpin 1974, Kimura 
1980) where individual variability in food selection 
causes polyphagy, a feature of the whole population and 
subsequently of the whole species. 

We believe that the trophic variability found in these 
isopod populations allows them to remain in their own 
biotope and implies a potential against manifestations 
of competitive exclusion. Furthermore, the trophic dif- 
ferentiation of the two species appears to be a consequ- 
ence of competitive coevolution rather than of an 
adaptation to the physical environment. In effect, al- 
though many factors may influence animal nutrition and 
many variables of the biotopes studied are not yet 
known, we may assume that the presence of both or 
only one species is the most relevant difference between 
the biotopes. Active migration should be limited by 
structure of the habitats and probably the same popula- 
tion have co-occurred for many years. Furthermore, the 
different frequency with which some resources occur in 
A and S biotopes does not seem to be responsible for 
changes in potentials of nonspecific populations, living 
alone or with the other species. There are cases where 
resource frequency changes while survival remains 
identical (e.g. C. herbarum for A.a. and P. cyclopium 
for P.c.), and, viceversa, cases where the frequency is 
identical while survival of populations is different (e.g. 
F. oxysporum for A.a.). We do not believe that this 
result was influenced by microfungus frequency deter- 
mination techniques. It would be very strange, in the 
case of analytical inaccuracies, to find that the trophic 
differentiation of A.a. and P.c. from sympatry is prop- 
ortionally greater on microfungus resources less availa- 
ble in the environment. This also supports a coevolutio- 
nary interpretation of our results, since the inverse cor- 
relation between strength of competition and trophic 
availability is now accepted (MacArthur 1970). More- 
over, whenever we observe a variation of trophic suita- 
bility of a resource in nonspecific populations (from al- 
lopatry to sympatry) the variation is to the advantage of 

the prevailing species in that resource in conditions of 
allopatry. This leads us to believe in a favourable selec- 
tion of that of the two species having the highest 
number of individuals fit to exploit a certain resource 
already in pre-interactive conditions. 

In conclusion, our results can suggest a possible effect 
of co-occurrence on character displacement shown by 
co-occurring populations and support the theory of 
coevolutionary trophic partitioning between the two 
species, and emphasize the role of microfungi in de- 
tritivorous animal coexistence relationships. 
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